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PLENARY LECTURES
Plenary Lecture 01: Silvia Priori
PL 01
DNA and RNA molecules to mend the heart
S. G. Priori
University of Pavia, Molecular Medicine Dept., Pavia, Italy
Inherited arrhythmias are severe conditions associated with premature mortality due to cardiac
arrest. Arrhythmic death usually occurs in adolescents and young adults: exercise or emotions are
often, but not exclusively, the triggering factors. Management of these patients predominantly
resides in the use of antiarrhythmic drugs, including beta-blockers, and for patients resistant to
medical therapy, the use of the implantable defibrillator is considered. More recently, in line with the
in-depth understanding of the molecular mechanisms underpinning the diseases, the concept of
developing a precision medicine approach through gene therapy has gained interest.
The state-of-the-art of field will be presented and it will be accompanied by a comprehensive
discussion of the challenges of both DNA-based and RNA-based strategies to revert the
consequences of the arrhythmogenic mutations identified in patients.

Plenary Lecture 02: Peppi Karppinen
PL 02
Activation of the HIF pathway as a treatment option beyond anemia
P. Karppinen
University of Oulu, Faculty of Biochemistry and Molecular Medicine, Oulu, Finland
This work was supported by Academy of Finland grants 266719 and 308009, and grants from the
S. Jusélius Foundation and the Jane and Aatos Erkko Foundation.
Introduction
Hypoxia-inducible factor (HIF) prolyl 4-hydroxylases (HIF-P4Hs 1-3, also known as PHDs 1-3) are
druggable targets in renal anemia, where pan-HIF-P4H inhibitors induce an HIF-mediated
erythropoietic response. The HIF pathway is also a potent regulator of energy metabolism.
Preclinical data suggest that HIF-P4Hs could also be therapeutic targets for treating obesity,
metabolic dysfunction, inflammation and atherosclerosis, although the contributions of the
isoenzymes and various tissues to these phenotypes are inadequately understood.
Methods
We used mouse lines that were gene-deficient for HIF-P4Hs 1-3 and preclinical pan-HIF-P4H
inhibitors to study the contributions of these isoenzymes to the anthropometric and metabolic
outcome and HIF response.
Results
We show the inhibitors did induce the HIF response in wild-type white adipose tissue (WAT), liver
and skeletal muscle and alleviated metabolic dysfunction, but they did not alter healthy
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metabolism. We identified differences between the contribution of the different HIF-P4H
isoenzymes to the different tissues and metabolic parameters. To capsulize our findings, inhibition
of HIF-P4H-2 mediated the most beneficial effects whereas inhibition of HIF-P4H-1 had some
beneficial and some neutral effects whereas inhibition of HIF-P4H-3 was detrimental to metabolic
parameters. We found very few HIF target metabolic mRNAs were regulated by the inhibition of all
three isoenzymes, thus suggesting a potential for selective therapeutic tractability.
Conclusion
Altogether, these data provide specifications for the future development of HIF-P4H inhibitors for
treatment of metabolic and other diseases.

Plenary Lecture 03 | The Physiological Society´s Annual Review Prize
Lecture: Gero Miesenböck
PL 03
Lighting Up the Brain
G. Miesenboeck
University of Oxford, Centre for Neural Circuits and Behaviour, Oxford, UK
In two decades, optogenetic control of neuronal activity has developed from a far-fetched idea to a
widely used technique. My lecture will recount how this happened, drawing on the earliest and latest
results from my lab. To illustrate what is now possible, I will present recent work on the regulation
and function of sleep. Optogenetics has allowed us to pinpoint neurons whose sleep-inducing
activity switches on as sleep deficits accrue, revealed how this activity switch works, and furnished
a molecular interpretation of sleep pressure, its accumulation, and its discharge.

Plenary Lecture 04: Volker Vallon
PL 04
The kidneys’ inner workings and needs – lessons from inhibiting a glucose transporter
V. Vallon
University of California San Diego, Departments of Medicine and Pharmacology, La Jolla, USA
VV's work is supported by NIH grants R01DK112042, R01HL142814, RF1AG061296, the
UAB/UCSD O’Brien Center of Acute Kidney Injury NIH-P30DK079337, and the Department of
Veterans Affairs.
Over the past 36 months, VV has served as a consultant and received honoraria from Boehringer
Ingelheim, Lexicon, Fibrocor, and Retrophin, and received grant support for investigator-initiated
research from Astra-Zeneca, Gilead, Merck, Novo-Nordisk, Kyowa-Kirin, and Janssen
Pharmaceutical.
Healthy kidneys filter ~160 g of glucose per day (~30% of calorie intake). To prevent this energy
from being lost, the proximal tubule avidly reabsorbs filtered glucose up to ~450 g/day, primarily by
the sodium glucose cotransporter SGLT2 in the early proximal tubule (see Figure (1)). When SGLT2
is inhibited, the kidneys’ reabsorptive capacity for glucose declines to ~80 g/day, mediated by
SGLT1 in the late proximal tubule (2), and glucose is spilled into the urine (3). SGLT2 inhibitors
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(SGLT2i) not only improve glycemic control in all stages of type 2 diabetes, but can protect the
kidneys of patients with and without type 2 diabetes from failing. The basic idea for their therapeutic
use is to lower the body’s glucose burden, but the rationale to protect the kidneys goes much further.
The hypoglycemia risk of SGLT2i is low because they naturally stop working when the filtered
glucose load falls to the reabsorption capacity of SGLT1, and they don’t otherwise interfere with
metabolic counter regulation (4). Through glucosuria, SGLT2i induce a modest osmotic diuresis as
well as a fasting-like response associated with lesser body fat and weight and a shift in substrate
utilization from carbohydrates to lipids and ketone bodies, which serve as energy sources for many
organs (5). Because SGLT2 reabsorbs Na along with glucose and is positively coupled to other
transporters in proximal tubule brush border, like NHE3 (6) and URAT1 (7), SGLT2i are natriuretic,
uricosuric, and antihypertensive (8). And, because they work in the proximal tubule, they increase
delivery of fluid and NaCl to the macula densa (9), thereby activating tubuloglomerular feedback
(10) and increasing tubular back pressure (11), which acutely lower glomerular pressure and
filtration (12), thereby reducing the physical stress on the filtration barrier, the exposure to tubulotoxic
substances, and the oxygen demand for tubular reabsorption (13). This improves cortical
oxygenation, which, together with lesser tubular gluco-toxicity and improved mitochondrial function
and autophagy, can reduce pro-inflammatory and pro-fibrotic signaling and preserve tubular function
and GFR in the long-term (14). By shifting transport downstream, SGLT2i more equally distribute
transport work along the nephron but may also simulate systemic hypoxia at the kidney outer
medullary oxygen sensor and stimulate erythropoiesis, which improves oxygen delivery to kidneys
and other organs (15). We are only beginning to understand the integrated kidney response to
inhibiting SGLT2. Much needs to be learned including i) their effects on the inner workings of early
proximal tubule cells, ii) the likely contrasting consequences on downstream segments that are
exposed to more glucose, fluid and NaCl, iii) consequences of increasing macula densa glucose
delivery, which is sensed by SGLT1, and iv) glomerular hemodynamic effects via the efferent
arteriole, which all hold potential for further clues how to protect the kidneys.

Pleiotropic effects of SGLT2
inhibition
See text for details. A1, A2;
adenosine receptors; ECV,
extracellular volume; EPO,
erythropoietin release; GFR,
glomerular filtration rate;
Hct, hematocrit; HIF, hypoxiainducible factor; ICV,
interstitial volume; mTAL,
medullary thick ascending
limb; [Na-Cl-K]MD, V, delivery
of Na-Cl-K and fluid to macula
densa (MD); NHE3, Na-Hexchanger 3; NO, nitric oxide;
OM, outer medulla; PBow,
Bowman’s space hydrostatic
pressure; PGC, glomerular
capillary pressure; PO2, oxygen
availability; QO2, oxygen
demand; UNaClV, UV, urinary
salt and fluid excretion. See
reference 3 for complete
legend.

References
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KEYNOTE LECTURES
KL 01 | Keynote Lecture 01: Sofia-Iris Bibli
KL 01-01
Endothelial de-CYS-tiny: Impaired cysteine catabolism and the regulation of endothelial
dysfunction
S.I. Bibli
Johann Wolfgang Goethe-University, Institute for Vascular Signalling, Centre for Molecular
Medicine, Frankfurt, Germany
Endothelial cysteine catabolism is tightly regulated from the enzyme cystathionine γ lyase (CSE).
CSE is responsible to break down cysteine to other metabolic intermediates, a process which
generates the small gaseous signaling molecule hydrogen sulfide (H2S). The latter, has been been
proposed to act as a post-translational modifier of proteins in a process termed Persulfidation or SSulfhydration. The impact of endothelial H2S generation from intracellular cysteine on vascular
homeostasis still remains unknown. Our studies were designed to investigate the impact of
endothelial CSE deletion/inhibition on cellular fate decisions by focusing on the effects of H2S on
protein post-translational marks. By mapping the first endothelial cell S-Sulfhydrome we were able
to show that this oxidative post-translational modification is inflammation sensitive and controls
endothelial homeostasis, inhibits atherogenesis and maintains mechanosensing. Such effects were
attributed to the inhibitory S-Sulfhydration of the RNA binding protein ELAVL1 and the effects of SSulfhydration on disulfide bond rearrangement, extension and activation of the β3 leg of the αvβ3
integrin. Pharmacological application of H2S donors, was able to re-sulfhydrate the aforementioned
targets, preserve endothelial fitness and re-sensitize atherosclerotic vessels to blood flow. Taken
together our studies propose that targeting cysteine metabolism and S-Sulfhydration might serve as
a therapeutic strategy to maintain a healthy vasculature.
References
[1]
Bibli SI., Hu J., Looso M., Weigert A., Ratiu C., Wittig J., Drekolia
M-K., Tombor L., Randriamboavonjy V., Leisegang MS., Goymann P., Lagos FD.,
Fisslthaler B., Zukunft S., Kyselova A., Justo AFO., Heidler J., Tsilimigras
D., Brandes RP., Dimmeler S., Papapetropoulos A., Knapp S., Offermanns S.,
Wittig I., Nishimura SL., Sigala F., Fleming I. Mapping the Endothelial Cell SSulfhydrome Highlights the Crucial Role of Integrin Sulfhydration in Vascular
Function. Circulation 2021;143:935–948
[2]
Bibli SI., Hu J., Leisegang MS., Wittig J., Zukunft S., Kapasakalidi
A., Fisslthaler B., Tsilimigras D., Zografos G., Filis K., Brandes RP.,
Papapetropoulos A., Sigala F., Fleming I. Shear stress regulates cystathionine
γ lyase expression to preserve endothelial redox balance and reduce membrane
lipid peroxidation. Redox Biology 2020;28:101379.
[3]
Bibli SI*., Hu J*., Sigala F., Wittig I., Heidler J., Zukunft S.,
Tsilimigras D., Randriamboavonjy V., Wittig J., Kojonazarov B., Schürmann C.,
Siragusa M., Siuda D., Luck B., Abdel Malik R., Filis K., Zografos G., Chen C.,
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Wang DW., Pfeilschifter J., Brandes RP., Szabo C., Papapetropoulos A., Fleming
I. Cystathionine gamma lyase sulfhydrates the RNA binding protein HuR to
preserve endothelial cell function and delay atherogenesis.
Circulation 2019.;139(1):101-114. (*Equally contributed)

KL 02 | Keynote Lecture 02: Stefan Trapp
KL 02-01
Brain-derived glucagon-like peptide-1: Is it relevant for obesity treatment?
S. Trapp
University College London, Dept of Neuroscience, Physiology & Pharmacology / Centre for
Cardiovascular and Metabolic Neuroscience, London, UK
Peripherally-administered GLP-1 receptor agonists (GLP-1RAs) are currently the most efficacious
single target treatment for obesity. Whilst their effect is associated with widespread neuronal
activation, CNS penetration of these compounds is limited. Consequently, although GLP-1 receptors
are found in many parts of the brain, most of these are not accessible for peripherally-administered
GLP-1RAs.
GLP-1 is produced within the brain by preproglucagon (PPG) neurons located in the lower
brainstem. These neurons store GLP-1 in their axon terminals, and there is a good correlation
between GLP-1 receptor expression and innervation by PPG neurons in individual brain areas.
Selective ablation of PPG neurons in the nucleus of the solitary tract significantly reduces GLP-1
content not only in brainstem, but throughout the CNS. Chemogenetic activation of PPG neurons
acutely and substantially suppresses food intake, consistent with the long-established observation
that injection of GLP-1 directly into the brain has the same effect.
Analysis of the inputs to PPG neurons revealed that neither GLP-1 receptor expressing afferent
vagal neurons, nor GLP-1 receptor expressing neurons in the area postrema, both of which are
accessible to systemic GLP-1RAs, provide significant synaptic input to PPG neurons. Instead, it is
oxytocin receptor expressing vagal afferent neurons that project to PPG neurons. These data further
separate the PPG neurons from peripherally accessible GLP-1 receptors and explain why GLP1RAs do not activate PPG neurons. All these findings suggest distinct brain circuitry for PPG neuronmediated and GLP-1RA-mediated food intake suppression.
Arguably the most intriguing remaining unanswered question about PPG neurons is that about their
precise physiological function. Selective ablation and chemogenetic inactivation experiments aimed
at revealing the physiological role of PPG neurons found no clear role in primary satiation in ad
libitum fed mice. These experiments did however reveal the importance of PPG neurons in restraint
stress-induced hypophagia and the termination of large volume meals and it seems likely that this
list of secondary satiation effects will grow.
For now, the capacity to strongly reduce food intake by chemogenetic activation makes PPG
neurons an exciting potential target for anti-obesity medication, and their separation from the circuits
mediating GLP-1RA hypophagia, suggests that successful combination therapy with GLP-1RAs
should be feasible. In support of this concept, we demonstrated that combination of the systemic
administration of the GLP-1RA semaglutide with chemogenetic or pharmacological activation of
PPG neurons suppresses food-intake to a greater extent than either treatment alone. Future
advances in the understanding of the precise physiology of these neurons are likely to add more
therapeutic opportunities linked to stress, reward or eating disorders.
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KL 03 | Keynote Lecture 03: Bernd Fakler

lecture will discuss current knowledge and recent developments to identify biomarker indicators that
reflect the status of each component to better predict outcomes.

KL 03-01
The Interactome of AMPA-receptors - Protein-coding of Excitatory Neurotransmission and
its Plasticity
B. Fakler
University of Freiburg, Institute of Physiology II, Freiburg, Germany

KL 05 | Acta Physiologica Prize Lecture

Processing, propagation and storage of information in the brain fundamentally rely on fast excitatory
neurotransmission and its context-dependent dynamics that are both mediated by AMPA-type
glutamate receptors (AMPARs). These ligand-gated ion channels conduct the depolarizing currents
required for point-to-point transmission and adjust their number to the degree of synaptic activity
thereby endowing synapses with the plasticity required for memory formation.Investigation of the
processes and mechanisms underlying the complex cell physiology of AMPARs has received a
strong boost when proteomic research uncovered their interactome, the ensemble of protein building
blocks of the native receptor channels. The interactome constituents, roughly 40 distinct proteins,
determine subunit architecture(s), functional properties, biogenesis and trafficking, as well as
positioning and stabilization of the AMPARs in the mammalian brain under normal and pathological
conditions.
I will discuss the molecular and cellular physiology of the AMPARs on the background of their
interactomeincluding latest results on newly identified extracellular networks of proteins and discuss
their significance for memory formation in rodents and humans.

KL 04 | The Physiological Society Michael de Burgh Daly Prize Lecture:
Merry L. Lindsey
KL 04-01
Cardiac Wound Healing Following Myocardial Infarction
M. L. Lindsey1,2
1
University of Nebraska Medical Center, Department of Cellular and Integrative Physiology,
Omaha, USA
2
Omaha Veterans Affairs Medical Center, Omaha, USA
In response to myocardial infarction (MI), the left ventricle (LV) undergoes a series of cardiac wound
healing responses involving both the stimulation of robust inflammation to clear necrotic myocytes
and tissue debris and the induction of extracellular matrix (ECM) protein synthesis to generate an
infarct scar. For wound healing to be optimal, appropriate communication must occur. Cell
constituents need to come in at the right time, be activated at the right time in the right amount, and
exit at the right time. When optimal healing occurs, a new homeostasis is obtained within the infarct,
such that infarct scar size and quality are sufficient to maintain LV size and shape. In reality, the
ideal scenario does not always occur. Often, miscommunication can occur within and between
infarct and remote spaces, across the temporal wound healing spectrum, and across organs. When
there is miscommunication, adverse remodeling can progress to heart failure. Matrix
metalloproteinases (MMPs) are key regulators of LV remodeling after MI, through direct effects on
ECM turnover as well as indirect effects on the regulation of the major cell types that coordinate
cardiac wound healing- namely the infiltrating leukocytes and the cardiac fibroblasts. This keynote
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This year we have two awardees for the Acta Physiologica Award.
Receipient 1:
The circadian clock regulates the diurnal levels of microbial short-chain fatty acids and
their rhythmic effects on colon contractility in mice.
Segers A, Desmet L, Thijs T, Verbeke K, Tack J, Depoortere I.
Acta Physiol (Oxf). 2019 Mar;225(3):e13193. doi: 10.1111/apha.13193. Epub 2018 Oct 22.PMID:
30269420
Anneleen Segers, Louis Desmet, Theo Thijs, Kristin Verbeke, Jan Tack and Inge Depoortere from
the Translational Research Center for Gastrointestinal Disorders, Leuven, Belgium
Receipient 2:
Intact vagal gut-brain signalling prevents hyperphagia and excessive weight gain in
response to high-fat high-sugar diet.
Molly McDougle, Danielle Quinn, Charlene Diepenbroek, Arashdeep Singh, Claire de la Serre,
Guillaume de Lartigue
University of Florida, Gainesville, USA; The John B. Pierce Laboratory, New Haven, USA; Yale
Medical School, New Haven, USA and the University of Georgia, USA
Laudatio
P. B. Persson
Acta Physiologica, editor in chief, Germany
KL 05-02
Cross-talk between circadian clocks and nutrient sensing pathways in the gut
I. Depoortere
University of Leuven, Gut Peptide Research Lab, Translational Research Center for
Gastrointestinal Disorders (Targid), Leuven, Belgium
The circadian system enables organisms to optimally adapt their physiology and behavior to the
correct time of the day. The master clock located in the hypothalamus is synchronized by the lightdark cycle and synchronizes clocks present in peripheral tissues.
Misalignment between the light-dark cycle and feeding/fasting cycle, as occurs for example in shiftwork and chronic jetlag, will result in desynchronization between rhythms of central and peripheral
clock systems and will affect rhythmicity in several biological processes. We showed that chronic
jetlag in mice, enhanced body weight gain and abolished the day/night food intake pattern. As a
result, the rhythm in faecal short-chain fatty acid levels was abolished and this was paralleled by a
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phase delay in clock gene expression and clock-controlled genes in the gut mucosa. During this
talk, I will show how food becomes the dominant zeitgeber for peripheral clocks during
chronodisruption in the gut and how time-restricted feeding can contribute to the resynchronization
and rhythmic activation of the peripheral circadian clocks to restore gut epithelial homeostasis and
body weight.
____________________________________________________________________________
KL 05-03
Re-evaluating the role of the vagal gut-brain axis in obesity
G. de Lartigue, M. McDougle, D. Quinn, A. Singh, C. Diepenbroek, C. de La Serre
Monell Chemical Senses Center and the University of Pennsylvania, Philadelphia, USA
Obesity is a big problem and the mechanisms for the onset are poorly understood. Foods rich in Fat
and Sugar are major driver of weight gain so understanding the mechanisms by which fats and
sugars are sensed and communicated to the brain may provide novel insights into treating obesity.
In this presentation I will discuss evidence that fats and sugars are individually sensed by separate
vagal sensory populations. Each of these separate vagal populations are necessary and sufficient
to control food choice in a nutrient specific manner. This provides a mechanism by which foods that
combine fats and sugars activate vagally mediated reward circuits that increases motivation to
overeat obesogenic diets. Simultaneously gut innervating vagal sensory neurons recruit satiety
signals that serve to defend against uncontrolled overeating of high fat diets. These data suggest
that vagal sensory neurons play a role in a number of previously unsuspected functions in higher
order control of food intake. Under normal physiological conditions the balance of homeostatic and
hedonic inputs from the gut help to maintain a healthy body weight. I will provide evidence that
overtime, continued consumption of high fat high sugar diets, impairs vagally mediated satiety
promoting a higher body weight. Therefore, efforts to restore vagal satiety may be an effective
strategy for treating obesity.

KL 06 | Du Bois-Reymond Prize Lecture
The Du Bois-Reymond Prize is the most prestigious distinction for junior investigators in Germanspeaking Physiology. The prize is provided by the Erwin Riesch Foundation, Tübingen. With this
prize, the German Physiological Society honors an outstanding and independent scientific work in
a current field of physiology.
Laudatio
I. Hanganu-Opatz
Universitätsklinikum Hamburg-Eppendorf, Hamburg, Germany
KL 06-02
Early activity shapes the development of the prefrontal cortex
S. H. Bitzenhofer
Universitätsklinikum Hamburg-Eppendorf, Zentrum für Molekulare Neurobiologie (ZMNH),
Hamburg, Germany
Disturbed neuronal activity in neuropsychiatric pathologies emerges during development and might
cause multifold neuronal dysfunction by interfering with apoptosis, dendritic growth, and synapse
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formation. However, how altered electrical activity early in life impacts neuronal function and
behavior of adults is unknown. We addressed this question by transiently increasing the coordinated
activity of layer 2/3 pyramidal neurons in the medial prefrontal cortex of neonatal mice and
monitoring long-term functional and behavioral consequences. We found that increased activity
during early development causes premature maturation of pyramidal neurons and alters interneuron
density. Consequently, reduced altered inhibitory feedback by fast-spiking interneurons and altered
excitation/inhibition ratio in prefrontal circuits of young adults results in weaker evoked
synchronization in gamma frequency. These structural and functional changes ultimately lead to
poorer mnemonic and social abilities. Thus, prefrontal activity during early development actively
controls the cognitive performance of adults and might be critical for cognitive symptoms of in
neuropsychiatric diseases.
____________________________________________________________________________
Laudatio
F. Kirchhoff
Saarland University, Faculty of Medicine, Homburg, Germany
KL 06-04
Oligodendrocyte precursor cells sculpt brain circuits via bi-directional communication with
interneurons
X. Bai
University of Saarland, Department of Molecular Physiology, Center for Integrative Physiology and
Molecular Medicine (CIPMM), Homburg, Germany
Cortical neural circuits are complex but very precise networks of balanced excitation and inhibition.
Yet, the molecular and cellular mechanisms that form the balance are just beginning to emerge. By
inducing conditional ablation of GABAB1R in oligodendrocyte precursor cells (OPCs), we identifed
a GABA/tumor necrosis factor superfamily member 12 (TWEAK)-mediated bidirectional
communication pathway between parvalbumin-positive fast spiking interneurons and OPCs that
determines the density and function of interneurons in the developing medial prefrontal cortex.
Interruption of the GABAergic signaling to OPCs results in reduced myelination and hypoactivity of
interneurons, strong changes of cortical network activities and impaired social cognitive behavior.
In conclusion, glial transmitter receptors are pivotal elements in finetuning distinct brain functions.

KL 07 | The Physiological Society Bayliss-Starling Prize Lecture:
Maria Fitzgerald
KL 07-01
Pain and the infant brain - it all starts here
M. Fitzgerald
UCL, Department of Neuroscience, Physiology and Pharmacology, London, UK
Introduction
This lecture will focus upon our understanding of how pain is processed by the developing nervous
system. I will present our recent research on the functional maturation of the connections
underlying pain experience in the young mammalian brain, drawing on data from human infants and
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laboratory rodent pups, and highlighting fundamental differences between pain processing in the
young and adult nervous system.
Methods
We use a wide range of neurophysiological and behavioural recording methods in the laboratory
and the clinical setting. Our philosophy is to translate results from laboratory rodent models into a
better understanding of human infant pain and then to use our human data to guide future laboratory
research.
Results
Newborn mammals display robust responses to noxious or tissue-damaging stimulation. These
nociceptive or “pain” responses arise from neural activity at different levels of the central nervous
system. Protective reflex movements and physiological reactions mediated by spinal cord and
brainstem circuits are essential for the preservation of life and well- being but should not be equated
with pain awareness. The unique sensation of pain and its unpleasant, threatening quality requires
activity in the cortical and subcortical regions of the brain.
Our data shows that nociceptive maps in the human cortex are widespread in the newborn and
undergo a series of critical network changes in early life, suggesting that infants do not feel pain in
the same way as we do. Furthermore, our laboratory research shows that injury in early life alters
pain connectivity in the adult brain, both within and between cortical areas involved in the sensory
and affective dimensions of pain. This data provides the first direct evidence that the cortical
pathways underlying adult pain experience are shaped by events in infancy.
Conclusion
Pain is learned in infancy, and understanding the processes by which this happens is relevant to all
who are interested in somatosensory and pain perception, in both health and disease, throughout
life.

KL 08 | Keynote Lecture 07: Bente Klarlund Pedersen
KL 08-01
Exercise as Medicine in a translational perspective
B. K. Pedersen
Copenhagen University Hospital (Rigshospitalet) and University of Copenhagen, Centre for
Physical Activity Research (CFAS), Copenhagen, Denmark
The Centre for Physical Activity Research (CFAS) is supported by TrygFonden.
Physical activity decreases the risk of a network of diseases, and exercise may be prescribed as
medicine for lifestyle-related disorders such as type 2 diabetes, dementia, cardiovascular diseases,
and cancer. During the past couple of decades, it has been apparent that skeletal muscle works as
an endocrine organ, which can produce and secrete hundreds of myokines that exert their effects
in either autocrine, paracrine, or endocrine manners.
Recent advances show that skeletal muscle produces myokines in response to exercise, which
allow for crosstalk between the muscle and other organs, including brain, adipose tissue, bone, liver,
gut, pancreas, vascular bed, and skin, as well as communication within the muscle itself.
Although only some of these myokines have been allocated to a specific function in humans, it has
been identified that the biological roles of myokines include effects on, for example, cognition, lipid
and glucose metabolism, browning of white fat, bone formation, endothelial cell function,
hypertrophy, skin structure, and tumor growth.
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This suggests that myokines may be useful biomarkers for monitoring exercise prescription for
people with, for example, cancer, diabetes, or neurodegenerative diseases. The talk will include
suggestions about how to translate basic research to clinical praxis and political decisions.

KL 09 | Keynote Lecture 09: Walter Boron
KL 09-01
The substrates of the electrogenic Na/HCO3 cotransporter NBCe1: making an unambiguous
distinction among simple mechanisms of HCO3− vs. CO3= vs. H+ transport.
W. F. Boron, S.-K. Lee, R. Occhipinti, F. J. Moss
Case Western Reserve University School of Medicine, Department of Physiology and Biophysics,
Cleveland, USA
The electrogenic Na/HCO3 cotransporter NBCe1 (SLC4A4) plays important roles in organ systems
throughout the body. In the renal proximal tubule, for example, NBCe1-A provides the main pathway
for the exit across the basolateral membrane of the cotransporter’s namesake, a solute that appears
−
−
to be bicarbonate (“HCO3”). NBCe1 is also a major pathway for “HCO3” uptake across the
basolateral membrane of pancreatic ducts, and plays a key role in the regulation of intracellular pH
(pHi) in numerous cell types throughout the body. Investigators generally agree that, as expressed
−
in Xenopus oocytes, NBCe1 appears to mediate the influx of 1 Na+ and 2 “HCO3”. (Note: one can
reverse the electrochemical gradient and force NBCe1 to mediate a net efflux.) However, despite
speculation and numerous studies taken as supporting one mechanism or another, it has been
−
impossible to distinguish (1) the uptake of 1 Na+ + 2 HCO3 ions per se, (2a) the uptake of 1 Na+ + 1
–
=
CO3 ions or (2b) the NaCO3 ion pair, and (3) the CO2/HCO−3-dependent exchange of extracellular
Na+ for 2 H+.
We now combine the power of surface chemistry, electrophysiology, and mathematical simulations
(based on the reaction-diffusion model of Somersalo et al) to distinguish, unambiguously, among #1
vs. #2ab vs. #3. The principle is that the predicted amount of H+ appearing at the cell surface (after
reactions involving the CO2/HCO−3 under our experimental conditions, but not other buffers) per unit
charge (e−) transported (1 in the case of NBCe1) differs markedly among the three models: H+/ e−
0.14 protons/charge for #1, 0.68 for #2ab, and 1.2 for #3. We measure the amount of H+
appearing on the cell surface with a pH electrode, which records the pHS produced as we use a 2electrode voltage clamp to shift NBCe1-A from an equilibrium state to either net-inward or netoutward transport. The voltage clamp reports the amount of charge transported. Thus, our key
experimentally determined parameter is pHS/INBC (analogous to H+/e−). For NBCe1-A, we find that
pHS/INBC  0.09 pH units/A. To calibrate pHS/INBC, we express the voltage-gated H+ channel
HV1. According to our simulations, H+/e−  0.6 protons/charge (i.e., exactly half that of mechanism
#3). According to our experimental measurements of oocytes expressing HV1, pHS,Hv1/IHv1  0.08
pH units/A. Using this value as a calibration, we find that our observed (pHS,NBC/INBC) /
(pHS,Hv1/IHv1)  1.13 is nearly the same as that predicted in our mathematical simulations, in which
(H+/e−)NBC / (H+/e−)NHv1  1.14, and quite different for the predictions for mechanisms #1 (~0.23) or
#3 (~2.00).
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−

More complex stoichiometries (e.g., 2 Na+ + 2 CO=3 + 1 HCO3) than we have considered do not
comport with known structures of the SLC4 family. Thus, we conclude that NBCe1-A must transport
–
−
1 Na+ with 1 CO=3 (or 1 NaCO3), and we can definitively rule out HCO3 and H+ as possible substrates
in either direction of net transport. In negative-control experiments, we show that AE1 is indeed a
Cl-HCO3 exchanger, as long suspected, and not 2Cl-CO3 exchanger. Once could apply the
−
approaches outlined here to virtually any acid-base transporter to distinguish among HCO3, CO=3,
+
and H as potential substrates.

KL 10 | The Physiological Society’s Otto Hutter Physiology Teaching
Prize Lecture: Dee U. Silverthorn
KL 10-01
Teaching in the time of COVID – and beyond
D. U. Silverthorn
University of Texas at Austin, Dept of Medical Education, Austin, USA
In March 2020 academic education as we have known it came to an abrupt halt with the declaration
of a global pandemic due to the SARS-CoV2 virus. In-person classes and practicals ceased, and
instructors had almost no time to convert their teaching to virtual platforms. It has been a challenging
two and a half years for teachers and students alike as we all struggled with adapting to remote
instruction. Now, as another academic year begins with a return to in-person instruction, this talk will
reflect back on what we learned from pandemic teaching and ask what we should carry forward and
what is best left behind.

KL 11 | Keynote Lecture 10: Claudine Blin
KL 11-01
The innate immune function and diversity of osteoclasts
C. Blin
CNRS, Universite Cote d'Azur, LP2M, Nice, France
Introduction
Osteoclasts are the cells responsible for bone resorption in steady state and bone destruction in
chronic inflammatory diseases and osteoporosis. Up to recently, they have been considered just as
a single population of bone-resorbing cells whose differentiation and activity are increasing in
pathologies associated with bone destruction. However, recent data demonstrated that besides
bone resorption, osteoclasts are innate immune cells. In particular, they are antigen-presenting cells
activating T cell responses towards tolerance in steady state. In addition, they are also able to
stimulate inflammatory T cells in the context of chronic inflammation.
Methods
We setup new tools to investigate mature osteoclasts. Combining RNAseq and in vitro functional
assays with in vivo models of bone destruction, we explored the phenotype and function of
osteoclasts sub-populations.
Results
Using RNAseq on purified mature osteoclasts, we showed demonstrated the existence of
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phenotypically and functionally distinct subsets of osteoclasts. We could identified specific
caracteristics of osteoclasts associated with bone destruction, such as in osteoporosis or in chronic
colitis. In particular, we showed that while some osteoclast populations promote
immunesuppression, others are clearly inflammatory and can participate in chonic inflammation.
Based on these characteristics and in particular their different capacity to respond to danger signals
arising from gut dysbiosis, we could specifically block the differentiation of inflammatory osteoclasts
and reduced bone destruction in ovariectomized mice.
Conclusion
Our results revealed that bone destruction not only relies on an increased number of osteoclasts but
also on the implication of different osteoclast subsets having opposite immune outcomes. These
new data on the diversity and innate immune function of osteoclasts open very novel perspectives
for fighting against inflammatory bone destruction.

KL 12 | Keynote Lecture 11: Alain Lacampagne
KL 12-01
Role of type 2 ryanodine receptors in dilated cardiomyopathy in patients with Duchenne
muscular dystrophy
A. Lacampagne
Montpellier University, PhyMedExp, Montpellier, France
Introduction
Duchenne muscular dystrophy (DMD) is a genetic disease where an X-linked mutation in the DMD
gene initiates pathogenic development caused by the absence of dystrophin. Patients with DMD
have progressive dilated cardiomyopathy associated with fatal cardiac arrhythmias. Electrical and
functional abnormalities have been attributed to cardiac fibrosis. However, electrical abnormalities
may occur in the absence of overt cardiac histopathology. Over the past fifteen years, we have
endeavored to demonstrate the role of the cardiac sarcoplasmic reticulum (SR) Ca 2+ release
channel/ryanodine receptor (RyR2) as a pathophysiological target in this disease.
Methods
To address our hypotheses, we used both animal models of DMD (mdx mice and GRMD dogs) as
well as ventricular cardiomyocytes derived from hIPS cells. On these models we applied several
methodological procedures, in vivo (electrocardiogram, echocardiography, speckle tracking
analysis), at the cellular level (electrophysiology, Ca2+imaging) and at the molecular level
(electrophysiology and biochemistry).
Results
In all models studied,RyR2 were depleted of calstabin2 (FKBP12.6), resulting in "leaky" RyR2
channels and a diastolic SR Ca2+ leak responsible for cardiac arrhythmias, decrease of global LV
longitudinal strain and presence of and the presence of hypokinetic segments. Stabilizing RyR2 with
a small molecule Rycal, abolished SR mediated Ca2+ leak, arrythmias and reduced LV strain and
the number of hypokinetic segments.
Conclusion
All of this work has made it possible to highlight the major role of RyR2 in the onset of dilated
cardiomyopathy and opens up important therapeutic prospects for slowing the progression of this
disease, which is today the main cause of death in DMD patients.

16

SYMPOSIA
SY 01 | Exercise for heathy brain aging: understanding the underlying
mechanisms
SY 01-01
The role of myokines in the effects of exercise on brain function
H. van Praag
Florida Atlantic University, Stiles-Nicholson Brain Institute, Jupiter, USA
There is increasing evidence from human and animal studies that exercise benefits brain function,
and may delay or prevent the onset of neurodegenerative conditions. Our research is focused on
the hippocampus, a brain area that is essential for learning and memory, and that exhibits structural
and functional plasticity as a result of exercise training. In rodents, the number of new neurons in
the dentate gyrus of the hippocampus is substantially upregulated by voluntary wheel running.
Increased adult hippocampal neurogenesis is positively associated with changes in synaptic
plasticity, neurotrophins, neuronal circuitry, spatial memory and pattern separation ability. Recent
research into the underlying mechanisms indicates that there are factors secreted from peripheral
organs, such as muscle, that may play a role in exercise-induced neurogenic and neurotrophic
changes in the brain. We identified lysosomal enzyme Cathepsin B as a novel myokine that plays a
role in hippocampus-dependent memory function in mice, as well as in young and aged human
subjects. Overall, we study the relationship between myokines, adult neurogenesis and memory
function to further our understanding of effects of exercise on the brain.
____________________________________________________________________________
SY 01-02
Is it all in the baseline? Trajectories of chair stand performance over 4-years and their
association with grey matter structure in older adults
N. Demnitz1, A. T. Gates2,3, E. L. Mortensen3,4, E. Garde1,3, C. L. Wimmelmann3,4, H. R. Siebner1,5,
M. Kjaer2,3, C.-J. Boraxbekk1,5
1
Copenhagen University Hospital - Amager and Hvidovre, Danish Research Centre for Magnetic
Resonance, Hvidovre, Denmark
2
Copenhagen University Hospital - Bispebjerg and Frederiksberg, Institute of Sports Medicine
Copenhagen, Copenhagen, Denmark
3
University of Copenhagen, Center for Healthy Aging, Copenhagen, Denmark
4
University of Copenhagen, Department of Public Health, Copenhagen, Denmark
5
University of Copenhagen, Department of Neurology, Copenhagen, Denmark
6
University of Copenhagen, Institute for Clinical Medicine, Copenhagen, Denmark
7
Umeå University, Umeå Center for Functional Brain Imaging, Umeå, Sweden
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The LISA study was supported by the Nordea Foundation (Grant from Center for Healthy Aging,
University of Copenhagen, Denmark). Hartwig R. Siebner holds a 5-year professorship in
precision medicine at the Faculty of Health Sciences and Medicine, University of Copenhagen
which is sponsored by the Lundbeck Foundation (Grant Nr. R186-2015-2138). Naiara Demnitz is
supported with funding from the Global Brain Health Institute (GBHI), Alzheimer’s Association and
Alzheimer’s Society (Grant Nr. GBHI ALZ UK-21-723783) and the Lundbeck Foundation (Grant
Nr. R380-2021-1269).
Introduction
Understanding individual variability in response to physical activity is key to developing more
effective and personalised interventions for healthy ageing. Here, we aimed to unpack individual
differences by using longitudinal data from a randomised controlled trial of a 12-month muscle
strengthening intervention in older adults.
Methods
Physical function of the lower extremities was collected at four time-points, and 3T MRI brain scans
were obtained at baseline and 3-years after the end of the intervention (n=247, 66.3 ± 2.5 years).
K-means longitudinal (KML) clustering was used to identify patterns in chair stand performance over
4 years, and voxel-based morphometry was applied to map structural grey matter volume at year 4.
Results
KML clustering identified three groups showing trajectories of poor (n=83), mid (n=99) and high
(n=65) performance. Baseline physical function, sex and depressive symptoms significantly differed
between trajectory groups. High performers showed greater grey matter volume in the motor
cerebellum compared to the poor performers. Based on their baseline-normalised chair stand
scores, participants were re-assigned to one of four trajectory-based groups: moderate improvers
(n=96), maintainers (n=95), improvers (n=32) and decliners (n=24). Clusters of grey matter
differences were observed between improvers and decliners in the right supplementary motor area.
Trajectory-based group assignments were unrelated to the arms of the intervention study.
Conclusion
Patterns of change in chair stand performance were associated with greater grey matter volumes in
cerebellar and cortical motor regions. Our findings emphasise that how you start matters, as
baseline values in physical activity and chair stands predicted long-term structural brain outcomes.
____________________________________________________________________________
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SY 01-03
Sleep, exercise and cognitive function among older adults
M. Pun1,2, V. Guadagni1,2, R. S. Longman2,5, P. J. Hanly6,7, M. D. Hill2,3, T. J. Anderson3,8, D. B.
Hogan2,3, J. M. Rawling10, M. Younes7,11, M. J. Poulin1
1
University of Calgary, Department of Physiology & Pharmacology, Calgary, Canada
2
University of Calgary, Hotchkiss Brain Institute, Cumming School of Medicine, Calgary, Canada
3
University of Calgary, Department of Clinical Neurosciences, Cumming School of Medicine,
Calgary, Canada
4
University of Calgary, O’Brien Institute for Public Health, Cumming School of Medicine, Calgary,
Canada
5
Alberta Health Service, Psychology Service, Foothills Medical Centre, Calgary, Canada
6
University of Calgary, Department of Medicine, Cumming School of Medicine, Calgary, Canada
7
University of Calgary, Sleep Centre, Foothills Medical Centre, Calgary, Canada
8
University of Calgary, Department of Cardiac Science, Cumming School of Medicine, Calgary,
Canada
9
University of Calgary, Libin Cardiovascular Institute of Alberta, Cumming School of Medicine,
Calgary, Canada
10
University of Calgary, Department of Family Medicine, Cumming School of Medicine, Calgary,
Canada
11
Sleep Disorders Centre, Sleep Disorders Centre, Winnipeg, Canada
12
University of Calgary, Faculty of Kinesiology, Calgary, Canada
We acknowledge support from Alberta Innovates (MP), Canadian Institutes of Health Research
(MJP, VG, MP), NSERC Brain CREATE program (MJP, VG, MP), the Brenda Strafford Centre on
Aging (VG), and the Brenda Strafford Chair in Alzheimer Research (MJP).
With baby boomer demographic bulge moving into elderly range and overall increased longevity,
the population of older adults is increasing exponentially. Cognitive function, and cerebrovascular
health decline with age. Healthy lifestyles such as regular exercise and good sleep have been shown
to be beneficial for healthy aging. The Brain in Motion (BIM) study is a quasi-experimental study to
investigate the effects of six months aerobic exercise intervention on the cerebrovascular, and
cognitive function of middle age and older adults (1, 2). In this seminar, we present data from the
BIM study examining the mediating role of sleep in these associations. In a first study, we found that
individuals who carried the risk allele for Alzheimer’s Disease, apolipoprotein (APOE) ɛ4, had worse
sleep quality when measured with polysomnography (PSG) and actigraphy, compared to individuals
who did not carry the risk allele (3). Subsequently, we examined the effects of six months of aerobic
exercise on participants’ subjective and objective sleep quality (4). The exercise intervention
improved individuals’ subjective sleep quality, sleep efficiency and latency, measured by the
Pittsburgh Sleep Quality Index. Furthermore, objective measures of sleep with PSG showed that
total sleep time and sleep onset latency improved only among carriers of the ɛ4 allele. The role of
sleep was further explored by looking at the associations between sleep micro architecture and
cognition in older adults (5). Specifically, we found that the density of sleep spindles, brain waves
that characterize non rapid eye movement (NREM) stage 2 sleep, was positively associated with
executive functioning. Moreover, the density of fast spindles was positively associated with both
executive functioning and the Montreal Cognitive Assessment (MoCA) score. We concluded that
sleep spindles characteristics may be a potential biomarker of cognitive decline. Currently, we are
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investigating the impact of exercise on the association between sleep micro architecture and
cognition, while also considering other factors that may contribute to cognitive decline such as sleepdisordered breathing, a potential risk factor for dementia.
References
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____________________________________________________________________________
SY 01-04
Interactions between acute effects of physical exercise and learning in older age
M. Lövdén
University og Gothenburg, Department of Psychology, Gothenburg, Germany
I will review our recent studies from our lab on the acute effects of exercise on cognitive
performance, learning, and brain function and structure in older human adults, as well the mediating
effects of BDNF on these effects.

SY 02 | Contributions of smooth muscle cells and pericytes to brain
blood flow regulation
SY 02-01
Pericyte-endothelial interactions in the mouse brain
S.-F. Huang, A. Keller
University of Zurich, Dept. of Neurosurgery, Zurich, Switzerland
Introduction
Although a connected single network, the vascular tree and neurovascular associations along the
arteriovenous axis are heterogeneous with distinct zones, each zone (arterial, capillary, venous)
formed by distinct cell types. Thus, it is likely that the cellular signalling along the vascular tree is
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different between vascular zones. The proper functioning of blood vessels requires direct contact
and signalling between cells forming the blood vessels. Pericytes, perivascular cells found along
capillaries, a predominant vessel type, are in direct contact and share the vascular basement
membrane with the endothelium. The longitudinal pericyte coverage of the CNS vasculature reaches
100 %. The absence of pericytes during development and adulthood results in compromised BBB.
In addition, absence of pericytes induces endothelial activation and upregulation of leukocyte
adhesion molecules expression and leads to leukocyte extravasation and exaggerated
neuroinflammation. Pericytes also regulate cerebral capillary diameter and blood flow. Currently,
there is little understanding about cell-cell communication pathways between pericytes and
endothelium.
Methods
We have explored the public single cell RNA sequencing data of mouse brain vasculature and built
a potential ligand-receptor interactome between pericytes and endothelial cells using the NATMI
(Network Analysis Toolkit for the Multicellular Interactions) algorithm. Pericyte heterogeneity was
confirmed using immunohistochemistry.
Results
I will present our analysis of cell-to-cell communication network between pericytes and endothelial
cells. In addition, I will present our data demonstrating a heterogeneity of capillary pericytes in the
mouse brain on the level of gene and protein expression, and discuss potential functional differences
between these pericyte subtypes.
Conclusion
We have identified a potential ligand-receptor interactome of vascular and perivascular cells along
the arteriovenous axis in the mouse brain. This analysis revealed the presence of several pericyte
subtypes which was validated in the tissue using immunohistochemistry.
____________________________________________________________________________
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In vitro tools for pericyte mechanobiology
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Introduction
Pericytes are mural cells of the microvasculature, that wrap around small vessels, support the
vessels mechanically and participate in blood flow regulation [1]. Although pericytes participate in a
wealth of biological processes, such as angiogenesis and inflammation, which often involve physical
cues, little is known about pericyte mechanobiology. In this work we build custom in vitro tools that
replicate key features of the microvessels to unravel underlying laws driving pericyte behavior,
focusing on motility in 1D and contractility.
Results
In vivo, pericytes migrate along small vessels by creating anchors to disconnected spots of
fibronectin and are even able to bridge separated capillaries [1]. In the first part of this work, we
study migration across gaps between 1D patterns and propose a model to describe cell motion.
Custom lanes of fibronectin are produced with control over the size of, and spacing between the
lanes. Cell shape and motion are automatically detected and processed, then rationalized using a
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minimal theoretical model based on thermal fluctuations: crossing a gap between two patterns
requires overcoming an energetically unfavorable configuration.
Secondly, we introduce an in vitro tool to measure compressive forces exerted by mural cells on
substrates with high convex curvature. Soft micrometric fibers of varying sizes, with embedded
fluorescent microbeads to track their deformation, are used as a model for blood microvessels. This
allows for more realistic geometries and access to compressive forces compared to Traction Force
Microscopy, which is restricted to shear forces along flat surfaces. These fibers are made of a UVsensitive mixture of polymer (PEG-DA) and photoinitiator, in a flow-focusing microfluidic chip. AFM
measurements show a Young’s modulus of under 50 kPa and fibers are tested successfully for
biocompatibility with cell culture. Current efforts are focused on the mechanical characterization to
be able to reconstruct the applied force from the fiber deformation.
Conclusion
We aim to demonstrate the potential of in vitro approaches to decipher pericyte biology and answer
long standing questions and hope to encourage interactions between bioengineer and the pericyte
physiology community.
Pericyte mechanics and
mechanobiology
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Precapillary sphincter myogenic response in the aging brain
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Introduction
As we age, there are structural and functional changes to the brain blood vessels, but it is not clear
how these changes affect the myogenic response of capillaries. We have discovered the presence
of brain precapillary sphincters, a dynamic resistance in the blood vessels at the initial segment of
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the capillary bed. Here we investigate their role in the capillary myogenic response in adult and old
mice.
Methods
Based on in vivo two-photon microscopy of anaesthetized NG2dsRed mice (n=23 adult and 19 old
mice, m/f, adult = 12-30 weeks, old = 90-110 weeks) we measured precapillary-sphincter myogenic
response and capillary pulsatility in adult and old mice. Myogenic response was investigated by a
hypertensive challenge by 0.25 µg/kg/min i.v. angiotensin II while recording hyperstacks. Capillary
pulsatility was estimated by transverse- or longitudinal linescans with three different readouts:
diameter fluctuations and fluctuations in red-blood-cell velocity and flux.
Results
Angiotensin II led to a ~50 mmHg increase in systemic blood pressure within a minute, which did
not affect penetrating arteriole or 1st order capillary diameter but dilated precapillary sphincters in
adult mice. In old mice neither penetrating arterioles nor precapillary sphincters dilated significantly,
but 1st order capillaries dilated.
Conclusion
This suggests increased ability of precapillary sphincters to withstand blood-pressure increases in
old mice.
____________________________________________________________________________
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Cerebrovascular and inflamm-ageing link to neurodegeneration and dementia
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Introduction
Our brain is an energy-hungry organ surrounded by a rich network of blood vessels supplying the
oxygen and nutrients required to function. It is essential that the microenvironment in the brain is
finely controlled, and this is achieved through the specialist blood-brain barrier (BBB) structure.
However, dysfunction of the BBB is recognised as one of the earliest events in the progression of
brain disorders that cause dementia including cerebral small vessel disease. We have previously
discovered that one type of cell within the BBB, the pericyte, is particularly affected during
disease. With the role of pericytes in brain disorders established, we now aim to fully understand
the consequences to the BBB and brain health as a whole. Questions still remain as to what can
cause pericytes to become dysfunctional and ultimately die, and how pericyte loss in turn
destabilises the endothelial cells lining the BBB.
Methods
Using a combination of advanced molecular and imaging techniques, we seek to uncover the
disease mechanisms at play and identify therapeutic targets for intervention. We are imaging the
living mouse brain using magnetic resonance imaging and two-photon microscopy to uncover the
interplay between the endothelium and pericytes. We also assess BBB-relevant biofluid biomarkers
in combination with evolving endothelial cell and pericyte transcriptional signatures at single-cell
resolution.
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Results
We showed that 1/ there is an age-dependent BBB breakdown in the human hippocampus, which
worsens with mild dementia and correlates with injury to BBB-associated cell pericytes, 2/ pericyte
dysfunction and BBB breakdown are early biomarkers of human cognitive decline, and 3/ BBB
breakdown – which includes pericyte injury – in individuals carrying the ε4 allele of the apolipoprotein
E gene, a major genetic risk factor for Alzheimer’s disease (AD), increases with and predicts
cognitive impairment. Our work in animal models has taken these investigations further,
demonstrating that pericyte deficiency leads to capillary breakdown initiating early white matter
damage, in part due to blood-derived neurotoxic fibrinogen extravascular deposits, and that acute
ablation of brain pericytes leads to capillary disruption which triggers a rapid brain circulatory failure
and neuronal loss in part due to loss of a pericyte-derived growth factor called pleiotrophin. We are
now taking into account the artero-venous axis and investigating the role of different pericyte
subpopulations in neurodegeneration and dementia.
Conclusion
Our research has broader relevance to human cerebral small vessel disease and AD where
pericytes were shown to die early. The identification of modifiable pathways which contribute to
vascular dysfunctions is a major focus of global efforts to tackle the vascular contribution to
dementia. We aim to shine light on the cellular and molecular underpinnings of vascular dysfunctions
leading to pericyte death.

SY 03 | How to react when oxygen becomes short: O2-sensing in cells
and tissue
SY 03-01
Oxygen sensing in health and disease
B. Wielockx
Technical University Dresden, Institute of Clinical Chemistry and Laboratory Medicine, Dresden,
Germany
An inappropriate pO2 can lead to profound changes in virtually every cellular response. Oxygen
sensing is therefore indispensable as it enables cells in our body to instantaneously adapt to
dramatically low oxygen concentrations (hypoxia). Central components of the response to hypoxia
are the hypoxia inducible factors (HIF1α and 2α), transcription factors that are directly regulated by
oxygen-dependent HIF prolyl-hydroxylase domain enzymes (PHD1-3). Over the past decade, we
and others unravelled central roles for the PHD-HIFα axis in a variety of physiological and
pathological settings, including hematopoiesis, wound healing, bone metabolism and tumor
development. More recently, we revealed that hypoxia signaling has an important impact on the
innate immune response, as HIF2α facilitates neutrophil migration through highly confined
microenvironments eventually resulting in massive tissue accumulation in mouse models of acute
local inflammation (Sormendi et al., 2021). In the adrenal gland, we identified HIF1α as a vital
regulator of steroidogenesis thereby dramatically impacting the corticoid production and the immune
system (Watts et al., 2021a); whereas HIF2α mediates the synthesis and release of adrenaline from
the medulla (Watts et al., 2021b).
____________________________________________________________________________
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The developmental role of PHD2 in the pathogenesis of pseudohypoxic PPGLs
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perceived first and at higher concentrations withing the vascular lumen. Our results also indicate
that the responses to cytotoxic stress imposed by anthracycline is unique to MVEC from different
organs, with more severe functional impairment seen in microvascular cells from the brain compared
to MVEC from other origins.
Conclusion: These results are in keeping with the disproportional incidence of brain metastasis in
patients treated with frequent and dose-dense anthracycline chemotherapy regimens, one flagrant
example being the triple negative breast cancer subtype compared to all other breast cancers [4, 5].
Our data argues that the success in targeting primary tumour cells with anthracycline-based
chemotherapy comes at the cost of compromising the integrity of the brain microvasculature, and
thus creating a pro-metastatic brain microenvironment in very specific patient cohorts.

HIF is commonly activated in cancer and its role in oncogenesis has attracted widespread interest,
particularly in view of the recent development and clinical licensing of drugs with the potential to
activate or inactivate components of the HIF pathway therapeutically. Although HIF operates
ubiquitously across cell types and is commonly upregulated in cancer, direct genetic activation by
mutation of any of the key components of the HIF pathway is rare in most forms of cancer. An
important exception to this are tumours of the autonomic paraganglia that arise in diverse anatomical
locations from the skull base to the pelvis, known as pheochromocytomas and paragangliomas
(PPGLs). These tumours are highly heritable with almost half of these tumours bearing an inherited,
germline (or post zygotic but early somatic) mutation and mutations that result in activation of HIF
(in the absence of hypoxia per se i.e. ‘pseudohypoxia’) are particularly common. In an effort to
understand this paradox and gain insights into the pathogenesis of pseudohypoxic PPGL, we have
constructed mice in which the dominant negative regulator of HIF (HIF prolyl hydroxylase 2, Phd2)
is inactivated and show that activation of HIF-2 during development results in a lineage shift towards
an immature population of chromaffin cells that pre-disposes to subsequent PPGLs.
____________________________________________________________________________
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Tissue-specific vascular metabolism: role in metastasis
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SY 03-04
The regulation of glycolytic metabolism by hypoxia.
C. Taylor
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Introduction: Microvascular endothelial cells (MVEC) are extremely versatile and heterogeneous.
Their function is organ-specific and heavily dependent external stimuli, including oxygen availability
and circulating factors, such as tumour-derived soluble signals and chemotherapy[1]. We have
previously shown that endothelial cell activation is critical in the success of pulmonary metastasis,
and that HIF-dependent mechanisms can reshape tissue microenvironment prior to the arrival of
tumour cells[2].
Methods: In order to understand if the role of MVEC in metastasis is organ specific, we purified
MVEC from metastatic (brain, liver and lung) and non-metastatic (kidney) organs, to investigate their
metabolic and functional responses, and used physiologically relevant culture conditions to closely
match and preserve the in vivo behaviour of the cells.
Results: We found that metabolism, migration and angiogenic capacity of MVEC is organ-specific
and reprogrammable by external factors, also in an organ-specific fashion. We investigated the
effects of anthracycline exposure, as found in circulation upon intravenous chemotherapy [3], and

25

Cellular hypoxia occurs when the demand for sufficient molecular oxygen (O2) needed to produce
the levels of ATP required to perform physiologic function exceeds the vascular supply, thereby
leading to a state of O2 depletion with the associated risk of bioenergetic crisis. To protect against
the threat of hypoxia, eukaryotic cells have evolved the capacity to elicit oxygen-sensitive adaptive
transcriptional responses driven primarily (although not exclusively) by the hypoxia inducible factor
(HIF) pathway. HIF-dependent changes in cell metabolism have profound implications for functional
responses in innate and adaptive immune cells thereby heavily influencing immunity and the
inflammatory response. While the primary function of HIF is the regulation of hypoxia-sensitive gene
expression, other non-transcriptional roles have also been reported. In this presentation, I will report
on recent data we have generated describing a novel non-transcriptional role for HIF in the
regulation of intestinal epithelial cell metabolism.
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SY 04 | The dyad is a signal integrator that shapes Ca2+ changes
underlying cardiac (patho)physiology
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Correlative super-resolution microscopy of intracellular calcium release channels and fast,
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Super-resolution microscopy (SRM) and molecule counting algorithms have advanced our
understanding of the clustering properties of membrane proteins like the giant ryanodine receptor
(RyR). The positions of RyR channels resolved with these methods have been key enablers for in
silico simulations of the intracellular calcium (Ca2+) signals (e.g. Ca2+ sparks, transients or waves)
produced by RyRs. In the presented work, we use a recent correlative imaging protocol [1] that
experimentally correlates sub-sarcolemmal spontaneous Ca2+ sparks in right ventricular myocytes
in rats, recorded with total internal reflection fluorescence (TIRF) microscopy, with the underlying
sub-sarcolemmal RyR patterns, visualised with the SRM techniques, DNA- point accumulation for
imaging in nanoscale topography (DNA-PAINT). Local examination of the RyR patterns underneath
each Ca2+ spark revealed a steep correlation between the size of the Ca 2+ sparks and the
underlying channel ensembles which typically ranged from ~ 5 to 80 channels. A weaker correlation
was observed in right ventricular myocytes isolated from rats with right ventricular failure, reflecting
dysfunction in the local regulation of the RyRs in such pathologies. Non-random patterns of Ca2+
sparks featured ‘hot spots’ of distinct sub-cellular regions consisting of recurring spontaneous
sparks. Overlay of these regions of high spontaneous activity revealed groups of 4-8 RyR clusters in
healthy right ventricular myocytes. Myocytes studied from failing right ventricular myocytes revealed
mixed population of larger RyR clusters and highly fragmented (smaller) clusters within the ‘hot
spots’. We conclude that the structure-function correlative SRM offers an approach to locally
examine the structural remodelling of RyR clusters that accompany changes in fast cytoplasmic
Ca2+ signalling in cardiac pathology.
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T-tubules and dyadic dysfunction in cardiac disease
E. Dries
University of Leuven, Department of Cardiovascular Sciences, Leuven, Belgium
Abnormal cellular Ca2+ handling is associated with reduced contractile function and life-threatening
arrhythmias in myocardial infarction (MI) and heart failure (HF). The spontaneous loss of
sarcoplasmic reticulum Ca2+ through ryanodine receptors (RyRs) is due to post-translational
modifications of these receptors, causing alterations in the Ca2+ sensitivity and open probability of
RyRs. Loss of T-tubules and their associated microdomains can further enhance spontaneous Ca2+
release through RyRs, resulting in contractile dysfunction and arrhythmia.
In our laboratory, a collection of data at single cell level and from in vivo animal models have shaped
our current view as how local signaling pathways modulate different subsets of RyRs. We studied
RyR organization and their function in healthy, myocardial infarction (MI) and human HF
cardiomyocytes. Our data show specific microdomain-dependent modulation of dyadic RyRs in the
healthy heart, which is subject to remodeling with disease. This specific modulation may generate
a substrate for arrhythmia that appears to be responsive to selective pharmacological inhibition.
More importantly, our in vivo experiments suggested a local initiation of trigger activities attributed
to such RyR malfunction in the peri-infarct region of a large MI animal model. Collectively, these
findings can pave the way for more region-specific cardiac therapies.
____________________________________________________________________________
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Optogenetics enables Ca2+-included Ca2+ release from the intracellular stores via the
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In cardiomyocytes and neurons, the ryanodine receptor type 2 (RyR2) gates Ca2+ release from
sarco/endoplasmic reticulum (ER/SR) by Ca2+-induced Ca2+ release mechanism. However, Ca2+
leak through RyR2 can initiate lethal cardiac arrhythmias but a precise cellular model for screening
of RyR2-modulators is lacking due to the challenge to experimentally trigger RyR2 by cytosolic Ca2+.
We employed optogenetics to induce cytosolic Ca2+ elevation close to the RyR2 for triggering its
opening and Ca2+ release from the ER/SR. Therefore, the novel protein OptoRyR2 was developed
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by fusing a light-gated Ca2+-permeable Channelrhodopsin-2 variant (CatChUP) with EYFP and a
157 Å linker to the N-terminus of human RyR2. OptoRyR2 expression in HEK293 cells confirmed
ER/SR colocation and lack of membrane photocurrent indicated correct targeting to the ER/SR.
Western blots confirmed the predicted size of OptoRyR2 of ~640 kDa. Single-channel recording of
OptoRyR2 in planar lipid bilayers revealed an increase of open probability (P o) after increasing Ca2+
on the cis (cytosolic) side with an EC50 of 535 nM, a block by Ryanodine, and a transient increase
of Po when light (470 nm) was applied. Importantly, Ca2+ imaging with X-Rhod-1 Ca2+ indicator
showed Ca2+ release after illumination and after application of the RyR2-agonist Caffeine in
OptoRyR2 stably expressing HEK293 cells but not in wild-type cells suggesting light-induced Ca2+
release and RyR2 channel gating in situ. To test RyR2 modulators, a high content screening was
established in 96-well plates. The RyR2 blocker Tetracaine was applied for 15-30 min at different
concentrations and automated low light Ca2+ imaging was performed with a motorized microscope.
To activate OptoRyR2, light (470 nm, 1.4 mW/mm 2) was automatically applied from 60-120 s of a
300 s long recording of each well (N=12-16 wells for each condition). Cells were automatically
identified and individually analyzed using Nikon NIS elements GA3 module and custom Matlab
algorithms. Peak of transient Ca2+ releases after illumination were larger (F/F0 = 1.29±0.17, n=1361)
than spontaneous Ca2+ releases before illumination (F/F0 = 1.09±0.1, n=1027). Application of
Tetracaine did not affect Ca2+ peak magnitude (500 µM: 1.27±0.18, n=1036, p=0.04; 100 µM:
1.29±0.18, n=1238, p=0.88) but prolonged the delay until the peak was reached after illumination
(control: 47±23 s, n=1391; 100 µM: 53±27 s, n=1238; 500 µM: 65±28 s, n=1036; p<10-8 vs control).
Moreover, the duration of the Ca2+ release event (full width at 30% maximum) was shortened by
Tetracaine (relative to control: 100 µM: 80%; 500 µM: 85%; both p<10 -4). We conclude that
activation of the CatChUP part in OptoRyR2 by light leads to Ca2+ release from the SR/ER into the
cytosol, which in turn triggers RyR2 opening. Because Ca 2+ is the physiological trigger to activate
RyR2, we propose that OptoRyR2 is an important novel tool for high content screening of potential
RyR2 modulating substances.
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How does calcium make the heart grow?
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Our hearts must beat roughly 2 billion times through the course of our lives. To ensure it meets
blood supply demand throughout this time the heart adapts its force of contraction by changing
size. Inositol triphosphate (IP3) receptor induced calcium signalling is involved in signalling for
hypertrophic gene expression but the precise mechanisms remain unclear. I will present
mathematical modelling insights about the role of IP3-receptor calcium in heart muscle growth. I
will also present model-based predictions on how IP3 receptors may influence ryanodine receptor
activity and calcium spark dynamics.

SY 05 | Regulation of metabolism: Circadian clocks and the hypoxia
response
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Circadian clocks: a driving force of rhythmic physiology
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Circadian system drives intrinsic biological clocks with near 24-hour oscillation period regulating
variety of physiological processes and behavior in most living beings, including humans. We have
recently established that self-sustained cell-autonomous oscillators are operative in human
pancreatic islet cells synchronized in vitro and are required for proper insulin secretion. Moreover,
pancreatic islets isolated from Type 2 Diabetes (T2D) human donors synchronized in vitro exhibited
longer period length and flatter amplitude of circadian bioluminescence reporters than their healthy
counterparts, concomitant with altered expression levels of endogenous core-clock genes.
Concordantly, temporal profiles of basal insulin and glucagon secretion by synchronized T2D islet
cells were disturbed compared to the control counterparts. Strikingly, clock modulator molecule
Nobiletin partly restored the diminished circadian amplitude of the T2D islet oscillations, along with
insulin secretion by these same islets. Recent evidence suggests that along with glucose
metabolism, circadian clocks ensure temporal orchestration of lipid homeostasis and play a role in
pathophysiology of metabolic diseases in humans. Employing lipidomic analyses, we identified
rhythmic lipids in non-diabetic pancreatic islets, and alterations in their levels upon T2D. The latter
included global and temporal changes in phospho- and sphingolipids. Most importantly, cellular
membrane fluidity, was reduced in plasma membrane of T2D diabetic human islets, in ND donors’
islets with disrupted circadian clockwork, or treated with sphingolipid pathway modulators.
Our studies highlight the functional role of the islet-autonomous circadian oscillators for the
regulation of glucose and lipid metabolism, emphasizing a link between circadian clockwork and
T2D, pointing out the potential role of clock components as putative therapeutic targets for
modulating insulin secretion upon T2D.
____________________________________________________________________________
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Regulation of metabolism: Circadian clocks and the hypoxia response
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The circadian clock and the hypoxia-signaling pathway are regulated by an integrated interplay of
positive and negative feedback limbs that incorporate energy homeostasis and cellular behaviour.
It will be discussed how the negative circadian regulator CRY1 affects the hypoxia response and
related cellular processes such as metabolism, proliferation, and migration. The mechanistic details
revealed will improve understanding the genetic association studies linking a disrupted circadian
clock with hypoxia-associated processes and diseases such as atherosclerosis, myocardial
infarction, or carcinogenesis.
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Circadian Clocks’ interactions with Oxygen Biology
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Weizmann Institute of Science, Department of Biomolecular Sciences, Rehovot, Israel
In mammals, physiology and metabolism are shaped both by immediate and anticipatory responses
to environmental changes through myriad of molecular mechanisms. While the former is mostly
mediated through different acute signaling pathways the latter is primarily orchestrated by the
circadian clock. Oxygen is vital for life and as such mammals have evolved different mechanisms
to cope with changes in oxygen levels. It is widely accepted that oxygen sensing through HIF-1
signaling pathway is paramount for the acute response to changes in oxygen levels. Circadian
clocks are molecular oscillators that control 24 h rhythms in various aspects of physiology and
behavior. Evidence emerging in recent years points towards pervasive molecular and functional
interactions between these two pathways on multiple levels. Daily oscillations in oxygen levels are
circadian clock controlled and can reset the clock through HIF-1. Furthermore, the circadian clock
appears to modulate the hypoxic response both in mice and humans. In my talk, I will describe
different facets of the interaction between oxygen and circadian biology that emerge from our work.
____________________________________________________________________________
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Metabolic demands fluctuate rhythmically and rely on coordination between the circadian clock and
nutrient sensing signaling pathways, yet mechanisms of their interaction remain not fully understood.
We discovered that class 3 Phosphatidylinositol-3-kinase (PI3K), known the best for its essential
role as a lipid kinase in endocytosis and lysosomal degradation by autophagy, has unappreciated
nuclear function as a co-activator of transcription factor and circadian regulator BMAL1. Canonical
pro-catabolic functions of class 3 PI3K in trafficking rely on the indispensable complex between lipid
kinase Vps34 and regulatory subunit Vps15. Unexpectedly, we find that although both subunits of
class 3 PI3K localize to nucleus, only Vps15 co-activates BMAL1 for expression of the clock
repressor REV-ERBα, a novel function that does not rely on lipid kinase Vps34. In physiology, we
find Vps15 is required for metabolic rhythmicity in liver. Our findings suggest that class 3 PI3K Vps15
subunit could couple transcriptional activity of the circadian clock for temporal regulation of energy
homeostasis.

SY 06 | NKCC1 in the choroid plexus: which way to go?
SY 06-01
Cerebrospinal fluid secretion is supported, in part, by NKCC1-mediated fluid secretion
across the choroid plexus
N. MacAulay1
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Approximately half of liter of cerebrospinal fluid (CSF) is secreted daily across the choroid plexus by
a concerted effort of transport proteins expressed in this secretory tissue. The fluid secretion is
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tightly coupled to transepithelial electrolyte transport, in the form of Na + and Cl-, from the blood to
the CSF. Curiously, this secretion can take place against an osmotic gradient and occurs readily
following genetic deletion of the aquaporin (AQP1) expressed in the luminal membrane. The fluid
flow across this membrane is, instead, supported by the Na+/K+-ATPase, the Na+,K+,2Clcotransporter (NKCC1), and the bicarbonate transporter NBCe2, which all support net secretion of
the electrolyte Na+ and ensuing fluid transport, which may occur by a direct coupling of electrolyte
transport to fluid flow taking place within the protein itself. NKCC1 belongs to the growing group of
transporters supporting such cotransporter-mediated fluid flow, and is, under physiological
conditions, poised to transport electrolytes and water in the direction of net CSF secretion. Inhibition
of NKCC1 thus lowers CSF secretion and can, as such, be employed to reduce the intracranial
pressure of experimental rats.
____________________________________________________________________________
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The Ins and Outs of Apical NKCC1 in Choroid Plexus Epithelial Cells
F. J. Alvarez-Leefmans
Wright State University, Boonshoft School of Medicine, Pharmacology and Toxicology, Dayton,
USA
Dayton Children’s Hospital Foundation WSU grant 670180 and Boonshoft School of Medicine
Seed Grant Proteomics Program (229117 RIF).
Choroid plexus epithelial cells (CPECs) secrete cerebrospinal fluid (CSF) and regulate its [K +]
through poorly understood mechanisms. They are unique among epithelial cells because the Na +/K+
ATPase and the Na+–K+–2Cl− cotransporter 1 NKCC1 (SLC12A1) are located on their apical
membrane (CSF facing), deviating from basolateral membrane location typical of Cl −-secreting
epithelia. Given this peculiar polarity, only shared with the retinal pigment epithelial cells, the
direction of basal net ion fluxes mediated by apical NKCC1 and associated water fluxes in CPECs
is disputed, and the cotransporter function in these cells is unclear. There is evidence showing that
under basal conditions apical NKCC1 of CPECs is continuously active, working in the net inward
flux mode, transporting ions and associated water towards the cell interior, thereby maintaining
intracellular Cl- concentration ([Cl-]i) and cell water required for continuous CSF production 1, 2.
However, other studies propose that apical NKCC1 works in the net efflux mode, cotransporting
ions and water towards the CSF, directly contributing to its secretion 3, 4. Possible explanations
for these opposing viewpoints will be discussed.
In the studies discussed here, changes in cell water volume (CWV) are measured in single
CPECs freshly isolated from choroid plexus of WT (NKCC1+/+) and NKCC1-KO (NKCC1-/-)
mice. Cells are loaded with the fluorescent dye calcein to quantitatively assess CWV changes
resulting from ion and water fluxes mediated by NKCC1. This strategy, combined with
pharmacological approaches allows assessment of the magnitude and direction of NKCC1mediated net fluxes. CWV changes measured, both in situ and in vitro, demonstrate that genetic or
pharmacological (10 µM Bumetanide) inactivation of NKCC1 results in CPECs shrinkage. This is
the cellular response expected if apical NKCC1 is continuously active under basal conditions,
inwardly transporting ions and associated water. The sustained cell shrinkage upon inactivation of
NKCC1 suggests both the suppression of solute and water influx, and the presence of unbalanced
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net efflux pathways that continue working until the cells adopt a new shrunken steady state. Single
cell measurement of [Na+]i and [Cl-]i using Asante NaTRIUM Green-2 and MQAE, respectively, and
probing the external K+ sensitivity of NKCC1-mediated fluxes, allows estimation of the flux reversal
point (FRP). The FRP indicates the point at which NKCC1 reaches thermodynamic equilibrium i.e.
the Gibbs free energy driving NKCC1-transport is zero. This occurs at an external [K+] of 1.6-2 mM
which is 1.4 to 1 mM below the physiological CSF [K+]. These observations suggest that NKCC1 in
CPECs has an absorptive function, and it is “tuned” to work as a CSF K+ sensor and buffer. The
observed thermodynamic behavior of NKCC1 under these experimental conditions is incompatible
with the cotransporter working in the net efflux mode in CPECS.
References
[1]
Gregoriades JMC, et al., 2019, Genetic and pharmacological inactivation
of apical Na+-K+-2Cl- cotransporter 1 in choroid plexus epithelial cells reveals
the physiological function of the cotransporter. Am J Physiol Cell Physiol.
316:C525-C544.
[2]
Alvarez-Leefmans FJ. 2020, Apical NKCC1 of choroid plexus epithelial
cells works in the net inward flux mode under basal conditions, maintaining
intracellular Cl- and cell volume. J Physiol. 598:4733-4736.
[3]
Steffensen et al., 2018, Cotransporter-mediated water transport
underlying cerebrospinal fluid formation. Nat Commun. 9:2167.
[4]
MacAulay N and Rose CR., 2020, NKCC1 in the luminal membrane of choroid
plexus is outwardly directed under basal conditions and contributes directly to
cerebrospinal fluid secretion. J Physiol. 598:4737-4739.
____________________________________________________________________________
SY 06-03
Harnessing bi-directional ion transport by NKCC1 to manage CSF ions and volume during
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Introduction
Cerebrospinal fluid (CSF) provides vital support for the brain. Abnormal CSF accumulation, as
occurs in hydrocephalus, can negatively affect perinatal neurodevelopment. The mechanisms
regulating CSF clearance during the postnatal critical period are unclear. The Na-K-Cl co-transporter
NKCC1 plays key roles in regulating choroid plexus (ChP) CSF secretion by co-transporting ions
and mediating same-direction water movements. We aimed to increase our understanding of CSF
volume regulation by investigating NKCC1 functions in development and pathological conditions.
Methods
We used mouse models for early postnatal developmental studies and to model hydrocephalus by:
(1) low-dose intraventricular kaolin injection for obstructive hydrocephalus; and (2) intraventricular
age-matched whole blood injection for post-hemorrhagic hydrocephalus.
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Results
We found that CSF-K+ is unexpectedly higher during mouse embryonic and neonatal development
compared to mature adult CSF-K+. Conversely, ChP-NKCC1 expression levels are lower in
developing ChP than in adult ChP. Overexpression of NKCC1 in the ChP during early development
resulted in reduced CSF-K+ levels compared to controls. The longer-term, postnatal effects of
NKCC1 overexpression included increased cerebral compliance and reduced circulating CSF in the
brain without changes in intracranial pressure. Because NKCC1 is a bi-directional ion co-transporter,
we interpret these results to indicate that CSF-K+, accompanied by water, is removed from the
ventricles via the ChP during early brain development. We further explore the potential to treat
hydrocephalus by modifying ChP NKCC1 and discuss new loss-of-function tools for future
investigations of NKCC1.
Conclusion
Collectively, our results implicate NKCC1 in regulating CSF-K+ clearance through the ChP during
the critical period during postnatal neurodevelopment in mice and its disease modifying potential for
hydrocephalus.
____________________________________________________________________________
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[K+] and [Na+]in the choroid plexus epithelium and cerebrospinal fluid
S. Berenji Ardestani, V. V. Matchkov, J. Praetorius
Aarhus University, Biomedicine, 8000, Denmark
Introduction: The human choroid plexus epithelium (CPE) secretes the majority of 500 ml
cerebrospinal fluid (CSF) produced daily. CSF secretion involves a large number of membrane
transport proteins, which are expressed in the CPE (1). Previous studies showed that ion transport
proteins in the CSF-facing membrane have major role in CSF production (1). However, these
transporters are not easily accessible in vivo and not suitable for pharmacological intervention. The
sodium-bicarbonate transporter (Ncbe) has been identified as a basolateral Na+ importer in the
blood-facing membrane of the CPE (2, 3). Ncbe is therefore a potential therapeutic target in future
clinical control of CSF secretion. To firmly establish the dependence of CSF secretion on Ncbe,
direct determination of the Na+ and K+ gradients across the CPE cell membrane is essential. Aim:
The specific aim of this project is to measure Na+ and K+ concentrations in CSF and intracellularly
in the CPE, both in vivo and ex vivo with double-barreled microelectrodes.
Method: The measurements are done first in vivo inCSF while mice were anesthetized by
intraperitoneal injection of ketamine (90 mg/kg) and xylazine (10 mg/kg) mix. Then, the
measurements were done ex vivo, in CPE.Customized twisted double-barreled electrode was used
for the measurements (Fig 1). The ion sensitive barrel was a non-filament glass electrode that was
silanized with N,N-Dimethyltrimethylsilylamine at 55°C, the tip was filled with Na+ or K+ ionophore
and then, backfilled with 500 mM KCl solution. The reference barrel was a filament glass electrode
that was filled with 500 mM KCl. Baseline recordings were performed on 13 male mice aged 10-12
weeks old (c57bl/6JBom). Data are summarized as the mean value ± SEM of the sample group.
Results: We estimate the extracellular [K+] at 3.15 ± 1.50 mM in the CSF of mice in vivo (n=11) and
the intracellular [K+] at 131.07 ± 5.45 mM ex vivo (n=2). Conclusion: Double-barreled
microelectrodes are useful tools in direct determination of the Na+ and K+ gradients across the CPE
cell membrane.
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SY 07 | The Athlete's Heart
SY 07-01
The Human Athletes Heart - Acute Stimulus to Chronic Adaptation
D. L. Oxborough
Liverpool John Moores University, Research Institute for Sports and Exercise Science, Liverpool,
UK
An understanding of the nature of adaptation of the athletes heart is of physiological interest and
is important for clinical translation as well as contributing significantly to cardio-respiratroy fitness.
This short talk highlights the multi-factorial nature of the human athletes heart and highlights how
repeated exposure to physiological stimuli influence its complex structure and function.
____________________________________________________________________________
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Why do athletes have supraventricular arrhythmias? A view from the lab bench
A. D'Souza
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Athletes are among the healthiest members of society but despite overall cardiovascular health
benefit, endurance training is known to increase the risk of a range of cardiac arrhythmias including
bradyarrhythmias, atrioventricular (AV) block and atrial fibrillation (AF). While bradyarrhythmias are
well tolerated by the young athlete, there is evidence that they can degenerate into pathological
symptomatic bradycardia in the long term - veteran athletes have a higher incidence of electronic
pacemaker implantation than the general population. For decades, resting bradycardia and
atrioventricular (AV) block have been attributed to high vagal tone, but our work has questioned this
concept first by challenging the evidence on what the high vagal tone hypothesis is based [1], and
secondly by demonstrating that in human athletes and in large and small animal models, traininginduced sinus bradycardia and AV block are due to microRNA-mediated, intrinsic electrical
remodelling of the sinus node and the atrioventricular node [2-5], thus pointing to the nodes as
targets for developing new therapeutic approaches. In this lecture I will review this current
understanding of the mechanisms underlying athletic bradyarrhythmias. I will consider contemporary
strategies for the treatment of symptomatic bradyarrhythmias and highlight emerging microRNA
therapies for conduction system dysfunction resulting from our evolving mechanistic understanding
of this phenomenon. Additionally, new (unpublished) directions defining the electroanatomical
substrate that links endurance training with AF will also be considered.
References
[1]
Boyett MR, Wang Y, D’Souza A. CrossTalk opposing view:Heart rate
variability as a measure of cardiac autonomic responsiveness is fundamentally
flawed. The Journal of Physiology. 2019;597(10):2599-2601.
[2]
D’Souza A, Bucchi A, Johnsen AB, Monfredi O, Logantha S, Yanni J,
Prehar S, Hart G, Cartwright E, Wisloff U, Dobryznski H, DiFrancesco D, Morris
GM, Boyett MR. Exercise training reduces the resting heart rate via
downregulation of the funny channel, HCN4. Nature Communications. 2014;5:3775.
[3]
D’Souza A, Pearman CM, Wang Y, Nakao S, Logantha SJRJ, Cox C, Bennett
HJ, Zhang Y, Johnsen AB, Linscheid N, Poulsen PC, Elliott J, Coulson J, McPhee
JS, Robertson AC, da Costa Martins PA, Kitmitto, A, Wisloff U, Cartwright EJ,
Monfredi OJ, Lundby A, Dobrzynski H, Oceandy D, Morris GM, Boyett MR.Targeting
miR-423-5p reverses exercise training-induced HCN4 channel remodelling and
sinus bradycardia. Circulation Research. 2017;121(9):1058-1068.
[4]
Mesirca P, Nakao S, Nissen SD, Forte G, Anderson C, Trussell T, Li J,
Cox C, Zi M, Logantha SJR, Yaar S, Carstensen H, Bidaud I, Stuart L, Soattin L,
Morris GM, da Costa Martins PA, Cartwright EJ, Oceandy D, Mangoni ME, Jespersen
T, Buhl R, Dobrzynski H, Boyett MR, D'Souza A. Intrinsic electrical remodeling
underlies atrioventricular block in athletes. Circulation Research.
2021;129:e1-e20

37

[5]
Bidaud I, D’Souza A, Forte G, Torre E, Greuet D, Thirard S, Anderson C,
Chung You Chong A, Torrente A, Roussel J, Wickman K, Boyett M, Mesirca P.
Genetic ablation of g protein-gated inwardly rectifying K+ (GIRK4) channels
prevents training-induced sinus bradycardia. Frontiers in Physiology. 2021;
11:519382.
____________________________________________________________________________
SY 07-03
The equine athlete’s heart – bigger and faster, can we learn from the extreme?
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Introduction
Human athletes are in increased risk of developing atrial fibrillation (AF) but the mechanism remains
unknown. In the pursuit of understanding the role of exercise-induced arrhythmia, we introduce an
interesting large animal model: the racehorse. Horses, like humans, spontaneously develop AF
without gross structural anomalies in their hearts and racehorses have shown to develop cardiac
remodeling similar to the human athlete’s heart. Here we investigated if long-term training induces
cardiac remodeling in Standardbred racehorses.
Methods
Surface ECG changes including heart rate (HR) and atrioventricular (AV) nodal conduction were
assessed in 201 trained and 52 untrained Standardbred racehorses. In 13 of these horses the effect
of training on sinoatrial and AV nodal function by sinus node recovery time (SNRT) and His signal
recordings was assessed. Age and sex adjustments were implemented in multiple and logistic
regression models for comparison.Furthermore, 22 trained and untrained Standardbred racehorses
were included in an electrophysiological study where AF sustainability was investigated using right
atrial endocardial burstpacing. Additionally, epicardial measurements of atrial effective refractory
periods (aERPs) and AF propagation patterns were obtained using high-density epicardial mapping.
In these horses left atrial (LA) size was assessed by 2D-echocardiography and the presence of atrial
premature complexes (APC) assessed in 24 hour Holter ECG recordings. Lastly, biopsies from both
atria were collected to quantify fibrosis and fibroblasts using a well-characterized
immunohistochemical triple staining.
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Results
Resting HR was lower in trained horses (mean 30.8 ± 2.6 beats per minute (bpm) compared to
untrained (mean 32.9 ± 4.2 bpm, p=0.001). Trained horses more often displayed second-degree AV
block (odds ratio 2.59, p=0.04). No difference in SNRT and His intervals was found between groups.
AF persisted significantly longer after 20 hours of tachypacing in the trained horses (median: 71 min,
range: 5-874 p=0.045). Atrial ERPs were significantly longer in the LA in the trained horses at pacing
cycle length 800 and 500 ms (mean difference 36.2 ms and 37.2 ms respectively, p=0.01 for both).
No difference in the complexity of induced AF was found between groups, however, the untrained
horses displayed a significant difference in AF complexity when comparing left and right atria,
whereas this difference was not present in the trained animals. No difference in LA size, presence
of APCs or fibrotic content was found.
Conclusion
Equine hearts adapt to training characterized by slowing of the specialized conduction system. The
increase in AF sustainability was not associated with any increase in atrial fibrotic infiltration, which
previously has been observed in rodent exercise models. Finally, the horse may constitute a
promising large animal model that carries valuable translational significance to human athletes.
____________________________________________________________________________
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Introduction
Cardiorespiratory fitness (CRF) is an important marker of cardiovascular health. However, changes
in CRF following endurance training (ET) can be heterogeneous. Whilst many factors contribute to
this variability, a modifiable factor of interest is how exercise intensity is prescribed. ET is most
commonly prescribed using traditional intensity anchors (TRAD), however, this prescription method
does not normalise intensity well among individuals. Prescribing ET relative to physiological
thresholds (THR) may better control exercise intensity. Using individual participant data (IPD) from
previously published studies, we evaluated and compared mean and individual changes in CRF,
and the variability in these changes following TRAD and THR ET.
Methods
Electronic databases were searched for studies measuring changes in VO2max following THR and/or
TRAD ET. Search terms included ‘high intensity interval training’, ‘continuous training’, ‘endurance
training’, ‘maximum oxygen uptake’, ‘peak oxygen uptake’, ‘VO2max’, ‘cardiorespiratory fitness’,
‘healthy adults’. Studies were grouped into 2-arm and 1-arm datasets, whereby 2-arm studies
included studies with volume-matched THR and TRAD groups and 1-arm studies were those that
included either a THR or TRAD group. Mean changes in VO 2max were compared between 2-arm
THR and TRAD, individual changes were classified using predefined clinically relevant response
thresholds, and the variability in VO2max changes were compared using the F-distribution and a
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variability ratio. The same analyses were then completed for pooled 1-arm THR and TRAD data.
Analyses were then adjusted for covariates.
Results
206 studies met the inclusion criteria, of which, thirty-eight datasets containing IPD were received
upon request (pooled n = 1682), comprising of six 2-arm studies (n = 194), twelve 1-arm THR (n =
281) and twenty 1-arm TRAD studies (n = 1207). Preliminary results of this ongoing analysis show
that, in 2-arm studies, there was no difference (p > 0.05) between mean change in VO2max between
THR (12.84 ± 8.92%, 4.19 ± 3.42 ml∙kg-1∙min-1) and TRAD (12.21 ± 11.53%, 3.90 ± 4.32 ml∙kg1∙min-1). The variability in VO
2max changes was greater following TRAD expressed as a percentage
(F = 0.60, p <0.01) and in relative terms (F = 0.63, p <0.05). In the 1-arm studies mean change in
VO2max was greater (p <0.01) following TRAD (15.27 ± 11.66%, 4.59 ± 3.44 ml∙kg-1∙min-1)
compared to THR (7.81 ± 10.00%, 3.00 ± 3.94 ml∙kg-1∙min-1). When expressed as a percentage,
the variability in VO2max changes was greater following TRAD (F = 0.74, p <0.01).
Conclusion
Based on these preliminary results, both THR and TRAD ET generate positive mean changes in
VO2max. When concerning volume-matched THR and TRAD, whilst there are no differences in mean
VO2max changes, the variability in these changes may be greater following TRAD ET
____________________________________________________________________________
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Assessment of intermediary metabolism in exercise-induced physiological cardiac
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Introduction: Physiological cardiac hypertrophy in response to regular exercise contrasts to
pathological hypertrophy occurring with chronic pressure overload. Alterations in cardiac
intermediary metabolism are involved in pathological hypertrophy but knowledge is limited about
metabolic changes in physiological hypertrophy [1,2]. Understanding changes in cardiac metabolism
during chronic exercise may highlight adaptive remodelling pathways that could be exploited in
disease states.
Methods: Female C57BL/6J mice were single housed with free access to a voluntary running wheel
and were allowed to run for 4 weeks to induce cardiac hypertrophy which was characterized by
echocardiography at the end of exercise [3]. To assess metabolic changes, mice hearts were
removed after terminal anaesthesia (intraperitoneal injection of 10 mg pentobarbital sodium) then
perfused on a Langendorff system with a buffer containing 10mM U-13C6-glucose. Metabolites were
analysed using a liquid chromatography/mass spectrometry system and analysed by MetaboAnalyst
[4]. Protein levels were estimated by Western Blot. Unpaired t-test was used for comparison
between two groups.
Results: Cardiac hypertrophy was recorded with a 10% increase in the heart weight/tibia length
ratio after exercise compared to sedentary mice (6.77 ± 0.420 mg/mm vs. 6.20 ± 0.339 mg/mm,
p=0.047, n=5). Echocardiography showed increased left ventricle end-diastolic volume (78.3 ± 3.02
µl vs. 62.2 µl ± 3.20, p<0.001, n=5) and preserved left ventricle ejection fraction in the exercised
hearts. These data indicate that 4 weeks of voluntary running induce physiological eccentric cardiac
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hypertrophy. The percentage of 13C incorporation into metabolites of glycolysis was unchanged,
however, the incorporation into tricarboxylic acid cycle (TCA) (Figure D). was significantly lower in
the exercised hearts. For branch pathways, the 13C incorporation, metabolite abundance and
metabolic enzyme level in the serine biosynthesis pathway (SBP), hexosamine biosynthesis
pathway (HBP) and glycogen synthesis pathway were unchanged (Figure A-C). However, the
pentose phosphate pathway was activated by exercise with a significant increase of sedoheptulose
7 phosphate (S7P) abundance (2.05-fold change, p=0.044) (Figure F). This was associated with
the upregulation of glucose 6-phosphate dehydrogenase (G6PD) (p=0.015, n=8), transketolase
(TKT) (P=0.029, n=8), and transaldolase (TALDO) (p=0.006, n=8) at the protein level (Figure G).
Conclusion: Voluntary wheel running induced eccentric physiological cardiac hypertrophy in mice.
This was associated with decreased glucose contribution to the TCA cycle and activation of the
pentose phosphate pathway, which may play an important role in the development of physiological
cardiac hypertrophy.
Changes of glucose
metabolism in exercised
mice heart
13
C incorporation into
metabolism pathways in
exercised hearts labelled
with U-13C6-glucose show
unchanged flux in HBP (A),
glycogen synthesis (B), SBP
(C), decreased flux in TCA
cycle. The PPP was
activated with upregulated
key enzymes (G) and an
increase in S7P abundance
(F) while the flux was
unchanged (E). Data showed
as mean ± SEM, n=8.
Unpaired t-test, *p<0.05.
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SY 08 | Multiple faces of old peptides, oxytocin and vasopressin
SY 08-01
Operating principles of the brain oxytocin system
V. Grinevich
Heidelberg Univerity, Neuropeptide Research in Psychiatry/Central Institute of Mental Health,
Mannheim, Germany
German Research Foundation, Alexandre von Humboldt Foundation
The neuropeptide oxytocin has attracted great attention of the general public, basic neuroscience
researchers, psychologists and psychiatrists due to its profound pro-social, anxiolytic and “antistress” behavioral and physiological effects. During the last decade, substantial progress has been
achieved in understanding the complex neurobiology of the brain oxytocin system. However, the
picture of oxytocin actions remains far from being complete, and the central question remains: “How
does a single neuropeptide exert such pleotropic actions?” In this lecture, I will tackle this question,
demonstrating the anatomical divergence of oxytocin neurons, their multiple central projections,
distinct oxytocin-sensitive cell types (neurons and glial cells) in different brain regions, and multiple
intra-cellular signaling pathways determining the specific responses. At the end, I will highlight the
pros. and cons. of using oxytocin for treatment of social mental diseases in human patients.
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Social anxiety disorder (SAD), which is characterized by intense fear and avoidance of social
situations, is among the most common mental disorders and the second most prevalent anxiety
disorder1 with a life time prevalence of 8 to 15% 2. Treatment for SAD involving a combination of
cognitive behavioral therapy with pharmacotherapy is rather unspecific and leads to high treatment
resistance and relapse. As post-transcriptional regulators of gene expression, microRNAs are
fundamental factors associated with social dysfunctions and anxiety disorders 3. We established the
social fear conditioning (SFC) paradigm, an animal model to mimic social avoidance behavior by
generating robust fear of same-sex conspecifics in mice4. Here, the neuropeptide oxytocin (OXT) known for its anxiolytic and prosocial effects - was shown to reverse SFC-induced social fear when
applied into the lateral septum5.
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Aiming to identify molecular mechanisms underlying SAD, we examined the expression and
functional involvement of septal microRNAs, especially miR-132, in extinction and the OXTmediated reversal of social fear.
Septal miR-132 levels were elevated in conditioned (SFC+) mice 90min after acquisition of social
fear compared to unconditioned (SFC-) mice, whereas 30min, 180min, and 24h after acquisition no
differences were found. This increase of septal miR-132 was accompanied by increased neuronal
activation measured by means of cFos expression. Moreover, 180min post-extinction miR-132
levels of SFC+ mice were decreased compared to respective post-acquisition levels. The observed
dynamic alteration suggests a possible involvement of septal miR-132 in social fear learning.
Pre-acquisition inhibition of septal miR-132 using locked nucleic acids impaired, whereas its
overexpression using a viral approach facilitated extinction of social fear in SFC+ animals compared
to the respective scrambled control. These data indicate miR-132 as crucial modulator of social fear
extinction learning. Further, inhibition of septal miR-132 prevented the local OXT-induced reversal
of social fear in SFC+ mice and viral shRNA-mediated knockdown of miR-132 only in OXT receptor
expressing neurons of the septum impaired social fear extinction in SFC+ mice. Both experiments
suggest that septal miR-132 is required for the OXT-mediated reversal of social fear. By means of
Argonaute-RNA-co-immunoprecipitation microarray analysis and PCR Array, we found that septal
miR-132 influences social fear extinction by regulation of growth differentiation factor 5 (GDF-5).
Finally, septal GDF-5 application prior to extinction training impaired social fear extinction in SFC +
mice.
In conclusion, our study reveals a novel mechanism by which septal miR-132, which is dynamically
altered in response to SFC, regulates GDF-5 and thereby social fear expression during extinction.
Moreover, we can show that septal miR-132 is required for the robust OXT receptor-mediated
facilitation of social fear extinction.
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Oxytocin is primarily synthesised in the brain and is widely known for its role in lactation and
parturition after being released into the blood from the posterior pituitary gland. Nevertheless,
peripheral tissues have also been reported to express oxytocin. Using systemic injection of a
recombinant adeno-associated virus vector, we investigated the expression of the green fluorescent
protein Venus under the control of the oxytocin promoter in the gastrointestinal tract, pancreas and
testes of adult male Sprague-Dawley rats. Here, we confirm that the vector infects oxytocin neurones
of the enteric nervous system in ganglia of the myenteric and submucosal plexuses. Venus was
detected in 25%-60% of the ganglia in the myenteric and submucosal plexuses identified by costaining with the neuronal marker PGP9.5. Oxytocin expression was also detected in the islets of
Langerhans in the pancreas and the Leydig cells of the testes. Our data illustrate that peripheral
administration of the viral vector represents a powerful method for selectively labelling oxytocinproducing cells outside the brain.
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Oxytocin - from the hormone of birth and lactation - to a remedy for vaginal atrophy in
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Oxytocin was originally demonstrated to contract uterine muscles and myoepithelial cells within the
mammary glands to promote birth and breastfeeding. Today oxytocin is often given iv in connection
with birth to initiate or augment labour or as a bolus postpartum to decrease uterine bleeding.
Oxytocin is produced in the supraoptic and paraventricular nuclei (SON and PVN) of the
hypothalamus and is released not only into the circulation via magnocellular neurons that project to
the posterior pituitary, but also into the brain via several mechanisms; from dendrites and cell bodies
of magnocellular neurons of the SON and PVN, from parvocellular neurons from the PVN and axon
collaterals from the SON that project to multiple areas in the brain. Oxytocin is also produced and
released from some peripheral organs and cell types to exert paracrine actions. Oxytocin exerts a
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multitude of actions, such as stimulation of social interaction, decreased levels of fear, anxiety,
stress, inflammation and pain as well as regenerative effects.
Clinical studies suggest that intranasal administration of oxytocin may increase some aspects of
social interaction and also decrease the levels of fear and anxiety.
In connection with birth and breastfeeding endogenous oxytocin increases the mothers’ wellbeing
and inclination for social interaction and reduces levels of fear, pain and stress. In fact, each suckling
period is linked to increased social interaction and wellbeing, to decreased fear, to decreased activity
in the HPA axis with lower levels of ACTH and cortisol and to a decreased activity in the sympathetic
nervous system with a decrease of blood pressure. Also vagal mechanisms are activated resulting
in an optimized digestive and metabolic activity.
In connection with menopause and decreasing levels of oestrogen, vaginal atrophy develops. The
mucosa becomes thin, pale and fragile. Local intravaginal administration of an oxytocin containing
gel reverts physical signs and symptoms of vaginal atrophy within a week. The number of cells in
the vaginal mucosa increases, the ratio of mature superficial versus immature parabasal cells
increases and the experience of symptoms, especially of pain is reduced. The data showing that
local intravaginal administration of oxytocin rejuvenates atrophied vaginal mucosa suggests that
oxytocin might be developed into a pharmaceutical product for treatment of vaginal atrophy.
Conclusion
Oxytocin is a reproductive hormone in a broad sense; it stimulates birth and breastfeeding and also
promotes reproduction of individual cells. In addition, oxytocin induces a multitude of behavioural
and physiological effects that facilitates the reproductive functions of oxytocin.
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Organellar pH regulation in health and disease: the Golgi Apparatus
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Introduction
Golgi luminal pH was shown to be slightly acidic nearly 40 years ago. Yet, its physiological
importance to the Golgi functions were unveiled mainly during the last decade. Current evidence
shows that Golgi acidity is indispensable for all its main functions including post-translational
modifications (such as glycosylation), membrane trafficking and protein sorting into their correct
destinations in a cell.
Methods
The advent of ratiometric, pH-sensitive fluorescent protein probes (for example pHluorin) tagged
with a Golgi-targeting sequence has allowed non-invasive Golgi pH measurements in live cells in a
variety of physiological and pathophysiological states. Multiple microscopic techniques have been
used for ratiometric quantification of fluorescent signals. Of these, high content imaging systems
such as “Operetta” have the advantage of allowing Golgi pH measurements in thousands of cells in
a single experiment.
Results
Thus far, several distinct transporters have already been identified that potentially can regulate or
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are known to regulate Golgi resting pH in a mammalian cell. Of these, the best characterized are
the vacuolar (V)-ATPase, the Golgi pH regulator (GPHR), and the AE2a bicarbonate-chloride
exchanger (SLC4A2a). The activity and interplay of these three transporters appears to be sufficient
to set the resting pH of the Golgi lumen. Accordingly, the V-ATPase appears to be the main acidifier
of the Golgi lumen. It pumps protons into the Golgi lumen using ATP as an energy source. The
GPHR, a chloride channel, in turn is thought to help dissipate membrane potential increase brought
about otherwise by proton pumping. The recently characterized AE2a bicarbonate-chloride
exchanger was found to import bicarbonate anions into the Golgi lumen thereby increasing its
buffering capacity and efflux of extra protons via forming carbon dioxide and water from luminal
protons and bicarbonate anions (Fig. 1). The exact roles of the other identified transporters remain
unclear, but they seem to provide Ca2+, Mg2+, Zn2+ and other ions needed mainly as cofactors for
protein sorting and/or for the activity of certain Golgi resident enzymes including glycosyltransferases. Not unexpectedly, altered activity of all these ion transporters seem to be associated
with human disorders including cancers and neurodegenerative diseases. For example, it was
recently reported that the NHE7 can mediate proton import into the Golgi lumen in cancer cells,
suggesting that the Golgi apparatus may act as a “proton sink” that helps to cope with a extra acid
load in malignant cells.
Conclusion
Despite increased understanding on how important Golgi acidity is for its main functions and how
its resting pH is set in a living cell, more work is needed to uncover the exact electrophysiological
forces that dive Golgi pH and ion homeostasis as well as downstream pathways that depend on it
and are altered in diseased cells.
Regulation of the Golgi
resting pH
Current model on how Golgi
resting pH is regulated by
the activity and interplay
of the three main ion
transporters. CAII,
carbonic anhydrase. The
figure has been taken from
ref. 4.
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Alkaline nucleoplasm facilitates contractile gene expressionin the mammalian heart
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Introduction: Cardiac contractile strength is recognised as being highly pH-sensitive [1,2,3], but
less is known about the influence of pH on cardiac gene expression, which may become relevant in
response to changes in myocardial metabolism or vascularization during development or disease.
We sought evidence for pH-responsive cardiac genes, and a physiological context for this form of
transcriptional regulation.
Methods and results: pHLIP, a peptide-based reporter of acidity, revealed a non-uniform pH
landscape in early-postnatal myocardium, dissipating in later life. pH-responsive differentially
expressed genes (pH-DEGs) were identified by transcriptomics of neonatal cardiomyocytes cultured
over a range of pH. Enrichment analysis indicated “striated muscle contraction” as a pH-responsive
biological process. Label-free proteomics verified fifty-four pH-responsive gene-products, including
contractile elements and the adaptor protein CRIP2. Using transcriptional assays, acidity was found
to reduce p300/CBP acetylase activity and, its a functional readout, inhibit myocardin, a co-activator
of cardiac gene expression. In cultured myocytes, acid-inhibition of p300/CBP reduced H3K27
acetylation, as demonstrated by chromatin immunoprecipitation. H3K27ac levels were more strongly
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reduced at promoters of acid-downregulated DEGs, implicating an epigenetic mechanism of pHsensitive gene expression. By tandem cytoplasmic/nuclear pH imaging, the cardiac nucleus was
found to exercise a degree of control over its pH through Na+/H+ exchangers at the nuclear
envelope.
Conclusion: We describe how extracellular pH signals gain access to the nucleus and regulate the
expression of a subset of cardiac genes, notably those coding for contractile proteins and CRIP2.
Acting as a proxy of a well-perfused myocardium, alkaline conditions are permissive for expressing
genes related to the contractile apparatus.
Proposed model by which pH
influences cardiac gene
expression
A proposed mechanism how
an acid signal, originating
from the extracellular
space, is transmitted to
the nucleoplasm, where it
can modulate pH-sensitive
nuclear regulators. Among
these regulators is
p300/CBP, which we find to
have reduced acetylase
activity at low pH. The
acid-evoked decrease in
acetylation of histones,
myocardin and possibly
other proteins is a
mechanism by which H+ ions
can regulate gene
expression. We also propose
an ionic mechanism, which
includes Na/H+ exchange and
Serca, regulating the
coupling between
cytoplasmic and nuclear pH,
which itself can be altered
in disease.

48

References
[1]
Bountra C, Kaila K, Vaughan-Jones RD, 1988, ' Effect of repetitive
activity upon intracellular pH, sodium and contraction in sheep cardiac
Purkinje fibres.' J Physiol 398:341–360.
[2]
Elliott AC, Smith GL, Eisner DA, Allen DG , 1992, 'Metabolic changes
during ischaemia and their role in contractile failure in isolated ferret
hearts.' J Physiol 454:467–490.
[3]
Kemi OJ, Arbo I, Hoydal MA, Loennechen JP, Wisloff U, Smith GL,
Ellingsen O, 2006, 'Reduced pH and contractility in failing rat
cardiomyocytes.' Acta Physiol (Oxf) 188:185–193.
____________________________________________________________________________
SY 09-03
Cationic amphiphilic antihistamines inhibit STAT3 via Ca2+-dependent lysosomal H+ efflux
B. Liu
Danish Cancer Society, Copenhagen, Denmark
Commonly used antihistamines and other cationic amphiphilic drugs (CADs) are emerging as
putative cancer drugs. Due to their unique chemical structure, CADs accumulate rapidly inside
lysosomes, where they increase lysosomal pH, alter lysosomal lipid metabolism, and eventually
cause lysosomal membrane permeabilization. Here, we show that CAD-induced rapid elevation in
lysosomal pH is caused by a lysosomal H+ efflux that requires P2RX4-mediated lysosomal Ca2+
release and precedes the lysosomal membrane permeabilization. The subsequent acidification of
the cytosol triggers the dephosphorylation, lysosomal translocation and inactivation of the oncogenic
STAT3 transcription factor. Moreover, CAD-induced lysosomal H+ efflux and cytosolic acidification
significantly sensitizes cancer cells to apoptosis induced by pharmacological or genetic inhibition of
STAT3 and acts synergistically with STAT3 inhibition in restricting the growth of A549 non-small cell
lung carcinoma xenografts in mice. These findings identify lysosomal H+ efflux and STAT3 inhibition
as novel anti-cancer mechanisms of CADs, and reinforce the repurposing of safe and inexpensive
CADs as cancer drugs with a novel drug combination strategy.
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The Endosomal pH Regulator NHE6 is Required for Insulin-Stimulated Glucose Uptake in
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Introduction
Trafficking of the glucose transporter GLUT4 from the adipocyte vesicular pool to the cell surface is
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tightly regulated by insulin to maintain glucose homeostasis in response to changing demands in
energy consumption. Previously, the endosomal Na+/H+ exchanger NHE6 (SLC9A6) was found in
the insulin-responsive proteome of adipocyte plasma membranes and shown to associate with
GLUT4-positive vesicles. However, the functional contribution of NHE6 to GLUT4 trafficking and
glucose uptake has not been explored.
Methods
In this study, we investigate a role for NHE6 in insulin-stimulated GLUT4 translocation in 3T3-L1
derived adipocytes.
Results
We show that insulin-stimulated glucose uptake in adipocytes is severely impaired upon NHE6
depletion. Furthermore, insulin-stimulated surface expression of GLUT4 at the adipocyte plasma
membrane was correspondingly decreased in NHE6 knockdown cells. In part, this appeared to be
due to a post-transcriptional decrease in basal levels of GLUT4. In addition, we observed decreased
expression of the insulin receptor and reduced phosphorylation of the downstream effector kinase
Akt pointing to diminished activation of the GLUT4 translocation pathway in the absence of NHE6,
suggesting that NHE6 affects both expression and trafficking of GLUT4. Alkalization of the
endosome using the V-ATPase inhibitor bafilomycin or the Na+/H+ exchanger mimetic monensin
restored basal expression of insulin receptor and GLUT4.
Conclusion
We conclude that regulation of endosomal pH is important for glucose uptake in adipocytes and
could be therapeutically target in insulin resistance. Together, our findings establish NHE6 as a
novel regulator of glucose homeostasis and energy metabolism with implications for Christianson
syndrome patients who carry loss of function mutations in the SLC9A6 gene.

SY 10 | Single Cell RNA Sequencing: The next big thing
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Role of endothelial heterogeneity in health and disease.
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Rapid progress and advances in next-generation sequencing technologies have facilitated many
valuable insights and discoveries about complex biological systems. And since understanding the
function of every cell in the human body remains one of the biggest challenges, these technologies
enable us to characterize individual cells. Single-cell technologies aim to map the multiple properties
of millions of single cells in health and disease and they help to identify rare cell populations, track
the trajectories of distinct cell lineages, and reveal regulatory interactions between genes.
Endothelial cells (ECs), which line the luminal side of blood vessels, show remarkable heterogeneity
in structure and function in physiological (e.g., development) and pathological (e.g., cardiovascular
diseases, atherosclerosis and cancer) conditions. The heterogeneity of ECs supports the function
and development of the particular tissue. Since the heterogeneity of ECs across tissues remains
incompletely inventoried, we have recently constructed an atlas of >32,000 murine single-EC
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transcriptomes from 11 tissues using single-cell sequencing. By unbiased correlation heatmap
analysis combined with hierarchical clustering, ECs from anatomically/functionally related tissues
were grouped together, indicating transcriptome similarity. Arterial, venous and lymphatic ECs
shared more markers in more tissues than heterogeneous capillary ECs. Furthermore, metabolic
transcriptome analysis revealed similar tissue grouping of ECs and heterogeneous tissuedependent metabolic gene expression signatures. Metabolic gene expression in ECs was
heterogeneous amongst different vascular beds in a tissue type-dependent manner. The use of our
EC taxonomy enabled the identification of nearly all EC phenotypes from our atlas in a public
scRNA-seq dataset, providing a powerful discovery tool. This atlas has unprecedented resource
value for the vascular biology community.
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Macrophage heterogeneity in atherosclerosis
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Accumulation of mononuclear phagocytes (monocytes, macrophages and dendritic cells) in the
vessel wall is a hallmark of atherosclerosis. We have applied single-cell RNA sequencing as an
unbiased profiling strategy to interrogate and classify aortic macrophage heterogeneity at the singlecell level in atherosclerosis. In addition, we have integrated different scRNA-seq datasets of immune
cells isolated from healthy or atherosclerotic mouse aortas. This analysis recovered distinct
macrophage populations and identified novel subpopulations with discrete transcriptomic signatures
within the populations of aortic resident (Lyve1), inflammatory (Il1b), as well as foamy (Trem2hi)
macrophages. We also analyzed the transcriptomic features distinguishing aortic intimal resident
macrophages from atherosclerosis-associated Trem2hi macrophages. To further address whether
the transcriptional states of mononuclear phagocytes are conserved between mouse and human
atherosclerosis, we integrated and compared macrophage and dendritic cell transcriptomes in
mouse and human atherosclerosis. In humans, we uncovered macrophage and dendritic cell
populations with gene expression patterns similar to those observed in mice. Cross-species data
integration demonstrated transcriptionally proximal macrophage and dendritic cell populations in
mice and humans. These findings demonstrate conserved transcriptomic features of macrophages
and dendritic cells in atherosclerosis in mice and humans.
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Astrocytes have diverse functions in brain homeostasis, such as providing metabolites to neurons,
regulating cerebral blood flow and the blood-brain-barrier, and modulating synaptic transmission.
Many of these functions are acquired during late stages of differentiation when astrocytes become
fully mature [1,2]. However, the mechanisms underlying astrocyte maturation are not well
understood.
Using single cell RNA-Seq, in our recent study [1] we have identified distinct immature astrocyte
states and extensive transcriptional changes that occur during murine astrocyte maturation in vivo.
Epigenomic analyses showed that these changes were accompanied by chromatin remodelling at
regulatory elements. Integrating these data with analyses of cell culture models revealed that in
vitro-differentiated astrocytes lacked expression of many mature astrocyte-specific genes, including
genes for the transcription factors Rorb, Dbx2, Lhx2 and Fezf2, which represent putative regulators
of these maturation programmes lacking in vitro. Forced expression of these factors in vitro induced
distinct sets of mature astrocytes-specific transcripts and altered astrocytic metabolism and calcium
responses. Finally, we identified culture conditions that strongly induced these maturation regulators
and improved astrocyte maturity based on transcriptional and chromatin profiles.
Overall, we have generated a comprehensive resource characterizing the transcriptional and
chromatin changes underlying astrocyte maturation in vivo and identified transcription factors
regulating these changes. Our study suggests that extrinsic signals control astrocyte maturation by
inducing these transcription factors, which in turn regulate physiological functions characterising
mature astrocytes. Finally, we revealed a lack of maturation in conventional in vitro astrocytes
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models, which may explain their shortcomings in modelling physiological astrocyte functions, and
we demonstrate a strategy to optimise cell culture protocols to improve these functional properties,
based on benchmarking the transcriptional profiles of in vitro astrocytes versus their in vivo
counterparts.

EXCI-SEq on the level of coding regions, serving as a blueprint for applications in the non-coding
genome.
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EXCI-SEq: CRISPR-based DNA excision screening coupled to single-cell transcriptomics
M. Wegner1, R. Çetin1, R. Wiegandt4, S. Talyan4, Y. Matthess1, M. Looso4,3, M. Kaulich1,2
1
Goethe University Frankfurt, Medical Faculty, Institute of Biochemistry II, Frankfurt am Main,
Germany
2
Frankfurt Cancer Institute, Frankfurt am Main, Germany
3
Cardio-Pulmonary Institute, Frankfurt am Main, Germany
4
Max-Planck-Institute for Heart and Lung Research, Bioinformatics Core Unit (BCU), Bad
Nauheim, Germany
After more than two decades of gene-editing in human cells, understanding the complex genetics
of coding and non-coding alterations in human cells remains a challenge in biology and medicine.
Limiting factors are technological constraints, stochastic outcomes of gene edits, and the lack of
unbiased phenotypic readouts. Due to its simplicity, the CRISPR-Cas system has become the
method of choice to study gene function. CRISPR-induced DNA double-strand breaks are
erroneously repaired with insertions and deletions, introducing premature stop codons that can lead
to nonsense-mediated mRNA decay. However, current CRISPR gene knockout strategies can also
result in truncated proteins with partial or unknown artificial function for which the genotypephenotype association is currently unclear (Smits et al., 2019, Tuladhar et al., 2019). As an
alternative strategy to inactivate genes, as well as performing functional genomics in non-coding
regions, we developed EXCIsion SEquencing (EXCI-SEq). EXCI-SEq is a CRISPR-based DNA
excision screening technology that is coupled to single-cell transcriptomic profiling that can
distinguish phenotypes arising from individual sgRNA pairs. Exploiting our 3Cs technology (Wegner
et al., 2019, Wegner et al., 2020, Diehl et al., 2021), we developed an experimental and
computational framework for CRISPR screening that uses predefined sgRNA pairs to excise a
predefined region in the human genome.In initial experiments, we explored sgRNA design
parameters that are required to perform highly efficient DNA excision. Based on these parameters,
we implemented the multiCRISPR2 pipeline to facilitate the user-friendly design of sgRNA pairs that
are optimized for DNA excision. In a proof-of-concept study, we excised the TSS of carefullyselected control genes, recorded single-cell transcriptomic profiles, and collectively compared
classical gene knockouts with TSS-excision phenotypes on the single cell level. This establishes

53

SY 11 | Molecular Physiology of Renal Intercalated Cells
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Intercalated cells (ICs) of the kidney fulfil multiple tasks related to the acid-base homeostasis and
fine-tuning of renal salt and potassium handling. There are three phenotypically different IC types
including the proton-secreting type A (A-ICs), the bicarbonate secreting type B cells (B-ICs), as well
as the non-A/non-B ICs likely reflecting a transition stage between the former two types. The
functions of ICs are modulated by vasopressin (VP) and aldosterone but the underlying molecular
pathways are still debatable. Moreover, paracrine interactions between ICs and principal cells (PCs)
help to mutually adjust their activity to the needs of the body. Notably, VP affects both PCs and AICs via different receptor types. Moreover, VP stimulates the renin-angiotensin-aldosterone system
(RAAS) in several ways. This talk is focused on the endocrine and paracrine control of ICs in the
context of their physiological functions. Molecular mechanisms mediating effects of VP and RAAS
on ICs will be discussed in the context of electrolyte disorders affecting the acid-base homeostasis
or sodium/potassium handling along the connecting tubule and collecting duct.
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ADGRF5 (Gpr116) is a Critical Regulator of V-ATPase Proton Pumps in Renal Intercalated
Cells
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G protein-coupled receptors (GPCR) are a large and diverse family of integral membrane proteins
that recognize a tremendous assortment of extracellular molecules including neurotransmitters,
hormones, light and odors. They are a common target of pharmaceutical drug development, and
uncovering the function of novel GPCRs in the kidney represents a wealth of untapped therapeutic
potential. We previously performed an mRNA screen for novel GPCRs in the kidney to identify
promising yet overlooked renal GPCRs. This screen revealed that ADGRF5 (Gpr116), an adhesionclass GPCR, is highly expressed in the kidney. ADGRF5 is abundantly expressed in several tissues
including lung, vascular endothelium and kidney. Previously, I discovered a significant physiological
role of ADGRF5 in the kidney. In the nephron, ADGRF5 is restricted to A-type intercalated cells
(AICs), specialized acid-secreting cells in the collecting ducts. Kidney-specific knockout of ADGRF5
causes a significant reduction in urine pH and accumulation of V-ATPase proton pumps in the apical
membrane of AICs. Interestingly, the loss of acid in the urine is accompanied by a small, but
significant, increase in blood pH, and a small, but significant, decrease in pCO 2 compared to WT
(“renal tubular alkalosis”). Moreover, receptor activation by a synthetic agonist peptide in split-open
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collecting ducts significantly inhibits pHi recovery after NH4Cl prepulse. These data demonstrated
that ADGRF5 is a negative regulator of V-ATPase surface expression and a critical regulator of AICstimulated urine acidification. Recently, we began investigating FOXI1 as a potential transcriptional
regulator of both the V-ATPase and ADGRF5. FOXI1 is a critical transcription factor in several
specialized acid-secreting epithelial cells, including AICs and epididymal clear cells. We
hypothesized that FOXI1 necessarily promotes expression of ADGRF5 in proton secreting
cells. Transfection of a mouse immortalized cortical collecting duct cell line (M1) with FOXI1 causes
a significant upregulation of multiple V-ATPase subunit transcripts as well as ADGRF5 and ADGRF1
(Gpr110). Notably, these transcripts are not detected in non-transfected M1 cells. These data
suggest that ADGRF5 is a critical and necessary regulatory component of FOXI1+ proton secreting
epithelial cells.
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Ae4 (SLC4A9) and its key role in renal acid base handling
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The kidney plays a key role in the correction of systemic acid-base imbalances. Central for this
regulation are specialized cells in the distal nephron, the α- and β-intercalated cells, which secrete
acid or base into the urine. How these cells sense acid-base disturbances is a long-standing
question. Interestingly, β-intercalated cells exclusively express the Na+-dependent Cl-/HCO3exchanger AE4 (SLC4A9). The AE4 is considered to be essential for maintaining sodium
homeostasis, but our in vivo analyses using AE4 knockout mice do not confirm this function. Instead,
AE4-deficient mice exhibit a major dysregulation of acid-base balance ranging from mild
disturbances under physiological conditions to life-threatening disturbances during alkali challenge.
By combining molecular, high-resolution imaging, biochemical and integrative approaches, we show
that AE4 deficient mice are unable to sense and appropriately correct metabolic base or acid
disturbances. Mechanistically, a lack of adaptive pendrin (SLC26A4) regulation is the key cellular
cause of this derailment. Neither activation of pendrin upon base loading nor inhibition of pendrin
upon acid loading occurs in AE4 deficient mice. The ensuing unadjusted base secretion into the
urine by β-intercalated cells results in either renal tubular alkalosis or acidosis. Altogether, our
findings show renal β-intercalated cells sense acid-base changes via the AE4 (SLC4A9) and that
impaired AE4 function severely impedes the proper renal response to alkalosis or acidosis.
____________________________________________________________________________

55

SY 11-04
Loss of the secretin receptor impairs renal bicarbonate excretion and aggravates metabolic
alkalosis during acute base-loading
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The secretin receptor (SCTR) is functionally expressed on the basolateral side of the base secreting
beta intercalated cells (β-ICs) of the kidney collecting duct (1). Secretin stimulates a CFTR and
pendrin-dependent urine alkalization by activating β-ICs (1). Hence, in mice lacking pendrin or
CFTR, and in human cystic fibrosis patients, secretin-induced urine alkalization is absent (1, 2).
Intriguingly, plasma secretin levels increase during acute metabolic alkalosis (1). However, a role of
the secretin-SCTR pathway in systemic acid-base homeostasis has not been investigated. We
hypothesized that during acute metabolic alkalosis, secretin-signaling is necessary to increase renal
base excretion to acutely compensate alkalosis. We interrogated this hypothesis using SCTR KO
mice.
In SCTR WT mice, secretin acutely increased urine pH in bladder catheterized, anesthetized mice
and increased pendrin function in isolated perfused cortical collecting ducts. Both effects were
absent in SCTR KO mice. In metabolic cages, net base excretion was measured after applying
acute NaHCO3 gavage loads of varying doses (~0 mmol, 2.24 mmol and 4 mmol NaHCO3/kg body
weight). SCTR KO mice were unable to increase net base excretion when administered a moderate
load whereas WT mice were fully responsive. Additionally, when administered a high load, KO mice
had a markedly lower net base excretion than WTs. In accordance with this, SCTR KO mice
developed a more pronounced and prolonged metabolic alkalosis when exposed to acute oral or
intra peritoneal NaHCO3 loading. Subsequently, we studied the respiratory consequences of acute
oral base loading in WT and SCTR KO mice. In WT mice, oral base loading induces a dosedependent metabolic alkalosis, fast urinary removal of base but no hypoventilation when exposed
to a moderate base-load (3). In contrast, SCTR KO mice developed a transient marked
hypoventilation when subjected to the same base-load.
The swift renal response to eliminate excess base appears a necessary physiological function to
avoid hypoventilation. The alkaline tide, i.e., the transient urinary alkalization after each meal is
suggested to be caused by fast secretin activation of the β-ICs (4). It may have evolved for proactive
avoidance of hypoventilation in the post-prandial state. We suggest secretin to be a genuine,
previously undiscovered homeostatic bicarbonate hormone.
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SY 12 | Do skeletal muscles remember they have previously been
trained? The elephant in the gym
SY 12-01
Does Skeletal Muscle have an Epigenetic Memory?
A. P. Sharples
Norwegian School of Sport Science, Institute for Physical Performance, Oslo, Norway
Epigenetics, meaning ‘above’ genetics, is the topic surrounding the interaction between
environmental ‘stressors’, such as exercise, and the modifications it causes to our inherited DNA
that may influence the acute molecular response and overall adaptation to exercise. In this talk I will
explain what epigenetics is, and how it is relevant to molecular exercise physiology. I will describe
and explain the specific epigenetic modification of DNA methylation and how these epigenetic marks
can lead to genes being turned on or off in response to acute and chronic exercise stimuli in healthy,
aged, and diseased individuals. Importantly, we have demonstrated that epigenetic modifications
can be retained (or imprinted’) into our DNA after exercise, and I will therefore discuss the
phenomena of epigenetic muscle memory and our research demonstrating that epigenetics plays
an important role in skeletal muscle remembering if it has exercised in the past. I will discuss in more
detail the epigenetic memory gene, UBR5, and how exercise can be epigenetically ‘anti-aging’ and
perhaps even epigenetically rejuvenate muscle tissue in previously diseased individuals. This will
include our latest data on epigenetic memory of high intensity exercise, disuse atrophy and anabolic
steroid use in skeletal muscle. Finally, I will provide insights into the implications and future directions
for epigenetic muscle memory research.
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Do muscles have memory?Molecular effects of training, detraining and retraining
M. E. Lindholm1,2
1
Stanford University, School of Medicine, Stanford, USA
2
Karolinska Institutet, Department of Physiology and Pharmacology, Stockholm, Sweden
Regular exercise training induces skeletal muscle adaptation across all regulatory levels, from the
epigenome to protein modifications. While the majority of the effects are lost shortly after cessation
of training, several studies in recent years have found contradicting evidence of a potential intrinsic
skeletal muscle “memory” of previous training, that could affect adaptation upon retraining.
Endurance training primarily leads to altered metabolic efficiency of the muscle, which is reflected
by extensive differences in the epigenome, transcriptome and proteome compared to untrained
muscle. To investigate potential memory of endurance training, we have utilized a single-leg training
intervention to compare the response in a previously trained to untrained leg in the same individual.
Following 9-months of detraining, there was no detectable memory effect at the transcriptome level.
While the transcriptomic response to repeated training differed between the two legs, this effect
could not be attributed to the difference in training status, providing no evidence of an endurance-
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induced memory at the transcriptional level1. Importantly, potential epigenetic memory effects
remain unknown. There is more evidence for a training-induced muscle memory of previous
resistance training, mainly from myonuclear permanence studies in animals. Retained myonuclear
content following detraining was first shown in 20102, and an epigenetic memory of training that
affected the degree of response to retraining has been demonstrated in both human3 and murine4
muscle. We have shown different molecular responses to acute resistance exercise in the previously
trained and untrained legs, with higher phosphorylation of AMPK, eEF2 and BP1 in the trained
“memory” leg. There were also basal differences in the expression of genes involved in metabolism
and myogenesis in the trained and untrained legs after detraining5. In summary, resistance training
studies support a training-induced molecular memory that could affect the future regain of muscle
strength and/or size.
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Repeated interventions of high-intensity interval training differentially affect mitochondrial
adaptations at skeletal muscle level
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An initial exposure to hypertrophic stimuli leads to a faster and enhanced growth response of skeletal
muscle when subsequently repeated [1,2]. This phenomenon, referred to as “muscle memory”, is
related to acquired and retention of myonuclei, together with alterations in DNA methylation which
may occur in parallell [3]. Previous research in humans revealed that moderate-intensity single-leg
endurance training does not induce a “memory” effect at the transcriptome level [4]. However, highintensity exercise has been shown to be more effective than low-intensity training in modulating
DNA methylation and increasing gene expression of mitochondrial biomarkers, suggestive that
exercise intensity may be pertinent for modulating the transcriptome and methylome response [5].
Thus, whether repeated endurance training at high intensity differentially affects mitochondrial
adaptations and induces a muscle memory effect in skeletal muscle remains to be explored. To
address this, C57BL/6 adult mice and young healthy untrained humans performed repeated
interventions of 8-weeks high-intensity interval training (training and retraining), separated by 12
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weeks of detraining where exercise was completely ceased. Specifically, 3 days per week, mice
underwent treadmill running, whereas human participants followed a combination of high-intensity
and sprint interval training on a cycle ergometer. The focus of the present talk surrounds the
functional and physiological adaptations in response to training in both rodent and human skeletal
muscle. Molecular markers of mitochondrial biogenesis and dynamics obtained from mice
gastrocnemius and human vastus lateralis muscles will be also discussed. Finally, preliminary DNA
methylation and corresponding gene expression data in human muscle tissue will also be discussed.
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SY 12-04
The influence of training status on exercise-induced mitochondrial biogenesis
D. J. Bishop
Victoria University, Institute for Health and Sport (iHeS), Melbourne, Australia
The ability of skeletal muscle to adapt to repeated contractile stimuli is one of the most intriguing
aspects of physiology. The molecular bases underpinning these adaptations remain to be
completely resolved, but it is generally accepted that exercise-induced challenges to cellular
homeostasis initiate molecular pathways that stimulate multiple physiological adaptations in order
to minimise cellular disturbances during subsequent stimuli [1, 2]. The logical corollary of this
hypothesis is that exercise-induced mitochondrial biogenesis will be greatest in individuals who are
naïve to performing exercise, and will decrease as individuals adapt to exercise and experience
smaller cellular disturbances to the same exercise. This is complementary to the concept of “muscle
memory”, with the consequence that adaptations are more slowly gained when the same exercise
challenge is undertaken. Furthermore, this concept has important implications for the prescription
of exercise as medicine to improve mitochondrial health, and also for the prescription of exercise
training for endurance athletes.
The influence of training status on exercise-induced cell signaling has received relatively limited
research attention. Nonetheless, we have reported that important signalling pathways are “turned
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off” when participants adapt to training and the same exercise intensity provokes smaller
disturbances to metabolic homeostasis [3].Research has also shown that increases in PGC-1α
mRNA in response to high-intensity exercise are reduced with every subsequent session [4].
Similarly, rates of muscle protein synthesis have been reported to decrease by ~ 40% in response
to the same resistance session performed every second day during an eight-day resistance training
period [5]. While it has not yet been investigated, exercise-induced changes in mitochondrial protein
synthesis are probably also similarly decreased when high-intensity exercise is repeated. These
observations suggest that changes in exercise-induced changes in signaling proteins, genes, and
protein synthesis are strongly influenced by training status.
Figure 1.
Schematic representation
depicting how the changes
in gene expression (curved
lines) and protein
synthesis (hatched boxes)
following an initial bout
of high-intensity exercise
diminish in response to
subsequent sessions of the
relative same stimulus.
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SY 13 | From Human to Superhuman: The Impact of the Microbiota on
Physiology
SY 13-01
The diet-exercise-gut microbiota triad; an athlete perspective
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Introduction
The human gut microbiota contributes to health and disease in a variety of ways. It can also be
modulated in a variety of ways, including through diet and exposure to antibiotics. There is emerging
evidence that the composition and function of the gut microbiota is also influenced by exercise and,
indeed, that these two factors and diet form a diet-exercise-microbiota triad that is a major
contributor to health.
Methods
Through a variety of human studies with athletes (professional and amateur) and non-athletes
(including individuals who had not excercised extensively prior to the studies), we were able to get
insights into the diet-exercise-microbiota triad through analysing dietary intake as well
as microbiome, metabolome and a variety of other biomarkers.
Results
The gut microbiome, diet and exercise are linked in a variety of ways. This is evident from
our analysis (and that of others) of dietary intake (food frequency questionnaires) as well
as microbiome (16S and shotgun), metabolome (including short chain fatty acids) and a variety of
other biomarkers (including immune markers acorss a range studies.
Conclusion
Here, we summarize the studies of our team and others to investigate these relationships, with a
particular focus the potential role of the gut microbiota in athlete health and performance. It is
becoming increasingly clear that the human microbiome can play an important role in the health and
performance of athletes and, in turn, there is increasing evidence that exercise can be a modulator
of the gut microbiome.
____________________________________________________________________________
SY 13-02
The microbiota and metabolism
A. Wahlström
Gothenburg University, Sahlgrenska Academy, Institute of Medicine, Department of Molecular and
Clinical Medicine, Gothenburg, Sweden
The human gut microbiota consists of trillions of microbial cells and is considered a metabolic
“organ” that facilitates harvesting of nutrients and energy from ingested food. Changes in microbial
composition have been implicated in many physiological and pathological conditions, including
metabolic diseases such as obesity and type 2 diabetes, and even though associations have been
found between specific gut bacteria and metabolic diseases, further studies on the function of the
microbiota will be important to explore mechanisms and causality in disease development.

61

Different factors influence the gut microbiota and one of the most important factors that shape the
composition of microbes and their metabolic output are dietary components, such as fibers or fat.
Mouse models are important tools to study the interaction between the gut microbiota and diets and
how this interplay influences host metabolism. It has been shown that germ-free mice are leaner
than conventionally raised mice and they are protected against diet-induced obesity. Various
colonization experiments have also shown causality between the gut microbiota and metabolic
phenotypes.
In addition to facilitating energy harvesting, the gut microbiota produces numerous metabolites that
can signal through different receptors to regulate host metabolism. One class of microbially
produced bioactive metabolites is bile acids, which are endogenously synthesized from cholesterol
in the liver and then further metabolized by bacteria in the gut. Extensive research is investigating
ways to target this gut microbiota-metabolite-receptor signalling axis as a future treatment option for
obesity and metabolic diseases.
One of the current treatment options for obesity and type 2 diabetes is bariatric surgery, which leads
to long-term weight loss. Studies have shown that the gut microbiota and bile acid profiles are
changed after bariatric surgery but the underlying mechanisms are still poorly understood. By
studying alterations in gut microbiota-bile acid interactions after bariatric surgery we hope to reveal
mechanisms behind the beneficial effects on host metabolism and thereby find new possibilities to
treat metabolic diseases.
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Feeding the Microbiota-Gut-Brain Axis: Microbial regulation of the interplay between
metabolism, mood and food intake.
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The research is funded by Science Foundation Ireland Research Centre Grant SFI/12/RC/2273 to
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The gut harbours an enormous diversity of microbes essential for the maintenance of metabolic
homeostasis as well as overall wellbeing. The importance of the microbiota has been shown in
metabolic disorders, including obesity, as well as in affective disorders, such as anxiety and
depression, which are both associated with changes in gut-brain axis signalling. Indeed, diet, obesity
and stress are linked and a role for the gut microbiota in the central regulation of appetite, food
reward and stress vulnerability have been postulated. Understanding the mechanisms by which the
gut microbiota influences host appetite, metabolism and mood, will provide a better understanding
of conditions wherein appetite is dysregulated. The microbiota is emerging as a unique source of
metabolites with potential to modulate targets across the gut-brain axis, which provides a promising
opportunity to mine the gut microbiota for novel effective biotherapeutics and microbiota-targeting
strategies against obesity and stress-related disorders. In this talk, I will highlight novel evidence of
microbiota-mediated effects on metabolic health and the stress response. I also highlight recent
findings from my laboratory on the translational effects of a novel identified probiotic Bifidobacterium
longum APC1472 with beneficial effects on glucose metabolism and cortisol awakening response
in overweight and obese human, highlighting the concept of the microbiota in metabolic and mental
health.
____________________________________________________________________________
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Microbes and ageing: how the nematode C. elegans shows that interventions in bacterial
folate synthesis may improve health
D. Weinkove1,2
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The human gut microbiome has a large impact on health but it is highly complex. There is evidence
that gut microbes can influence ageing but mechanistic details are lacking. Here I show work using
the nematode Caenorhabditis eleganssuggest mechanisms by which microbes influence ageing and
I will discuss if these mechanisms may be conserved in humans.
Each person has thousands of different strains of bacteria, fungi and other microorganisms. To
understand how these microbes influence host physiology, various approaches need to be taken.
One reductionist approach is to associate germ-free animals with a single strain of microbe or simple
mixtures of microbes. These experiments are challenging in rodents but are the standard method of
working in C. elegans.
We found that a spontaneous mutation in the E. coli that C. elegans was cultured on led to a large
increase in lifespan, even in a long-lived mutant of the worm. The mutation disrupted the production
of a precursor of folate, which is synthesised by many microbes, but not by animals. Further work
showed that inhibition of folate synthesis in E. coliextended lifespan, not by decreasing the
availability of folate to the host, but by changing microbial physiology in a way that decreased ageing.
We hypothesise that certain classes of bacteria can lead to human ageing and age-related disease,
and that selective inhibition of bacterial folate synthesis, while at the same time maintaining host
folate could be positive for human health in old age. Particular attention may be required towards
the supplement folic acid, which we have found to contain a breakdown product that supports
bacterial folate synthesis, and thus may be harmful in certain situations.

SY 14 | Functional dynamics of ion channels and transporters
With the kind support of the Deutsche Forschungsgemeinschaft (DFG)
and
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SY 14-01
Ion permeation in non-selective cation channels studied by molecular dynamics
simulations
H. Sun
Leibniz Forschungsinstitut für Molekulare Pharmakologie, Chemical Biology, Berlin, Germany
Computational electrophysiology is an atomistic molecular dynamics (MD) based approach for
simulating ion permeation through ion channels under realistic ion gradient and the resulting
transmembrane potential. Using this theoretical method, we simulated ion permeation of a number
of non-selective cation channels, such as (i) prokaryotic NaK channel, (ii) vertebrate AMPA receptor
and (iii) CNGA1 channel. We could show that for NaK channel structural plasticity within the
selectivity filter and the selection of these conformations by different ions are key molecular
determinants for highly efficient conduction of different cations. In contrast, for AMPA and CNG
channels, monovalent ions permeate at similar rates through the open channel pore by exploiting
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different binding sites and hydration states, and not by ion-dependent structural accommodations.
Comparison of ion permeation in these different channels clearly revealed that the ion conduction
mechanism in non-selective cation channels is more diverse and complex than previously thought.
Finally, a combined MD and quantum mechanics/molecular mechanics (QM/MM) study will be
presented to show the calcium permeation across the AMPA receptor channel.
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Molecular Mechanisms of Gating in Two-pore Domain Potassium (K2P) Channels
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Two-pore domain K+ (K2P) channel activity is thought to be primarily regulated by a selectivity filter
(SF) gate but recent structures have revealed also a lower (inner) gate at the cytoplasmic entrance
to the inner vestibule in the K2P channels TASK-1 and TASK-2.
Here we report functional evidence for a lower gate in the cardiac two-pore domain K+ channel
K2P17.1 (KCNK17, TALK‑2, TASK-4) that produces state-dependent pore access of intracellular
applied blockers and cysteine modifying probes (MTS reagents) similar to the helix-bundle crossing
gate in voltage-gated Kv channels. Furthermore, we demonstrate that small molecule modulators
(e.g. 2‑APB and the class 1C oral antiarrhythmic drug propafenone) and ligands like cellular lipids
(e.g. oleoyl-CoA) open up the lower gate, resulting in strong channel activation, blocker inhibition
and fast cysteine modification. Mutations at the lower gate likewise result in channel activation by
affecting the open channel probability due to destabilization of the channels close state. The lower
gate in K2P17.1 possibly resembles the recently crystallographic resolved lower X-gate in TASK-1
K2P channels whose activation mechanism is so far enigmatic.Moreover, we demonstrate strong
coupling between the SF gate and the lower gate. Stimuli known to activate the SF gate directly (i.e.
membrane depolarization, permeating ions like Rb+ and extracellular alkaline pH) promote pore
accessibility for intracellular inhibitors and fast cysteine modification suggesting that the SF control
the status of the lower gate. Our findings for the first time reveal the functionally co-existence of two
reciprocally coupled and druggable gates in a K2P channel.
____________________________________________________________________________
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SY 14-03
Computational electrophysiology simulations of potassium channels
W. Kopec, B. de Groot
Max Planck Institute for Multidisciplinary Sciences, Theoretical and Computational Biophysics,
Goettingen, Germany
Potassium channels are a class of ion channels that play critical roles in many biological functions,
such as the formation of the membrane potential and mediating electrical signals in excitable cells
(e.g. neurons). Structural and functional studies revealed the main features of these channels,
including rapid and selective K+ ion permeation through a narrow selectivity filter (SF), channel
opening and closure at the “helix bundle crossing” (activation gate), and channel inactivation linked
to the selectivity filter. Despite such insights, the molecular mechanisms of permeation, selectivity
and gating phenomena remain largely unknown, and are further obscured by the differences
between the numerous members of the potassium channel family.
Nowadays, Molecular Dynamics (MD) simulations allow studying ion channels under applied
voltage, enabling a direct comparison with experimentally measured single-channel currents from
electrophysiological recordings, which are hence referred to as ‘computational electrophysiology’. I
will present such simulations of several potassium channels, all sharing nearly identical SFs. Our
simulations reveal that potassium selectivity is directly linked to the level of ion desolvation during
permeation. Strict K+ selectivity is observed only upon complete desolvation that simultaneously
enables high conduction rates through the channel via strong repulsion of ‘naked’ K+ ions. This
addressed the long-standing and intriguing question of how potassium channels manage to
permeate potassium efficiently yet selectively against slightly smaller sodium. Furthermore, we have
recently confirmed the full desolvation of the ions in the channel SF by a combination of solid-state
NMR and MD simulations. Lastly, our simulations revealed that the SF itself regulates the magnitude
of ion flow through the channel. We identified an allosteric coupling that leads to subtle variations in
the SF width, affecting the free energy barrier for ion permeation sufficiently to greatly affect the
channel permeation profile.
____________________________________________________________________________
SY 14-04
An α-π transition in pore lining helicesshapes the conformational cycle of the bacterial
sodium channel
L. Delemotte1, K. Choudhury1, R. Howard2
1
KTH Royal Institute of Technology, Science for Life Laboratory, Department of Applied Physics,
Solna, Sweden
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We acknowledge SciLifeLab and the Swedish Research Council to LD (VR 2018-04905) for
funding. The MD simulations were performed on resources provided by the Swedish National
Infrastructure for Computing (SNIC) at PDC Center for High Performance Computing (PDC- HPC)
and the resources provided by Swiss national supercomputing center.
Introduction
Voltage gated sodium channels play an important role in electrical signaling in excitable cells. In
response to changes in membrane potential, they cycle between nonconducting and conducting
conformations. With recent advances in structural biology, structures of sodium channels have been
captured in several distinct conformations, thought to represent different functional states. However,
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it has been difficult to capture the intrinsically transient open state. We recently showed that a
proposed open state of the bacterial sodium channel NavMs was not conductive, and that a
conformational change involving a transition to a ???? helix in the pore-lining S6 helix converted this
structure into a conducting state. However, the relevance of this structural feature in other sodium
channels, and its implications for the broader gating cycle, remained unclear.
Methods
Here, we used molecular modeling and advanced molecular dynamics simulations to propose a
comparable open state of another class of bacterial channel from Aliarcobacter butzleri (NavAb).
Results
This model displays characteristic pore hydration, ion permeation and drug binding properties.
Furthermore, we show that a ????-helix transition is essential for pore opening, and that such a
conformational change blocks fenestrations in the inner helix bundle. We also discover that a region
in the C-terminal domain can undergo a disordering transition proposed to be important for pore
opening.
Conclusion
These results support a role for a ????-helix transition in the opening of NavAb, enabling new
proposals for the structural annotation and drug modulation mechanisms in this model sodium
channel and paving the way for understanding of structure/function relationship in the broad Nav
channel family.
π-helix in S6 facilitates
pore opening
A Distance between I1216
and I1119 and B between
I1217 and I1119 used as a
collective variable for the
???? model pore opening
metadynamics
simulations. C, D Pore
opening free energy
profiles and structural
alignments between the most
representative structures
in contracted and expanded
states in the α and ????
models of NavAb.

References
[1]
Choudhury, K., Kasimova, M. A., McComas, S., Howard, R. J., &
Delemotte, L. 2022. An open state of a voltage-gated sodium channel involving a
π-helix and conserved pore-facing Asparagine. Biophysical Journal, 121(1), 1122.

66

[2]
Jiang, D., Banh, R., El-Din, T. M. G., Tonggu, L., Lenaeus, M. J.,
Pomès, R., ... and Catterall, W. A. 2021. Open-state structure and pore gating
mechanism of the cardiac sodium channel. Cell, 184(20), 5151-5162.
[3]
Huang, G., Liu, D., Wang, W., Wu, Q., Chen, J., Pan, X., ... and Yan,
N. 2022. High-resolution structures of human Nav1. 7 reveal gating modulation
through α-π helical transition of S6IV. Cell Reports, 39(4), 110735.

SY 15 | Research-Based Learning Design and Active Learning Spaces in
Physiology Teaching
SY 15-01
Activating teaching: a short introduction to the evidence that supports the use of active
teaching for deep learning
C. J. Ray
University of Birmingham, College of Medical & Dental Sciences, School of Biomedical Sciences,
Birmingham, UK
As well as being an undergraduate degree subject in its own right, physiology is a discipline key to
many university undergraduate and postgraduate basic science (e.g. biomedical and biological
science) and healthcare-related (e.g. medicine, dentistry, nursing, pharmacy) degree programmes.
Core concepts in physiology [1] provide students with a foundation in the principles that are central
to the functioning of all body systems, including homeostasis, allostasis, feedback, feedforward,
physiological variation and adaptation, and allow them to explain the impact of healthy ageing and
disease. An appreciation of core concepts in physiology can also provide students with a particular
way of thinking which supports them to integrate and apply their understanding of much wider topics
across a biomedical curriculum, and to generate their own ideas through research-based learning.
However, it is increasingly being questioned whether a traditional, lecture-based approach to
teaching physiology is the best way to support students to develop these higher cognitive skills
Using an active approach to learning should be central to supporting students to develop an
understanding of the core concepts in physiology which they can then apply to a broader exploration
of systems physiology and depending on their degree subject the impact of healthy ageing and
development (e.g. through different stages of life from neo-natal onwards and exercise training) or
the progression and treatment of disease. Studies have shown that brain activity is higher when
students are actively involved in their learning [2] and that students achieve higher marks after
engaging in active rather than passive learning [3]. This approach should take students beyond
simple knowledge recall and should prepare them for life-long learning as new scientific discoveries
are made and our understanding changes or develops. The active learning approach is one that has
been adopted by many teachers of physiology. Indeed, to date there have been 1368 articles
published in Advances in Physiology Education on this topic alone, and while studies have shown it
to be effective it is not without its challenges, including students’ perception of their learning versus
their actual learning [4], real or perceived operational barriers (e.g. faculty approval, challenges of
timetabling and resources) and availability of support for physiologists keen to try or develop a more
active approach to their teaching.
This symposium will provide the opportunity to explore some of the evidence supporting an active
approach to physiology education, will provide some examples of how colleagues across the
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community of physiology educators have implemented an active approach to learning for their
students and will develop a model for how the physiology educator community can support one
another to develop active learning and teaching in physiology.
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Introduction
Flipped teaching (FT) is a student-centered educational format that shifts lectures out of the
classroom to allow time for engaging activities during class to promote deeper learning. This study
aimed to identify provisions and barriers in the implementation of FT by the educators at a four-year
and a two-year institution and explored their perceptions on the use of FT before, during COVID-19,
and throughout the gradual recovery from the pandemic. The goal was to examine faculty attitudes
in implementing FT while studying their knowledge, skills, and intentions. The experiences of
students pre-COVID, during COVID, and as they returned to the classrooms were examined.
Methods
Twenty-four faculty (12 from a public university and 12 from a two-year college) participated in the
study. An additional 18 faculty members, who practiced traditional teaching, were recruited during
the COVID-19 eruption to compare the use of FT in an online setting by the trained educators with
those who lacked FT knowledge. In phase one, six faculty from each institution (Cohort 1) received
professional development on FT, taught their course(s), and assessed student data to understand
the impact of FT. In the next phase, Cohort 1 mentored another set of 12 faculty in FT
implementation. As the implementation of FT was refined, modified as required, and expanded
further by the participants, faculty and student surveys, focus groups, and individual interviews were
conducted. The quantitative data analysis consisted of descriptive and inferential statistics, and
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qualitative data were analyzed using basic thematic coding techniques. Open-ended survey
responses were analyzed using NVivo®, a qualitative data analysis software package.
Results
Faculty perceptions, attitudes, and intentions toward FT implementation became more positive and
strengthened as they developed expertise. Participants continued to use FT in remote settings
during the COVID-19-led shutdown of institutions and reported that FT knowledge and resources
helped them transition more quickly than those who did not. Students with greater college
experience found FT more helpful than the first-year students, and female students were more
positive than male counterparts. Although the FT classrooms eased the transition to fully online
learning, student surveys revealed that the transition to online learning was more difficult in the
courses taught by the novice (cohort 2) versus the more experienced faculty (cohort 1; p< 0.01).
Student engagement and course management were challenging during the COVID period. The
major challenges students faced were the lack of interaction with faculty and peers and a sense of
community.
Conclusion
FT could be used in multiple settings to engage students. Having FT experience helped Cohort 1
adjust to online teaching during COVID-19 compared to Cohort 2, which had less practice. FT eased
the transition of college students to remote learning during COVID-19.
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SY 15-03
Student centered challenge led, active learning module including inclusive authentic
assessment
C. Haigh
University of Leeds, School of Biomedical Sciences, Leeds, UK
Post pandemic many HEI’s are looking at their delivery to embrace flexible, inclusive teaching for
all students, and engaging them with an on campus experience. It is also time to ask ‘are we really
developing skills in our students they will use in the workplace by making them write essays under
exam conditions?’
This module, skills in communicating research beyond the University, has been running for 6 years.
Previously lecture based with an end of module 20 page report assessment. During 20/21 the
module moved online where synchronous lectures were replaced with active learning workshops to
enhance student engagement. In 21/22, it pivoted back to in person, but the active learning
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strategies remained in all sessions, enabling students to form a sense of belonging with the module,
engage and discuss with peers. The module has always been challenge led, giving the students a
task to work on through the module (Table 1).
The assessment, designing a public engagement activity aimed at a specified audience based on
research was introduced in week 1, allowing students to apply ideas and strategies introduced in
each session. To enhance the inclusive delivery, instead of a formal oral presentation on their ideas
in week 8 to the whole group (n=51), students were split into small groups and pitched their ideas
as a formative assessment allowing guidance and feedback at an early stage. The final assessment
output was a choice of a public engagement grant proposal, a pre-recorded elevator pitch and
interview questions or an e-portfolio to allow embedding of resources and creativity. All assessment
outputs used the same brief and marking criteria allowing freedom of choice and inclusivity.
Table1: A student centred challenge-led module ‘Skills in Communicating Research’.
Challenge
Knowledge
Skills*
Assessment
Research at Leeds Problem solving
Understanding
audiences

Communication

Planning projects

Creativity

Impact and
Evaluation

Negotiation

Engage a
Media training
relevant group
from society with Ethics
research
undertaken in
Leeds for mutual
benefit of all
stakeholders
Project funding

Decision making

Formative pitch
of ideas to
peers/staff

Either:
Grant Proposal
or
Elevator Pitch &
Interview
Questions or
Electronic
portfolio

* Skills are from those mentioned in the 4th Industrial Revolution
Student feedback was extremely positive (n=15), 100% rated the choice of assessment as excellent.
Most (93%) saying they chose an assessment method either because it might be useful for the
future or something they hadn’t done before. All respondents reported adequate support for all
assessment types-'a great idea allowing us to choose the output, it took away the anxiety of writing
it and allowed me to achieve to the best of my abilities'.
____________________________________________________________________________
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SY 15-04
Active teaching and learning in the physiology classroom – some real life examples
N. Schmitt1,2
1
University of Copenhagen, Dept. of Biomedical Sciences, Copenhagen, Denmark
2
University of Copenhagen, Centre for Online and Blended Learning, Copenhagen, Denmark
The rationale behind course development towards more student-activating, varied and blended
formats is that academic engagement is a key factor in university students’ well-being and learning.
Key to the successful course development towards more varied and blended formats are didactical
considerations and contextualization such as (1) how to present, schedule and connect students’
synchronous and asynchronous learning activities, (2) when to apply and how to connect individual
or group assignments, (3) which feedback and assessment forms are suitable, and (4) which
teaching methods - analog or digital – are best suited to reach the intended learning outcomes. For
the latter, educational technology may support the students’ learning processes both when used in
on-campus and blended/online settings in synchronous and asynchronous learning environments.
As time spent on a subject is another and very important factor for improving learning, it is worthwhile
noting that the more engaging and motivating teaching activities are, the more students will involve
with the subject.
Despite ample evidence that activating teaching fosters deep learning and considerate capacity
building within educational technology during the pandemic disruption, implementation of activating
teaching formats meets obstacles both at the institutional and personal level.
This session will provide concrete teaching examples applied in order to increase the activity and
learning of first year students in various study programmes (e.g. medicine, odontology, medicine &
technology) at the University of Copenhagen. The purpose is twofold: (1) demystifying the use of
activating formats in the lecture setting, and (2) initiating knowledge sharing and discussions in the
collegial space in the subsequent group work.

SY 16 | Neurotransmitter signalling and functions in immune cell
SY 16-01
GABA regulatesCD4+ T cellsproliferation and cytokine secretion
B. Birnir
Uppsala University, Department of Medical Cell Biology, Uppsala, Sweden
Introduction
Neurotransmitter signalling is most commonly associated with the nervous system but compelling
results have emerged demonstrating that neurotransmitters also exert regulatory roles in the
immune system. This somewhat surprising overlap between the nervous and the immune systems
is not only important physiologically, but also within the clinical sphere. Neurotransmitters signalling
regulates brain activity but also influences the levels of inflammation in the brain and in the periphery.
One of neurotransmitters is GABA working as “a break” but not full stop in both tissues.
Methods
In our studies we use a variety of techniques including electrophysiology, Ca2+ imaging, MTT assay,
multiplex proximity extension assay (PEA) and enzyme-linked immunoassay (ELISA).
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Results
Our results show that in activated CD4+ T cells, GABA can modulate both the proliferation and the
cytokine secretion i.e. IFNγ and IL-10, from the cells. However, the CD4+ T cells can be divided into
responding and non-responding T cells, based on their response to GABA. The results are further
related to the level of the external glucose concentration.
Conclusions
GABA appears to be an important homeostatic molecule in the immune system regulating
inflammatory activity of CD4+ T cells
____________________________________________________________________________
SY 16-02
Myeloid dopamine receptors drive inflammation through non-canonical signaling pathways
P. J. Gaskill
Drexel University College of Medicine, Pharmacology and Physiology, Philadelphia, USA
I would like to thank everyone in the Gaskill lab for their support in this work. This work was
supported by grants from the National Institutes of Drug Abuse (DA039005, DA049227 to PJG)
and the W.W. Smith Charitable Trust (A2003 to PJG),
The neurotransmitter dopamine regulates many neurological processes including reward,
movement, and cognition, while also regulating critical peripheral functions such as blood pressure,
renal activity, and intestinal motility. Additionally, an increasing amount of data show that dopamine
is an important regulator of immune activity, and many types of immune cells express dopamine
receptors and other dopaminergic proteins, and can also take up, produce, store and/or release
dopamine. Many studies have shown that exposure to dopamine can substantially alter the function
of numerous types of immune cells. Our data show that in human myeloid cells such as
macrophages and microglia, activation of dopamine receptors increases the activity of the
transcription factor NF-kB, priming the NLRP3 inflammasome and driving the release of
inflammatory cytokines and chemokines including IL-6, IL-1b and CXCL10. These effects are driven
by activation of multiple types of dopamine receptors but vary for different cytokines, and the ratio
of different types of dopamine receptors regulates the effects of dopamine. These effects occur in
the absence of cAMP signaling, which is not active in macrophages. Instead, they seem to be driven
by activation of non-canonical signaling pathways mediated by increased calcium, and/or activation
of protein kinase B (Akt) and protein kinase C (PKC). These data suggest that dopamine signaling
in myeloid cells may regulate the progression of inflammation. Therefore, defining and targeting
these pathways could be a promising avenue for the treatment of inflammation and diseases such
as depression and neuroHIV, particularly in individuals with elevated dopamine concentrations due
to substance use disorders or the use of dopaminergic therapeutics.
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Nicotinic acetylcholine receptors induce endothelial NO synthase activation and P2X7
receptor nitrosylation to control ATP-mediated secretion of interleukin-1β by monocytes
and macrophages
K. Richter1, A. Zakrzewicz1, M. Meixner1, N. Asci1, S. H. Yakoob2, V. K. Singh3, J. Liese1, A.
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Introduction The clinical interest in mechanisms controlling the synthesis and release of the proinflammatory cytokine interleukin-1β (IL-1β) is high, as IL-1β promotes life-threatening systemic
inflammatory diseases. We identified a cholinergic mechanism that inhibits the ATP-mediated
inflammasome activation and release of IL-1β by human monocytes via nicotinic acetylcholine
receptor (nAChR) subunits α7, α9 and/or α10 [1,2]. We also discovered unconventional nAChR
agonists that trigger this inhibitory function in monocytic cells without eliciting ionotropic functions at
conventional nAChRs [1-4]. Here, we investigate the metabotropic signalling pathway that links
nAChR activation to the inhibition of the ATP-sensitive P2X7 receptor (P2X7R).
Methods Lipopolysaccharide-primed human monocytic U937 and THP-1 cells, THP-1 cell-derived
M1-like macrophages, primary human monocytes, peripheral blood mononuclear cells (PBMCs)
from wild-type and endothelial nitric oxide synthase (eNOS) gene-deficient mice were used. All
experiments on human blood samples and on animals were approved by the local authorities. Cells
were stimulated with the P2X7R agonist BzATP and IL-1β was measured in cell culture
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supernatants. A panel of nAChR agonists, eNOS inhibitors, NO-donors (SNAP, SIN-1) and the
siRNA technique were used. Patch-clamp experiments were performed on HEK cells
overexpressing human P2X7R or P2X7R with point mutations at cysteines in the C-terminal
intracellular loop.
Results In monocytic cells and M1-macrophages, the inhibitory effect of nAChR agonists on the
BzATP-mediated IL-1β release was blunted by eNOS inhibitors and siRNA silencing eNOS
expression (n = 4-6, P ≤ 0.05, Kruskal Wallis followed by Mann Whitney rank sum test). In PBMCs
from eNOS gene-deficient mice the inhibitory effect of nAChR agonists was absent (n = 5, P ≤ 0.05,
Friedman followed by Wilcoxon signed-rank test), suggesting that nAChRs signal via eNOS to inhibit
BzATP-induced IL-1β release. Moreover, the inhibitory effect of nAChR agonists was mimicked by
NO donors. In HEK cells the BzATP-induced P2X7R activity was abolished by SIN-1. This inhibitory
effect was reversed by a mutation at C377, suggesting that nitrosylation at this cysteine inhibits the
ionotropic P2X7R function (n = 6-15, P ≤ 0.05, Kruskal Wallis followed by Mann Whitney rank sum
test).
Conclusion We are the first to provide evidence, that nAChRs agonists induce eNOS activation
and P2X7R nitrosylation at C377, which reduces P2X7R function and inhibits ATP-dependent IL-1β
release by monocytes/macrophages. Interestingly, C377 is a part of the palmitoylated C-terminal
cysteine-rich domain that prevents P2X7R desensitization [5]. We suggest that a competition
between nitrosylation and palmitoylation at C377 regulates the ionotropic function of the P2X7R.
Our results provide new insights into the function and regulation of the P2X7R and might pave the
way towards innovative therapies for inflammatory diseases.
References
[1]
Hecker, A, Küllmar, M, Wilker, S, Richter, K, Zakrzewicz, A, Atanasova,
S, et al. 2015, J. Immunol. 195, 2325–2334. doi: 10.4049/jimmunol.1400974
[2]
Richter, K, Mathes, V, Fronius, M, Althaus, M, Hecker, A, KrastevaChrist, G, et al. 2016, Sci. Rep. 6, 28660. doi: 10.1038/srep28660
[3]
Richter, K, Sagawe, S, Hecker, A, Küllmar, M, Askevold, I, Damm, J, et
al. 2018, Front. Immunol. 9, 1604. doi: 10.3389/fimmu.2018.01604
[4]
Richter, K, Papke, RL, Stokes, C, Roy, DC, Espinosa, ES, Wolf, PMK et
al. 2022, Front. Cell. Neurosci. 16:779081. doi: 10.3389/fncel.2022.779081
[5]
McCarthy, AE, Yoshioka, C, Mansoor, SE 2019, Cell. 179:659–670. doi:
10.1016/j.cell.2019.09.017.P2X7R
____________________________________________________________________________
SY 16-04
B cell-derived GABA elicits anti-inflammatory macrophages limiting anti-tumor cytotoxic
responses
B. Zhang
RIKEN, IMS, Yokohama, Japan
Small, soluble metabolites are not only essential intermediates in intracellular biochemical
processes, but can also influence neighboring cells when released into the extracellular milieu. A
growing body of research addresses the flux in metabolic products produced and consumed by
different immune cells in various stages of differentiation and activation, however, the mechanisms
of how secreted metabolites with signaling potential impact on immune responses have not been
well understood. Here, we identified the metabolite and neurotransmitter GABA as a candidate
signaling molecule synthesized and secreted by activated B cells from the glutamine pathway. We
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showed that CD8+ T cells stimulated in the presence of GABA secreted less inflammatory cytokines,
and stimulation in the presence of muscimol, a selective GABA A receptor agonist, significantly
decreased activation and proliferation in a dose-dependent manner. We also found that B cellderived GABA promoted monocyte differentiation into anti-inflammatory macrophages which
secreted IL-10 and inhibited CD8+ T cell killer function, while additional GABAA receptors
antagonist-picrotoxin attenuated IL-10 expression. These results indicate that direct or indirect
signaling via GABAA receptors is the mechanism by which GABA released by activated B cells may
influence the functional properties of nearby T cells. In mice, B cell deficiency let an insufficiency of
GABA production, it enhanced the cytotoxic function of tumor-infiltrating CD8+ T cells and promoted
the differentiation of tumor-associated macrophages with pro-inflammatory properties, while
supplementation of GABA attenuated those phenotypes. Furthermore, GABA A receptors signaling
blockage or B cell-specific inactivation of the GABA generating enzyme GAD67 facilitated anti-tumor
responses. Our study reveals that in addition to cytokines and membrane proteins, small metabolites
derived from B lineage cells have immunoregulatory functions, which may be pharmaceutical targets
allowing fine-tuning of immune responses.

SY 17 | The role of vascular aging in hypertension and organ blood flow
dysregulation
SY 17-01
Myogenic tone, arterial blood flow and vascular aging
M. Gollasch
University Medicine Greifswald, Department of Internal Medicine and Geriatrics, Greifswald,
Germany
The arterial myogenic response is an inherent property of resistance arteries. Myogenic tone is
crucial for maintaining a relatively constant blood flow in response to changes in intraluminal
pressure and protects numerous organs from excessive blood flow and target-organ damage.
Although this fundamental physiological phenomenon has been extensively studied, the underlying
molecular mechanisms are largely unknown. Our recent studies identified a crucial role of
mechanoactivated vascular smooth muscle (VSM) angiotensin II type 1 receptors (AT1R) in this
process. Our data show the canonical Gq/11-dependent signaling is required for mechanoactivated
AT1Rs to cause myogenic vasoconstriction, whereas noncanonical ß-arrestin pathways play no or
negligible roles. Myogenic tone is opposed by a negative feedback loop mechanism in VSM cells
comprised of ryanodine receptors (RyRs) to activate nearby Ca2+ activated potassium (BKCa)
channels. RyR2 is the key RyR isoform. The development of myogenic response is affected by
ageing. In this presentation, we summarize recent progress made to understand the role of AT1R
and other mechanoreceptors in the control of arterial myogenic response. We discuss age-related
alterations in myogenic response and possible underlying mechanisms and implications for healthy
aging.
____________________________________________________________________________
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Impaired dynamics of brain precapillary sphincters and pericytes at first-order capillaries
explain reduced neurovascular functions in aging
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Introduction
In the aging brain, the global level of cerebral blood flow (CBF) is reduced, though the energy
consumption is relatively preserved. This generates a mismatch between metabolic needs and
blood supply. Recent data suggest that pericytes fail to control key neurovascular functions in aged
mice and that neurovascular dysfunction precedes age-related impairments in information
processing and cognitive decline. The microvascular inflow tract (MIT), comprising the penetrating
arterioles, precapillary sphincters, and first-order capillaries, is the bottleneck for brain blood flow
and energy supply. Exactly how aging alters the structure and function of the MIT remains unclear.
Methods
We mainly employed 4-dimensional (4D; x-y-z-t) two-photon imaging of the mouse brain while
locally puffing vasoactive compounds by glass micro-pipette, with a focus on the contribution of
functional compartments of the MIT. We further used immunohistochemical staining to study the
nucleus density, vessel coverage by mural cells, α-smooth cell actin density at the MIT of adult and
old mice.
Results
Our study shows that, at the MIT, vascular responsivity decreased with age, contributing to the
reduction in NVC responses in aged mice. In addition, the decrease in vascular dilation may be
ascribed to an impaired ability of vascular mural cells, especially precapillary sphincters, to relax. In
comparison, the ability of vessels to constrict in response to endothelin-1 was preserved with age,
except for precapillary sphincters, which constricted less in old than in adult mice. Coverage of MIT
by mural cell processes was reduced with age, but mural cell soma and αSMA densities remained
unaltered.
Conclusion
We revealed that an age-dependent decrease in vaso-responsivity, with reduced sensitivity of the
MIT to both vasodilators and vasoconstrictors. We revealed the age-related reduction in vascular
reactivity was most pronounced at precapillary sphincters, highlighting their crucial role in capillary
blood flow regulation. This was accompanied by an age-dependent decrease in capillary density
close to the arterioles and loss of vascular mural cell processes, though the number of mural cell
somas and their αSMA density were preserved.
____________________________________________________________________________

76

SY 17-03
Effects of aging and exercise on microvascular smooth muscle function in human
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It is generally accepted that essential hypertension is mainly attributed to increased systemic
vascular resistance. Peripheral vascular resistance is heavily regulated by the microvasculature,
governed by vascular smooth muscle tone. Changes in the microvascular structure and vascular
function impairment are hallmarks of essential hypertension. Another factor, aging, comes with its
own cardiovascular challenges, thickening of large conduit arteries and loss of elasticity over time
can lead to arterial stiffness. Consequently, resulting in an increase in systolic and pulse pressure,
characteristics of hypertension. Thus, it can be said that hypertension is an aging disorder.
Regular exercise has been shown to induce health benefits such as lower blood pressure, improved
vascular function, and hence overall reduction of cardiovascular disease[2,4,5]. Vascular function is
attributed to cellular metabolism; at the center of this is the mitochondria. Dysfunctional
mitochondrial metabolism leads to an increased reactive oxygen species (ROS) formation. This in
turn, will cause impairment in the vascular tone regulation – a hallmark of both aging and
hypertension[3]. Although oxidative stress is implicated in pathogenesis of hypertension, the exact
mechanisms are not fully explored.
Classically, vascular function coincides with endothelial function, while the smooth muscle
is overlooked. In the endothelium, we have found a significant negative correlation between ROS
production and endothelial vasoconstrictor response to 50 µg/min/kg acetylcholine in hypertensive
individuals[1]. Furthermore, we have found that although training did not improve endothelial
mitochondrial biogenesis, it significantly enhanced overall antioxidant expressions, suggesting an
improved redox balance[1]. When compared to smooth muscle, we found that training did not affect
the smooth muscle vasodilator response to 3 µg/min/kg sodium nitroprusside[2], however, training
significantly improved smooth muscle mitochondrial biogenesis whereas ROS production was
unchanged. This indicates that training increases oxidative capacity and improves mitochondrial
function
in
hypertensive
individuals.
Smooth muscle cell plasticity and signaling in the vasculature plays a vital role in vascular aging and
thus arterial stiffness. Therefore, with an improvement in oxidative capacity in the microvascular
smooth muscle cells, we further investigated the arterial stiffness from the femoral artery of the
individuals. We found that arterial stiffness was augmented in hypertensive individuals, in agreement
with the prevailing literature. However, eight weeks of high-intensity aerobic spin training was not
sufficient to improve stiffness in this group.
Taken together, this study suggests that the cellular mechanisms, such as biogenesis and redox
balances that have several downstream consequences affecting the vascular architecture and
function, may benefit from a longer and varied training intervention.
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Metabolic dysregulation has been shown many times to contribute coronary dysfunction associated
with vascular ageing, obesity, diabetes and both systemic and pulmonary hypertension. Many
studies show in animal models that macrovessel dysfunction in the heart involves impaired or
uncoupled endothelial nitric oxide (NO) synthase (eNOS) signaling. How these disease states affect
the coronary microcirculation (<100mm ID) has been less clear. To this end, we utilise synchrotron
radiation based microangiography during isoflurane anaesthesia (2%) to investigate changes in
coronary microvascular endothelial and smooth muscle function in male rodent models of
cardiometabolic disease. In the senescence-accelerated (SAMP8) mouse that is reported to develop
vascular aging and systemic endothelial dysfunction in females [1] we find that male mice on a high
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fat diet (HFD, 16 weeks) with 1% NaCl (drinking water) that coronary microvessel perfusion is
reduced during inhibition of prostanoids and calcium-activated K channels relative to resistant
(SAMR1) mice. Arginine bioavailability and eNOS signaling were maintained while increased
xanthine oxidase activity and 3-nitrotyrosine reduced NO bioavailability in HFD fed SAMP8 mice.
Similarly, we found that 16 weeks of HFD induced insulin resistance in B6D2 hybrid mice is
associated with reduced NO bioavailability and the early stages of microvascular dysfunction.
Previously, we found that high salt intake exacerbates the effects of insulin resistance on the
coronary microcirculation in Goto-Kakizaki (GK) rats through oxidative-nitrosative stress,
inflammation and increased endothelin-1, diminishing NO sensitivity and impaired endothelium
derived hyperpolarisation [2]. Chronic blockade of sympatho-adrenal overactivation with β-blockers
restored NO sensitivity. Further, we now show that chronic inhibition of Rho-kinase (fasudil) in the
same rat model increased microvascular perfusion and NO sensitivity, but not chronic losartan
treatment despite improved eNOS signaling. As increased Rho-kinase activity is reported in
diabetes and pulmonary hypertension we investigated how right coronary dysfunction is affected by
acute fasudil treatment in pulmonary hypertensive GK rats (sugen hypoxia model 3 weeks hypoxia
followed by 3 weeks normoxia). We found right coronary microvascular endothelial dysfunction was
greater in GK rats than normoglycemic Wistar rats with diminished NO sensitivity. Acute fasudil
treatment ameliorated small artery-arteriole vasoconstriction in the GK pulmonary hypertensive rats.
Taken together our studies suggest that the early stages of metabolic dysregulation in the heart
drive diminution of NO sensitivity ahead of eventual impairment in eNOS signaling in more advanced
states of vascular dysfunction involving hypertension. Importantly, there appears to be a common
role for oxidative-nitrosative stress and elevated Rho-kinase mediated microvascular dysfunction in
the cardiometabolic heart disease.
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SY 18 | Extreme longevity: the blurry journey through hallmarks and
mechanisms
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Evolutionary genetics of human extreme longevity
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Bologna, Italy

Recent investigations used consolidated strategies and protocols, but an evolutionary approach is
still under-represented in the field [1]. Here the genetics of human extreme longevity is described
through the lens of molecular anthropology and human ecology.
Genetics data of Italian centenarians and semi-supercentenarians [2,3] are presented to investigate
the evolutionary history of human longevity through methods of population and evolutionary
genetics. The results showed that natural variations among human groups is a powerful method to
investigate and disentangle the genetics of human longevity and of healthy ageing.
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Our chromosomes are housed in a non-random pattern within cell nuclei. The strict organisation is
organised and regulated by nucleoskeleton proteins that not only anchor the genome but also
influence its behaviour. External stimuli work through the nucleoskeleton proteins and structures
such as the nuclear lamina to induce dynamic, active and rapid non-random repositioning of
chromosomes and genes within young proliferating cells, leading to changes in gene expression.
This mechanism works through nuclear motor proteins, also part of the nucleoskeleton. We have
demonstrated that this active repositioning and response to external stimuli does not work in human
replicative senescent cells, cells from aged fresh-water snail Biomphalaria glabrata or in the
premature ageing disease Hutchinson-Gilford Progeria Syndrome (HGPS). We are looking for ways
to restore these chromosome and gene dynamics to senescent cells, old snails and proliferating
HGPS cells.
____________________________________________________________________________

Human longevity is a complex trait, and to disentangle its basis has a great theoretical and practical
consequences for biomedicine and for healthy ageing studies. The genetics of human longevity is
under investigation and recent studies identified shared and universal genetic mechanisms as well
as population-specific genes.
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Figure 1.
Longitudinalmultimodal
visualisation of SART data:
(a) entire cohort at wave
1, (b) merged cohort at
wave 3, (c) only
participants with bad
performances at wave 1
(dark brown/black big
spots) and/or at wave 3
(blue big spots).

Introduction Computer-based cognitive tests are commonly utilized in research and increasingly,
in clinical practice for both the detection and rehabilitation of cognitive disorders in adults [1].
However, the pre-processing and simplification of the raw outputs from computer-based tests can
lead to loss of relevant information and/or misinterpretation of the results [2]. Recent studies [3] have
demonstrated that the use of the entire raw dataset could help clinicians find important features and
peculiar associations that are otherwise hidden in derived measures. The Sustained Attention to
Response Task (SART) is a computer-based go/no-go task to measure neurocognitive functions in
older adults.
Methods We recently proposed a new method to visualize the full information obtained from the
SART tests performed by a large sample of older participants in a population-based study of ageing
in Ireland [4]. The novel visualization method led to a new variable, bad performances (BP), based
on a thresholding method, which allowed for the detection of a subset of participants considered to
have a poor SART performance and important clinical implications such as future falls and mobility
decline after 4 years [4]. We, then, combined our thresholding method with a fuzzy clusters algorithm
to partition a sample of community-dwelling older adults into 3 subgroups, considering as a feature
the evolution of SART performance after 4 years [5]. The study was conducted according to the
guidelines of the World Medical Association’s Declaration of Helsinki.
Results Binary logistic regression models revealed that BP was the most significant predictor of
mobility decline expressed by the transition from Timed Up-and-Go (TUG) < 12 to TUG ≥ 12 s, and
the only significant predictor of new falls, in models adjusted for multiple covariates [4]. The fuzzy cmean (FCM) algorithm, individuated 3 clusters corresponding to 3 degrees of physiological
dysregulation. The biggest cluster (94% of the cohort) was constituted by healthy participants, a
smaller cluster (5% of the cohort) by participants who showed improvement in cognitive and
psychological status, and the smallest cluster (1% of the cohort) by participants whose mobility and
cognitive functions dramatically declined after 4 years [5].
Conclusion The employed techniques allowed us to identify in a cohort of relatively high-functioning
community-dwelling adults a very small group of participants with not only mobility deterioration, but
also cognitive decline, the latter being usually hard to detect in population-based studies. The novel
multimodal visualization and the new threshold approach combined with the FCM algorithm could
identify at-risk participants with more specificity than current methods, and help clinicians better
identify and manage the small proportion of community-dwelling older adults who are at significant
risk of functional decline and loss of independence.
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Figure 2.
(a) Fuzzy clusters resulted
from the FCM algorithm
applied to the merged
cohort (N=3468) considering
the values of BP at waves 1
and 3. Each cluster is
identified by a colour. (b)
Percentage of TUG decline,
new fallers, UGS decline,
DTGS decline, MMSE decline
and MOCA decline across
clusters. The bars are
coloured based on the
corresponding cluster
(blue, green and red
respectively).
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Introduction
Aging is a complex biological process characterized by a progressive decline of several organic,
physiological, and metabolic functions which are influenced by a combination of genetic,
environmental, diet, and lifestyle factors [1, 2]. However, the precise mechanism of the aging
process remains unclear. In this sense, metabolomics has emerged as a powerful “omics”
technology to characterize complex phenotypes by identifying metabolites and their pathways [1,3].
The aim of this study was to investigate the aging-related serum metabolic changes using a
metabolomics approach.
Methods
138 untrained and healthy individuals (20-70 years old, 56% men) underwent 12 h-fasting blood
collection. Blood serum samples were analyzed using Hydrogen Nuclear Magnetic Resonance ( 1H
NMR) spectroscopy (600 MHz) and Liquid Chromatography-Mass Spectrometry (LC-HRMS).
Participant’s health status was verified by clinical biomarkers: total cholesterol (TC), very low-density
lipoprotein (VLDL), low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglyceride (TG),
glucose, uric acid, urea, creatinine, high-sensitivity C-reactive protein, and body mass index (BMI).
The data were randomly split into a training set (n=105) and an independent test set (n=33) for
cross-validation. Associations of the metabolic profile with age were explored via (I) Pearson
Correlation Coefficients (r); (II) Pathway Enrichment Analysis; and (III) Multiple Linear Regression
Model (MLRM). Sex and BMI were analyzed as covariates. The significance level was set at 5%
and a false discovery rate of 0.2.
Results
BMI was positively correlated with the age increase (r=0.225, P=0.021), but not the sex (P=0.408).
For clinical biomarkers (Figure 1), the age increase was positively correlated (0.212 ≤ r ≤ 0.370) with
TC (P<0.001), HDL (P=0.034), LDL (P=0.018), VLDL (P=0.039), TG (P=0.040), and glucose
(P=0.039) levels. For metabolomics (Figure 1), the age increase was negatively correlated (-0.285
≤ r ≤ -0.214) with tryptophan (P=0.005), 3-hydroxyisobutyrate (P=0.013), asparagine (P=0.038),
isoleucine (P=0.006), leucine (P=0.038), and valine (P=0.029), but positively (0.237 ≤ r ≤ 0.269),
with aspartate (P=0.021) and ornithine (P=0.009). From these metabolites, 3 pathways were
significantly enriched (Figure 2): valine, leucine, and isoleucine degradation (metabolites: 3hydroxyisobutyrate, leucine, isoleucine, and valine; P=0.002), urea cycle (metabolites: aspartate
and ornithine; P=0.036) and ammonia recycling (metabolites: aspartate and asparagine; P=0.043).
Finally, a validated MLRM demonstrated that 3-hydroxyisobutyrate (β=-3.3, P=0.032), isoleucine
(β=-3.5, P=0.018), aspartate (β=3.1, P=0.028), and ornithine (β=3.0, P=0.041) levels explained
27.3% of the age variation beyond sex and BMI.
Conclusion
The aging process is potentially associated with reduced serum branched-chain amino acid levels,
as well as increased levels of serum metabolites indicative of the urea cycle.
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Figure 1. Overall
correlation heatmap between
age, clinical biomarkers,
and metabolite levels.
Blue and green colors
represent positive and
negative correlations (r).

Figure 2. Pathway
enrichment analysis.
The size and color (varying
from red to yellow) of each
circle represent the
pathway enrichment ratio
(computed by Hits/Expected
hits) and p-value,
respectively. The most
enriched pathways enjoying
connections were labeled.
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Cachexia is a debilitating co-morbidity of cancer, amyotrophic lateral sclerosis (ALS), or AIDS. It is
a complex metabolic syndrome characterized by muscle wasting accompanied by or without loss of
fat mass (1). Cachectic patients have a poor disease outcome with a high fatality rate. Conventional
treatments, including nutritional support and exercise, are often insufficient to revert the cachectic
symptoms (2, 3). A multitude of cancer types release pro-inflammatory cytokines such as tumor
necrosis factor α (TNF-α), and interferon γ (IFN-γ) that can induce cachexia (4). However, the
molecular mechanism underlying cancer-induced cachexia (CIC) remains largely unclear. In this
study, we examined the mechanisms associated with CIC.
We applied an established CIC model by treating mouse C2C12 skeletal muscle cells with TNF-α
and IFN-γ (TI) (5). We stained TI-treated myotubes for the Z-disc protein α-actinin followed by
immunofluorescence-coupled confocal imaging. We observed a severe disorganization of the
sarcomeres (N = 3), which likely results of a substantial decrease in the motor protein myosin heavy
chain (MyHC-IId) levels as observed in western blots (N = 3). The physiological readout of CIC was
determined by excitation-contraction coupling using the MyoPacer device. Synchronized pacing of
myotubes revealed that ~60 % of control cells were displaying regular contraction. Strikingly, this
plummeted in cachectic myotubes to 0 % (N = 2, n = 574 control & 521 IT cells). Loading myotubes
with FURA-2-AM prior to pacing allowed the recording of bound and free calcium ratios by
fluorescence microscopy. Upon electric stimulation, cachectic myotubes exhibited an increase in
time to peak of the intracellular Ca2+ level [Ca2+]i, suggesting slower Ca2+ release from the
sarcoplasmic reticulum (SR) (27.3 ± 7.9 ms vs. 36.6 ± 25.3 ms (mean ± sd), p = 0.014). The [Ca2+]i
peak was also reduced in cachectic cells (23.0 ± 14.17 % vs. 10.84 ± 9.01 % above baseline (mean
± sd), p = 4.8e-11, Mann-Whitney-U-test; N = 4, n = 100 control & 108 IT cells). Expression of genes
and proteins involved in calcium handling and SR organization were analyzed by RT-qPCR and
mass spectrometry (MS)-based proteomics. RT-qPCR revealed a decrease of
sarcoplasmic/endoplasmic reticulum calcium ATPase 1 (Atp2a1) by 1.9-fold (p = 0.013, N = 6) and
ryanodine receptor 1 (Ryr1) by 1.4-fold (p = 0.02, N = 3). In line with the gene expression, we found
that the protein level of RyR1 was decreased by 4.9-fold (p = 0.032, all two-paired t-test, N = 3), in
MS analysis. SERCA1 protein level was reduced in WBs (N = 3).
In summary, we demonstrated that, in addition to highly disorganized sarcomeres, calcium handling
is impaired in cachectic myotubes. Ca2+-channel RyR1 and the Ca2+-pump SERCA1 were
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significantly reduced at mRNA and protein levels. Further experiments aimed at restoring the
affected protein levels are expected to provide insights into their significance in cachexia phenotype
reversal.
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Introduction. Glycogenolytic derived energy production affects muscle excitation-contraction (E-C)
coupling events as membrane excitability and sarcoplasmic reticulum (SR) Ca2+ release. However,
less is known about the role of glycogenolytic derived ATP on SR Ca2+ uptake properties. Here we
investigated how glycogen availability affects Ca2+ loading in mechanically single fibres isolated from
rat EDL muscles and human athletes.
Methods. To test the role of glycogenolytic derived ATP on SR Ca2+ uptake properties, mechanically
skinned fibres from rat fast twitch muscle, were bathed in solutions with constant global [ATP], while
glycogen availability was manipulated. The SR Ca2+ pump-rate and content were estimated by
repeatedly exposure of the fibre to a Ca2+ load solution for 15 to 180 s (maximal load), followed by
estimation of SR Ca2+ content (caffeine 30 mM) after each load time. This was estimated in paired
experiments with control fibres followed by inhibition of glycogen phosphorylase (GP) with two
distinct inhibitors (DAB (2mM) or CP-316,819 (10µM)) or glycogen removal by glucoamylase. In the
human experiment elite triathletes exercised for 4 hrs and isolated mechanically skinned fibres were
obtained pre and post exercise and analysed for SR Ca2+ uptake properties.
Results. The maximal SR Ca2+ loading was obtained after 180s load. When glycogen availability
was reduced by DAB, CP or Glucoamylase treatment, the median maximal Ca 2+ loading capacity
was significantly reduced to 74% (DAB), 12% (CP), and 87% (amylase) of Control. This effect was
fully reversible after wash-out of the GP inhibitor DAB. To test if the glycogenolytic effect on SR
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uptake/leak ratio where due to leak through the Ca2+ release channels fibres were loaded while
blocking the channel with high (10 mM) intracellular [Mg2+], demonstrating an apparent but not fully
reduction in SR Ca2+ leak. Further, SR Ca2+ pump rate was significantly decreased with GP
inhibition.
I human athletes 4 hrs of exercise caused a 68% reduction in the muscle glycogen level. Analysis
of isolated mechanically skinned fibres Ca2+ uptake properties revealed a significant higher maximal
loading capacity in type 2 than type 1 fibres (median 0.7 (0.2; 1.0) and 1.4 (0.1; 2.2) arbitrary units,
respectively) with no change in either fibre type after exercise (time x type P = 0.37). However, the
time to reach 50% of maximal Ca2+ loading was slower after exercise in type 1 fibres, with no
difference in type 2 fibres.
Conclusions. This study provides direct evidence that glycogenolytic derived ATP is imperative for
normal SR Ca2+ uptake rate and maximal Ca2+ content, even in the presence of high global muscle
ATP. Further, these results suggest that inhibition of glycogenolysis induces SR Ca 2+ leakage,
increasing the SR Ca2+ leak/pump rate. In humans, prolonged glycogen depleting exercise slows
the time to reach half of maximal Ca2+ in type 1 fibres only, with no change in maximum loading
capacity.
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Introduction
Oxygen availability influences vasomotor tone and muscle blood flow during exercise, such that
hypoxia increases blood flow and hyperoxia blunts blood flow. However, little is known about the
effects of acute changes in oxygen availability on microvascular responsiveness in resting muscle.
Near infrared spectroscopy allows for monitoring of muscle oxygenation (HbO 2) in the
microvasculature of muscle (1). Time-to-peak (TTP) and the reperfusion slope (peak
magnitude/TTP) of the hyperemic response to cuff occlusion reflect microvascular responsiveness.
We tested the hypotheses that 1) lower oxygen availability would increase microvascular
responsiveness (shorter TTP and greater slope), while 2) greater oxygen availability would decrease
microvascular responsiveness.
Methods
Nine healthy men participated in a protocol involving 5 minutes of cuff inflation (250mmHg) + 5
minutes of reperfusion, with continuous measurements of HbO 2 in tibialis anterior, blood oxygen
saturation (SpO2) via pulse oximetry, and heart rate (HR) via finometer. The protocol was performed
in normobaric normoxia (NORM), hypoxia (HYPO, ~12% O2, matching 80% SpO2) and hyperoxia
(HYPER, 100% O2), in a randomized and balanced order. Effects of oxygen availability on the
reperfusion slope, TTP, peak magnitude, SpO2 and HR were analyzed with one-way (normoxia,
hypoxia, hyperoxia) repeated measures ANOVAs, and pairwise comparisons when appropriate.
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Results
HYPO resulted in lower SpO2 (79.9 ± 4.1%) compared with NORM (99.3 ± 0.4%, p<0.001) and
HYPER (100.0 ± 0.0%, p<0.001). HYPO evoked higher HR (60.9 ± 8.3 bpm) compared with NORM
(50.8 ± 7.2, p=0.01), while HYPER reduced HR (46.8 ± 5.2) compared with NORM (p=0.003). Peak
magnitude of HbO2 during reperfusion was lower in HYPO (43.3 ± 8.7 arb. unit) compared with
NORM (50.0 ± 10.2 arb. unit, p<0.001) and HYPER (50.6 ± 10.6 arb. unit, p<0.001), with no
difference between NORM and HYPER. The reperfusion slope was reduced in HYPO (2.6 ± 0.5 arb.
unit/s) compared with NORM (3.1 ± 0.6 arb. unit /s, p<0.001) and HYPER (3.1 ± 0.7 arb. unit /s,
p<0.001), with no difference between NORM and HYPER. However, TTP was preserved in HYPO
(32.3 ± 22.2 s) compared with NORM (23.4 ± 3.2 s) and HYPER (22.8 ± 3.3 s), with no difference
between NORM and HYPER.
Conclusion
Lower oxygen availability reduced the peak magnitude and reperfusion slope of HbO 2. However,
TTP was preserved in HYPO, indicating that the hyperemic response was not delayed with lower
oxygen availability. Compared to NORM, HYPER did not alter the hyperemic response, suggesting
maintained microvascular responsiveness with greater oxygen availability. Considering changes in
HR to reflect changes in sympathetic outflow, HYPO may have increased sympathetic mediated
vasoconstriction, while HYPER evoked reduced sympathetic mediated vasoconstriction, possibly
contributing to the overall microvascular responsiveness in HYPO and HYPER.
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Age-related decline in skeletal muscle structure and function can be mitigated by regular exercise.
The nucleus plays a key role in translating forces into biochemical signals (mechanotransduction).
Key to this process is the nuclear envelope, and the underlying meshwork of proteins known as the
nuclear lamina, as evidenced by diseases affecting these structures which cause myopathies and
premature ageing syndromes. However, the roles of the nuclear envelope and lamina in
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physiological ageing and in regulating exercise adaptations remain obscure. To address this, we
studied human skeletal muscle of different ages and exercise statuses. We sought to unveil whether
myonuclear structure and mechanics deteriorate with age, and whether this is influenced by
endurance exercise.
To investigate this, we isolated individual muscle fibres and carried out detailed morphological and
functional analyses of myonuclei from untrained individuals (33 ± 9 years), marathon runners (32 ±
5 years), master cyclists (74 ± 4 years) and older untrained individuals (79 ± 11 years). To
complement our human studies in a genetically tractable model, we exercise-trained mice and
examined skeletal muscle protein content using biochemistry and myonuclear mechanics through
nanoindentation.
Strikingly, we observed that nuclei were rounder and more spherical in trained compared to
untrained individuals (25-30% reduction and 6-10% increase in myonuclear aspect ratio and
sphericity, respectively; P < 0.01, two-way ANOVA, n = 6 per group). These data suggested that
mechanotransduction and nuclear lamina organisation may be altered by endurance training. To
this end, master cyclist muscle fibres were stretched to different tensions, revealing that myonuclei
were less deformable compared to untrained counterparts (P < 0.05). Furthermore, super-resolution
microscopy showed a 20% increase in nuclear lamina thickness (P < 0.05, t-test). In line with this,
mouse myonuclei were stiffer (n = 3) and had increased levels of nuclear lamina protein Lamin A (n
= 7) after endurance training (P < 0.05, t-test).
Our data suggest that endurance training profoundly influences nuclear morphology and mechanics
in human muscle fibres regardless of the age of the individual. We speculate that this is essential
for maintaining proper mechanotransduction and may underpin the preservative effects of
endurance training on muscle health and function throughout the lifespan. Increased stiffness of
myonuclei might also be an adaptive response to the contractile forces of exercise, to protect nuclear
and genome integrity. Future work to uncover whether exercise regulates chromatin accessibility to
modify gene expression would be pertinent in furthering our understanding of the pathophysiology
of skeletal muscle ageing.
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Introduction: The lipid kinase VPS34 orchestrates autophagy, endocytosis, and metabolism and
is implicated in cancer and metabolic disease. The kidney proximal tubule, recently emerged as a
key metabolic organ and drug target, controls abundance of all building blocks of life, including fatty
acids, amino acids, sugars and proteins.
Methods: Here, we reveal that the in vivo molecular landscape of the kidney is controlled by the
PI3-kinase VPS34 by integrating metabolomics, proteomics, phosphoproteomics with functional and
super-resolution imaging assays in a novel inducible knock-out model. Data were integrated using
a systems physiology approach and linked with function.
Results: In addition to inhibition of pinocytosis and autophagy, VPS34 depletion induces membrane
exocytosis and reduces the retromer complex necessary for proper membrane recycling and fate,
leading to a loss of fuel and biomass. Integrating omics data into a kidney cell metabolomic model
demonstrated increased abundance of beta-oxidation, reduced gluconeogenesis, and usage of
glutamine for energy consumption. Interestingly, all omics datasets unraveled multi-layered aspects
of antiviral cytokine response, and reduction and shedding of apically localized virus receptors such
as ACE2. Consequently, VPS34 inhibition abrogated SARS-CoV-2 infection in human kidney
organoids and proximal tubule cultured cells, a process relying on sufficient glutamine supply.
Conclusion: In conclusion, this molecular landscape demonstrates that VPS34 in vivo is a master
switch adjusting endocytosis, nutrient transport, autophagy and the antiviral response. This broad
proteometabolic landscape can be exploited in metabolic interventions in health and disease, and
suggests that organ-specific maps are necessary to advance VPS34 as a drug target.
____________________________________________________________________________
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Introduction
A subfamily of G protein-coupled receptors detects alterations in extracellular pH and elicit
intracellular signaling. Two members of this family have been implicated in the renal regulation of
acid excretion. These are the Ovarian Cancer G protein coupled receptor 1 (OGR1, Gpr68) and G
protein coupled receptor 4 (GPR4, Gpr4). Renal ammonium and calcium excretion are associated
with urine pH levels in healthy conditions, but this association is disrupted in OGR1-deficient mice.
GPR4 has been suggested as a regulator of collecting duct plasticity in response to acidosis. We
hypothesized that impaired capacity of excreting H+ and Ca2+ in OGR1 and GPR4-deficient mice
would cause higher crystal deposition in kidneys of a renal crystallopathy model.
Methods
Female and male wild-type, and OGR1 and GPR4 knockout C57BL/6 mice were subjected to an
oxalate nephropathy model. Kidney injury was induced by providing a calcium-free diet containing
0.67% oxalate for 10 days followed by a standard diet for 4 days. A calcium-free diet was used as
control. 24h urine was collected from mice housed in metabolic cages and kidneys and plasma were
obtained from isoflurane-anesthetized animals. We performed qPCR, western blotting, and
histological and flow cytometry analysis using murine renal tissue and measured electrolytes and
markers of kidney function in the plasma and urine. N = 6-9 mice/group, and statistical analysis was
performed with two-way ANOVA followed by Tukey’s test, α = 0.05.
Results
Oxalate diet successfully caused calcium oxalate crystal deposition in kidneys and subsequent
tissue injury in all genotypes along with polyuria, hypercalciuria, and acidification of the urine. OGR1deficient female mice showed a more pronounced polyuria (36%±18), hypercalciuria (66%±41) and
urinary acidification (39%±23) in comparison with wild-type mice (Fig. 1). They also displayed higher
plasma urea (70%±54) and creatinine levels (77%±53), suggesting a further reduced kidney function
in comparison with wild-type mice. OGR1-deficient male mice and GPR4-deficient female and male
mice did not display significant differences in these parameters in comparison with wild-type mice
subjected to crystal nephropathy. Fibrosis and inflammation levels assessed by histological analysis
were similarly elevated by oxalate diet across all genotypes. qPCR data showed reduction in the
mRNA levels of immunoregulatory factors, such as Il1b, Tigit, and Foxp3 in OGR1-deficient female
mice, indicating that T cells or antigen presenting cells might be regulated by OGR1. However,
preliminary FACS data suggested that OGR1-deletion might increase the abundance of B cells.
Conclusion
Disrupted pH sensing in OGR1-deficient female mice exacerbates crystal deposition in oxalate
nephropathy causing more severe kidney injury and reduced kidney function. However, profibrotic
mechanisms might be attenuated in OGR1-deficient mice, partially compensating for the higher
primary tissue injury.
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OGR1-deficient female mice
display exacerbated urine
profile in crystallopathy
OGR1-deficient female mice
show polyuria, a more
acidic urine, and
hypercalciuria in
comparison with wild-type
mice subjected to a crystal
nephropathy model.
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Erythropoietin (Epo) is the key hormone promoting red blood cell production and is induced by the
activation of the hypoxia-inducible factors (HIFs) pathway in response to hypoxia and anemia,
contributing to restore the normal plasmatic oxygen levels. However, under pathological conditions,
such as erythrocytosis, Epo plasma levels are high, leading to a dramatic increase of the red blood
cell mass and resulting in blood hyperviscosity and thrombosis. Whereas a number of mutations in
genes involved in the oxygen-sensing pathway have been identified, for the majority of congenital
secondary erythrocytosis patients the cause remains unknown. We previously identified a functional
distal hypoxia response element (5’-HRE) within the so-called kidney-inducible element, which is
exploited in the current study to hunt for additional Epo regulating mechanisms. The tight tissuespecific and conditional control of Epo transcriptional regulation strongly suggests that apart HIF-2-
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alpha, other transcription factors might be involved in its expression regulation. Therefore, to identify
novel factors regulating Epo production we sequenced various regulatory regions of the Epo locus
in patients with unknown cause of erythrocytosis and detected numerous novel variants and
deletions. We are currently examining if the identified variants can be correlated to SNPs associated
with increased haematocrit, haemoglobin as well as Epo levels from the SKIPOGH cohort.
In a complementary approach we employed a 5’-HRE-dependent reporter gene assay screening
procedure for transcription factors regulating Epo expression and identified 150 new potential
positive regulators. In particular, we found a novel link between HIF-2-alpha, Zinc finger protein 213,
a yet poorly characterised transcription factor, and Epo expression. Mammalian-1 hybrid approach
with N- and C-transactivation domains (NTAD and CTAD) of HIF-1-alpha and HIF-2-alpha, and cooverexpression of ZNF213, lead to a significant activation only with HIF-2-alpha NTAD and CTAD.
Moreover, with fluorescence resonance energy transfer (FRET) and co-immunoprecipitation
experiments we could demonstrate that ZNF213 and HIF-2-alpha are interacting partners. This
novel interaction between HIF-2-alpha and ZNF213 is of particular interest as it may not only be
implicated in EPO expression, but may also affect a broad range of HIF-2-alpha target genes.
Comparative ChIP-seq data analysis further support this hypothesis.
Ongoing validation studies employ independent approaches and evaluate their potential in
regulating endogenous Epo expression under silencing conditions in hepatocarcinoma Hep3B,
neuroblastoma Kelly and renal Epo producing fibroblastoid atypical interstitial kidney (FAIK) cells,
which led to a selection of several novel promising candidates and validated simultaneously existing
co-factors in an independent way, including FLI1 and RXR.
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Fibroblast growth factor 23 (FGF23) is a bone-derived phosphaturic hormone that represses
parathyroid hormone (PTH) and calcitriol whereas they stimulate FGF23 in return. Plasma FGF23
and phosphate (Pi) have been independently associated with renal disease severity and shown to
exacerbate inflammatory state, but their effect in acute kidney injury (AKI) remains understudied.
The comparative effects of normal (NP) and low (LP) dietary Pi in folic acid (FA)-induced AKI were
investigated. Male C57Bl/6JRj mice were fed a 0.6% (NP) or <0.1% (LP) Pi diet for 5 days prior to
a single intraperitoneal FA dose of 250 mg/kg and sacrificed 3 h (n=30), 24 h (n=30), or 14 d (n=66)
later while under isoflurane anaesthesia. The effect of the diets on the initial renal FA crystalline
insult was examined, and the lack thereof was confirmed. After 24 h, the LP diet curbed the rise in
AKI-induced plasma intact (350.6±122.6 vs 3381.7±1481.9 pg/mL) and total FGF23 (973.2±385.8
vs 4126.2±1745.1 pg/mL) compared to the NP diet and prevented the rise in plasma PTH
(281.6±283.4 vs 1139.3±603.7 pg/mL) and calcitriol (296.5±159.0 vs 572.8±259.4 pM) and the
upregulation of renal Cyp27b1 (0.6±0.5 vs 1.9±1.6 fold). The LP diet also prevented the AKI-induced
upregulation of osseous (0.9±0.7 vs 3.4±1.8 fold) but not splenic or thymic Fgf23 and lowered the
increase of plasma (125.0±61.0 vs 259.2±133.8 pg/mL) and renal interleukin-6 (IL-6, 28.7±9.1 vs
47.0±18.0 pg/ug total protein) as well as the depletion of renal α-Klotho (0.27±0.07 vs 0.16±0.03
fold). After 3 h, the LP diet prevented the rise in AKI-induced plasma IL-1β (7.3±3.4 vs 25.9±20.8
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pg/mL) and IL-10 (20.0±13.3 vs 77.2±69.6 pg/mL). After 14 d, despite normalized plasma P i, both
groups still displayed elevated plasma intact FGF23, however, the degree of elevation was lower in
the LP group (285.9±165.1 vs 842.2±561.8 pg/mL). The LP diet also ameliorated the rise in urinary
neutrophil gelatinase-associated lipocalin (51.1±49.3 vs 148.0±81.3 g/g creatinine), a kidney injury
marker, after 2 d and significantly improved survival after 14 d (57.1% vs. 23.8%). The effect of PTH
on the rise of FGF23 and calcitriol in FA-AKI was further studied in Pth knockout mice fed an NP
diet, 24 h after FA-AKI induction (n=38): loss of PTH reduced the elevation of plasma intact FGF23
(3222.6±1667.0 vs 6912.6±1896.1 pg/mL) and nearly abrogated the upregulation of the renal
calcitriol anabolic enzyme Cyp27b1 (1.3±0.4 vs 6.1±3.5 fold). In summary, low Pi intake reduced the
FA-AKI-induced rise in plasma FGF23 and IL-6, prevented that of PTH and calcitriol, and improved
survival. The rise in plasma FGF23 and enhancement of calcitriol synthesis in FA-AKI are at least
in part mediated by PTH. These results highlight the importance of dietary P i restriction in patients
with renal disease, the association of FGF23 and plasma Pi with renal disease severity and mortality,
and the importance of PTH in the AKI milieu.
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Introduction
Kidney biopsies have been the gold standard for diagnosis of pathological kidney diseases for
almost 70 years. However, due to the small volume of tissue obtained from a needle biopsy
traditional histopathological examinations are limited by the number of sections that can be obtained,
with no two sections capturing the exact same histological features, sometimes necessitating
multiple biopsies to be taken to ensure there is enough material to work with & that an accurate
representation of the kidney histology is obtained. Developing a non-destructive 3D histopathology
would allow for 60+ stains to be colocalised within their intact anatomical context, therefore reducing
the risk of missing pathologies & need to re-biopsy patients
Methods
Hunan renal biopsies & tranplant rejected tissue routinely donated for research at the Royal Free
Hospital were used for this study. These samples were fixed in formaldehyde, before undergoing
tissue transformation following the SHIELD protocol (Park et al,. 2018. doi:10.1038/nbt.4281). These
were then delipidated & stained using the LifeCavas Technolgies platforms, & optically cleared by
refractive index matching prior to rapid 3D fluorescent lightsheet microscopy. These data were then
preprocessed using imageJ & Imaris, before being imported into Syglass for 3D virtual reality
visualisation using Oculus Quest 2 headsets.
Results
In less than 24h were able to take fresh tissue, rapidly transform, multiplex stain and image immune
cell infiltration (CD3), antibodies (IgA, IgM, IgG), complement (C1q), endothelium (CD31),
Interstitium (Collagen IV), Nuclei (Histone H3), cytosol (Eosin) or tubule segment markers (Tomato
Lectin - DCT/TAL marker( green); see figure). We were able to visualise these data with a
histopathologist in virtual 3D space, where it was possible to toggle between the different markers,
reorientate and resection the sample with ease.
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Conclusion
See virtual reality headest demo at presentation.
Human Kidney Biopsy
TAL and DCT tubular
segments (Green = Tomato
Lectin 488nm and Magenta =
Autofluorescence)
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CaV3.2 knock-out mice still exhibit calcium oscillations in the zona glomerulosa
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Germany
The steroid hormone aldosterone is produced in the zona glomerulosa (ZG), the outermost layer of
the adrenal cortex. Aldosterone plays a crucial role in maintaining serum electrolytes and blood
pressure. The two major stimuli of aldosterone synthesis are angiotensin II and hyperkalemia.
Stimulation leads to membrane potential depolarizations which activate voltage-gated calcium
channels. This influx of Ca2+ provides the signal for aldosterone production. It has been reported
that these oscillations require the T-type calcium channel CaV3.2, encoded by the Cacna1h gene
(1). Gain-of-function mutations of this channel result in primary aldosteronism (2).
Unexpectedly, Cacna1h knock-out (KO) mice have normal plasma aldosterone levels (3). We
examined acute slice preparations of adrenal glands from Cacna1h KO and wildtype (WT) mice
loaded with Ca2+-sensitive dyes. We observed intracellular Ca2+ concentration oscillations of ZG
KO cells that resembled those of WT adrenal glands despite the loss of Ca V3.2. The number of
oscillating cells per slice, however, was approx. 2-fold lower in KO compared to WT. Closer
inspection revealed that the frequency of calcium spikes was approx. 4-fold higher in cells from KO
than WT mice.
Application of the T-type Ca2+ channel antagonist TTA-P2 led to a reduction of oscillations in WT
but not KO, suggesting that other T-type channels are not responsible for the Ca2+ spikes in KO
cells. When exposed to the L-type Ca2+ channel antagonist isradipine, KO cells exhibited a stronger
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decrease in activity than WT cells, indicating that L-type channels are instead responsible for the
Ca2+ influx in KO cells.
RNA-Seq analysis was performed in ZG cells to identify differentially expressed genes but only
revealed a downregulation of CaV3.2 among known calcium transport pathway associated genes.
Whole-cell patch clamp recordings from dissociated ZG cells showed the presence of T- and L-type
Ca2+ currents in WT, whereas KO cells exhibited only L-type Ca2+ currents.
Our results show that both, T- and L-type calcium channels play an important role in the response
of the healthy ZG to external stimuli. Furthermore, our findings suggest the existence of two cell
populations in the ZG, one primarily dependent on CaV3.2 and one dependent on L-type voltagegated calcium channels (CaV1.2 and/or CaV1.3). These results imply that blockade of only T- or Ltype channels may not always be sufficient for the inhibition of aldosterone synthesis.
References
[1]
Hu,C, Rusin, CG, Tan, Z, Guagliardo,NA, Barrett, PQ, 2012, 'Zona
glomerulosa cells of the mouse adrenal cortex are intrinsic electrical
oscillators', J. Clin. Invest., 122, 2046–2053
[2]
Scholl, UI, Stölting, G, Nelson-Williams, C, Vichot, AA, Choi, M,
Loring, E, Prasad, ML, Goh, G, Carling, T, Juhlin, CC, Quack, I, Rump, LC,
Thiel, A, Lande, M, Frazier, BG, Rasoulpour, M, Bowlin, DL, Sethna, CB,
Trachtman, H, Fahlke, C, Lifton, RP, 2015, 'Recurrent gain of function mutation
in calcium channel CACNA1H causes early-onset hypertension with primary
aldosteronism', Elife, 4, e06315.
[3]
Seidel, E, Schewe, J, Zhang, J, Dinh, HA, Forslund, SK, Markó, L,
Hellmig, N, Peters, J, Muller, DN, Lifton, RP, Nottoli, T, Stölting, G, Scholl,
UI, 2021, 'Enhanced Ca2+ signaling, mild primary aldosteronism, and hypertension
in a familial hyperaldosteronism mouse model (Cacna1hM1560V/+)', PNAS,118,
e2014876118
____________________________________________________________________________
OS 01-07
Separate pathways for urea and water in human red blood cells
J. Brahm1, M. H. Dziegiel2,3, J. Leifelt1
1
University of Copenhagen, Dept. of Cellular and Molecular Medicine, Copenhagen, Denmark
2
University of Copenhagen, Dept. of Clinical Medicine, Copenhagen, Denmark
3
Copenhagen University Hospital (Rigshospitalet), Dept. of Clinical Immunology, Copenhagen,
Denmark

at 25°C, pH 7.2. The results are depicted as shown in Figs. 1-2. The semilogarithmic ordinates
express the fraction of the radioactive solute that remains in the cells at a given time, and the
abscissa is time in milliseconds. The linearity of the tracer efflux curves indicates that the efflux is a
monoexponential process. The permeability is calculated from P=k × V/A, where k (s-1) is the
negative slope of the efflux curve, V is the intracellular solvent (water) volume (cm3), and A is the
membrane area available for the transport (cm2).
Results
We found that: 1) Permeability of urea (Pu cm/s) and analogs shows a ten-fold donor variation (Fig.
1), while diffusional water permeability (Pd cm/s) varies very little (Fig. 2). 2) Phloretin inhibits Pu but
not Pd. 3) The time course of p-chloromercuribenzene sulfonate (pCMBS) inhibition differs: pCMBS
inhibits Pu “instantaneously” while maximum inhibition of Pd and osmotic water permeability (Pf
cm/s) takes 50-60 min. 4) Urea permeability shows an age-dependent decrease. Pu decreases from
3.0 × 10-4 to 0.5 × 10-4 cm/s as the donor’s age increases from 38 to 76 years. Such a decrease of
permeability we observe neither with water nor with other solutes such as glucose and chloride.
Conclusion
The absent solvent drag effect [5] indicates that urea and water do not share a common pathway.
Two solutes may share a common pathway if a) they experience the same structural environment
as they cross the membrane, and b) they interact or compete with one another to affect the
permeability of one another. Consequently, an inhibitor of a solute permeating the pore also inhibits
(or stimulates) the permeability of the other solute in the pore. Our inhibition studies clearly support
the rejection of a common pathway to the two solutes. We further conclude that it is very unlikely
that the UT-B offers two separate pathways because the comparative study of intact, unmodified
RBC from four animals [2] shows all four combinations of high Pu and Pd and low Pu and Pd that
are equal to permeability coefficients of lipid bilayer membranes with no transporters at all. Further,
the present demonstration of the age-dependent decrease of Pu but not Pd supports our conclusion.
Fig. 1. Urea efflux from
HRBC

Introduction
Several studies of modified red blood cells (RBC) and oocytes with expressed urea transporters
conclude that the urea transporter UT-B in RBC also transports water (an overview, see [1]). A
comparative study with intact, unmodified RBC from four animal species [2] rejects that conclusion.
The present study likewise with intact, unmodified human RBC from donors after informed consent
supports the rejection
Methods
We determined the efflux rate of 14C-urea or 3H2O from a minor volume (<1%) of preloaded human
RBC into a major extracellular volume (>99%) by means of the continuous flow tube method with
high time resolution [3] or the Millipore-Swinnex filtering method [4]. All experiments were performed
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Background
Investigating the cardiovascular system is complex. Many existing methods are often limited to
assessment of few cardiovascular variables. We aimed to establish an in vivo murine model for
comprehensive assessment of cardiovascular variables including blood pressure (BP), total
peripheral resistance (TPR), cardiac output (CO), stroke volume (SV), and parameters of the
electrocardiogram (ECG) with simultaneous pacing of heart rate.
I hypothesize, that i) in vivo in anaesthetized mice, electric cardiac pacing modulates cardiac
function without direct vascular effects and, ii) this model can detect the multifarious cardiovascular
changes following intervention with α1-adrenoceptor agonist, phenylephrine (PE), and distinguish
between the PE-induced changes to cardiac and vascular functions.
Methods
Isoflurane-anesthetized (2% in 100% O2) 9-months old male C57BL/6J mice were intubated and
mechanically ventilated. Two-lead ECG was recorded. BP was monitored by a solid-state catheter
placed in the aortic arc through the common carotid artery. Pancuronium (0.4 mg/kg), an M 2receptor antagonist, was injected intraperitoneally (i.p.) to immobilize the mice. Thoracotomy was
performed for the mounting of i) transit-time flow probe on the ascending aorta for CO
measurements and ii) an electrode placed at the right atrium for pacing with increasing pacing
frequencies (10-11.3 Hz). TPR was calculated from BP and CO. After the first pacing, mice were
randomly allocated to i.p. injections of vehicle control (VC) (9mg/mL, NaCl) or PE (0.3 mg/kg). 10
minutes after injection, the pacing protocol was repeated. Data are presented as mean ± standard
error of the mean and compared with two-way ANOVA. Δvalues are calculated in relation to
baseline. n = 6.
Results
PE but not vehicle elevated systolic BP (104.6 ± 4.7 mmHg vs. 72.1 ± 5.2 mmHg, P < 0.0001) and
TPR (Δ: 3.0 ± 1.1 AU. vs. -0.3 ± 0.3 AU., P = 0.0006), while heart rate was reduced (Δ: - 45.9 ± 13.3
beats-1 vs. 19.3 ± 7.6 beats-1, P < 0.0001) 18 minutes after PE injection compared to VC.
Accordingly, SV was increased after PE injection (Δ: 3.4 ± 1.3 µL vs. 0.2 ± 0.7, P < 0.0001).
Pacing successfully modulated cardiac function without vascular effects. SV decreased with
increasing pacing frequencies in both VC and PE groups (VC; 14.0 ± 1.6 µL at 10 Hz to 11.9 ± 1.4
µL at 11.3 Hz, and PE; 13.8 ± 1.5 µL at 10 Hz to 11.5 ± 1.2 µL at 11.3 Hz, P < 0.0001). However,
TPR did not change with increasing pacing frequencies (VC; 6.5 ± 0.6 AU. at 10 Hz to 6.4 ± 0.7 AU.
at 11.3 Hz, and PE; 8.9 ± 1.2 AU. at 10 Hz to 9.7 ± 1.3 AU. at 11.3 Hz, P = 0.2).
Conclusion
We demonstrated with this model that PE in mice affects the vasculature with secondary cardiac
effects mediated by the baroreceptors. The characterized in vivo mouse model allows for
simultaneous assessment of distinct cardiac and vascular functions.
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Introduction
Acute β-adrenergic receptor (β-AR) stimulation robustly regulates cardiac potassium currents to
shorten the ventricular action potential (AP). Besides the protein kinase A pathway, downstream
effects are also mediated by calcium/calmodulin-dependent protein kinase II (CaMKII). Our aim was
to investigate the involvement of CaMKII in mediating β-AR activation on the most important
potassium currents flowing during canine ventricular AP.
Methods
Experiments were carried out on isolated cardiomyocytes originating from canine left ventricles <1>.
Adult mongrel dogs of either sex were anesthetized with intramuscular injections of ketamine
hydrochloride (10 mg/kg; Calypsol, Richter Gedeon, Hungary) and xylazine hydrochloride (1 mg/kg;
Sedaxylan, Eurovet Animal Health BV, The Netherlands) according to a protocol approved by the
local Animal Care Committee (license No: 2/2020/DEMáB, 9/2015/DEMÁB). All animal procedures
conformed to the guidelines from Directive 2010/63/EU of the European Parliament.
Rapid (IKr) and slow delayed rectifier potassium current (IKs), transient outward potassium current
(Ito1) and inward rectifier potassium current (IK1) were measured under action potential voltage
clamp conditions. Data were collected in six study groups: [1] Control (CTRL), [2] β-AR stimulation
with 10 nM isoproterenol (ISO), [3] CaMKII inhibition (1 µM KN-93), [4] PKA inhibition (1 µM H-89),
[5] KN-93+ISO, [6] H-89+ISO.
Results
Neither Ito1 nor IKr differed significantly between the groups studied. IKs was prominently larger in
ISO than under CTRL or KN-93 or H-89 conditions having an about 6-fold larger current amplitude
and carrying about 8 times as much total charge. In KN-93+ISO and in H-89+ISO, IKs showed an
about 2.5-3 times smaller amplitude and carried roughly half as much total charge compared to the
ISO group (Figure 1).
IK1 amplitude did not differ between the studied groups, whereas the carried charge was about 25
% larger in ISO compared to CTRL, and about 15 % larger compared to KN-93+ISO. Under β-AR
stimulation, IK1 started to activate earlier during the AP plateau. I K1 density at 0 mV was about 2
times greater in ISO compared to CTRL; and about 90 % larger in H-89+ISO compared to H-89
(Figure 2).
Conclusion
CaMKII activation plays an important role in beta-adrenergic stimulation of potassium currents. Betaadrenergic enhancement of IKs is partly, whereas enhancement of IK1 is mainly mediated by CaMKII
activation.
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Figure 1: Slow delayed
rectifier potassium
current (IKs) in the cell
groups
IKs was prominently larger
in ISO than under CTRL or
KN-93 or H-89 conditions
having an about 6-fold
larger current amplitude
and carrying about 8 times
as much total charge. In
KN-93+ISO and in H-89+ISO,
IKs showed an about 2.5-3
times smaller amplitude
and carried roughly half
as much total charge
compared to the ISO group.

Figure 2: Inward rectifier
potassium current (IK1) in
the cell groups
IK1 amplitude did not differ
between the studied groups,
whereas the carried charge
was about 25 % larger in
ISO compared to CTRL, and
about 15 % larger compared
to KN-93+ISO. Under βadrenergic
receptor stimulation, IK1
started to activate earlier
during the AP plateau. IK1
density at 0 mV was about 2
times greater in ISO
compared to CTRL; and about
90 % larger in H-89+ISO
compared to H-89.
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Changes in cardiac action potential (AP) repolarization due to loss of K+ current density contributes
to impaired contractility and increased risk of sudden cardiac death. In particular, reduced AP phase
1 repolarization decreases Ca2+ release. Restoring AP phase 1 by augmenting the fast transient
outward K+ current (Itof) could improve Ca2+ release in failing cardiomyocytes, but direct
experimental evidence to support this proposition is limited. We used dynamic clamp (DyC) to
selectively modulate Itof in patch clamped cardiomyocytes to establish the contribution of Itof in
regulating AP phase 1 and Ca2+ release synchrony in normal and failing rabbit ventricular myocytes.
All procedures accorded with current EU/UK legislation. Individual ventricular myocytes were
isolated from the heart of normal rabbits, and rabbits with heart failure due to permanent coronary
artery ligation. Cells were loaded with the Ca2+-sensitive dye Fluo4 via patch pipette. Cells were
stimulated to contract at 1 Hz by brief current injections in current clamp and intracellular Ca2+
release was monitored using confocal line-scanning microscopy. A Hodgkin-Huxley description of
Itof was used as the current model for DyC experiments. Appropriately scaled DyC currents were
injected to replicate the Itof density in normal human epicardium by augmenting native Itof (+Itof,DyC),
or by inverting the polarity, oppose the native biological Itof in rabbit myocytes (-Itof,DyC). Data are
presented as mean ± SEM; P<0.05 was considered statistically significant.
When normal myocytes were paced to a near steady state then DyC was enabled, the depth of AP
phase 1 increased. There was a small but significant increase in myocyte unloaded shortening
(control 4.9 ± 0.6%; +Itof,DyC 5.4 ± 0.6%;P<0.05) and shorter time to peak contraction (control 167
± 12ms; +Itof,DyC 156 ± 9.6ms; P<0.05). In contrast, when -Itof,DyC was enabled this decreased
phase 1, slightly increased AP duration at 90% repolarization (control 315 ± 45 ms; -Itof,DyC 347 ±
51 ms; P=0.012; n=12 cells), and dramatically reduced unloaded shortening (-Itof,DyC 2.5 ± 0.5%;
P<0.001). Confocal Ca2+ recordings revealed -Itof,DyC reduced the Ca2+ transient amplitude,
increased the latency for Ca2+ release and increased the frequency of spontaneous late Ca2+
sparks during the Ca2+ transient decay. In failing myocytes, +Itof,DyC restored the phase 1 notch
and slightly shortened AP duration (control 368 ± 18 ms; +Itof,DyC 338 ± 16 ms; P<0.05), increased
Ca2+ transient amplitude, caused greater uniformity of Ca2+ release across the cell and decreased
the frequency of late Ca2+ sparks. Increasing +Itof,DyC conductance to supranormal levels caused
a biphasic response of AP duration and Ca2+ release.
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Strategies that restore Itof lost in heart failure could be beneficial by supporting contractility. However
excessive increases in Itof should be avoided to prevent the generation of abnormal repolarization
gradients.
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Introduction
Dystrophin serves as a scaffold for a large protein complex whose primary function is to maintain
the integrity of the sarcolemma in skeletal and cardiac muscle cells. Loss of function mutations
affecting dystrophin result in Duchenne muscular dystrophy (DMD), an X-linked childhood muscle
wasting disease where heart failure is the most common cause of mortality. Early mechanisms of
heart disease in DMD are not known and fundamental knowledge of post proliferative postnatal
physiological heart growth is lacking. We sought to reveal insights to these problems using a mouse
model of DMD.
Methods
To understand the role of dystrophin in post proliferative postnatal heart growth, we performed
analysis of heart weight in hemizygous male and homozygous female mdx5cv dystrophin deficient
mice compared to wildtype mice. Timepoints selected for analysis were 3, 6, 10, 15 weeks postnatal
because wildtype male mice are known to experience a boost in heart growth during this period [1].
Biventricle weight (VW, mg) was normalised to tibia length (TL, mm) since muscle mass is affected
in DMD. The phosphorylation status of signalling proteins associated with heart growth (ERK1/2,
Akt and HSP20) was assessed at each age. Cardiac proteins were separated by SDS-PAGE and
levels of total and phosphorylated ERK1/2, Akt and HSP20 were quantified by densitometric
analysis of dual fluorescence label Western blotting. Two-way ANOVA without repeated measures
with Sidak’s test for multiple comparisons was performed to test for statistical differences between
mdx5cv and wildtype mice. All animal procedures were performed in accordance with the Guidance
on the Operation of the Animals (Scientific Procedures) Act, 1986 (UK Home Office).
Results
From 10 weeks postnatal VW:TL ratio was greater (P<0.0001) in male mice (mean = 7.40 ± 0.77 SD,
N=12) compared with female mice (mean = 5.72 ± 0.30, N=7). However, this boost in heart growth
was absent in mdx5cv male mice resulting in smaller (P<0.0001) VW:TL at 10 weeks postnatal
(mean = 5.79 ± 0.57 SD, N = 10) compared with wildtype. Heart weight at all ages postnatal was
similar between wildtype and mdx5cv female mice. Assessment of signalling in male mdx5cv mice
showed a reduction (P<0.001) in HSP20 phosphorylation at 6 weeks postnatal (mean = 0.67 ± 0.13,
N = 7) compared with wildtype (mean = 1.00 ± 0.16, N = 7) before returning to wildtype levels at 10
weeks. No statistical differences in ERK1/2 and Akt phosphorylation were observed at any timepoint.
Conclusion
Our results indicate that mechanisms of postnatal heart growth are different in male and female
mice and that dystrophin is a key regulator of a heart growth boost in male but not female mice
between 6 and 10 weeks postnatal. Initial investigations suggest this may be elicited through HSP20.
Clinically, heart growth defects may be contribute to heart failure in patients with DMD and this
requires focussed investigation.
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Transcription of alleles from sarcomeric genes occurs in stochastic bursts leading to unequal ratios
of both alleles among single cardiomyocytes (CMs). In patients with Hypertrophic Cardiomyopathy
(HCM), this is associated with functional heterogeneity among CMs, which presumably contributes
to HCM-development. Here, we aim to establish a human pluripotent stem cell (hPSC-CMs)-based
model to mimic cell-to-cell heterogeneity in HCM using patient-derived hPSC-CMs with MYH7mutation R723G. These CMs showed hypertrophy and increased myofibrillar disarray compared to
WT-hPSC-CMs and mutation induced alterations in contraction and force generation, such as
increased twitch amplitude and calcium sensitivity and prolonged time-to-peak and half-relaxation
time. We tested whether transcription of MYH7 occurs in bursts and results in allelic and functional
imbalance among CMs.
We performed single molecule RNA-fluorescence in situ hybridization (smRNA-FISH) and detected
nuclei with and without active transcription sites in hPSC-CMs comparable to human tissue,
indicating burst-like transcription. In HCM-patients we have shown previously that burst-like
transcription leads to unequal fractions of mutant and wildtype mRNA and protein among individual
CMs. To test whether cell-to-cell allelic imbalance also occurs in hPSC-CMs, we isolated individual
CMs by laser microdissection and quantified ratios of both alleles by allele-specific single cell RTPCR. We found highly variable allelic ratios among individual CMs, similar to human tissue. We
assume that this allelic imbalance from cell to cell may lead to functional heterogeneity. Functional
measurements in intact and demembranated hPSC-CMs revealed substantial variability in force
generation at physiological submaximal calcium concentration (pCa 5.89). In contrast, heterogeneity
was significantly smaller among WT-hPSC-CMs at the same calcium concentration. In addition,
cellular twitch kinetics time-to-peak, half-relaxation time, and relaxation time constant showed
increased variability among R723G-compared to WT-hPSC-CMs. We could exclude altered calcium
transients as potential mechanism of functional heterogeneity. Our results therefore strongly indicate
that contractile imbalance is due to different fractions of mutant per wildtype transcripts among
individual CMs.
In summary, we show that patient-derived hPSC-CMs mimic transcriptional and functional
heterogeneity among individual CMs in patient’s tissue. Therefore, we have established a valuable
model to test mechanisms to equalize heterogeneity among individual CMs as a potential
therapeutic target in HCM.
____________________________________________________________________________
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Introduction
Excitation-contraction coupling in the heart depends on coordinated Ca2+ release from the
ryanodine receptors (RyRs). In heart failure (HF), Ca2+ release is disrupted due to overactivity of
RyRs, resulting in arrhythmias and contractile dysfunction. RyR overactivity is linked to RyR
hyperphosphorylation by Ca2+/calmodulin-dependent kinase IIδ (CaMKII). While the precise
mechanisms underlying kinase recruitment to the RyRs remain elusive, recent findings suggest an
important role of AKAP18δ in the modulation of CaMKII placement and mobility. In this study, we
examined the changes in CaMKII localization within the RyR nanodomain during rest, β-adrenergic
receptor (β-AR) stimulation and HF. In addition, we investigated if these changes were mediated by
AKAP18δ.
Methods
Dual colour dSTORM and confocal Airyscan super-resolution microscopy were used to assess
CaMKII movement in ventricular cardiac myocytes isolated from healthy and post-myocardial
infarction (MI) wistar rats. Anaesthesia was initiated and maintained using a mixture of 4% isoflurane
and 96% O2 (gaseous inhalation), and MI was induced through left coronary artery ligation. A
proximity ligation assay was used to analyze protein-protein interactions. Western blotting was used
to assess RyR phosphorylation. Confocal line-scan imaging was applied to assess the functional
consequences of CaMKII movement in the form of Ca2+ sparks and transients.
Results
β-AR stimulation (isoproterenol, ISO) of ventricular myocytes induced accumulation of CaMKII at
the Z-lines, where the addition of ISO lead to increased fluorescence peak amplitude (16%) and
reduced full-width half maximum (11%) of CaMKII at the Z-lines. At the nanoscale level, dSTORM
imaging revealed how ISO stimulation decreased the distance from CaMKII to Z-lines or RyRs by
22% and 17% respectively. Indeed, these changes were associated with an 18% increase in CaMKII
and RyR interaction. Functionally, this was accompanied by increased RyR phosphorylation at
Ser2814, and significantly increased Ca2+ spark frequency. The recruitment of CaMKII to RyRs
during ISO treatment was partly prevented by the CaMKII inhibitor AIP, and fully prevented by a
CaMKII inhibiting peptide derived from AKAP18δ, N1. Furthermore, CaMKII inhibition by both AIP
and N1 significantly reduced Ser2814 phosphorylation and blunted the increased Ca 2+ spark
frequency from β-AR stimulation. Lastly, cardiomyocytes from post-MI animals responded similarly
to AIP and N1. The distance between CaMKII and Z-lines/RyRs was reduced compared to control,
and Ca2+ sparks frequency was reduced to sham-operated control levels.
Conclusion
Collectively, our results suggest that CaMKII-mediated activation of RyRs during β-adrenergic
stimulation is closely associated with the movement of the kinase toward the RyR at the dyadic
nanodomain. In both healthy and failing myocytes, this movement is likely dependent on CaMKII
activity, and may be facilitated by AKAP18δ.
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Introduction
The type 2 ryanodine receptor (RyR2) is a channel responsible for releasing calcium from the
internal store (the sarcoplasmic reticulum; SR, or endoplasmic reticulum; ER). In a healthy heart,
this calcium release is triggered following an action potential and is critical for generating cardiac
contraction. However, non-triggered calcium release via RyR2, known as calcium leak, can also
occur [1]. Modulation of RyR2 activity has been shown to alter calcium leak, with increased calcium
leak associated with cardiac pathologies including heart failure and arrhythmia. One way which in
RyR2 function has been proposed to be regulated is through the organisation of the channels into
discrete clusters within the SR or ER membrane [1]. However, how these clusters form and remodel
in response to changing protein expression levels remains unclear. Furthermore, the impact of this
developmental remodelling on calcium leak is also unknown. This study investigated how the
properties of RyR2 clustering (size, density, and distribution) correlate with calcium leak in a model
of controllable RyR2 expression.
Methods
HEK293 cells with inducible RyR2 expression were used for this study. Increasing durations after
induction (0-24 h) were used to increase expression levels, which was assessed using western
blotting. Super-resolution imaging (dSTORM) was used to determine RyR2 nanoscale clustering
properties in HEK293 cells with increasing RyR2 expression. A parallel set of cells underwent
calcium imaging to assess corresponding calcium leak.
Results
Increasing expression levels resulted in a progressive increase in the number of individual RyR2
clusters present to an apparent maximal density. Further increases in RyR2 expression correlated
with subsequent enlargement of individual clusters (Figure 1). Both the number and size of RyR2
clusters present positively correlated with increased calcium leak, whereas the density or packing
of channels within clusters (RyR2 density) showed no significant relationship with calcium leak
(Figure 2).
Conclusion
Taken together, these findings elucidate the fundamental properties of RyR2 cluster self-assembly
in development. This study reveals the aspects of RyR2 cluster remodelling most associated with
increased calcium leak activity, which will have implications for pathological conditions.
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Figure 1. Increasing RyR2
expression first increases
the number of RyR2 clusters
before they expand.
(A) The number of clusters
per unit cell area, and (B)
individual RyR2 cluster
size versus relative
expression.

Cluster density and size
(area), but not RyR2
density/packing, correlate
with Ca2+ leak.
(A) Cluster density, (B)
cluster size and (C) RyR2
density/channel packing
versus Ca2+ leak.
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Introduction
Hypoxia injuries are caused by many diseases but deep-diving mammals, like the hooded seal
(Cystophora cristata), have evolved adaptations that provide high tolerance to prolonged and
repeated hypoxia(1) . At the molecular level, hypoxia induces stabilisation of the hypoxia-inducible
factor 1 (HIF-1) which mediates the switch from mitochondrial oxidative phosphorylation (OXPHOS)
to anaerobic glycolysis(2). Hooded seals display diurnal variations in diving behaviour(3) - and
appear more likely to experience severe hypoxia and stabilisation of HIF-1 at certain times of the
day. Studies show the hypoxia response to be time-of-the-day dependent(4), and that HIF-1
interacts with clock genes Arntl and Per2 to regulate OXPHOS(5). Since the molecular clock is
involved in tissue/cell protection from hypoxia, understanding the HIF-1/clock interaction
mechanisms in the hypoxia-tolerant hooded seal model could help developing new therapies against
hypoxic injury.
Methods
Hooded seals were sedated (i.m. injection of zolazepam/tiletamine;1.5-2.0 mg/kg), anaesthetized
(2-5% isoflurane) and euthanized for other purposes. Primary skin fibroblasts were harvested,
synchronized under temperature cycle (36.5°–39.5° C) and sampled over 48 hours for qPCR
analysis every 4 hours and mitochondrial respiration measurements every 8 hours. Cells were also
transfected with a Arntl reporter and subjected to the same temperature cycle.
Results
qPCR analysis validated the presence of a circadian oscillation of clock genes Arntl and Per2, which
was maintained under constant conditions (Fig. 1A-B; mean±sd). Three mitochondrial respiratory
states showed significant variation: Complex I – LEAK (CI-L), Complex II – LEAK (CII-L) and
Complex II – Uncoupling (CII-E), with recurrent differences between timepoints T4 and T9 (ANOVA:
CI-L, p=0.0095; CII-L, p=0.0125; CII-E, p=0.0108). Correlation matrix analysis showed negative
correlation between Arntl and CI OXPHOS: -0.77 with pyruvate and malate; -0.84 after glutamate
addition. The highest CI coupling control ratio (CCR) values corresponded to the lowest CI
OXPHOS: T6 (OXPHOS=47.71±3.2 pmol/s*Mill, CCR=0.41±0.08) and T9 (OXPHOS=50.34±9.2
pmol/s*Mill, CCR=0.47±0.03; n=22; Fig.1C-D; mean±sd). CCR measured at Arntl peak and trough
showed variation, being 0.59±0.05 and 0.47±0.03 respectively (ANOVA: p<0.001). Since high CCR
indicates low contribution to ATP production, CI efficiency is changing depending on Arntl phase.
Conclusion
Here we demonstrate that hooded seals possess a functional molecular clock and that there is daily
variation in mitochondrial activity. Also, we suggest that Arntl causes a metabolic switch from
OXPHOS to anaerobic glycolysis via CI inhibition. Testing whether this influences hypoxia tolerance
is the goal of further work.
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Figure 1
A) Clock genes Arntl and
Per2 show circadian
oscillation under
temperature cycle. B) The
oscillation is preserved
under sonstant conditions.
C) CI OXPHOS with pyruvate
and malate as substrates.
D) CCR for CI relative to
OXPHOS values showed in C.
Data:mean±sd.
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The growth and differentiation factor 15 (GDF15) has been shown to induce weight loss and
increase insulin action in rodent models of obesity. Whether GDF15 improves insulin action
independent of body weight has not been investigated. We observed that diet induced obese (DIO)
rats treated acutely with rGDF15 displayed increased insulin tolerance. To obtain better insight into
the mechanisms, lean and obese C57 bl6/J BomTac mice were treated with GDF15 (8 nmol·kg -1)
on day 1, 3 and 5. On day 6 mice were anesthetized with an intraperitoneal injection of 10 µl·g-1
body weight FMA-solution 850:180:90 (Fentanyl (0.05 mg·ml-1), Midazolam (5 mg·ml-1) and
Acepromazine (10 mg·ml-1)). A polyethylene cannula was inserted into one jugular vein and a 4way connector was attached for continuous administration of anesthetics, insulin, and glucose.
Anesthesia was maintained during the experiment by a constant infusion of the FMA solution (0.03
µl· g-1 (body wt)-1). After a 60 min recovery period mice were subjected to euglycemic
hyperinsulinemic clamps (2.5 μU insulin·kg-1 body weight·min-1). This treatment increased whole
body insulin action by ~50% (figure A) without weight loss due to a ~50% larger insulin mediated
suppression of hepatic glucose production (figure B) and increased glucose uptake in white and
brown adipose tissue. The insulin sensitizing effect was abrogated in GDNF Family Receptor Alpha
Like (GFRAL) knock-out (KO) mice and these mice were slightly insulin resistant compared to WT,
indicating a relevant physiological effect of endogenous GDF15 receptor activation. Finally, the
insulin sensitizing effect of GDF15 was abrogated by treatment with the beta-adrenergic blocker
propranolol (5mg·kg-1). We propose a mechanism by which GDF15 activation of the GFRAL
receptor increases sympathetic activity in turn improving insulin action.
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Glucose infusion rate and
glucose clerance
Figure A. left panel,
glucose infusion rate (GIR)
during a 120 min euglycemic
hyperinsulinemic clamp in
vehicle and GDF15 treated
female mice. Right panel,
GIR area under the curve
during the last 30 min of
the clamp, * P<0.05. Figure
B, Endogenous and exogenous
glucose clearance
calculated from the hepatic
glucose production and the
GIR in vehicle and GDF-15
treated female mice,
endogenous and exogenous
glucose clearance, *
P<0.05.
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Introduction
Most cultured cells can acutely tolerate a wider range of extracellular pH changes (pH 5-11). In the
native environment of intact tissues cells are more sensitive to pH deviations. Larger local pH
deviations are transiently possible in the interstitial fluids and venous blood; however, most cells
cannot tolerate long-term deviations larger than half a pH unit. Pancreas is another organ where
cells can regulate the pH, both bicarbonate producing ductal cells and acinar cells actively control
the pH of their proximity. For a long time, it is speculated that protons have the potential to modulate
insulin release. Long-term pH changes are often associated with pathophysiological conditions since
certain diseases, including diabetes mellitus, result in chronically lower interstitial pH. Interestingly
manipulations of both intracellular and extracellular pH have been proposed as a potential
therapeutic approach to correct the secretory defects and insulin resistance in type-2 diabetes
mellitus.
Methods
We focus on reassessing the influence of extracellular pH on glucose-dependent beta cell activation
and collective activity in physiological conditions. To this end we employed mouse pancreatic tissue
slices combined with high-temporally resolved functional imaging of cytosolic calcium oscillations.
Results
Our results indicate that lowered pH invokes the earlier than expected activation of a subset of beta
cells in substimulatory glucose concentrations, enhances the average activity of beta cells, and
alters the beta cell network properties in an islet. The enhanced average activity of beta cells was
determined indirectly utilizing cytosolic calcium imaging, while direct measuring of insulin secretion
confirmed that this enhanced activity is accompanied by a higher insulin release. Furthermore,
reduced functional connectivity and higher functional segregation at lower pH, both signs of a
reduced intercellular communication, do not necessary result in an impaired insulin release.
Conclusion
We obtained the data using mouse acute pancreatic tissue slice with preserved tissue architecture
of the islets alongside the surrounding cells. The cytosolic calcium oscillations were triggered within
the physiological range of both glucose and pH. This approach enabled us to study individual beta
cells as well as beta-cell collective responses, revealing until now uninvestigated pH-dependent
network properties within pancreatic islets. The data clearly demonstrate that under these conditions
decreasing pH enhanced beta cell collective activity and insulin secretion.
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Spatiotemporal
characterization of beta
cell plateau activity
(A, F, J) Time course of
the [Ca2+]c oscillations,
exposed to 8 mM glucose
stimulation protocol with
pH manipulations during the
stable plateau phase. (B,
G, K) Hexbin plot of all
detected [Ca2+]c
oscillations presented as
the time of the peak vs.
the halfwidth of [Ca2+]c
oscillation duration. (C,
H, L) Quantification of
frequency of the [Ca2+]c
oscillations expressed as
number of events per minute
per ROI. (D, I, M)
Quantification of the
[Ca2+]c oscillations
halfwidths. (E) In vitro
insulin secretion.
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Beta cell functional
connectivity at different
pH
(A) Functional networks of
beta cells at 8 mM glucose
and different pH changing
in a sequence as indicated
by the black arrow below:
(A) 7.4, (B) 7.1, (C)
7.7. (D) Node degree of
the pooled data for the
sequence A-C (E) Average
clustering coefficient of
the pooled data for the
sequence A-C (F) Functional
networks of beta cells at 8
mM glucose and different pH
changing in a sequence as
indicated by the black
arrow: (F) 7.4, (G) 7.7,
(H) 7.1 (I) Node degree of
the pooled data for the
sequence F-H (J) Average
clustering coefficient of
the pooled data for the
sequence F-H.
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Introduction: Adenosine (Ado) is involved in the regulation of white (WAT) and brown (BAT)
adipose tissues and implicated in obesity and related diseases (1). Herein, we characterized
alterations in Ado receptors (AdoR) and metabolism in WAT and BAT in dysmetabolic states and
investigated the mechanisms behind. Additionally, we explored the impact of chronic caffeine
treatment on these mechanisms.
Methods:Expression of AdoR was evaluated in visceral WAT samples from patients with obesity
and stratified in: insulin sensitive (IS); insulin resistant (IR) normoglycaemic; IR prediabetic; and IR
diabetic groups, according to Ox-HOMA2IR, fasting glycaemia and HbA1c levels. AdoR expression
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was correlated with genes involved in oxidative stress, angiogenesis, inflammation, insulin signaling
and thermogenesis. Study was approved by the Ethics Committee and performed in accordance
with the Helsinki Declaration. Written informed consent was obtained. For the animal experiments,
3 groups of Wistar rats were used: a control group (NC, 25 weeks standard diet), a HFHSu group
(25 weeks, 60% lipid-rich diet+35% sucrose) and a HFHSuCAF group submitted to HFHSu diet plus
caffeine intake (1g/kg) in the last 11 weeks of diet. Rats were evaluated for body weight gain, insulin
sensitivity and glucose tolerance. At a terminal experiment rats were anesthetized with pentobarbital
(60 mg/kg i.p) and blood samples and WAT and BAT depots were collected for Ado quantification
by HPLC, glucose uptake using 2-deoxiglucose (2-DG) and immunohistochemistry and western blot
analysis of the AdoR and proteins involved in the pathways evaluated in the human study.
Experiments followed the 2010/63/EU European Union Directive and were approved by NMS Ethics
Committee and Portuguese Authority for Animal Health.
Results: In the cohort study, the expression of A2A and A2B was lower in the WAT of IR patients
when compared with the IS group. The expression of these receptors was positively correlated with
the expression of several genes involved in insulin signaling, catabolism, angiogenesis and
antioxidant defenses. In animals we found that: In BAT the diet promoted an increase in A2A levels
(43.4%, p<0.05) and a decrease in A2B levels (37.6%, p<0.05), without changing A1 levels. Diet also
increased ENT1 (59.4%, p<0.01), CD73 (95.1%, p<0.001), IL1R (48.0%, p=0.0529) and HIF2a
(62.8%, p<0.05) levels. All alterations in BAT were reversed with caffeine treatment; In WAT the
HFHSu diet decreased A2A (39.1%) and increased ENT1 (31.8%) levels, without changing A 1 or
CD73. The alterations induced by the diet in both BAT and WAT occurred in parallel with
morphologic alterations on both tissues with an increase in adipocytes perimeter, reversed by
caffeine treatment.
Conclusion: Alterations in AdoR and metabolism in the adipose tissue are associated with
metabolic dysfunction both in rats and humans. Modulation of AdoR in the adipose tissue might be
useful to improve dysmetabolic states.
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Introduction
Understanding the hypothalamic factors regulating reproduction facilitates maximising the
reproductive success of breeding programmes and in the management and conservation of
threatened species, including African lions. To provide insight into the physiology and
pathophysiology of the hypothalamic-pituitary-gonadal reproductive axis in lions, we studied the
luteinising hormone (LH) and steroid hormone responses to gonadotropin-releasing hormone
(GnRH) and its upstream regulator, kisspeptin.
Methods
Six young (13.3±1.7 months, 56.2±4.3kg) and four adult (40.2±1.4 months, 174±6 kg) male lions
(Ukutula Conservation Centre, South Africa) were used in this study. Lions were immobilised with a
combination of medetomidine and ketamine and an intravenous catheter was placed in a jugular,
cephalic or medial saphenous vein for blood sampling at 10-min intervals for 220 minutes. The tenamino acid kisspeptin which has full intrinsic activity (KP-10, 1µg/kg) and GnRH (1µg/kg) were
administered intravenously to study their effects on LH and steroid hormone plasma concentrations,
measured subsequently by ELISA and liquid chromatography tandem mass spectrometry (LCMS/MS), respectively.
Results
Basal LH levels were similarly low between the age groups, but testosterone and its precursor levels
were higher in the adult animals. Adult lions showed a significant LH response to KP-10 (10 fold)
and GnRH (11 fold) administration (p<0.05 and P<0.001, respectively) whereas in young lions LH
increased significantly only in response to GnRH. In adults alone, testosterone and its precursors
steadily increased in response to KP-10, with no significant further increase in response to GnRH.
Plasma levels of glucocorticoids in response to KP-10 remained unchanged.
Conclusion
We suggest that provocative testing of LH and steroid stimulation with kisspeptin provides a new
and sensitive tool for determining reproductive status and possibly an index of exposure to stress,
environmental insults such as disease, endocrine disruptors and nutritional status.
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Introduction The diabetic heart is metabolically inflexible, displaying maintained fatty acid oxidation
(FAO) but impaired glucose uptake. Amylin, which is co-released with insulin by pancreatic β-cells,
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forms amyloid deposits in pancreatic islets and the hearts of patients with Type II diabetes mellitus
(T2DM). This contrasts with rodent amylin which has a reduced propensity to aggregate. In rats
expressing human amylin in pancreatic β-cells (HIP rats) amylin deposition occurs in the pancreas,
heart, and renal arterioles and T2DM occurs (1). This was associated with microcirculatory
disturbances and renal hypoxia inducible factor (HIF) stabilisation, suggestive of tissue hypoxia (2).
This was not observed in age-matched hyperglycaemic controls expressing rodent amylin (UCD
rats). We hypothesised that cardiac amylin aggregates exacerbate mitochondrial and metabolic
changes in diabetic cardiomyopathy.
Methods Male, wild-type (WT), HIP, and UCD rats were studied at 14-16 months of age. All animal
experiments conformed to the NIH guide for the care and use of laboratory animals and were
approved by the Institutional Animal Care and Use Committee, University of Kentucky. Cardiac
mitochondrial respiratory capacity supported by Complex I (NADH), Complex I&II (max ETS;
NADH/succinate), Complex II (succinate/rotenone), and Complex IV (TMPD/ascorbate) was
measured using high resolution respirometry and a protocol optimised for frozen samples (3).
Activities of 3-hydroxyacyl-CoA dehydrogenase (HOAD) and lactate dehydrogenase (LDH) were
measured using spectrophotometric assays.
Results Mitochondrial respiratory capacity was lower in the hearts of HIP rats than those of WT and
UCD rats. Complex I-supported respiration was 57.3% lower (P<0.01) compared with WT. Max ETS
was 49.0% lower (P<0.01) compared with WT and 39.7% lower (P<0.05) compared with UCDs.
Complex II-supported respiration was 56.5% lower (P<0.05) compared with UCDs. Complex IVsupported respiration was 34.7% lower (P<0.05) compared with WT. All respiratory capacities were
lower in UCD than WT rats, but this did not reach statistical significance. In comparison with WTs,
HOAD activity was maintained in UCDs, with a trend towards decreased activity in HIP rats. LDH
activity was significantly increased in UCDs compared with WT (**P<0.01), with a trend towards
increased activity in HIPs.
Conclusion Amylin aggregates in the hearts of HIP rats resulting in suppression of mitochondrial
respiratory capacity compared with diabetic rats with non-amyloid forming amylin (UCDs) and nondiabetic WTs. This may be associated with activation of hypoxia-signalling and downregulation of
fatty acid metabolism.
References
[1]
Despa, S, Margulies, K. B., Chen, L., Knowlton, A. A., Havel, P. J.,
Taegtmeyer, H., Bers, D. M., Despa F. 2012 'Hyperamylinemia contributes to
heart dysfunction in obesity and diabetes, a study in humans and rats.' Circ
Res. 110, 598–608, [PubMed: 22275486]
[2]
Verma, N., Liu, M., Loria, A., Campbell, K. S., Bush, H., Kern, P. A.,
Jose, P. A., Taegtmeyer, H., Bers, D. M., Despa, S., Goldstein, L. B., Murray,
A. J., Despa, F. 2019, 'Diabetic microcirculatory disturbances and pathologic
erythropoiesis are provoked by deposition of amyloid-forming amylin in red
blood cells and capillaries', Kidney International, 97, 143–155
[3]
Acin-Perez, R., Benador, I. Y., Petcherski, A., Veliova, M., Benavides,
G. A., Lagarrigue, S., Caudal, A., Vergnes, L., Murphy, A. N., Karamanlidis,
G., Tian, R., Reue, K., Wanagat, J., Sacks, H., Amati, F., Darley-Usmar, V. M.,
Liesa, M., Divakaruni, A. S., Stiles, L., Shirihai, O. S. 2020, 'A novel
approach to measure mitochondrial respiration in frozen biological
samples', The EMBO Journal,39, e104073.
https://doi.org/10.15252/embj.2019104073
____________________________________________________________________________

121

OS 03-07
Exploring the role of compartmentalized H2O2 redox signaling in skeletal muscle stressadaptations
C. Henriquez-Olguín1, R. Meneses-Valdés1, S. Gallero1, S. H. Raun3, T. Cam Phung Fam1, J. F.
Halling2, S. Ringholm2, L. Sylow3,1, A. M. Fritzen1, T. D. Jeppesen4, K. Rewitz2, H. Pilegaard2, T. E.
Jensen1
1
University of Copenhagen, Department of Nutrition, Exercise and Sports, Copenhagen, Denmark
2
University of Copenhagen, Department of Biology, Copenhagen, Denmark
3
University of Copenhagen, Department of Biomedicine, Copenhagen, Denmark
4
Rigshospitalet, Department of Neurology, Copenhagen, Denmark
This work was funded by a Danish Diabetes Academy post doc fellowship to CHO, and project
grants from Independent Research Fund Denmark, Novo Nordisk Foundation and the Lundbeck
Foundation to TEJ. Imaging studies were performed at the Core Facility for Integrated Microscopy
at University of Copenhagen.
Introduction:
H2O2 is emerging as a diffusible mediator of reversible protein redox modifications to transduce
signals in specific subcellular locations. The aim of this study was to delineate the regulation of the
cytosolic and mitochondrial Peroxiredoxins (Prdx) catalyzing the removal and hence diffusion radius
of H2O2 signaling in the context of acute and chronic exercise in skeletal muscle.
Methods:
Biochemical and/or imaging-based studies on acute and chronic exercise/contraction models
combining different skeletal muscle redox tools with transgenic mice, Drosophila flies, C2C12
muscle cells and human biopsy material.
Results:
Using acute contraction-mimicking electrical stimulation in C2C12 myotubes, we observed
oxidation-dependent dimerization of cytosolic Prdx2, but not of mitochondrial Prdx3, consistent with
cytosolic but not mitochondrial H2O2 accumulation during contraction. Dose-response studies
showed that artificial chemogenetic production of cytosolic H2O2 promoted cytosolic Prdx2
dimerization at low H2O2 induction rates similar to contraction, whereas mitochondrial Prdx3
dimerization and hyperoxidation was observed at higher cytosolic H 2O2 induction rates. After
prolonged treadmill running 4h into recovery in mice, reduced muscle protein expression of Prdx2
and Prdx3 was observed, suggesting that acute exercise increases the oxidation and turnover of
Prdx isoforms in both compartments. Prdx2 and Prdx3 muscle expression increased PGC1αdependently with exercise training in mouse and this response was decreased in elderly humans.
Temperature-inducible muscle-specific silencing of Prdx2 or 3 in Drosophila flies decreased
negative geotaxis climbing performance and life-span.
Conclusion:
Our data suggest that H2O2 production during prolonged acute exercise bout increases cytosolic
Prdx2 and mitochondrial Prdx3 turnover. Conversely, exercise training in humans and mice
increases Prdx2 and 3 expression via a PGC1α-regulated mechanism, likely to strengten
H2O2 compartmentalization. In flies, muscle-specific silencing of Prdx2 or 3 impairs movement and
life-span, showing that these proteins are essential to maintain normal skeletal muscle function.
Overall, we propose that Prdxs determine the compartmentalization and specificity of skeletal
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muscle H2O2 signaling. Breakdown of this compartmentalization by increased H2O2 production or
decreased Prdx isoform expression with aging or inactivity may contribute to skeletal muscle
dysfunction.
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Autoantibodies against the protein leucine-rich glioma inactivated 1 (LGI1) cause the most frequent
subtype of autoimmune limbic encephalitis. LGI1 is secreted neuronally and involved in the
formation of a transsynaptic protein complex containing presynaptic potassium channels and
postsynaptic glutamate receptors. Autoantibodies targeting LGI1 increase excitatory synaptic
strength, though the underling mechanism remains elusive. We applied patient-derived LGI1autoantibodies to cultured hippocampal neurons for one or seven days and studied changes in
excitatory synaptic transmission. LGI1 autoantibodies increased short-term depression during highfrequency transmission in a dose-dependent manner, indicating an increase in release probability
upon treatment with LGI1 autoantibodies. We analyzed the presynaptic nano-scale localization of
Kv1.1 and Kv1.2 potassium channels, two main components of the LGI1-bound complex, using
super-resolution microscopy including stimulated emission depletion (STED) and sample expansion
combined with structured illumination microscopy (SIM) as well as electron microscopy. Application
of LGI1 autoantibodies reduced the density of presynaptic Kv1.1 and Kv1.2 channels. To investigate
the functional implications of the reduced Kv channel density, we performed patch-clamp recordings
from small conventional presynaptic terminals of cultured hippocampal neurons. Application of LGI1
autoantibodies increased the presynaptic action potential broadening. Our results provide a
mechanistic explanation for the observed increase in neurotransmitter release in the presence of
LGI1-autoantibodies.
____________________________________________________________________________
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The computation and activity of the cortex is shaped by the underlying synaptic connectivity of local
neurons. Specific sub-network patterns, or so-called motifs, occur more often than expected in
juvenile rodent cortices. However, the underlying principles of these motifs and whether this
microcircuit structure also generalizes to the human remains an open question.
In humans, the L2/3 of the cortex is greatly expanded compared to other mammals. To address the
question of functional architecture of local excitatory connectivity, we performed multi-neuron patchclamp recordings of up to 10 neurons of brain slices from the human temporal cortex, probing in
total over 9000 synaptic connections of pyramidal neurons.
Contrary to rodent network topology, which exhibits a marked overrepresentation of reciprocal
connections, our data suggests a number of reciprocal connections that is not higher than expected
in a randomly distributed graph with the same connectivity probability. Similarly, while rodent
networks exhibit an increased synaptic amplitude for reciprocal pairs, the EPSP amplitude we found
seems to be independent of reciprocity or unidirectionality, cluster connection probability and
common neighbours. We were able to identify significantly over- and underrepresented network
motifs with up to 6 neurons compared to a random network model. Assuming spatial asymmetry of
connectivity can explain the overrepresented feedforward motifs. Cycle motifs are strongly
underrepresented in our data. We show that random weight distribution, random reciprocity and
acyclic network architecture can each increase the dimensionality of network dynamics and lead to
improved task performance in a recurrent neural network model.
Overall, our data suggests that the human microcircuit exhibits a directed mostly acyclic graph
topology. For the in vivo perspective, this directed network structure would implicate a local
propagation of activity. From a computational perspective, directed acyclic graphs have been used
heavily in network architectures of deep learning algorithms, where the acyclicity is an important
feature to increase the richness of dynamics and feature representation. Future comparative work
is needed to understand how these acyclic patterns emerge and whether they could be region-,
species- or age-dependent.
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Introduction: Silver nanoparticles (AgNPs) are one of the most widely used nanomaterials. The
level of human exposure to nanosilver is constantly rising and, as a growing body of research
suggests, it can result in adverse health effects, especially regarding the central nervous system
(CNS). The potential pathways through which nanosilver affects neurons include the release of silver
ions and the associated induction of oxidative stress. The aim of this study was to explore more in
depth the underlying mechanisms of AgNPs neurotoxicity.
Methods: In order to gain insight into how nanosilver influences the CNS in vivo male Wistar rats
were exposed to either 3 different types of AgNPs or silver ions administered per os. The animals
were assigned to groups receiving AgNPs coated with bovine serum albumin (BSA) (n=8),
polyethylene glycol (PEG) (n=8) or citrate (Cit) (n=8), the positive control group treated with AgNO 3
(Ag+) (n=8) as a source of silver ions or the negative control group (n=7). Rats in the experimental
groups received 0.5 mg/kg body weight of AgNPs or Ag+, while the control group was administered
with water. After a period of 28 days we assessed the activity of selected antioxidant enzymes, the
expression of antioxidant defense-related genes, the antioxidant potential and the peroxidation of
lipids in the hippocampus of exposed animals.
Results: The results showed that AgNPs influenced significantly the antioxidant potential of the
hippocampus and caused oxidative stress in a coating-dependent manner. In particular, AgNPs
affected the activity of superoxide dismutase, glutathione reductase and glutathione peroxidase and
had an impact on the total antioxidant status in the group treated with AgNPs(BSA). Exposure to
AgNPs or silver ions also resulted in the downregulation of the catalase encoding gene.
Furthermore, administration of either AgNPs(Cit) or AgNPs(BSA) caused an increase in
concentration of thiobarbituric acid-reactive substances, an evidence that lipid peroxidation had
occurred.
Conclusion: In conclusion, depending on the coating material used for their stabilization, AgNPs
disrupted the antioxidant system in the hippocampus of exposed rats and induced oxidative stress,
a phenomenon heavily involved in neurodegeneration. These outcomes indicate that nanosilver
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exposure could eventually lead to neurotoxicity and contribute to the development of different
cognitive disorders.
Antioxidant potential and
oxidative stress in the
hippocampus of rats exposed
to AgNPs
Antioxidant potential and
oxidative stress in the
hippocampus of rats exposed
to AgNPs with different
types of coating (citrate
(Cit), bovine serum albumin
(BSA), and polyethylene
glycol (PEG)) or Ag+: (A)—
superoxide dismutase (SOD);
(B)—glutathione reductase
(GSR); (C)—glutathione
peroxidase (GPx); (D)—total
antioxidant status (TAS);
(E)—thiobarbituric acidreactive substances
(TBARS).
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Experimental design
Scheme of the experimental
design. Designed using
elements by ©Canva via
http://Canva.
com (accessed on 23
December 2021, version used
Canva 2.0).
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L-Glutamate (Glu) is the major excitatory neurotransmitter in the mammalian brain. It plays an
important role for normal brain function and contributes to the pathophysiology of various
neuropsychiatric diseases [1]. It releases from presynaptic nerve terminals via exocytosis of synaptic
vesicles. Vesicular glutamate transporters (VGLUTs) accumulate glutamate inside synaptic vesicles
harnessing the electrochemical proton gradient generated by primary active H+-ATPases. The
strength of glutamatergic synapses critically depends on glutamate concentrations in synaptic
vesicles [2, 3].
Whereas various genetically encoded nanosensors were developed to detect local concentration
changes in the synaptic and perisynaptic space [4], sensors that report on glutamate accumulation
in synaptic vesicles are missing. Since synaptic vesicles exhibit an acidic lumen and since glutamate
accumulation is associated with changes of cation and anion concentrations, such sensors need to
be unaffected by luminal pH and cation and anion concentrations. To report on high mM glutamate
concentrations in synaptic vesicles, low affinity is required.
We combined molecular dynamics simulations (MD) with protein biochemistry and fluorescence
spectroscopy to engineer a glutamate sensor capable of following glutamate accumulation in
synaptic vesicles. The sensor is based on the GluBP domain of a bacterial periplasmic glutamate
binding protein (ybeJ) [5]. Through atomistic molecular dynamics simulations we studied ligand
binding to sensory domain and its interaction with Na+ / K+ ions. Using the fast switching alchemical
transformations method, we predicted mutants that decrease the affinity to glutamate. In order to
test the predictions of these simulations by fluorescent spectroscopy, we expressed WT and
mutants in E. coli and purified them by affinity and size-exclusion chromatography. GluBP variants
were labeled with environmentally sensitive IANBD ester fluorophore at the engineered Cys136
residue (Fl-GluBP) [4]. Fluorescently labeled derivatives were tested by fluorescent spectroscopy
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for glutamate binding, ligand selectivity, pH and salt dependency and kinetic response to ligand
binding.
Such experiments allowed identification of Fl-GluBPs mutant with a Kd for glutamate of 140 mM,
which is virtually pH, Na+ and K+ independent,and might represent candidate glutamate sensor to
study vesicular glutamate accumulation.
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Dopamine (DA) dysregulation and in particular, striatal DA elevation, has been at the focus of
schizophrenia (SCZ) psychopathology for half a century, but its mechanistic contributions to disease
manifestations have still not been resolved. To study DA dysregulation relevant to human disease,
we made use of the Df(16)A+/-mouse model of the 22q11.2 Deletion Syndrome [1] . The
hemizygous microdeletions of the 22q11.2 locus occur predominantly de novo and carry a risk of
approximately 25-30% for developing SCZ. It is the highest genetic risk factor for the development
of SCZ account for 1-2% of sporadic SCZ cases. Previous work on the Df(16)A+/- mouse model
revealed schizophrenia-like associated abnormalities on cellular, neurocircuitry, cognitive and
behavioral levels [2]. However, the function of the DA system has not yet been studied. Here, we
set out to make the first steps towards an electrical characterization of DA dysfunction in the
Df(16)A+/- mouse model. We established chronic in vivo single-unit extracellular recordings of
pharmacologically identified DA neurons in the medial substantia nigra (mSN) during open field
exploration in awake freely moving male and female Df(16)A+/-mice and wild type littermates. For
these DA mSN neurons in Df(16)A+/- mice, which project to either dorsal or ventral striatum [3], we
detected persistent electrophysiological hyperactivity in contrast to controls. This was characterized
in male mice by increased mean firing frequencies (1.5–fold; p = 0.0002, n = 53, N = 7 for WT and
n = 97, N = 7 for in Df(16)A+/-) and elevated bursting activity (1.7-fold; p < 0.0001, n = 53, N = 7 for
WT and n = 97, N = 7 for in Df(16)A+/-). Indeed, by considering the sexes separately, we found also
in female Df(16)A+/- compared to controls highly significant increased mean firing frequencies (1.6–
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fold; p < 0.0001, n = 95; N = 6 for WT and n = 95; N = 6 for in Df(16)A+/-) and bursting activity (1.4fold; p < 0.0001, n = 95; N = 7 for WT and n = 95; N = 6 for in Df(16)A+/-). In summary, our present
findings provide evidence for a genotype-specific increased DA function in the Df(16)A+/- mice of
both sexes.
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Introduction
Alzheimer’s disease (AD) is an untreatable neurodegenerative disorder, the underlying cause(s) of
which remain unknown. Recent research by us and others supports the so-called 'calcium
hypothesis of AD', which posits that the disruption/dysregulation of neuronal intracellular calcium
regulation may be one of the initiators of AD pathology. To date however, most of these studies
have been conducted using animal models of AD. As such, it remains unclear if these findings of
neuronal calcium homeostatic dysregulation are replicated in human brain tissue carrying specific
AD-linked mutations due to the paucity of living human brain tissue available for research.
Therefore, the aim of the current study was to determine if previous work in our lab, which
demonstrated that intracellular calcium regulation was disrupted in primary hippocampal neurons
from a transgenic mouse model of AD (3xTgAD mouse) [1], was replicated in human induced
pluripotent stem cell (IPSC)-derived neural progenitor cells (NPCs) containing a familial AD mutation
of the presenilin 1 protein (M139V), and a healthy donor control (CaCntrl).
Methods
NPCs were induced by dual inhibition of TGF-β/BMP-dependent SMAD signalling in culture and
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characterised by immunostaining for SOX2 and βIII tubulin presence. Thereafter, NPC calcium
imaging was conducted by loading the cells with a calcium-sensitive dye (Calbryte™ 520 AM; 4μM)
for 1 hour and then placing them in a perfusion chamber continuously superperfused with HBSS.
Intracellular calcium ([Ca2+]i) responses to 50mM K+ extracellular HBSS and the Ca2+ ionophore,
ionomycin (10μM), were recorded using WinFluor software (J. Dempster, University of Strathclyde).
Data are expressed as mean±S.E.M. N values are displayed as n = x cells, x experiments. All results
presented were analysed by two-tailed Welch’s t test.
Results
We initially found that basal [Ca2+]i levels in the M139V NPCs were significantly elevated relative to
CaCntrl (14.4±1.2 arbitrary units vs 7.7±0.4 arbitrary units; p<0.0001). Furthermore, we found that
the ΔF/F relative percentage change of K+-evoked [Ca2+]i signals (relative to baseline) was
significantly greater in M139V NPCs relative to CaCntrl ( 732.1%±77.6 (n = 64, 5) vs 104.3%±9.2,
(n = 56, 4); p<0.0001). Similarly, the ΔF/F of ionomycin-evoked [Ca2+]i signals was also significantly
greater in M139V NPCs compared to CaCntrl (431.5%±42.0 vs 184.4%±10.6;p<0.0001).
Conclusion
Our results indicate that, similar to our previous work using primary cultured hippocampal mouse
neurons, both basal and evoked [Ca2+]i levels in presenilin mutant cells are significantly heightened
relative to controls. The profound differences in calcium responses observed in neural stem cell
populations prior to maturation supports the suggestion that AD pathogenesis commences before
more overt, neurohistopathological changes.
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Introduction
Synaptic circuits in the brain are precisely organized, but the processes that govern this precision
are poorly understood. Here, we explore how distinct embryonic neural progenitor pools in the lateral
ganglionic eminence (LGE) contribute to neuronal diversity and synaptic circuit connectivity in the
mouse striatum. The spiny projections neurons (SPNs) of the striatum are formed from a diverse
population of neural progenitors that are found in the embryonic LGE and can be grouped into at
least two major populations: the D1 and D2 SPNs. These form lateral inhibitory GABAergic
connections with each other and receive glutamatergic excitatory afferents from diverse cortical
regions as well as thalamus. Why diversity of neural progenitors exists in the LGE and to what extent
progenitor origin shapes the properties of mature striatal SPNs and their synaptic circuits is largely
unknown.
Methods
Using a combination of in utero electroporation in C57 mice to fluorescently label neural progenitors,
acute slice electrophysiology, optogenetic circuit mapping and immunohistochemistry we
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characterize the population of tubulin alpha1 gene-expressing (Tα1+) apical intermediate progenitors
(aIP) as well as (Tα1-) other progenitors (OP) and the striatal SPNs they generate.
Results
Firstly, we find that both aIP and OP progenitors generate both D1 and D2 SPNs found intermingled
in both patch and matrix compartments of the dorsomedial striatum. Secondly, we find that their
electrophysiological and morphological characteristics correspond to those of SPNs and we observe
no differences between SPNs generated by aIP or OP progenitors. Interestingly, optogenetic circuitmapping experiments demonstrate that progenitor origin significantly impacts the strength of the
long-range excitatory inputs coming from different cortical regions with medial prefrontal cortex
preferentially driving aIP-derived SPNs and visual cortex preferentially driving OP-derived SPNs. In
contrast, the strength of local inhibitory inputs amongst SPNs is controlled by birthdate rather than
progenitor origin.
Conclusion
Combined, these results demonstrate distinct roles for embryonic progenitor origin in shaping
neuronal and circuit properties of the postnatal striatum.
Graphical abstract
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Introduction
Acute skeletal muscle wasting during critical illness is common and causes significant morbidity and
functional limitation. Myofibre necrosis is a major histological finding but is often considered an
unprogrammed by-product of muscle inflammation. This study sought to evaluate if the archetypal
form of programmed necrosis, necroptosis, which has been identified in genetic skeletal muscle
disease (dystrophin-deficient patients) [1], is activated in skeletal muscle during critical illness.
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Methods
The MUSCLE-UK study (clinicaltrials.gov: NCT01106300; ethics reference: 05/q0505/30) described
the altered physiology and metabolism of acute skeletal muscle wasting in critically ill patients [2]. A
histopathologist stratified these patients into necrotic (NEC) and non-necrotic (NONEC) groups
based on haematoxylin and eosin (H&E) stained skeletal muscle cryosections. In the present study,
we identified 16 patients (NEC=10; NONEC=6) with skeletal muscle tissue from the MUSCLE-UK
study database. Samples were taken at ICU admission (T1) and day 7-10 of the ICU stay (T2).
Results
There was a significant loss of muscle mass in both groups at T2, measured using rectus femoris
cross-sectional ultrasonography (17.5% ± 13.3, p<0.0001; n=28), but no difference between the
groups (NEC: 17.3% ± 14.9 vs. NONEC: 17.7% ± 12.2, p=0.937). Western blotting revealed there
was no difference in the key terminal effector protein of necroptosis, phosphorylated mixed-lineage
kinase domain-like protein (pMLKL) between the NEC and NONEC groups at T1 (p=0.994).
However, there was a significantly larger fold change increase T2:T1 in the NEC group (n=10)
compared to NONEC (n=6) 9.1 (IQR 3.9-22.3) vs. 0.9 (IQR 0.6-1.1), p=0.003). The presence of
necroptosis markers was also observed histologically in 8/10 NEC patients showing the multi-focal
and indiscriminate distribution of pMLKL across the muscle tissue sections. In contrast, pMLKL was
undetectable in the interstitium of all six NONEC patients, suggesting retained basal lamina integrity.
In two NEC patients, tissue samples were available from day 3 of ICU stay (between T1 and T2). In
these patients, we observed translocation of pMLKL from the sarcoplasm at T1, to the membrane
at day 3, to the interstitium at T2 with evidence of basal lamina disruption. We subsequently showed
co-localisation of pMLKL with receptor interacting protein kinase 3 (RIPK3) following a similar
sarcoplasmic to basal lamina to extracellular translocation. This supported the theory of RIPK3pMLKL necrosome complex formation leading to necrolysis.
Conclusion
Taken together, these findings support the hypothesis that activation of necroptosis in skeletal
muscle occurs during critical illness. Identifying myonecroptosis may allow therapeutic blockade to
reduce critical illness acquired muscle loss and its sequelae.
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immunohistochemical imaging of the NMJ in aged animal models has demonstrated a range of
detrimental alterations, including fragmentation of the presynaptic endplate and a reduced
concentration of acetylcholine receptors (AChR) in the post-synaptic region [1]. These structural
alterations have been underpinned by functional findings in humans using electrophysiological
techniques which have demonstrated increased instability of NMJ transmission [2]. There are a
number of valuable laboratory techniques (e.g. PCR) to identify the main regulators of ageinginduced changes in NMJ transmission. Collectively, these data highlight a probable dysregulation
of factors involved in NMJ maintenance and repair in pre- and post- synaptic regions for modulation
of receptor activity and activation of appropriate signalling cascades, yet several remain wholly
unexplored in humans at the gene expression level.
Methods
Muscle biopsies were taken from the vastus lateralis (VL) of 18 young (21.6±2.9 y) and 16 older
men (69.6±3.2 y). Approximately 10 mg of muscle was homogenized, and RNA extracted using
commercially available TRIzol. 500 ng of RNA was reverse transcribed using a high-capacity cDNA
reverse transcription kit (Life Technologies), which was for reverse transcription PCR (ViiATM 7
Real-Time PCR System, Life Technologies), with each sample run in triplicate. The delta-delta Ct
method was used to quantify mRNA expression of the old, relative to the young, of the following
genes: VAMP1 (vesicle-associated membrane protein 1), BDNF (brain derived neurotrophic factor),
GDNF (glial derived neurotrophic factor), CHRNA (AChR alpha subunit), MUSK (muscle associated
tyrosine kinase), and LRP4 (low-density lipoprotein receptor-related protein-4). GAPDH was used
as a housekeeping gene in all analyses. Fold change of young and old mRNA was compared with
independent t-tests and significance was accepted at p<0.05.
Results
Relative to young, gene expression of VAMP1 was significantly upregulated in older VL biopsies
(1.96 ± 0.87 fold change, p<0.001). This was also true of BDNF (1.86 ± 1.61 fold change, p=0.022),
GDNF (2.78 ± 1.85 fold change, p<0.001), CHRNA (2.61 ± 2.33 fold change, p<0.001), MUSK (1.76
± 1.13 fold change, p=0.009), and LRP4 (2.46 ± 1.22 fold change, p<0.001).
Conclusion
The upregulation of these denervation associated transcripts support immunohistological and
electrophysiological findings of ongoing cycles of denervation and reinnervation in healthy older
human muscle, and suggests an ongoing plasticity that may be manipulatable via targeted
interventions. Notably, this upregulation is also evident in pre-synaptic transcripts (VAMP1)
indicatingNMJ dysfunction may occur independently of post-synaptic muscle fibre degradation.
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Introduction
The neuromuscular junction (NMJ) is the final interface of motoneuron and muscle interaction, the
age-related dysfunction of which leads to loss of muscle mass and function (sarcopenia). Direct
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Introduction
Childhood obesity is associated with increased risk of metabolic complications from a young age
(1). Studies have linked obesity to ectopic fat deposition and vascular endothelial dysfunction (2, 3).
However, little is known about the effects of obesity on fat deposition and microvascular function
within different muscle groups. We hypothesized 1) higher fat fraction, across tibialis anterior (TA),
soleus (SO), and gastrocnemius medialis (GM) in obese than normal-weight, and 2) impaired
microvascular function, across all muscles, in obese compared with normal-weight.
Methods
21 obese (iso-BMI>30) and 6 normal-weight children between 9 and 16 years were included. Muscle
fat was quantified by proton-density fat fraction magnetic resonance images (MRI) (4), and
microvascular function was assessed using blood oxygen level dependent (BOLD) MRI acquired
continuously during 5 minutes of cuff occlusion and 3 minutes of reperfusion (5). Peak magnitude
(BOLDpeak) and peak magnitude/time-to-peak (BOLDrate) were extracted from the hyperemic
response. Muscle fat, BOLDpeak and BOLDrate were analyzed using two-way (muscle, group)
ANOVAs. Bonferroni-corrected post hoc tests were performed, where appropriate.
Results (Table 1)
For fat fraction, there were main effects of group (p<0.001) and muscle (p<0.05). Obese had higher
fat fractions across all muscles, and post hoc tests showed lower fat fraction in GM compared to TA
(p = 0.02). For BOLDpeak, there was a muscle-by-group interaction (p=0.008). Compared with
normal-weight, obese had lower BOLDpeak in TA (p=0.002). In obese, BOLDpeak was greater in SO
compared with TA (p<0.001) and GM (p=0.003), and greater in GM compared with TA (p<0.001).
For BOLDrate, there was a main effect of muscle (p<0.001). Post hoc tests revealed greater
BOLDrate- in TA compared with GM (p=0.008), and greater BOLDrate in SO compared with GM
(p<0.001).
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Table 1: Fat fraction and microvascular function. Means ± SD.
TA
Normal

SO
Normal

Obese
weight
weight
Fat fraction (%) 5.4 ± 1.4 8.7 ± 2.2
4.7 ± 1.0
BOLDpeak (%)
118.1 ± 4.2 110.8 ± 4.8 120.9 ± 8.2
BOLDrate (%/s) 0.58 ± 0.19 0.61 ± 0.38 0.57 ± 0.20

GM
Normal
Obese

Obese
weight
9.2 ± 3.5
4.1 ± 1.6
6.9 ± 2.2
120.7 ± 8.6 115.2 ± 7.6 115.6 ± 6.5
0.72 ± 0.39 0.34 ± 0.16 0.48 ± 0.27

Conclusion
Compared to normal-weight, children with obesity show greater ectopic fat deposition across all
lower leg muscles. Overall, our preliminary results suggest that muscle microvascular function is
preserved in children with obesity. Further studies are needed to examine the effects of obesity on
microvascular function, and to investigate the implications of greater muscle fat deposition in
children.
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Introduction
Idiopathic inflammatory myopathies (IIM) are systemic autoimmune muscle disorders with the
common clinical symptoms of symmetrical progressive skeletal muscle weakness and fatigue (1).
Evidence of inflammatory cell infiltrates in the muscle is often observed, but there is a lack of
correlation between the degree of inflammation and the degree of muscle weakness (2). Moreover,
the weakness seen in IIM is not just a result of muscle atrophy, indeed, there are indications pointing
towards intrinsic contractile dysfunction in the muscle fibres (3, 4). The mechanisms causing muscle
weakness associated with IIM is not understood. Given the systemic inflammation in IIM, we
hypothesise that serological factors contribute to muscle weakness.
Methods
Whole fast-twitch flexor digitorum brevis (FDB) muscle from WT (C57BL/6JRj) female mice were
incubated in presence of 10% or 50% serum from human IIM patients or from healthy controls, in
DMEM at room temperature for 24 h. Force was measured pre and post serum incubation and was
generated by electrical stimulations at frequencies between 15-150Hz. Western blotting was
performed to assess proteins expression in muscles incubated in the serum. The mitochondrial
respiration was assessed with Oroboros technique. Data presented as mean ± SEM. Two-way
repeated measures ANOVA were used and Bonferroni´s multiple comparison test. P values ≤0.05
were considered significant.
Results
a) FDBs exposed to serum from IIM patients displayed a dose-dependent reduction in force (mN)
at low, 15Hz (10% serum, pre 41.1 ± 6, post 35 ± 1.5, n=4; 50% serum, pre 29.1 ± 3.3, post 7.3 ±
2.6, n=9 (p<0.05)), submaximal, 70Hz (10% serum, pre 159.4 ± 22.7, post 134.6 ± 13.5, n=4; 50%
serum, pre 139.2 ± 15.8, post 41.3 ± 12.7 n=9 (p<0.05)) and maximal stimulation frequencies,
150Hz (10% serum, pre 167.9 ± 25.2, post 150.7 ± 18.4, n=4; 50% serum, pre 149 ± 16.2, post
51.6 ± 14.8, n=9 (p<0.05)). In contrast, no difference in force was seen following incubation with
serum from healthy controls. b) FDB muscle exposed to IIM serum (50%) displayed a reduction of
mitochondria Complex I activity (~-80%, n=4) and protein expression (~-40%, n=6). c) Following
incubation with IIM serum (50%), but not with control serum, expression of key Ca2+ handling
proteins in the muscle decreased (RyR1, ~-50%, n=6; SERCA2, ~- 60%, n=6).
Conclusion
Serum from patients with IIM can induce muscle weakness and mitochondrial dysfunction. Using
human patient serum in isolated mouse muscle preparations we have established an experimental
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platform to investigate physiological and molecular mechanisms in systemic diseases that affect
skeletal muscle.
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Respiratory modulation of sympathetic nerve activity (SNA) is maintained in older versus younger
healthy men [1] but may be reduced in postmenopausal versus premenopausal healthy women [2].
Given that hypertension is associated with sympathetic hyperactivity [3], we sought to quantify
respiratory sympathetic modulation in hypertensive (HTN) older men and postmenopausal women
compared to normotensive (NTN) controls. Furthermore, we aimed to assess predictors of
respiratory sympathetic modulation in a cohort of younger and older men and women.
14 postmenopausal women (7 HTN) and 18 older men (10 HTN) gave written informed consent to
participate at either the University of Bristol (N=28) or the Mayo Clinic (N=4). Muscle SNA (peroneal
microneurography) and respiration (pressure transducer belt) were recorded during quiet rest.
Participants were matched for age and body mass index within each sex group (HTN vs. NTN;
women 60±6 vs. 59±3 years, P=0.819, 29[7] vs. 29[8] kg/m2, P=0.209; men 60±8 vs. 54±6 years,
P=0.115, 25[7] vs. 27[5] kg/m2, P=0.696; mean±SD/median [IQR]). For respiratory sympathetic
modulation, MSNA was quantified as previously described [1]: during the mid-late expiration phase
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(60-100% of expiration and 0-60% of inspiration) and the inspiration/post-inspiration phase (60100% of inspiration and 0-60% of expiration) of the respiratory cycle.
For MSNA burst occurrence, there was no respiratory phase x hypertension interaction in either
postmenopausal women (bursts/100 HB P=0.273; bursts/min P=0.328, Fig.1) or older men
(P=0.204; P=0.306, Fig.2). Similarly, there was no respiratory phase x hypertension interaction for
MSNA burst area in either postmenopausal women (total burst area/s P=0.140, mean burst area/s
P=0.082) or older men (P=0.368, P=0.506). However, a significant main effect of respiratory phase
was seen in both sexes for every measure of MSNA, indicating that respiratory sympathetic
modulation was present in every group.
To determine predictors of respiratory sympathetic modulation, the above data were combined with
those previously published in healthy young adults and postmenopausal women [2]. The percentage
change in MSNA (bursts/100 HB) between the respiratory phases was entered into a linear
regression model with age, sex, hypertension status and resting level of MSNA (bursts/100 HB).
Age was the only significant predictor of respiratory sympathetic modulation, with increasing age
associated with a smaller percentage reduction in MSNA during inspiration/post-inspiration
(β=0.404, 95% CI 0.055 to 0.807, P=0.025, adj. R2=0.424, total N=64).
Together, these data suggest that (1) hypertension does not influence respiratory sympathetic
modulation in older adults and (2) age predicts the magnitude of respiratory sympathetic modulation
in a cohort of younger and older men and women. As such, an age-related reduction in respiratory
sympathetic modulation may contribute to the enhanced sympathetic activity observed with ageing.
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Figure 1. Respiratory
sympathetic modulation in
postmenopausal women.
HTN; hypertensive, NTN;
normotensive, PMW;
postmenopausal women. N=7
HTN and 7 NTN PMW. Data are
mean +/- SD. Mixed model
ANOVA.
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Figure 2. Respiratory
sympathetic modulation in
older men.
HTN; hypertensive, NTN;
normotensive, OM; older
men. N=10 HTN and 8 NTN OM.
Data are mean +/- SD. Mean
burst area/s data were
square transformed prior to
statistical testing.
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Introduction
Force steadiness (FS), the ability to maintain a constant level of force output, is known to
progressively decrease during prolonged isometric contractions [1,2]. Increases in force production
partly mediated by adjustments in motor unit (MU) firing properties and variability of this is
associated with reduced FS. Performance fatigue assessed via continuous isometric contractions
may also be limited by ischemia, in which occlusion of the limb microvasculature reduces the
delivery of oxygen and nutrients, which may further contribute to a reduction in the ability to control
force output. However, the extent of the influence of each remains unexplored. The aim of this study
was to determine the effects of microvascular blood flow and MU discharge properties on force
steadiness of the vastus lateralis (VL) muscle during a fatiguing contraction.

Methods
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High-density surface electromyography (HD-sEMG) was used to identify individual MU potentials
(MUPs) from the VLs of 10 young volunteers (5 females; 30 ± 6 years) during a 3-minute isometric
leg extension at 30% maximum voluntary contraction (MVC). FS was defined as the coefficient of
variation (CoV) of force from the target line and compared between the first and final 30s of the
contraction with a paired t-test. MU firing rate (FR) variability was defined as the CoV of the MU
inter-spike interval. Microvascular blood volume (MBV) was determined from the plateau phase of
a non-linear regression of echo acoustic intensity (AI) simultaneously recorded using contrast
enhanced ultrasound (CEUS)[3]. MU FR variability and MBV were compared using multi-level mixed
effects linear regression models and paired t-tests respectively. Significance was assumed as
p<0.05.

Results
A total of 6.6 ± 7.9 (Mean±SD) MUs per person were identified in the first 30s and 7.2 ± 7.6 in the
last 30s. FS decreased from the first to the last 30s of the fatiguing contraction (CoV: 2.90±0.56 vs.
5.71±3.08%; p=0.013). Neither MU FR variability (CoV: 0.179±0.112 vs. 0.211±0.156%; p=0.56) nor
MBV (AI: 7.84±1.27 vs. 8.19±1.90 au; p=0.56) significantly changed during the fatiguing contraction
from the first 30s to last 30s.

Conclusion
As expected, FS decreased during an isometric contraction of the knee extensors however no
changes were observed in MU FR variability or MBV. These findings suggest that during an
isometric contraction neither neuromuscular function nor muscle blood flow influenced FS at the
onset of fatigue. Further investigation is needed into the neurophysiological factors involved in
maintaining force control during fatigue.
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Adaptations in whole-body cardiorespiratory and skeletal muscle mitochondrial proliferation and
rates of ATP production are robust in healthy young (HY) volunteers, blunted but evident in healthy
older (HO) and absent in COPD patients, yet the mechanisms driving this response remain unknown
and cannot be explained by expression of mRNAs regulating fuel metabolism (1). As the
metabolome is believed to reflect change (Δ) to post-transcriptional regulation, we implemented an
untargeted metabolomics approach to investigate variation in the plasma metabolome in response
to AET in HY, HO volunteers and COPD patients.
Fasted state plasma metabolomic profiles were measured at baseline and after 8-weeks AET (65%
VO2PEAK) in HY (n=10) and HO (n=10) and COPD (n=19). A linear mixed-effect model was fitted to
the data using Empirical Bayesian moderated t-tests with FDR correction for multiple testing to
examine differences in metabolite abundance within groups following AET intervention. Canonical
correlation analysis (CCA) and multivariate linear regression were used to determine whether these
significantly changing plasma metabolites were reflective of physiological adaptation (body
composition, peak isokinetic and isometric torque) in these individuals.
At baseline, the abundance of 52 metabolites out of a total 4634 were different between COPD and
HO (p<0.05), and 107 metabolites between HO and HY (p<0.05). Time-course profiling identified
105 and 65 metabolites that changed in abundance after 8-weeks AET in HY (p<0.05) and HO
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(p<0.05), respectively, and were largely mapped to β-oxidation and fuel metabolism pathways. No
metabolite changes were observed in COPD in response to AET. Δ metabolite abundance with AET
was associated with Δ appendicular FFMI and leg lean mass (p<0.05). Furthermore, Δ whole body
lean mass was associated with baseline metabolite expression (p<0.05). Multivariate linear
regression revealed 10 metabolites that changed with AET in HO were associated with Δ thigh lean
mass (p<0.05), of which 3 were also associated with Δ peak isokinetic torque (p<0.05). In HY,
change in 1 metabolite was correlated with Δ thigh lean mass (p<0.05). No further associations with
physiological
measures
were
observed.
Untargeted metabolomic analysis revealed differences in the plasma metabolome between COPD,
HO and HY prior to AET. A plasma metabolome response to AET was evident in HY and HO, but
absent in COPD, following the same pattern of adaptation to AET as whole-body cardiorespiratory
and skeletal muscle mitochondrial responses (1) and demonstrating utility in a metabolomics
approach. Correlation analysis showed Δ in the plasma metabolome was associated with changes
in indices of muscle mass, but individually plasma metabolites were generally not correlated with
physiological endpoint measures, suggesting that networks of metabolites, rather than a single
biomarker, are key for understanding mechanistic changes through metabolomics analyses.
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Introduction
Preeclampsia (PE) denotes the development of hypertension after 20 weeks of gestation with
proteinuria or end-organ dysfunction. Placental dysfunction and inflammation contribute to the
pathogenesis. The frequency of circulating pro-inflammatory IL-17A and Th-17 subsets is elevated
in PE pregnant women (1) and adoptive transfer of Th-17 cells from RUPP rats into normal pregnant
rats induced a PE phenotype (2, 3). Infusion of IL-17 into pregnant rats increased mean arterial
pressure (4). High salt conc. in cultured T-cells promote the conversion to Th-17 pro-inflammatory
T-cells in vitro.
Hypothesis
The present study tested the hypotheses that 1) pregnant women with PE have increased plasma
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IL-17A and related cytokines (IFN-γ, IL-10, TNF, IL-6, and IL-1β) and 2) that high salt intake
promotes IL-17A in patients with PE compared to healthy normal pregnant (HP) and non-pregnant
(NonP) women.
Methods
Plasma samples were available from a randomized, double-blind, interventional cross-over placebocontrolled trial (5). NonP (n=13), HP (n=15), and PE (n=7) women received a low sodium diet (5060 mmol NaCl/24h) for 10 days and were randomly assigned to ingest placebo tablets for 5 days
(low salt intake) or salt tablets (172 mmol NaCl/24h) for 5 days (high salt intake). Three plasma
samples were taken from each participant at baseline and after each diet (5). A mesoscale multiplex
immunoassay was used to determine cytokines in plasma.
Results
At baseline, blood pressure (BP) was elevated in PE patients compared to HP and nonP patients.
The high salt diet did not affect BP between groups or compared to baseline levels, but high-to-low
salt intake reduced SBP in HP patients.
The high salt diet had no effect on plasma cytokine concentrations in any group compared with a
low-salt diet or baseline random intake. Plasma IL-17A was not different in any group under any diet
regime. Plasma TNF and IL-6 concc were significantly higher in PE patients than in HP and nonP
at baseline and after the low-salt diet. PE patients had significantly higher plasma IFN-γ conc. at
baseline than NonP individuals. After high-salt intake, plasma TNF and IL-6 were significantly higher
in PE patients compared to nonP patients.
The high salt diet reduced plasma aldosterone (p-aldo) similarly between groups, and plasma renin
and ANGII levels were reduced in HP and nonP patients but not in PE patients (5). In HP patients,
plasma TNF correlated positively to p-aldo. In PE patients, plasma TNF correlated positively to
plasma ANGII, and negatively to MAP and DBP. No correlation between plasma cytokines, P-aldo,
renin, and ANGII, or BP was observed in any other group
Conclusion
Changes in IL-17A are not likely to mediate BP changes in PE. Acute changes in salt intake do not
affect IL-17A in PE. PE is associated with inflammation with elevated levels of macrophage-derived
cytokines. Low-grade inflammation in PE patients may contribute to the pathogenesis of PE.
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Introduction
HSD11B2 encodes the glucocorticoid-metabolising enzyme 11β-hydroxysteroid dehydrogenase
type 2 (11βHSD2). Loss of function mutations cause the rare hypertensive Syndrome of Apparent
Mineralocorticoid Excess. Overactivation of the mineralocorticoid receptor by endogenous
glucocorticoid is causative [1]. Hypertension is salt-sensitive, attributed to enhanced sodium
reabsorption in the distal nephron and renal sodium retention: the syndrome can be rescued by
kidney transplant. However, 11βHSD2-expressing neurons in the brain regulate the behavioural
drive to consume salt in rodents [2]. In humans, SNPs in HSD11B2 are associated with salt intake.
We previously generated mice with conditional knockout of Hsd11b2 in the brain (Hsd11b2.BKO),
which displayed enhanced salt preference and salt-sensitive hypertension [3]. The mechanisms of
salt-sensitivity are unknown and here we examined renal artery vasoreactivity ex vivo and the in
vivo acute pressure natriuresis response in male Hsd11b2.BKO mice and control littermates.
Methods
Mice were fed diets containing either 0.3% Na (control) or 3% Na (high salt) diet for 7-10 days;
potassium content of the diets were not different. For ex vivo experiments, n=10 mice per
genotype/diet, were killed by cervical dislocation, the renal arteries were isolated and mounted on a
wire-myograph, generating cumulative concentration-response curves to phenylephrine and the
nitric oxide donor, sodium nitroprusside. For in vivo experiments, n=5-7 mice per genotype/diet were
anesthetised (thiobutabarbital sodium, 120mg/kg IP) and instrumented for renal function
measurement. Ligation of peripheral arteries was used to acutely increase blood pressure [4].
Results
High salt diet significantly increased the sensitivity of the renal artery to phenylephrine-induced
vasoconstriction in Hsd11b2.BKO mice (LogEC50 0.3% diet -6.41±0.07 vs high salt -6.91±0.11;
p=0.0013) but not in control mice. Sodium nitroprusside induced concentration-dependent relaxation
of renal arteries: high salt intake significantly reduced the maximum relaxation from 88±3% to 65±4%
in Hsd11b2.BKO mice (p<0.01) but not in control mice. In all mice, sodium excretion increased with
blood pressure. In the high salt group, the pressure-natriuresis response was significantly
attenuated in Hsd11b2.BKO mice, compared to control animals.
Conclusion
Deletion of Hsd11b2 in the brain amplifies of mineralocorticoid receptor signalling and attenuates
the normal renal vascular and tubular adaptation to high salt intake. This regulation of renal salt
excretion by the central nervous system may have implications for salt-sensitive hypertension in
humans.
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Introduction
Correct measurement of renal function is essential for the treatment and monitoring of critically ill
patients. Serum creatinine as marker of renal function, while well established, is influenced by
numerous other parameters and shows a significant time-lag between the decline of renal function
and measurable increases in plasma values.
These problems have led to the search for novel biomarkers of renal function and injury. Beside
Lipocalin-2 and the kidney injury molecule-1, the endogenous opioid precursor proenkephalin-A
(Penk) has recently emerged as a promising marker for renal function with additional predictive
values in a number of studies. But the cellular origin and regulation of Penk outside the central
nervous system, especially in pathological settings has not yet been investigated in depth in humans
or mice.
Methods
To this aim, we performed high-resolution in-situ hybridization on human kidney tissue and mouse
tissue under basal conditions and in two different models of experimental kidney fibrosis. The
models used were unilateral ureteral obstruction as an acute damage model and adenine induced
fibrosis as a chronic model. We measured Penk plasma levels and investigated possible regulatory
mechanisms of Penk with cell specific gene deletions in mice. Animals were anesthetized
(Ketamine, 80 mg/kg; Xylazine 10mg/kg, i.p.) prior to tissue collection.
Results
We could identify interstitial fibroblast-like cells in the inner zone of the outer medulla as main
expression site for Penk mRNA during renal development and in two models of renal fibrosis in adult
mice. We detected Penk mRNA in the same cells in human tissue samples. During experimental
kidney fibrosis, Penk was highly upregulated and mainly expressed by matrix producing
myofibroblasts. Furthermore, our data from mice with cell specific deletion of the TGFβ receptor 2
or cyclooxygenase 2 indicate that neither of these classical profibrotic pathways is involved in the
regulation of Penk.
Conclusion
Taken together, we show a characterization of Penk expressing cells in human kidneys as well as
in murine kidneys during post-natal renal development and in different models of renal damage. This

147

study identifies Penk as an interstitial damage marker responding to acute fibrotic stimuli in contrast
to the tubular injury markers Lipocalin-2 and kidney injury molecule-1.The similarity of human and
murine Penk expression identifies mice as suitable model organism for further investigations into
the function of Penk in healthy and injured kidneys.
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Introduction
The inhibition of renal glucose reabsorption by SGLT2 has proven its therapeutic efficacy in patients
with diabetic and non-diabetic nephropathy. However, the diabetes-independent mechanisms of
renal protection by SGLT2 inhibitors are still largely unknown. A critical factor of nephroprotection
might be the reduction of glomerular hyperfiltration by SGLT2 inhibitors. In this study, we
investigated the renal benefits of the SGLT2 inhibitor empagliflozin (EMPA) in mouse models with
non-diabetic hyperfiltration and progressing kidney disease in order to unravel the glucoseindependent mechanisms of nephroprotection by SGLT2 inhibition.
Methods
The effect of EMPA administration (30 mg/kg/day, drinking water) was investigated in mouse models
with varying degrees of glomerular damage caused by non-diabetic hyperfiltration, arterial
hypertension and hypervolemia. C57BL/6J mice (WT) or mice with genetic predisposition for
glomerular injury were subjected to unilateral nephrectomy (UNx; anesthesia with 3% isoflurane +
buprenorphine 0,05 mg/kg, s.c., 1 h preoperatively) and a combination of deoxycorticosterone
acetate treatment (DOCA; 150 mg/60 days release pellet, s.c.) and/or high NaCl diet (food
containing 4% NaCl). Renal function (transdermal measurement of glomerular filtration rate, GFR,
albuminuria, urine volume) was monitored for 4-6 weeks before mice were sacrificed and kidneys
used for histological examination.
Results
EMPA did not affect baseline GFR in WT animals, but decreased hyperfiltration after UNx from
201,00 ± 10,38 to 166,70 ± 9,20 µl/min (mean ± SEM; n=8). In all kidney disease models single
kidney GFR was raised by 35-112 % after UNx. But, in contrast to UNx mice without DOCA/salt
treatment, EMPA had no effect on hyperfiltration in our kidney disease models, regardless of the
severity of renal impairment caused by DOCA/salt treatment. In addition, all EMPA-treated animals
showed the same progression of albuminuria, renal fibrosis and hypervolemia as H 2O control
animals. EMPA treatment induced glucosuria, osmotic diuresis and in most disease models kidney
hypertrophy, possibly due to a compensatory increase in tubular reabsorption in distal tubular
segments.
Conclusion
Taken together, our data proved that EMPA reduces UNx-induced hyperfiltration in untreated WT
animals. However, the effect on hyperfiltration was not observed in UNx/DOCA/salt mouse models
and EMPA did not protect from progression of kidney damage. Presumably, high salt intake and/or
hypervolemia lead to a resetting and reduced activity of the tubuloglomerular feedback mechanism,
which plays a crucial role in GFR control by EMPA and its nephroprotective effect.
____________________________________________________________________________
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Thrombocytes constitute an effective clearance system for uropathogenic Escherichia coli
in a murine of urosepsis
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Urosepsis is a life-threatening host reaction to uropathogenic bacteria in the blood, associated with
reduced microperfusion and tissue hypoxemia. Thrombocytopenia, one of the diagnostic criteria for
sepsis, is a distinct negative prognostic marker for survival. Urosepsis is most frequently caused by
E. coli strains expressing a variety of virulence factors, including a-haemolysin (HlyA)(1,2). Recent
studies support that HlyA markedly accelerates septic symptoms in mice exposed to E. coli
bacteraemia (3). Interestingly, our preliminary data in a murine model of urosepsis reveal that the
thrombocyte number falls prior to intravascular coagulation. Here we investigate the fate of
circulating thrombocytes during urosepsis.
All experiments were carried out in male Balb/cJRj mice (8-10 weeks, 24.6 ± 0.1 g). Mice were
anaesthetised for the entire experiment with ketamine/xylazine (100/10 mg kg -1) sc. E. coli
(O6:K13:H1) 330∙106 were administered through a tail vein. The number of circulating thrombocytes
(CD42+), neutrophils (Ly6G+) and monocytes (Ly6C+/CD11b+) were determined by flow cytometry.
Thrombin-antithrombin (TAT)-complex and thrombocyte activation (platelet Factor 4; PF4) was
measured by ELISA. The results are given as mean±S.E.M. and statistical significance was tested
by two-way ANOVA in GraphPad Prism v9.0. Experiments were approved by the Danish National
Committee on animal welfare (2020-15-0201-00422).
In this model, sepsis-induced thrombocytopenia develops in a biphasic manner. We detected an
early reduction of about 37%, already 30 min after E. coli injection (46.4×107±76.9×106
thrombocytes/ml, n=5) compared to mice receiving vehicle (74.0×10 7±50.9×106 thrombocytes/ml,
n=5 p<0.05). Correspondingly, we observe a short transient increase in thrombocyte activation
(PF4; 23.9±6.09, n=7) after 30 minutes of E. coli exposure compared to vehicle control (PF4;
7.90±3.59, n=7 p<0.05). This was followed by a later phase, where the fall in circulating
thrombocytes (to 69% after 2.5 h) correlated with intravascular coagulation, TAT complex formation.
Thrombocytes are known to form complexes with neutrophils or monocytes. However, the number
of thrombocytes in complex with neutrophils and monocytes remained constant during the early fall
in thrombocyte number and, thus, cannot explain the early drop in circulating thrombocytes.
Interestingly, we found that the number of bacteria in the blood fell in parallel with the thrombocytes
from 31.4×106±3.33×106 CFU (n=9) immediately after injection to 9.56×106±1.86×106 CFU (n=7)
30 minutes after injection. By image enhanced flow cytometry, we were able to show that the GFPexpressing uropathogenic E. coli instantly and primarily is scavenged by circulating thrombocytes
and that these complexes are acutely removed from the circulation.
The data strongly suggest that circulating thrombocytes constitute the most important cell type or
fast scavenging and clearance of invading bacteria during urosepsis.
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The appropriate regulation of the epithelial sodium channel (ENaC) in the aldosterone-sensitive
distal nephron is required for sodium homeostasis and thereby for the long-term regulation of arterial
blood pressure. A unique feature of ENaC is its activation by proteolytic cleavage. However, the
relevant proteases involved in proteolytic ENaC activation in the kidney remain elusive. Recently,
we have demonstrated that human transmembrane serine protease 2 (TMPRSS2) proteolytically
activates human ENaC in Xenopus laevis oocytes and is involved in proteolytic activation of
endogenously expressed ENaC in cultured human airway epithelial cells (H441) (1). To reveal the
functional importance of TMPRSS2 in ENaC regulation in the distal nephron, we used a mouse
cortical collecting duct cell line (mCCDcl1) as a model system. We performed RNA-Seq
transcriptome analysis of mCCDcl1 cells (n=6), which confirmed coexpression of Tmprss2 and all
three ENaC subunits (Scnn1a, Scnn1b, Scnn1g) in this cell line. Notably, Tmprss2 had the highest
level of mRNA expression among transmembrane proteases detected in mCCDcl1 cells. We
generated a TMPRSS2-knockdown mCCDcl1 cell line by CRISPR/Cas9 technology. Successful
TMPRSS2-knockdown was confirmed by western blot analysis of whole-cell lysates (n=5). Using a
fluorogenic substrate assay (2), we demonstrated that TMPRSS2-knockdown significantly reduced
trypsin-like proteolytic activity in apical supernatants collected from mCCD cl1 cells after 12 h
incubation in a standard medium (n=12). This suggests that TMPRSS2 is the major active trypsinlike protease apically released from mCCDcl1 cells. To assess ENaC-mediated transepithelial Na+
transport in mCCDcl1 cells, we performed equivalent short-circuit current (ISC)measurements in
Ussing chambers as described previously (3). Values are presented as mean±SD. Student’s t-test
was used for statistical analysis. Baseline amiloride-sensitive ISC values in TMPRSS2-knockdown
mCCDcl1 cells were significantly reduced compared to those measured in wild-type cells, averaging
4.4±1.8 µA/cm2 (n=9)and 12.3±8.3 µA/cm2 (n=8, p<0.05), respectively. Importantly, apical
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application of a prototypical protease trypsin resulted in a significant stimulation of ISC in TMPRSS2knockdown cells, with an average increase of 2.9±0.7 µA/cm 2 (n=5, p<0.001). In contrast, trypsin
had no measurable effect on ISC in wild-type cells (n=6, n.s.). The stimulatory effect of trypsin on
ISC in TMPRSS2-knockdown cells was not observed, when amiloride was present in the bath
solution. Furthermore, we detected a reduced expression of fully-cleaved γ-ENaC in TMPRSS2depleted cells compared to wild-type control cells (n=3). From these findings we conclude that
TMPRSS2 is likely to contribute to proteolytic ENaC activation in the kidney.
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Introduction
Population in industrialized countries consume less potassium (K+) than recommended and this
may, in the long term, contribute to the development of cardiovascular pathologies. To face a K+
restriction, and avoid hypokalemia two synergistic mechanisms are induced by our organism. The
external regulation adapting the renal and fecal excretion of K + to the intake and the internal
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regulation controlling the storage or release of K+ from cellular compartment (muscle). The kidney
adapts its function to retain K+ by increasing the number of type-A intercalated cells (ICA). A
transcriptomic analysis, we published a few years ago, revealed that the TGFβ-related growth factor
GDF15 was upregulated in renal collecting ducts of K+ depleted animals. We hypothesize that
GDF15 may have an impact on both the external and internal balance of K+ homeostasis and is
therefore necessary to the physiological adaptation to hypokalemia.
Methods
We used C57BL6J mice wild type or knockout for the Gdf15 gene, put on a control or low-K+ diet.
Metabolism cages were used for metabolic analysis. Number of ICA was determined by
immunofluorescence on microdissected tubules. Muscle mass was assessed by TD-NMR. Urine
samples of healthy human volunteers (HHV), K+ depleted or not for a week, were collected from a
previous study and GDF15 expression was analyzed by ELISA.
Results
Under a K+ depletion we showed: 1/ an increase of Gdf15 expression along the nephron, mostly in
the collecting duct, and in intestine, plasma and urine of mice 2/a relationship between GDF15 levels
and K+ restriction in HHV 3/ a delayed renal adaptation in GDF15-KO mice, leading to hypokalemia.
The adaptation issue is partly explained by the absence of proliferation of ICA. The renal effect of
GDF15 depends on the ErbB2 receptor. Finally, we demonstrated that GDF15 also regulates the
internal balance by inducing a loss of muscle, releasing K+ in the plasma.
Conclusion
Altogether, these results demonstrate that GDF15 is a key factor that orchestrates synergetically
both the regulation of the internal and external potassium balance.
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Introduction. Nociception is a protective mechanism alerting an organism to noxious stimuli and
potential damage. However, dysregulation of the nociceptive system can result in chronic pain, and
has an overall prevalence of ~40% in the adult population [1]. Current therapeutics are often
inefficacious, and the growing opioid crisis demonstrates a clear need to develop new analgesics
and improved pain management strategies. A common feature of inflammation is tissue acidosis
and the raised extracellular proton concentration can activate Acid-Sensing Ion Channel 3 (ASIC3),
which is widely expressed in mammals, with high expression in those sensory neurones tuned to
detect noxious stimuli [2]. To date, the most potent non-peptide ASIC3 inhibitor (A-317567) inhibits
rat ASIC3 (rASIC3) at micromolar concentrations in vitro, but is non-selective, also inhibiting other
ASIC subunits [3]. Furthermore, certain non-steroidal anti-inflammatory drugs (NSAIDs) directly
inhibit rASIC3 but are neither potent ligands nor is it understood mechanistically how they interact
with ASIC3 [4]. Here, we aimed to use in silico modelling to not only predict the plausible binding
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pocket of some known ASIC3 modulators, but to further identify new ligands that can modulate
ASIC3.
Methods. AutoDock Vina and GOLD were used to predict plausible binding pockets of a few
NSAIDs known to selectively modulate rASIC3. A 2D-ligand similarity approach was used to identify
scaffolds possessing key functional groups that were similar to those of ASIC3-modulating NSAIDs
and these were then redocked to rASIC3 models to select those that retain interactions appearing
critical for selective modulation of ASIC3. Chosen molecules were then tested using whole-cell
patch-clamp recording of Chinese hamster ovary cells transiently transfected with rASIC3 [5].
Results. NSAID docking identified a pocket of interest with interactions near Gly205, which are
situated towards the central pore of ASIC3 (Figure 1). Subsequent screening with SwissSimilarity
and physico-chemical evaluation led to the selection of two ‘hit’ compounds (diflunisal and fenbufen)
for in vitro patch-clamp testing. Upon activation, the ASIC3 current has two characteristic phases: a
rapid transient phase followed by a prolonged and smaller sustained phase in the presence of
continued stimulation. The known NSAID inhibitor (diclofenac acid) significantly inhibited the
sustained, but not the transient phase current at pH 4 (as shown by Voilley et, al. [4]) but inhibited
neither phase at pH 5. Conversely, diflunisal (Figure 2) and fenbufen inhibited the sustained phase
at pH 5 but not at pH 4.
Conclusion. This work outlines a method to predict binding regions of ASIC3 ligands and identifies
a possible functional region of ASIC3 by which these ligands interact, which can be further examined
using site-directed mutagenesis. These results provide a workflow for identifying novel modulators
of ASIC3, which may be of analgesic use.
Figure 1. 3D Structural
Model of rASIC3 and
Predicted Compound Binding.
3D structural modelling of
rASIC3 and characterised
regions of the channel, and
the predicted compound
binding as determined using
the docking models.
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Figure 2. Example Patchclamp Current Trace and
Respective Analysis
Example patch-clamp current
traces displaying compound
effect overlayed against
normal acid response in CHO
cells transfected with
rASIC3, initial transient
responses followed by a
prolonged sustained
response, with analysis of
the effect on sustained
currents compared to a pre
& post-compound acid
response.
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Voltage-dependent potassium (Kv) channels are encoded by many different KCN genes and control
excitation and action potential propagation in neuronal somata, axons and dendrites. KCN gene
variants may lead to Kv channel dysfunction and may cause severe impairment of neuronal function.
Various KCND2 missense variants were identified in patients with early childhood global
developmental delay, including motor, speech and cognitive development, partly with developmental
epileptic encephalopathy and physical dysmorphisms. KCND2 encodes the α-subunit of Kv4.2
channels, the molecular substrate of a somatodendritic A-type current, known to be critically
involved in the control of dendritic excitation and synaptic plasticity. Remarkably, the single amino
acid substitutions caused by the identified gene variants, p.(Glu323Lys) (E323K), p.(Pro403Ala)
(P403A), p.(Val404Leu) (V404L) and p.(Val404Met) (V404M), are located at sites involved in the
coupling between voltage sensor and gate. To test for the likely pathogenicity of the identified gene
variants, we functionally characterized recombinant wild-type (wt) and mutant Kv4.2 channels in the
absence and presence of auxiliary β-subunits (i.e., Kv channel interacting proteins: KChIPs; and
dipeptidyl-aminopeptidase-related proteins: DPPs). For this purpose the respective cRNAs were
injected into Xenopus oocytes (harvested from anesthetized frogs; 1.2 g tricain in 1 liter tap water),
and currents were measured under voltage-clamp. In order to simulate the heterozygous nature of
the affected individuals in a quasi-native setting, heteromeric Kv4.2 channels (wt + mutant) were
studied as ternary complexes (i.e., in the presence of both KChIPs and DPPs). The Kv4.2 wt/mutant
heteromeric ternary channels exhibited mild to strong gating impairment compatible with both lossof-function and gain-of-function. A common gain-of-function feature seen for all identified mutants
in the heteromeric ternary configuration was a slowing (increased initial decay time constant, τ)
and/or incompleteness (increased fraction of the peak after 2.5 s, f) of macroscopic current decay
(wt/E323K heteromeric ternary: τ = 28.7 ± 0.8 ms, f = 0.031 ± 0.002, n=10; wt/P403A heteromeric
ternary: τ = 41.8 ± 3.1 ms, f = 0.259 ± 0.012, n=20; wt/V404L heteromeric ternary: τ = 121 ± 4 ms, f
= 0.264 ± 0.005, n=22; wt/V404M heteromeric ternary: τ = 37.5 ± 0.7 ms, f = 0.064 ± 0.008, n=11),
in comparison to wt homomeric ternary channels (τ = 28.8 ± 0.8 ms, f = 0.016 ± 0.002, n=11; data
given as mean ± SEM). Our results support the etiological involvement of Kv4.2 channel gating
impairment in early-onset monogenic global developmental delay, and they suggest that gain-offunction mechanisms associated with a substitution of valine 404 increase epileptic seizure
susceptibility.
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Introduction
P/Q-type, voltage-gated Ca2+ channels (CaV2.1) are the dominant CaV isoform in the brain and
mediate excitation-evoked neurotransmitter release [1]. They are also thought to contribute to
plasticity (short-term presynaptic depression) via their process of voltage-dependent inactivation
(VDI) [2]. Recent atomistic CaV structures revealed the high structural complexity of these molecular
machines, yet the sources of voltage dependence of channel opening and VDI remain unclear. We
hypothesize that they arise from the movements of the four homologous, but non-identical voltagesensing domains (VSDs).
Methods
We optically tracked VSD movements in conducting CaV2.1 macromolecular complexes using
voltage-clamp fluorometry, under cut-open oocyte voltage clamp, in the absence of Ca2+-dependent
regulation [3-5]. The human CaV2.1 pore-forming α1A subunit was co-expressed with α2δ and β2a
or β3 auxiliary subunits.
Results
In the presence of β2a, VSD-I displayed two transitions in its voltage dependent activation
(V0.5,1=−117±2 mV, z1=2.6±0.2 e0; V0.5,2=4±1 mV, z2=2.6±0.4 e0; n=6). The latter component
correlated well with the voltage-dependence of pore opening (V0.5=0.4±0.8 mV, z=3.9±0.1 e0, n=8).
The voltage-dependences of both VSD-III (V0.5=−65±4 mV, n=7) and VSD-IV (V0.5=−64±6 mV, n=6)
activation were similar, left-shifted compared to pore opening. However, VSD-III activated with
higher effective valence (zIII=1.1±0.1 e0; zIV=0.5±0.02 e0).
To investigate roles of the VSDs in channel inactivation, we first used prolonged depolarization
(HP=40 mV), to evoke VDI in β2a-containing (and therefore slowly-inactivating) channels. VSD-IV
adopted a “converted” voltage-dependence (V0.5=−114±2 mV, n=6). VSD-IV conversion could
underlie the onset of VDI. By contrast, VSD-III exhibited only modest conversion (V0.5=−79±2 mV,
n=7).
To further support the connection between VSD-IV conversion and VDI, we also studied readilyinactivating channels, in the presence of β3. Strikingly, VSD-IV activation was strongly shifted
(V0.5=−97±2 mV, n=12) in channels containing β3, approaching the “converted” voltagedependence of β2a-containing channels. In fact, prolonged depolarization induced only a mild shift
(V0.5=−114±2 mV, n=11), suggesting that the VSD-IV of channels that readily inactivate are in a
“pre-converted” state. By contrast, VSD-III exhibited comparable voltage-dependence as in β2acontaining channels, suggesting that it is not implicated in VDI.
Conclusion
Our first implementation of VCF on CaV2.1 showed that CaV2.1 VSDs have unique biophysical
properties. We propose that VSD-I activation contributes to pore opening, and VSD-IV conversion
is a source of VDI voltage-dependence.
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VSD. Out of more than 30 mutants, which were characterized in simultaneous whole-cell patchclamp and fluorescence imaging experiments, we identified two (Fig. 1) with notably increased B max
and ΔB (rASAP-H: Bmax 2.10 ± 0.11, ΔB 1.58 ± 0.07, n=3; rASAP-D: Bmax 2.04 ± 0.04, ΔB 1.54 ±
0.05, n=4) and a steeper B(V) relationship (rASAP-H: kis 30.2 ± 0.4 mV; rASAP-D: kis 24.1 ± 0.7
mV). Owing to different Vh values, rASAP-H is optimal for the hyperpolarized (-100 to −50 mV) (Vh
−59 ± 3 mV), and rASAP-D for the depolarized (-50 to 0 mV) voltage range (Vh −23 ± 3 mV). Both
novel rASAP variants outperform the original rASAP construct regarding the total fluorescence
change by a factor of 3 in the respective voltage range and, thus, are substantially better suited to
resolve variations in Vrest (Fig. 1).
Fig. 1 Optimized voltage
indicators for resting
membrane potential
measurement

Grant support: German Research Foundation (HE 2993/16-1 and RTG 2155).
The cellular resting membrane potential (Vrest) plays pivotal roles in a plethora of cell-physiological
processes in excitable and non-excitable cells regulating, e.g., neuronal signal transduction,
transmembrane transport, cell differentiation, and tissue development. While the maintenance of an
electric gradient across the plasma membrane is critical for all cell types, there is a substantial lack
of tools to investigate Vrest under physiological conditions. Therefore, we developed the ratiometric
genetically-encoded voltage indicator (GEVI) rASAP, which is based on the potentiometric GEVI
ASAP.1 rASAP combines the S1-S4 transmembrane helices (voltage-sensing domain, VSD) of the
voltage-sensitive phosphatase of Gallus gallus and an extracellular circularly permutated GFP
(cpGFP),1 with the N-terminally fused intracellular voltage-insensitive red fluorescent protein
mKate2.2 mKate2 allows to calibrate the cpGFP fluorescence with respect to its molecular
brightness: B(V) = Fgreen(V) / Fred (Fig. 1, Eq. 1). Using rASAP, we measured alterations in Vrest of
HEK293T cells caused by the ectopic expression of K + channels and channel mutants involved in
Andersen-Tawil (Kir2.1) and Temple-Baraitser syndrome (KV10.1) and determined the biogenesis
latency from induction of transcription to functional Kir2.1 channels. 2
The molecular brightness of rASAP is a sigmoidal function of voltage (Eq. 1) characterized by the
maximum brightness (Bmax), the maximum change in brightness (ΔB), the voltage of half-maximum
change (Vh) and the inverse slope constant (kis). While the total change in the cpGFP brightness
(Bmax 1.71, ΔB 1.07) is 63%, only 25% occur in the physiological Vrest range (between −100 and 0
mV) due to a shallow voltage dependence (k is 53.8 mV) and a suboptimal Vh of −11.4 mV.2 To
improve the resolution of rASAP, we constructed a ratiometric variant based on a newer ASAP
variant (rASAP3: Bmax 1.56 ± 0.09, ΔB 1.09 ± 0.06, Vh −77 ± 3 mV, kis 44.3 ± 1.2 mV, n=6).3 To
further shift B(V) into the physiological Vrest range and to increase its steepness, we applied a
structure-based mutagenesis strategy, systematically altering residues in the outer vestibule of the
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Eq. 1 Brightness-voltage
relationship
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Introduction
Due to alternative splicing many TRPM3 isoforms exist [1]. Functional TRPM3 isoforms have 6
transmembrane helices (TM) with the ion-conducting pore formed by TM5 and TM6. TRPM3α1
channels deviate from the most abundant isoform TRPM3α2 by 12 AA inserted in the pore region.
Earlier studies found that this insertion profoundly changes the pharmacological and biophysical
properties [2, 3]. In particular, the relative permeability to divalent ions was severely reduced in
TRPM3α1 compared to TRPM3α2 channels [2]. This finding, however, was based solely on the
analysis of small currents through spontaneously active TRPM3α1 channels [2], while for TRPM3α2,
activated by pregnenolone sulfate (PS), large currents confirmed high permeability to many divalent
cations [4]. Recently the fungicidal compound clotrimazole (Clt) was identified as agonist of
TRPM3α1 channels which then, surprisingly, allowed a considerable influx of Ca 2+ ions [3]. We
therefore measured the relative permeability ratios of Clt-activated TRPM3α1 and compared these
values to those from spontaneously active channels.
Methods
HEK293 cells were transiently transfected with a bi-cistronic vector for expression of TRPM3α1 and
GFP [2]. Voltage ramps were applied in whole-cell recordings at a rate of 1 Hz and the extracellular
solution was exchanged locally [2]. The bi-ionic reversal potential (Erev) of TRPM3α1 channels was
estimated by the difference current before and after the application of 50 µM PS, while the cell was
superfused with a solution containing only one cation species (10 mM for divalents, 165 mM for
monovalents). The intracellular solution contained 170 mM Cs+, but also 8 mM Na+ and 4 mM Mg2+,
which were not considered for the calculation of the relative permeability ratios.
Results
and
Conclusion
We confirmed that Clt activates large currents through TRPM3α1, which is then permeable to Ca 2+
[3]. Surprisingly, and in contrast to an earlier report [3], PS robustly and potently inhibited TRPM3α1
channels (IC50 approx. 3 µM), in spite of its agonistic action on TRPM3α2 channels [4, 5]. We used
this finding to measure Erev values with increased reliability of spontaneously active and Cltactivated TRPM3α1 channels (Fig. 1). This allowed us to show that the pore of TRPM3α1 channels
robustly conducts Ca2+ and Mg2+ ions under bi-ionic conditions. We calculated relative permeability
ratios from the Erev values (Fig. 2). Relative permeability ratios of TRPM3α1 for divalent cations
were not substantially different from those of monovalent cations, in stark contrast to TRPM3α2
channels that have a much higher permeability to divalent cations [4]. Importantly, the relative
permeability ratios did not change substantially, when TRPM3α1 channels were activated by Clt
(Fig. 2). These data show that the permeability filter of TRPM3α1 channels is only weakly permeable
to divalent cations and that its selectivity is not (strongly) changed by Clt.
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Measurement of the
relative calcium
permeability of TRPM3α1
channels
a Example of a whole-cell
patch-clamp recording of a
HEK293 cell expressing
TRPM3α1 channels for
determining the bi-ionic
permeability ratio of Ca2+
over Cs+. Extracellular
solutions containing 10 mM
Ca2+ as only cation, 3 µM
clotrimazole (Clt) or 50
µM pregnenolone sulfate
(PS) were applied as
indicated. b, c I/V
relationships measured
under bi-ionic conditions
at the time points
indicated in a (colored
arrows). In b, the
spontaneously active
currents are shown, while
in c the Clt-activated
currents are plotted. PS
was used for inhibiting
TRPM3α1 channels. Arrows
indicate reversal
potentials.
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Relative permeability
ratios of TRPM3α1 channels
for 5 cations before and
after activation with Clt
Relative permeability
ratios were calculated from
reversal potentials of the
PS-sensitive current under
(quasi) bi-ionic conditions
with intracellular Cs+ (see
Fig. 1). Open symbols come
from spontaneously active
channels, while closed
symbols are from channels
activated with 3 µM
clotrimazole. Each symbol
represents data from a
single cell, thick lines
represent mean and SEM (n =
6-7). Only minor
differences in the relative
permeability ratios were
observed, which were
generally (with the
exception of Mg2+) not
statistically significant
(paired Wilcoxon test).
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Large conductance Ca2+-activated K+ (BK) channels are ubiquitously expressed transmembrane
proteins that govern smooth muscle1 and neuronal excitability2. They are activated by both [Ca2+]1
and cellular depolarisation and their regulatory subunits (β1-4, γ1-4 and LINGO1) fine-tune the
biophysical and pharmacological properties of BK channels 3,4. Previous studies demonstrated that
BK channels are modulated by oxidation5 and the purpose of this study was to investigate and
characterise the effects of oxidation on BKa:LINGO2 currents and determine which residues were
responsible for these effects.
HEK cells were transiently co-transfected with BK⍺, LINGO2 and eGFP cDNA
(100ng:500ng:150ng). Inside out patches were studied at 37oC, under voltage clamp, using the
patch clamp technique. All procedures accorded with current EU legislation. Cells transfected
with BK⍺:LINGO2 produced inactivating BK currents whose half maximal activation voltage (V 1/2)
was shifted by ~-30 mV (+130±3 mV, n=8) compared to BK⍺ alone, when recorded in 100 nM
[Ca2+]4. The time constant of inactivation (at +100 mV) was 9.2±1 ms (n=8), which was ~50% slower
than BK⍺:LINGO1 currents4. The inactivation of BKa:LINGO2 currents disappeared following
illumination with a 470 nm CoolLED pE-100. To quantify this effect, we measured the amplitude of
the currents evoked in the first and last 5 ms of depolarisations to +160 mV and normalised these
to the peak current recorded under control conditions. Prior to illumination, the sustained current
(recorded in the last 5 ms of the step) was 7±2% of the peak current, but within 4 minutes of
illumination it increased to 101±3% (p<0.05, n=6). This effect was abolished when illumination was
applied to patches from cells in which the eGFP plasmid was omitted from the transfection (n=5).
To confirm if the loss of inactivation was caused by oxidation, Chloramine-T (Ch-T, 200 mM) was
applied cytosolically and it significantly increased sustained current from 11±3% to 59±15% and
130±7% (p<0.05, n=7) after 60s and 120s of application, respectively. Since Ch-T is a relatively
methionine-selective oxidising agent5 we next mutated methionine residues M603 and M605 in
cytoplasmic tail of LINGO2 to leucine to examine their involvement. Molecular modelling suggested
that these two residues are located in the BK channel pore. After 60s application of Ch-T to the
BKa:LINGO2M605L mutant, the sustained current only increased from 6±1% to 15±4% of the peak
current and a further 60s application only increased the current to 39±8% (p<0.01, n=10). The
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BKa:LINGO2M603L mutant was even more resistant to the effects of Ch-T and its sustained current
only increased from 8±2% to 16±3% (p<0.05) and 18±4% (ns, n=7) after 60 and 120s applications
respectively. Therefore, we conclude that the redox state of M603 and M605 in the LINGO2 tail can
modulate the hydrophobic interaction between the putative inactivation particle of LINGO2 and its
binding site in BKα.
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Here, patients with MCI or Alzheimer‘s disease were classified into two groups, depending on their
MTA score. One group had a MTA score of 0-1.5 and the other had a MTA score of 2-4. Retinal
oxygen saturation and retinal vessel diameter were measured with the retinal oximeter Oxymap T1
(Figure 1). Retinal thickness was measured with the optical coherence tomography device 3D OCT2000 FA plus from Topcon. Retinal oxygen saturation, retinal vessel diameter and retinal thickness
were compared between the groups.
Results
Oxygen saturation in retinal arterioles was found to be significantly lower in patients with MTA score
of 2-4 than in patients with MTA score of 0-1.5 (94.0 ± 2.5% vs. 95.9 ± 3.2%, p = 0.010, n = 77)
(Figure 2). No significant difference was found in venular oxygen saturation between the groups (p
= 0.18). Arterial diameter was significantly smaller in MCI patients with MTA of 2-4 than in MCI
patients with MTA score of 0-1.5 (8.3 ± 0.7 pixels vs. 8.8 ± 0.8 pixels, p = 0.025, n = 77). No
significant difference was found in venular diameter between the groups (p = 0.073). Total thickness
of the retinal nerve fiber layer was significantly smaller in patients with MTA score of 2-4 than in
patients with MTA score of 0-1.5 (86 ± 13 µm vs. 93 ± 11, p = 0.035, n = 78). In addition, the volume
of the optic cup was significantly lower in patients with MTA score of 2-4 than in patients with MTA
score of 0-1.5 (0.09 ± 0.10 mm3 vs 0.16 ± 0.14 mm3, p = 0.025, n = 71).
Conclusion
Retinal arteriolar saturation, arteriolar diameter and retinal thickness is smaller in patients with more
advanced medial temporal lobe atrophy. This might indicate atrophy in the retina at the same time
as atrophy in the brain has begun and the atrophy in the retina might cause less oxygen consumption
of the retina. These results also suggest that retinal oxygen saturation, retinal vessel diameter and
retinal thickness may be useful as a biomarkers in MCI and Alzheimer's disease.
Figure 1
Left: Retinal oxygen
saturation is measured
with retinal oximeter.
Right: Retinal image.

Introduction
The prevalence of Alzheimer‘s disease in the world is increasing as the mean age of the population
is increasing. Mild cognitive impairment (MCI) is a pre-demential stage that can be due to various
diseases and sometimes develops into Alzheimer‘s disease. It is important to find new biomarkers
for Alzheimer‘s disease to facilitate the diagnosis of the disease and help predict the progression
from MCI to Alzheimer‘s. As the retina is of the same embryological origin as the brain, retinal
oxygen saturation may serve as a potential biomarker of Alzheimer‘s disease.
Methods
The Scheltens scale is a 5 points‘ scale from 0 to 4 that is used to assess medial temporal lobe
atrophy (MTA) in MRI images. Increasing score indicates more atrophy of the medial temporal lobe.
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Figure 2
Retinal arterial
saturation and retinal
vessel diameter were lower
in patients with more
advanced atrophy in the
medial temporal lobe.
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Introduction
Implantation of engineered heart tissues (EHTs) has potential to regenerate the heart after
myocardial infarction, but EHTs often fail to couple electrically or mechanically to native
myocardium, compromising its therapeutic effect. The electromechanical signals of the heart, and
the ability of EHTs to sense them, might be crucial for EHTs to adapt and electromechanically
couple. This may be especially true for the acute stages post-implantation, a phase that has been
poorly studied. To investigate what effect of the absence and presence of contraction has on
electromechanical coupling of small EHTs directly after sub-epicardial implantation in the left
ventricle.
Methods
Hearts of healthy NZW rabbits were excised under anaesthesia (0.5 ml/kg euthatal and 500U
heparin) and prepared for Langendorff perfusion. Thereafter a balloon was inserted into the left
ventricle to measure dynamic ventricular pressure. All hearts were exposed to blebbistatin to block
contraction and subsequently divided into two groups: 1) constant contraction block and 2) graded
levels of contraction achieved by washing off the blebbistatin. Small EHTs consisted of a
recombinant collagen hydrogel disc (6 mm x 300 µm thick) with human induced pluripotent stem cell
derived cardiomyocytes (hiPSC-CMs) seeded on top (<50.000 cells). EHTs were loaded with
Cal520-AM and implanted underneath the epicardium. Calcium transients were recorded for 30
seconds on multiple time points using a guidelight, along with the heart’s ECG. Traces were
analysed for mechanical entrainment by calculating the ECG:CaT ratio and the delay, which is
defined as the time between the CaT and preceding ECG complex. To quantify entrainment, the
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average was taken over 5 consecutive Δdelays (delayn+1 – delayn). The smallest average would be
taken for each heart and each experimental time point.
Results
CaT and ECGs were recorded for multiple hours post implantation, indicating EHT survival in both
groups. EHTs did follow pacing stimuli up to 3.3Hz but did not show 1:1 coupling in the absence of
such stimulus. However, 2:1 and 3:1 entrainment over a 5-10 second period was seen on multiple
occasions (Figure 1), with a higher incidence in the presence of LV contraction. Furthermore,
analysis of the Δdelay revealed smaller values of the minima in the presence of LV contraction,
compared to contraction-block, an indication of increased entrainment in this group.
Conclusion
These data indicate that EHTs show periodic entrainment when engrafted into contracting
ventricular myocardium in the first hours post-implantation. This suggests that the mechanical event
causes an electrical depolarisation of hiPSC-CMs in the EHT sufficient to cause an action potential
and subsequent CaT. At intrinsic rates of 3-4 Hz in the rabbit heart, 1:1 coupling was not observed,
but periods of 3:1 coupling were common. This early mode of coupling may be important in the longterm survival and therapeutic potential of the EHT.
Intermittent entrainment
of EHTs with the rabbit
heart.
Time points of the ECG’s
R-peak (black) and the
EHT’s CaT (red) along with
the delay of the CaT in
respect to the previous Rpeak (y-axis). This data
shows that there is
periods of a constant
delay (black bars)
interchanged with a
varying delay, suggesting
intermitted phases of
entrainment of the EHT
with the beating frequency
of the rabbit heart.
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About 85,000 people in Europe suffer from hereditary hemorrhagic telangiectasia (HHT or Morbus
Osler).1 HHT is caused by various mutations in genes within the transforming growth factor-β (TGFβ) signaling pathway. These mutations lead to pathological widening of blood vessels
(telangiectasia). As a result, HHT patients suffer from recurrent hemorrhages. Telangiectasias in
liver, lungs, intestines and brain can cause life-threatening bleedings.2 Beside the regulation of
angiogenesis TGF-β influences, as regulatory cytokine, the immune response. 3 Therefore, HHT
patients suffer from an impaired immune response. Little is known about this impairment, but it has
been reported that 35% of HHT patients die from sepsis, which is the most common cause of death
in this patient population.4The interplay between TGF-β and the hypoxia inducible factors (HIF) in
inflammatory and angiogenic processes is well characterized.5 And even HIFs plays a key role in
both, angiogenesis and immune response, no one has yet addressed the consequences of
mutations in HHT-patients.
The analysis of whole blood of HHT-patients revealed a peculiar behavior of HIF-1α. i) The gene
expression of HIF-1α is significantly reduced ii) also the HIF-1α protein abundance is significantly
lower compared to non-HHT controls, iii) inflammation related genes upstream from HIF-1α (e.g.
NFκB) are unchanged, whereas HIF-1α target genes are significantly downregulated (e.g. IL6). iv)
HIF-1α protein stabilization is delayed in isolated leukocytes (peripheral blood mononuclear cells;
PBMCs) from HHT patients after 24 hours of hypoxic incubation (1% O2). V) HHT-PBMCs showed
reduced metabolism related gene expression and significantly reduced metabolic function compared
to non-HHT controls. vi) HIF-1α stabilization through administration of Roxadustat recovered the
metabolic function of HHT-PBMCs.
Concluding, the loss of HIF-1α in HHT-leukocytes cause metabolic impairment and thereby maybe
the immune response of HHT patients. Further investigations may identify HIF-stabilization as a
possible therapeutic target in HHT patients suffering from infections.
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Introduction
Ewing Sarcoma (EWS) is a highly malignant bone cancer occurring in childhood and early
adolescence mainly driven by the oncoprotein EWSR1-FLI1. Around 30% of the patients have
usually hematogenic metastases upon diagnosis, usually corresponding to a dismal prognosis. Even
though the bone has a distinctive Ca2+ homeostasis, it is largely unknown whether Ca2+ release
upon bone tissue destruction during EWS progression affects EWS cells. Hence, we aimed to study
how ion transport proteins involved in Ca2+ homeostasis aﬀect EWS pathophysiology.
Methods
We characterized the expression of 39 candidate genes of Ca 2+ permeable or Ca2+ regulated ion
channels using RT-qPCR in multiple EWS cell lines (SK-ES-1, A673, TC-71). Afterwards, we tested
channel function by electrophysiology, intracellular Ca2+ imaging and assessed cell migration and
viability, applying siRNA-mediated gene silencing and/or pharmacological modulation. Moreover,
we tested the expression of channel mRNA in situ in samples from a large cohort of EWS patients
using RNAscope.
Results
Strikingly, we found the Ca2+-activated K+ channel KCa2.1 to be exceptionally highly expressed in
EWS cell lines compared to healthy tissues as well as to another bone tumor, osteosarcoma.
Morover, channel mRNA expression could be detected in around 80% of EWS patient samples. We
pointed out that this is because KCa2.1 expression is driven by the oncoprotein EWS-FLI1. We found
that KCa2.1, although highly expressed on mRNA level, elicits no K + currents in EWS cell lines. In
addition, cellular Ca2+ signals, cell viability and cell migration are unaﬀected by channel modulation.
We could explain this phenomenon by the fact that EWS cells express multiple aberrant splice
variants of the channel, likely rendering it non-conductive.
Conclusion
In conclusion, we propose KCa2.1 as a marker in EWS of yet unknown function.
____________________________________________________________________________
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Introduction
Abstract:
The transcription factor hypoxia-inducible factor (HIF) is the main oxygen sensor which regulates
adaptation to cellular hypoxia. A metabolic switch is suggested by the differential expression of
genes which regulate mitochondrial dynamics and metabolism in response to hypoxia. The first
objective of this study was to establish cultured murine hepatocyte derived cells (mHDC) as an in
vitro model. The second aim was to analyse the role of HIF-1α in DNA damage repair and sensitivity
to ionizing radiation (IR) in vitro. The third objective of our project was to define the relationship
between hypoxia and metabolic flux and to determine the impact of HIF-1α deletion on cellular
respiratory metabolism.
Methods
To directly clarify the exact function of HIF-1α in mHDC, we have crossed C57/BL6 mice that bear
loxP sites flanking exon 2 of Hif1a with mice which carry tamoxifen-inducible global Cre expression.
From offspring we have established transduced hepatocyte cultures which are permanently HIF-1α
deficient after tamoxifen treatment.
Results
We demonstrated that the cells produce albumin, acetylcholine esterase and the cytokeratins 8 and
18 which functionally characterizes them as hepatocytes. In moderate hypoxia, HIF-1α deficiency
increased IR-induced apoptosis and significantly reduced the surviving fraction of mHDC as
compared to HIF-1α expressing cells in colony formation assays. Furthermore, HIF-1α knockout
cells displayed increased IR-induced DNA damage as demonstrated by increased generation and
persistence of γH2AX foci. HIF-1α deficient cells showed delayed DNA repair after IR in hypoxia in
neutral comet assays which may indicate that non-homologous end joining (NHEJ) repair capacity
was affected. Next, we measured the oxygen consumption rate (OCR) and extracellular acidification
rate (ECAR) in normoxia and in hypoxia. Our data showed a significant increase of the OCR in
hypoxic HIF1 knockout cells while the ECAR was reduced compared to WT cells. The results
showed that both wildtype and knockout hepatocytes contained fragmented mitochondria after
hypoxia. The number of mitochondria was decreased in wildtype and knockout cells after hypoxia
but to a lesser extent in knockout cells. It was important to check whether HIF-1α deficiency affects
ROS generation and whether ROS mediate the effects that we have observed. The results showed
there wasn’t a major difference in ROS levels apart from a reduction of ROS in response to hypoxia
in all treatment groups.
Conclusion
Overall, our data suggest that HIF-1α inactivation increases radiation sensitivity of mHDC cells and
increases OCR which is associated with reduced glycolysis.
____________________________________________________________________________
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Introduction
Ocular involvement is quite common in transfusion-dependent beta-thalassemia (TDβ-T) patients.
We aimed to investigate the effect of splenectomy on optical coherence tomography angiography
(OCTA) findings in TDβ-T patients.
Methods
The study is prospective cross-sectional. A total of 45 eyes of 23 patients were splenectomized
(34.04±8.83 years), 18 eyes of 9 patients were non-splenectomized (27.44±5.43 years), and 54
eyes of 27 controls (33.22±6.44 years) were included. We evaluated the vessel density (VD) in
superficial capillary plexus (SCP), deep capillary plexus (DCP), foveal avascular zone, radial
peripapillary capillary, choriocapillaris flow area (CCFA), choroidal thickness and retinal
thickness were detected by OCTA (AngioVue; Optovue). SPSS 23 statistical program was used for
statistical analyses. p <0,05 was considered significant.
Results
Hemoglobin levels were significantly lower and ferritin levels were significantly higher in the patients
than in controls (9.17±0.85 vs. 13.81±1.78, p<0.001; and 2694.75±2883.23 vs. 53.28±69.54,
p<0.001). Transfusions were significantly more frequent in patients non-splenectomized than
patients splenectomized, (21.89±2.57 days vs. 28.04±5.92 days, p=0.004).
Choroidal thickness was found significantly thinner in patients non-splenectomized than patients
splenectomized and controls (260.05±61.02 vs. 305.11±42.13 and 298.89±29.14, p=0.008). Foveal,
parafoveal, and perifoveal thickness of the full retina were found significantly thinner in patients nonsplenectomized than in patients splenectomized and controls (230.17±14.64, 301.06±10.0,
279.78±10.28 vs. 235.89±20.32, 311.04±14.89, 290.87±13.67 and 248.94±18.91, 316.63±13.57,
290.87±13.67, p<0.001, p<0.001 and p=0.002). Foveal, parafoveal, and perifoveal thicknesses of
the outer retina were found significantly thinner in patients non-splenectomized than in patients
splenectomized and controls (164.61±10.72, 174.72±7.81, 167.17±6.21 vs. 171.93±12.48,
182.87±8.81, 173.60±7.09 and 179.74±10.76, 185.11±9.26, 173.96±6.79, p<0.001, p=0.001 and
p<0.001). CCFA was significantly decreased in patients splenectomized than non-splenectomized
and controls (2.02±0.12 vs. 2.17±0.1 and 2.14±0.12, p<0.001).
The SCP foveal VD was negative correlated with age, transfusion year, and chelator year (r=-.388,
p=0.028; r=-.389, p=0.028; r=-.403, p=0.025). SCP perifoveal VD was positive correlation with
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hemoglobin (r=.376, p=0.03), DCP parafoveal and perifoveal VD were positive correlation with
ferritin (r=.357, p=0.04; r=.373, p=0.03).
Conclusion
To our knowledge, this study is the first to evaluate retinal microvascular and retinal thickness
changes in TDβ-T patients according to splenectomy status by using OCTA. Choroidal and retinal
thinning may be related to the higher frequency of transfusion in patients non-splenectomized.
OCTA findings can provide information about the microvascular and structural effects of
splenectomy on the retina.
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Role of aquaporin 5 in maximal oxygen consumption of mice
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The effect of a knockdown of AQP5 on fundamental body functions that determine maximal O 2
uptake (VO2,max) have not been studied in mice. We measured VO2,max to globally assess these
functions. After finding that VO2,max is reduced in Aqp5 knockdown mice, we attempted to identify
the reason for this reduction. Of special interest were lung and adipose tissue, which transfer or
consume large amounts of O2. Both tissues strongly express AQP5, while heart and skeletal muscle
do not. We measured (1) VO2,max by the Helox technique, which elicits maximal metabolic rate by
intense cold exposure of the animals, and (2) lung function parameters including a measure of the
CO diffusing capacity and arterial O2 saturation of the carotid artery. We (3) cold-adapted mice for
4 weeks and thereafter excised and weighed interscapular brown adipose tissue (iBAT). V O2,max
was found to be reduced in Aqp5 knockdown mice by up to 34% compared to wildtype mice. Lung
function parameters as well as arterial O2 saturation were normal and identical between Aqp5
knockdown and wildtype mice. Absence of AQP5 greatly reduced the amount of iBAT formed in
response to 4 weeks’ cold exposure of mice, from 63% in wildtype to 25% in Aqp5 knockdown mice.
We conclude that lack of AQP5 does not affect pulmonary gas exchange, but greatly inhibits
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transformation of white to brown adipose tissue. Since in the cold, BAT is a major source of the
animals’ heat production, reduction of BAT likely causes the decrease in V O2,max under this
condition.
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Myogenic Vasoconstriction Requires Canonical Gq/11 Signaling of Angiotensin II Type 1
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Introduction
Blood pressure and tissue perfusion are partly controlled by the level of intrinsic (myogenic) arterial
tone. However, many molecular determinants of this response are unknown. We previously found
reduced myogenic tone in mice with targeted disruption of the gene encoding the AT1A receptor
(Agtr1a), the major murine AT1 receptor isoform; however, uncontrolled genetic event (in this case,
gene ablation) can lead to phenotypes that are difficult or impossible to interpret.
Methods
We tested the mechanosensitive function of angiotensin II (Ang II) type 1 receptors (AT1R) using
tamoxifen-inducible smooth muscle-specific AT1aR knockout (SM-Agtr1a-/-), global AT1aR
knockout (Agtr1a-/-), global AT1bR knockout (Agtr1b-/-), and control mice. All procedures accorded
with current EU legislation. We studied downstream signaling cascades mediated by G q/11 and/or
β-arrestins. FR900359, SII and TRV120055 were used as selective Gq/11 inhibitor and biased
agonists to activate non-canonical β-arrestin and canonical Gq/11 signaling of the AT1R,
respectively.
Results
Myogenic and Ang II-induced constrictions were diminished in the perfused renal vasculature,
mesenteric and cerebral arteries of SM-Agtr1a-/- mice. For example, at a flow rate of 1.9 mL/min,
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pressure in SM-Agtr1a-/-kidneys was ≈90 mm Hg lower than in SM-Agtr1a+/+ kidneys (n=6 for both
groups). Similarly, at the same flow rate, pressure in global mutant Agtr1a-/- mice kidneys (n=7) was
≈100 mm Hg lower than in Agtr1a+/+ kidneys (n=6), but not in Agtr1b-/- mice kidneys (n=6 for both
Agtr1b-/- and control). FR900359 decreased myogenic tone and Ang II-induced constrictions while
selective biased targeting of AT1R-β-arrestin signaling pathways had no effects (n=4-6 for the
respective groups). Statistically significant differences in mean values were determined by Student
unpaired t test or 1-way analysis of variance. P<0.05 were considered statistically significant.
Conclusion
Our results demonstrate that myogenic arterial constriction requires Gq/11-dependent signaling
pathways of mechanoactivated AT1R but not G protein-independent, noncanonical pathways in
vascular smooth muscle cells.
____________________________________________________________________________

activity. Both, IBMX and SIL, significantly increased the CFP/YFP ratio (by 3.4 and 3.7%) shortly
after application despite NOS inhibition, whereas the solvent dimethylsulfoxide did not. In the
presence of IBMX, SNAP-induced ratio changes were not significantly enhanced, however, the
decline upon SNAP removal was slowed.
Conclusion
Changes of intracellular cGMP can be reliably determined in real-time using a FRET-based sensor
in vivo. In arterioles, exogenous NO as well as inhibition of PDEs, specifically PDE5, enhance cGMP
levels even in the absence of eNOS activity. Since PDE inhibition slows only the decline of the
enhanced ratio upon removal of NO donors, degradation of cGMP seems not to be a limiting factor
for the resulting cGMP increase during continuous sGC stimulation. Furthermore, we conclude that
ACh is not an activator of eNOS in the murine microcirculation.
____________________________________________________________________________
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Functional significance of the Ca2+-activated chloride channel TMEM16A for hypoxiainduced pulmonary hypertension in mice
A. Seniuk, P. Tessmer, H. Ehmke
Medical Centre Hamburg-Eppendorf (UKE), Centre of experimental medicine / Department of
Cellular and Integrative Physiology, Hamburg, Germany

Introduction
Endothelial nitric oxide (NO) is a major factor in the regulation of arteriolar tone in the
microcirculation. It activates the soluble guanylyl cyclase (sGC), which produces cyclic guanosine
monophosphate (cGMP) in vascular smooth muscle cells activating the cGMP-dependent kinase
and evoking vasorelaxation. Phosphodiesterases (PDE) degrade cGMP by hydrolysis and may limit
resulting cGMP increases. In this study, we examined cGMP levels in arterioles in vivo upon
exogenous NO application and the effects of PDE inhibition.
Methods
Changes in intracellular cGMP were measured using a cGMP indicator protein (cGI) based on
Förster Resonance Energy Transfer (FRET) in real-time in arterioles in vivo. To this end, cGIexpressing mice were anesthetised and the cremaster muscle was prepared for intravital
microscopy. In this skeletal muscle, arterioles with a diameter of 30 to 60 µm were exposed for
FRET imaging by carefully removing the perivascular tissue. The muscle was sequentially
superfused with different vasodilators: Acetylcholine (ACh, 10µM), adenosine (10µM) and the NO
donors diethylammonium NONOate (DEA/NO), sodium nitroprusside (SNP), or S-nitroso-Nacetylpenicillamine (SNAP) while cGMP levels were monitored continuously. In separate
experiments, SNAP was applied in the absence and presence of a non-specific PDE inhibitor (3isobutyl-1-methylxanthine; IBMX, 100µM) or the specific PDE5 inhibitor sildenafil (SIL, 1µM) in the
presence of nitro-L-arginine (L-NA, 30µM).
Results
DEA/NO and SNAP led to fast, significant concentration-dependent rises of the CFP/YFP ratio
(DEA/NO: 0.2, 2.3, 4.4; SNAP: 1.6, 3.7, 4.0 %change; at 0.1, 1, 10µM, respectively) that declined
on removal slowly. Such ratio changes are indicative of increases in intracellular cGMP. In contrast
to SNAP and DEA/NO, SNP did not significantly alter the ratio. Adenosine, a well-known activator
of the adenylyl cyclase increasing intracellular cAMP, did not enhance the ratio, thus verifying the
specificity of the indicator cGI. Surprisingly, ACh did not modify the CFP/YFP ratio during intact NOS
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Motivation
Previous studies in rodents have demonstrated an overexpression of the Ca 2+-activated chloride
channel TMEM16A in pulmonary arterial smooth muscle cells in experimental models of pulmonary
hypertension (Sun et al, 2012; Forrest et al., 2012), suggesting a pathogenic role of TMEM16A in
the development of the vasoconstrictive phenotype. To test this hypothesis, we investigated whether
smooth muscle cell specific TMEM16A knockout mice are protected from the full development of
hypoxia-induced pulmonary hypertension.
Methods
Male smooth muscle-cell specific, Tamoxifen-inducible TMEM16A knockout mice on a C57Bl/6129/SvJ background either with (KO) or without (WT) tamoxifen induction underwent 4 weeks of
normobaric hypoxia (HX, 10% O2) or normobaric normoxia (NX, 21% O2). Blood gas analysis and
cardiac echocardiography for measurement of the tricuspid annular plane systolic excursion
(TAPSE) were performed before and after treatment. Right ventricular catheterization via the right
jugular vein was done at the end of the experiment for invasive quantification of right ventricular
systolic pressure (RVSP), followed by right- and left-ventricular weight (RV and LV weight)
determination and histological quantification of small pulmonary arteries (number of CD31-positive
pulmonal arteries with a maximum diameter of 50µm per 100 alveolae around one alveolar duct).
Results
Normobaric hypoxia strongly increased hematocrit in both genotypes (WT before: 49.26 ± 2.3 %,
WT after HX: 63.4 ± 3.8 %, n=11, p<0.0001; KO before: 46.78 ± 2.7 %, KO after HX: 61.91 ± 4.9 %,
n=12, p<0.0001). TAPSE as an echocardiographic marker for right ventricular function was reduced
after HX (WT before: 0.78 ± 0.03 mm, WT after HX: 0.59 ± 0.03 mm, n=11, p<0.001; KO before:
0.73 ± 0.03 mm, KO after HX: 0.59 ± 0.04 mm, n=10, p<0.001). Fulton´s index (RV/(LV+Septum)
weight) indicated massive right ventricular hypertrophy after HX for both genotypes in comparison
to NX control groups (WT NX: 0.27 ± 0.01, n=10, WT HX: 0.38 ± 0.01, n=11, p<0.0001; KO NX: 0.26
± 0.01, n=10, KO HX: 0.39 ± 0.01, n=12, p<0.0001). RVSP after 4 weeks of HX was not significantly
different between WT (36.97 ± 4.06 mmHg, n=7) and KO mice (33.22 ± 3.71 mmHg, n=4).
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Quantification of small pulmonary arteries showed a vascular rarefication in HX treated WT mice
(WT NX: 4.73 ± 0.37, n=9, WT HX: 2.86 ± 0.14, n=11, p<0.005), which was not detected in KO mice
(KO NX: 4.53 ± 0.40, n=9, KO HX: 3.87 ± 0.32, n=12, n.s.).
Conclusion
Although smooth muscle cell specific deletion of TMEM16A may attenuate the structural remodeling
of small pulmonary arteries, TMEM16A deficiency does not protect from the hemodynamically
relevant consequences of hypoxia-induced pulmonary vasoconstriction.
____________________________________________________________________________
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Background and Aim
Microproteins (miPs) are short peptides encoded by small open reading frames (smORFs - shorter
than 100 codons) that are generally overlooked because of the technical challenges associated with
their detection. Information about the function of miPs is very limited and no study has addressed
their relevance in endothelial cells. The aim of this study was to identify and characterize endothelial
smORF-encoded miPs.
Methods and Results
We developed a a high-throughput proteo-genomic pipeline that has identified a large number of
bona fide miPs in human and murine endothelial cells. This approach led to the identification of
~2.2k of bona fide miPs encoded by previously non-annotated smORFs in human endothelial cells.
Endothelial cell activation by interleukin-1β was associated with profound alterations in endothelial
miP expression in vitro (1.6k differentially expressed miPs). The release of miPs was demonstrated
under homeostatic conditions (862) as well as after stimulation with interleukin-1β (544). Of note, a
total of 362 endothelial miPs were detected in serum from patients undergoing transcoronary
ablation of septum hypertrophy. The release of numerous endothelial miPs was significantly altered
4 hours after the procedure (27 decreased/34 increased). RNA-seq of ribosome-associated RNAs
from endothelial cell-specific RiboTag mice combined with proteomic analyses revealed the
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organotypic expression of murine endothelial miPs under homeostatic conditions: 907 in the thoracic
aorta, 271 in the aortic arch, ~1k in the heart and ~3k in the lung. Approximately 2.4k endothelial
miPs were detected in at least two organs. Similarly, ~1.2k endothelial miPs were differentially
expressed in response to vascular inflammation in mice (AAV-PCSK9 injection/high cholesterol diet
and partial carotid artery ligation). Genome-wide homology analysis revealed high conservation of
human smORFs among primates (87% to 92%), and notably low in mouse, rat and zebrafish (23%,
22% and 1% respectively). Functional characterization of selected miPs demonstrated their
interaction with proteins in different subcellular compartments and their involvement in the regulation
of gene expression, proliferation, cell death and inflammation.
Conclusions
Proteo-genomic studies enabled the identification of previously non-annotated endothelial smORFs
and their encoded miPs under homeostatic conditions as well as their alterations in response to
endothelial cell activation. A pool of endothelial miPs is secreted and may exert autocrine or
paracrine functions, potentially relevant for human cardiovascular disease. Finally, similar to large
proteins, miPs are involved in a plethora of biological processes and represent an unexplored and
fascinating new class of molecular players.
____________________________________________________________________________
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How does rapidly-inactivating PIEZO1 channel sense sustained mechanical force in native
endothelial cells?
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Introduction
Mechanical forces including shear stress and hydrostatic pressure play pivotal roles in endothelial
physiology and pathophysiology. Native endothelial cells are constantly exposed to these
mechanical forces. We have previously shown that PIEZO1 channel is the mechanosensor for the
mechanical forces in endothelial cells with an unusual non-inactivation property1,2,3, though the
channel was widely demonstrated to be rapidly-inactivated ion channel since its discovery4,5.
Methods
In the current study, we reveal a novel cellular mechanism which confers the rapidly-inactivating
PIEZO1 channel the ability to sense sustained mechanical forces in native endothelial cells through
an unbiased screening and electrophysiological characterisation.
Results
It was found that the inhibition of neutral sphingomyelinase activity by pharmacological inhibitors or
genetic disruption causes PIEZO1 to switch to profoundly inactivating behaviour in native endothelial
cells. Further, it was revealed that a key product of neutral sphingomyelinase, ceramide, rescues
non-inactivating channel behaviour, while its co-product, phosphoryl choline, had no effect. In
contrast to ceramide, the substrate of neutral sphingomyelinase, sphingomyelin, did not affect
inactivation but altered the channel’s mechanosensitivity. The following physiological function
studies found that this regulation of PIEZO1 channel by ceramide contributed to the maintenance of
endothelial depolarisation.
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Conclusion
The data suggest that sphingomyelinase activity and ceramide are the key determinants to enable
rapidly-inactivating PIEZO1 channel to sense sustained mechanical forces in native endothelial
cells.
Ceramide confers the noninactivation property to
PIEZO1 channels activated
by shear stress.
After the inhibition of
neutral sphingomyelinase
activity by GW4869, PIEZO1
channels were rapidlyinactivating in native
endothelial cells. The
rapid inactivation of these
channels was not affected
by sphingomyelin (A) and
phosphoryl choline (C),
while it was reversed back
to the non-inactivation by
ceramide (B). Thus,
ceramide enables the
endothelial PIEZO1 channels
to sense sustained shear
stress in native
endothelial cells.
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Ceramide confers the noninactivation property to
PIEZO1 channels activated
by hydrostatic pressure.
The rapidly-inactivating
PIEZO1 channels in
endothelial cells whose
neutral sphingomyelinase
activity was inhibited by
GW4869 (D) were not
affected by phosphoryl
choline (B). The noninactivation property of
these channels was recused
by ceramide (A), while the
mechanical force
sensitivity of these
channels was altered by
sphingomyelin (C).
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signalling in interstitial cells of Cajal
B. T. Drumm1,2, K. I. Hannigan2, C. A. Cobine2, K. M. Sanders2
1
Dundalk Institute of Technology, Smooth Muscle Research Centre, Dundalk, Ireland
2
University of Nevada, Reno School of Medicine, Department of Physiology & Cell Biology, Reno,
USA
Funding: NIH R01 DK129528.
The lower esophageal sphincter (LES) plays a critical role in preventing the reflux of gastric contents
into the esophagus. To this end, the LES generates tonic contractile activity that is dependent upon
Ca2+ entry via L-type Ca2+ channels, causing contraction of LES smooth muscle cells (SMC).
Conversely, the LES relaxes in response to nitric oxide (NO), released from nitrergic neurons, to
facilitate swallowing. As well as SMC, the LES contains Kit+ intramuscular interstitial cells of Cajal
(ICC-IM) (Blair et al., 2012) that express the Ca2+-activated Cl- channel Ano1 (Drumm et al., 2022).
We have shown previously that ICC-IM within the LES generate spontaneous Ca2+ transients due
to release from endoplasmic reticulum stores. These events couple to activation of Ano1 channels,
causing depolarization. This depolarization is conducted to SMCs via gap junctions, increasing
openings of L-type Ca2+ channels and causing Ca2+ influx and contraction (Drumm et al., 2022).
Previous studies on mutant animal models lacking ICC-IM, or lacking the post-junctional receptor
for NO (soluble guanylate cyclase, sGC) exhibit impaired LES responses to nitrergic neural inputs
(Ward et al., 1998; Farré et al., 2007; Groneberg et al., 2015). In the present study, we hypothesized
that ICC-IM in the LES are innervated by nitrergic nerves and that NO can reduce LES tone by
inhibiting Ca2+ signalling and thus, Ano1 channels in ICC-IM. In mice expressing the genetically
encoded Ca2+ sensor, GCaMP6f, specifically in ICC (Kit-GCaMP6f mice), we found that tetrodotoxin
(1μM) and the NO synthase blocker L-NNA (100μM) had no effect on basal ICC-IM Ca2+ signalling,
suggesting that under the conditions of our experiments the basal activity of ICC-IM was not
influenced by intrinsic neurons. The NO donor, sodium nitroprusside (SNP 1μM), or an activator of
sGC, Bay 58-2667 (1μM), inhibited Ca2+ signalling in ICC-IM. In the presence of atropine, electrical
field stimulation (EFS 10 sec, 5-10 Hz) inhibited ICC-IM Ca2+ signalling for the duration of stimuli in
the LES of Kit-GCaMP6f mice. After addition of L-NNA (NO synthase inhibitor), EFS had no effect
on Ca2+ signalling in ICC-IM. Ca2+ signalling in ICC-IM was inhibited by agonists of the NO-sGC
pathway or by activation of nitrergic neurons with EFS. Our data indicates that Ca2+ signalling in
ICC-IM is of fundamental importance to maintaining tone in the LES and that inhibition of Ca 2+
signalling in ICC underlies NO-mediated LES relaxation.
References
[1]
Blair PJ, Bayguinov Y, Sanders KM & Ward SM. (2012). Interstitial cells
in the primate gastrointestinal tract. Cell and Tissue Research350, 199-213.
[2]
Drumm BT, Hannigan KI, Lee JY, Rembetski BE, Baker SA, Koh SD, Cobine
CA & Sanders KM. (2022). Ca(2+) signalling in interstitial cells of Cajal
contributes to generation and maintenance of tone in mouse and monkey lower
esophageal sphincters. J Physiol. Accepted In Press.

179

[3]
Farré R, Wang XY, Vidal E, Domènech A, Pumarola M, Clave P, Huizinga JD
& Jiménez M. (2007). Interstitial cells of Cajal and neuromuscular transmission
in the rat lower oesophageal sphincter. Neurogastroenterology and Motility19,
484-496.
[4]
Groneberg D, Zizer E, Lies B, Seidler B, Saur D, Wagner M & Friebe A.
(2015). Dominant role of interstitial cells of Cajal in nitrergic relaxation of
murine lower oesophageal sphincter. Journal of Physiology593, 403-414.
[5]
Ward SM, Morris G, Reese L, Wang XY & Sanders KM. (1998). Interstitial
cells of Cajal mediate enteric inhibitory neurotransmission in the lower
esophageal and pyloric sphincters. Gastroenterology115, 314-329.
____________________________________________________________________________
OS 09-07
Mitochondrial oxidative phosphorylation is required for endothelial cell control of blood
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Introduction
Arteries and veins are lined by non-proliferating endothelial cells that play a critical role in regulating
blood flow. Endothelial cells also regulate tissue perfusion, metabolite exchange, and thrombosis. It
is thought that endothelial cells rely on ATP generated via glycolysis, rather than mitochondrial
oxidative phosphorylation, to fuel each of these energy-demanding processes. However, endothelial
metabolism has mainly been studied in the context of proliferative cells in cell culture, and little is
known about energy production in endothelial cells within the fully-formed vascular wall. This study
was designed to investigate the potential of mitochondrial ATP production to regulate endothelial
cell function in intact, perfused blood vessels.
Methods
All experiments used small mesenteric arteries, 1st order posterior cerebral arteries, septal coronary
arteries, or interlobular renal arteries isolated from male/female rats (Sprague Dawley; 8-12 weeks
old) and mice (C57BL6; 4-6 weeks old) euthanized by Schedule 1 procedures (Animals [Scientific
Procedures] Act 1986, UK). Isolated arteries were opened longitudinally, pinned to the Sylgard base
of a custom microscope imaging chamber, and the endothelium loaded with a fluorescent calcium
indicator (Cal-520/AM). Acetylcholine-evoked endothelium-dependent vasodilation and endothelial
cell calcium signalling were assessed by fluorescence microscopy. The effects of various
pharmacological manipulations on endothelial function were assessed using a paired (before/after)
experimental design. ATP production was assessed in sheets of freshly isolated mesenteric artery
endothelial cells.
Results
Endothelial cell ATP depletion using the mitochondrial complex V (ATP synthase) inhibitor,
oligomycin, inhibited calcium-dependent, nitric oxide-mediated endothelial cell control of vascular
tone. Inhibiting mitochondrial ATP synthesis also prevented basal, mechanically-activated, and
agonist-evoked IP3-mediated calcium activity in intact artery endothelial cells. This effect was
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mimicked by blocking the transport of pyruvate, the master fuel for mitochondrial energy production,
through the mitochondrial pyruvate carrier. The role of mitochondrial ATP in fuelling perfused blood
vessel endothelial cell function was independent of species, sex, or vascular bed. In contrast, the
removal of glucose had no effect on endothelium-dependent vasodilation.
Conclusion
We provide clear evidence that mitochondrial ATP production is crucial for the most widely-known
function of endothelial cells in mature blood vessels - the control of artery diameter. The results
suggest that aberrant mitochondrial energy production may underlie endothelial dysfunction. As
such, therapeutic intervention to promote endothelial cell mitochondrial energy production may be
an effective strategy to combat vascular dysfunction in a range of diseases.
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Magnet-assisted transplantation of nanoparticle-loaded Connexin43 overexpressing
cardiac fibroblasts prevents ventricular tachycardia following myocardial infarction
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The occurrence of ventricular tachycardia (VT) is a potentially lethal complication of myocardial
infarction. Loss of the gap junction protein Connexin43 (Cx43), which is expressed in
cardiomyocytes, can causes disruption of electrical conduction in the infarct area (IA). Also after
scar formation, the IA remains largely electrically isolated because (myo)fibroblasts ((m)FB) hardly
express Cx43 and/or spike action potentials. In order to explore potential approaches to reduce VT
incidence (VTi) post-infarction, we injected Cx43-(over)expressing cardiac FB into the IA and
investigated the effects on cardiac function and electrical vulnerability.
Murine embryonic (E13.5) cardiac fibroblasts (eCFs) were isolated from CD1 WT mice, cultured for
8 days and subsequently transduced with lentiviral constructs (LV, IRES-eGFP or Cx43-IRESeGFP, MOI=5) overnight. One day before intramyocardial injection, the transduced eCFs were
loaded with magnetic nanoparticles (MNP, Tamra, 25 pg Fe/cell) in vitro. During transplantation,
200,000 cells were injected into cryolesioned hearts of adult female CD1 WT mice with or without
application of a magnetic field (mag) for 10 min after injection. Cardiac function and electrical
vulnerability were analyzed 2 weeks (short-term) and 8 weeks (long-term) postoperatively by
echocardiography and in vivo electrophysiological investigation under inhalative anesthesia (0.8
L/min O2 and 1.5- 2 vol. % isoflurane). Mice were analgesized with Burprenorphin (0.1 mg/kg s.c.
and 1 mg/kg oral) and immune suppressed (1 mg/kg prednisolon in 5 % glucose i.p., up to 10 days
post-surgery). Cell engraftment and Cx43 content within the IA were analyzed by
immunohistochemistry and Western blotting. Changes in gene expression of eCFs following
lentiviral Cx43 overexpression were analyzed in vitro by RNA-Seq.
Tamra-MNP caused only low toxicity but a high retention rate of loaded cells after exposure to mag.
Transduction efficiencies of both LV was about 25 %, leading to significantly increased Cx43
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expression in Cx43-eCF. Compared with eGFP-eCF, RNA-Seq showed increased expression of
mFB specific genes as well as cell-to-cell junction genes in Cx43-eCF. Using the MNP-mag system
resulted in significantly improved cell engraftment (+mag= 60,000 cells vs. -mag= 18,000 cells). In
vivo electrophysiological testing revealed a significant reduction of VTi in Cx43 mice (+mag: VTi 40
%, n=20) compared to controls (MI+eGFP-eCF+mag: VTi 88 %, n=25; MI only: VTi 88.2 %, n=17).
This effect was still observed 8 weeks after transplantation (MI+Cx43-eCF+mag: VTi 31.3 %, n=16;
MI+eGFP-eCF+mag: VTi 72.2 %, n=18; MI only: VTi 94.1 %, n=17) In addition to VTi, also the
number of observed VT events was found to be significantly reduced in Cx43 mice.
Thus, engraftment of Cx43-overexpressing eCF significantly reduced the incidence of VT at shortand long-term in a murine infarct model. The use of the MNP-mag system improved cell engraftment
within the IA by a factor >3.
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Introduction
Mechanical stimulation by acute ventricular dilation can cause arrhythmias. The free-running
Purkinje fibre (PF) network is located upon the ventricular endocardial surface and may be
mechanically activated, thus contributing to arrhythmia induction. This possibility has not been
extensively examined.
Methods
Isolated, Langendorff-perfused, male Wistar rat hearts (n=8) and male New Zealand White Rabbits
(n=8) in sinus rhythm underwent mechanical stimulation by inflation of a left ventricle (LV) indwelling
fluid-filled balloon (100 μL inflation over 2s; maintained for 38s for rats; 700 μL inflation over 2s;
maintained for 13s for rabbits). The LV endocardial surface was perfused with Tyrode, followed by
either a 10-second exposure to Lugol’s solution, which has previously been used to preferentially
ablate endocardial PFs (rats and rabbit) or a 5-minute exposure to 50 μM 9-Phenanthrol (9-Phen),
a TRPM4 channel blocker (rats). Mechanical stimulation was undertaken before and after the
perfusion of Lugol’s or 9-Phen, with the effect of stretch on the pseudo-ECG tested by a paired
Student’s t-test. In other hearts (rat n=6, rabbit n=4) LV epicardial activation patterns were measured
during the stretch protocol using optical mapping of RH237 fluorescence.
Results
Upon Tyrode perfusion, stretch consistently provoked varied ectopic activations which disrupted the
rhythmic patterns of the pseudo-ECG before spontaneously terminating. Optical mapping showed
substantial overlap between the epicardial breakthrough patterns of ectopic beats and sinus rhythm.
After exposure to Lugol’s, the number of ectopics was significantly (P<0.01) attenuated by 93% and
98% in rat (n=16 stretches) and rabbit (n=24 stretches) respectively. Following Lugol’s, TTC staining
confirmed that necrotic tissue was limited to the endocardial surface, in particular the PF network
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and immunofluorescence staining of Connexin40, indicative of PFs, was reduced at the endocardial
surface.
TRPM4 blockade has been shown to modify the electrical activity of PFs but not myocardium [1].
After 9-Phen irrigation in isolated rat hearts, there was a 39% reduction (P<0.01) in ectopic
activations and 30% decrease (P>0.05) from the first ectopic to the first sinus beat following ectopic
termination (n=15 stretches). Immunofluorescence revealed TRPM4 stain intensity to be 51%
greater in PFs compared to LV myocardium (n=3; P<0.01). Neither Lugol nor 9-Phen affected
contractility, suggesting little if any effect upon the myocardium.
Conclusion
Optical mapping of mechanically induced ectopic activation and the significant reduction in these
ectopics following Lugol’s and 9-Phen exposure indicate a contribution of the PF network in the
response to ventricular dilation. This reduction in mechanically induced arrhythmias may result from
a decreased excitability of the PFs due to TRPM4 blockade.
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Introduction
Forceful contractions of the heart crucially rely on the proper function of ryanodine receptors (RyRs).
Recently, it has been shown that dispersed RyR clusters contribute to dysregulated Ca 2+
homeostasis in cardiovascular diseases such as heart failure. However, the precise mechanisms
remain poorly understood.
Objective: Here, we examined whether prolonged β-adrenergic stimulation, a hallmark of heart
failure, drives RyR cluster dispersion, and determined the mechanisms underlying this
phenomenon.
Methods
Structural organisation of RyR clusters was investigated using a combination of 3D dSTORM and
confocal Airyscan super-resolution imaging of cardiomyocytes isolated from hearts of healthy and
post-infarction adult Wistar rats, as well as transgenic (phosphomimetic or phosphoablated) mice
(Anesthesia was initiated and maintained using a 4% isoflurane / 96% O 2 mixture). Functional
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consequences of RyR dispersion were investigated by quantifying Ca2+ sparks, transients and
waves characteristics using confocal line-scan imaging. Experimental structural and functional data
were consolidated with mathematical modeling.
Results
In this study, we show that RyR clusters disperse with prolonged β-adrenergic stimulation in a
manner that is dependent on both Ca2+/calmodulin-dependent kinase II (CaMKII) and protein kinase
A (PKA). In cardiomyocytes that were subjected to 60 min of isoproterenol (100 nM), RyR cluster
sizes were significantly smaller when compared to control (8.2±0.5 vs. 5.9±0.3 RyR/cluster, p<0.05).
In addition, RyR cluster density was significantly increased in the same isoproterenol stimulated
cells (14.4±0.6 vs. 17.1±0.9 Cluster/µm3, p<0.05). Pharmacological inhibition of CaMKII using
Autocamtide-1-related Inhibitory Peptide (AIP) or PKA with H89 reversed isoproterenol-mediated
RyR dispersion. Equally, we could induce dispersion by specifically activating CaMKII or PKA using
8-CPT or 6MB-cAMP, respectively. The progressive fragmentation of RyR configuration gave rise
to significantly slower release kinetics (spark time to peak) compared to control (8.27±0.38 vs.
10.88±0.55 ms, p<0.05) as Ca2+ needed to propagate between numerous smaller RyR clusters.
The dispersed clusters were also leakier, as reflected in the significantly increased Ca2+ spark
frequency (0.21±0.04 vs. 0.79±0.1 sparks/100 μm/s, p<0.05). As with our structural findings,
inhibiting either CaMKII or PKA were able to reverse the negative functional outcomes of cluster
dispersion. Lastly, we demonstrate that CaMKII or PKA inhibition reverses pathological changes in
RyR cluster arrangement and Ca2+ release properties during heart failure.
Conclusion
Take together, our results suggest that RyR localisation and function are closely linked via receptor
phosphorylation which, while finely tuned in healthy cardiomyocytes, underlies impaired cardiac
function during pathology.
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Redox signaling and cardiac function are tightly linked. Still, it is largely unknown which protein
targets are affected by H2O2 (Hydrogen Peroxide) in cardiomyocytes that underly the impaired
inotropic effects in oxidative stress. Here, we combined a new chemogenetic Hydrogen Peroxide D-amino acid oxidase (HyPer-DAO) mouse model and a redox proteomics approach to identify
redox sensitive proteins in the heart. Using the HyPer-DAO mice which were treated with D-alanine
in drinking water, we prove that the resulting increased endogenous production of H 2O2 in
cardiomyocytes leads to a reversibly decreased ejection fraction. The impaired cardiac function was
not accompanied by ventricular hypertrophy or fibrosis.The steady production of H 2O2 in the
cardiomyocytes was answered by a slight induction of Nrf2 target genes at RNA level (NQO1,
HMOX1, Srxn1 and Txnrd1). In contrast, NF-kB target RNAs (ICAM1, TNFa and iNOs) were
unchanged. We identified the γ-subunit of the TCA cycle enzyme isocitrate dehydrogenase (IDH)3
in the redox proteomic analysis performed with ventricular tissues. The redox modification was
confirmed in isolated cardiomyocytes and in a HyPer-DAO HEK cell model. Bioinformatic analysis,
microsecond molecular dynamics simulations combined with experiments using cysteine-geneedited point mutated cells revealed that IDH3γ Cys148 and 284 are critically involved in the H 2O2dependent modification of IDH3g. The modification resulted in an increased IDH3 activity
accompanied by skewed TCA cycle metabolite levels, increased glutamate and glutathione levels
and decreased ATP production. Thus, the oxidative modification of IDH3γ regulates the competition
between energy production by TCA cycle flux and cellular anti-oxidant defense by glutathione
synthesis.
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Introduction
Haemodynamic unloading of the heart results in cardiac atrophy, a remodeling process observed
during prolonged bed rest, space flights or left ventricular assist device treatment. Alterations in
protein degradation systems have been sporadically described in cardiac atrophy but are far from
being understood. This study focusses on a comprehensive dissection of ubiquitin proteasomal
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(UPS) and autophagosomal lysosomal (ALP) protein degradation system functionality in cardiac
unloading.
Methods
Cardiac unloading was achieved in male rats by heterotopic heart transplantation. Paired native
control hearts and the corresponding transplanted unloaded hearts were removed 14 days (n=5)
and 56 days (n=8) after transplantation to observe variations over time. Rats were anaesthetized
with sevoflurane (donor: 4-6%, recipient: 2.5-3.5%, recipient sacrifice: 5-7% + buprenorphine 30 min
before intervention). Changes in degradation systems were assessed by converging unbiased bulk
transcriptomic and mass spectrometric approaches, biochemical quantitative and state-of-the-art
activity measurement techniques, and super-resolution confocal imaging.
Results
14 days of unloading resulted in a ventricular weight decline by 42.45% (SEM ± 3.025) and by
additional 7.585% (SEM ± 13.46) after 56 days. Unbiased analyses revealed a strong induction of
the UPS at the protein but not transcriptional level. Focussed analyses exhibited an increase in 20S
proteasome content at 14 and 56 days, with a switch from standard towards immunoproteasomal
subunit expression. Strikingly, proteolytic activities of proteasome complexes and of specific
proteasomal subunits were suppressed in unloaded hearts. Especially the β5i, β1c and β1i subunit
activities were increasingly reduced in day 14 and 56 unloaded hearts. Accordingly, proteasome
substrates (total and k48-polyubiquitin but not k63-polyubiquitin) accumulated in unloaded hearts.
Morphologically, the granularity of k48-polyubiquitylated proteins was enhanced and aggresomes
were detected in myocytes. Further, a hyperubiquitylation and b5i accumulation at broadened
intercalated discs was observed in unloaded hearts. ALP transcript and protein levels as well as
lysosomal enzyme activities were elevated at 14 and 56 days of unloading equally. Notably,
unloaded myocytes displayed p62 aggregates and histologically mislocalized autophagosomes.
Visualization of lysosomal membrane permeabilization suggested the presence of dysfunctional
lysosomes in unloaded myocytes.
Conclusion
This study demonstrates a significant upregulation and impairment of both the UPS and ALP in
unloaded myocytes and identifies the intercalated disc as a potential proteasomal degradation
hotspot in unloading. Understanding the mechanisms that underlie proteasomal impairment and
lysosomal dysregulation in cardiac unloading might improve the pathophysiologic concept of heart
muscle atrophy and the treatment of patients and astronauts.
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Introduction
Histamine H3 receptors (H3R) are known as both presynaptic autoreceptors and heteroreceptors.
Besides, H3Rs are widely expressed in the central and peripheral nervous systems and their
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activation leads to decreased neurotransmitters release due to reducing presynaptic Ca influx (1).
The therapeutic potential of H3 receptors for cardiac ischemia is caused by increased
catecholamines tested by H3R agonists. Imetit, a specific H3R agonist, is widely used in studies (2).
However, there is a lack of data regarding the cardioprotective mechanism of H3R agonism. And
there is a lack of evidence on the presence of H3R in cardiomyocyte cells. The present study aimed
to evaluate the effects of H3R agonism in the isoproterenol-induced myocardial ischemia mice
model.
Methods
The experimental study was approved by the local Ethics Committee for Animal Experimentations
and experiments have been carried out in accordance with the Declaration of Helsinki. Balb-c mice
were randomly divided into 4 groups (each n=8) as follows: saline (SF), isoproterenol (ISO), Imetit
(IMT), and the combination of IMT+ISO. Animals in IMT and ISO+IMT groups were pretreated with
oral 10 mg/kg Imetit for seven days. In both ISO groups and ISO+IMT, 85 mg/kg isoproterenol was
injected subcutaneously in the last two days in order to induce myocardial ischemia. At the end of
the pre-conditioning animals were anesthetized with Na-Pentobarbital (75 mg/kg) + Fentanyl
(0.2 mg/kg). Needle electrocardiography (ECG) electrodes were placed according to the lead Z
where the positive electrode was placed at 2 mm left of the third intercostal space and sternum
intersection and, negative electrode was placed symmetrically to the coronal plane of the positive
electrode. ECG was recorded for five minutes. The animals were sacrificed and hearts were
removed for histological evaluation and stained with H3R antibody.
Results
Our results showed that the immunoreactivity of H3R was positive in all groups. In the ISO group
H3R immunoreactivity was moderate (++), partially strong positive (+++), while it was moderate in
SF and IMT+ISO groups. In the IMT group, the reaction was weak (+) and partially moderate (++)
(Fig1). According to ECG results,both QJ (p<0,001) and QRS (p<0,05) durations were significantly
altered in the ischemia group (ISO). J-wave area was the most sensitive ECG parameter for ISOinduced myocardial ischemia (Fig 2). A more interesting result was a prolongation in both PQ
interval(p<0,05) and QRS duration(p<0,05) in the IMT group where only Imetit was administrated.
Conclusion
Our results showed that H3R or an isoform of H3R may be present on the cell membrane of
cardiomyocytes. In lead Z, the J wave area, a novel parameter, was sensitive to myocardial
infarction and correlated strongly with histological findings. Prolonged PQ interval and QRS complex
duration due to administration of Imetit also support the immunohistochemical results.
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Fig 1
Immunoreactivity of
histamine H3 receptor in
the ventricular cardiac
tissue in ISO group. Star:
cardiomyocyte cells, arrow:
fibroblast cells.

188

Fig 2
Upper: J wave area
comparison between study
groups. Lower:
Representational ECG
waveform comparison between
SF and ISO groups.
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Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia, imposing a huge healthcare burden
on society. AF triggers are commonly associated with the pulmonary vein (PV) sleeves, where
abnormal intracellular Ca2+ events and neurohormonal dysregulation may lead to spontaneous
electrical firing. Triggered electrical waves may then break-down to generate re-entrant rotors, which
can sustain the rapid excitation for significant durations. The PVs thus play an important role in both
the genesis and maintenance of AF. However, the precise mechanisms by which triggers
preferentially locate to this region remain unclear.
Models
In this study, a novel, biophysically detailed computational model of the canine atria was applied to
study the relative roles of different contributing factors to PV pro-arrhythmia. The model integrates
stochastic, spontaneous sub-cellular Ca2+ release events (SCRE) with regional electrophysiological
heterogeneity in ionic channel conductances and a 3D model of realistic atrial anatomy and
microarchitecture. The statistics and dynamics of SCRE are fully controllable, enabling rigorous
study of their role in AF initiation in both single cell and tissue.
Results
Simulation data highlight the importance of the reduced time-independent inward rectifier potassium
current (IK1) in PV cells compared to the surrounding atria, which enables SCRE to more readily
result in delayed-after-depolarisations (DADs) of sufficient magnitude to induce triggered activity
(TA). This is reflected in a leftward shift in the dependence of the probability of TA on sarcoplasmic
reticulum (SR) Ca2+ load (Fig. 1A). This feature was accentuated in 3D tissue compared to single
cell (delta[Ca2+]SR50 = 0.058 mM vs 0.023 mM). In homogeneous tissue [where all cells are
described by the right atrial (RA) cell model], focal excitations primarily emerged from close to the
sinus rhythm pacing site; when electrical heterogeneity was included, excitations preferentially
emerged from the PV region (Fig. 1B). The complex myocyte orientation structure in this region also
led to the possibility for focal excitations to emerge into the surrounding atria unidirectionally (i.e.,
re-entrant like), without the requirement for them to occur within highly restricted spatio-temporal
vulnerability windows.
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Conclusion
This study highlights that a combination of factors promotes the emergence of spontaneous focal
excitations from the PV region. Primarily, a reduced IK1 contributes to lower SR-Ca2+ thresholds for
TA in single cells and tissue, whereas local microarchitecture promotes the emergence of complex
excitation patterns from spontaneous focal excitations.
Fig. 1
A – The dependence of the
probability of TA on the
SR-Ca2+ load for single
cells and in 3D tissue.
Inset: delta[Ca2+]SR50
refers to the difference in
the SR-Ca2+ at which P(TA)
= 0.5 between the RA and
PVs. B – Locations of focal
excitations in electrically
homogeneous and
heterogeneous tissue.

either TrkA inhibitor, GW441756 (intraperitoneal 0.5mg/kg) or NGF neutralising antibody
(intraperitoneal 0.1mg/kg) at P25, prevented cisplatin-induced mechanical allodynia. SH-SY5Y
cells and DRGs underwent 24hr treatment with varying concentrations of cisplatin (010μg/ml). Cisplatin-induced neurodegeneration occurred in a dose-dependent manner
(****P<0.0001, *P<0.05 One Way ANOVA) alongside increased phosphorylation of DNA damage
markers, p53 (**P<0.01, n=4) and Histone H2A.X (***P<0.05, n=8). In SH-SY5Y cells, despite TrkA
expression remaining unchanged following 24hr cisplatin treatment, there was a dose-dependent
increase in activated TrkA signalling (*P<0.05 One Way ANOVA; n=4). Furthermore, following
cisplatin (5 µg/ml) treatment, increased ATF-3 (****P<0.0001, n=8), and Topoisomerase II (TOP2)
(**P<0.0,5 n=6) expression was observed. TOP2 inhibition exacerbated sensory neuronal
degeneration in cisplatin-treated cells, alongside increased ATF-3 expression (cisplatin *P<0.05,
cisplatin+DOX **P<0.01 One Way ANOVA compared to the control; n=5). In addition, TOP2
inhibition reduced TrkA phosphorylation in cisplatin-treated SH-SY5Y cells (cisplatin *P<0.05,
cisplatin+DOX ns One Way ANOVA compared to the control; n=5). DRGs also exhibited reduced
TRPV1 activity subsequent to TOP2 inhibition. The data suggests that TOP2 is driving TrkA
activation following cisplatin treatment and thus potentially causing cisplatin-induced survivorship
pain. The role of ATF-3 needs to be further investigated.
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Chemotherapy induced peripheral neuropathy (CIPN) commonly occurs following platinum-based
chemotherapy (e.g. cisplatin). A typical adverse effect is a delayed but lasting chronic pain, that
remains into adulthood. Such a complication is prevalent in about 50% of childhood cancer
survivors and it decreases quality of life. Presently, there are no preventative treatments and no
condition-tailored analgesia. Previous studies revealed that in rodent models exposed to cisplatin
early in life, pain hypersensitivity and aberrant intraepidermal nerve fibre (IENF) growth was
induced. This was putatively mediated by Tropomyosin receptor kinase A (TrkA) signalling
[Hathway et al., 2018], with an increase in dorsal root ganglia (DRG) sensory neurons expressing
TrkA. In this study, the hallmarks of CIPN, IENF degeneration and peripheral sensory neuronal
sensitization, were investigated in relation to TrkA modulation. All experimental procedures
involving animals were performed in accordance with the UK Home office animals (Scientific
procedures) Act 1986 and reviewed by Nottingham Trent University Animal Welfare and Ethics
Review Boards. Neonatal Wistar rats (~30g) intraperitoneal injected with cisplatin (0.1mg/kg) at
Postnatal day (P) 14 and 16), showed increased mechanical allodynia (**P<0.01 Two Way ANOVA)
versus vehicle group, from P23 until the end of experiment at P38. Furthermore, administration of
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Introduction
Recent evidence indicates that obesity and related dysmetabolisms are associated with the
neurodegenerative process. Since inflammation and oxidative stress represent a link between
obesity and neurodegeneration, dietary interventions promoting food rich in antioxidants and antiinflammatory compounds can be helpful to prevent or to reverse the course of neurodegenerative
diseases. Both honey and limonene have been shown to exert neuroprotective actions, but data on
their effect, alone or in combination, against neuronal damage caused by a High Fat Diet (HFD) are
few or lacking. Therefore, the present study aimed to analyze whether the long-term consumption
of honey and D-limonene, alone or in combination, can ameliorate the related-obesity
neurodegeneration.
Methods
For this purpose, 32 mice were fed a HFD for 10 weeks to induce obesity and then divided into: HFD
control group fed HFD, HFD-H fed HFD supplemented with honey, HFD-L fed HFD supplemented
with D-limonene, HFD-H+L fed HFD supplemented with honey plus D-limonene, for further 10
weeks; 8 lean mice were fed standard diet (STD) for 20 weeks. Neuronal apoptosis (TUNEL assay
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and brain gene expression of pro-apoptotic and anti-apoptotic factors), neuroinflammation (gene
expression of IL-1β, IL-6, TNF-α and protein expression of iNOS and COX-2), brain oxidative stress
(ROS generation and nitrite content) and gene expression of Alzheimer’s disease (AD) markers,
were analyzed and compared between the different groups of animals.
Results
The HFD cerebral cortex showed a higher number of apoptotic nuclei compared to STD, HFD-H,
HFD-L and HFD-H+L mice; in the HFD-H+L the neuroprotective effects resulted more efficacious
than the single supplementation. The upregulated gene expression of Fas-L, Bim and P27, as well
as the downregulation of BDNF and BCL2 genes observed in the brain of HFD animals returned to
control levels in the brains of HFD-H, HFD-L and HFD-H+L mice. Moreover, the IL-1β, IL-6 and
TNF-α increased expression present in HFD brain, was reduced by honey and limonene consumed
alone and returned to control levels in HFD-H+L brain mice. Furthermore, the elevated expression
of COX-2 and i-NOS induced by HFD was mitigated by honey, limonene and honey plus limonene.
The high levels of ROS generation and nitrite also found in HFD brains were markedly reduced in
the brains of HFD-H, HFD-L and HFD-H+L mice. PCR-array analysis showed that genes involved
in the processing of APP and TAU (Adam9, App, Aplp2), synaptic dysfunction (Ache, Gsk3α) and
protein kinases usually dysregulated in AD (Cdk5, Prkca, Prkcb) were significantly downregulated
in HFD-H, HFD-L and HFD-H+L brain compared to HFD.
Conclusion
In conclusion, the present results suggest that honey and limonene intake exert protective effects
against obesity-related neurodegeneration and prevent progression to AD. Honey and limonene
joint ingestion results more efficacious to counteract neuronal death and neuroinflammation.
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FDA and EMA approved the nonpsychotropic phytocannabinoid Cannabidiol (CBD, Epidiolex®) as
an orphan drug anticonvulsant for Lennox-Gastaut syndrome, Dravet syndrome and tuberous
sclerosis complex, while its precise mechanism of action has remained elusive. Kv7 channels are
slow-outward rectifying voltage-gated potassium channel tetramers comprised of four voltagesensor domains and one pore domain. Recently, Zhang et al.(1) demonstrated that CBD augments
the activity of the neuronal Kv7.2/7.3 channel, whereas Le Marois et al.(2) have shown that CBD
inhibits the cardiac Kv7.1/KCNE1 channel. However, whether CBD affects other Kv7 subtypes and
the CBD interaction sites mediating these diverse effects remain unknown. Here, we aim to describe
the CBD effects on voltage-dependency (V50) and conductance (GMax) on all members of the Kv7family (Kv7.1-5) and their physiologically-relevant co-assemblies, and suggest possible interaction
sites.
We employed the two-electrode voltage clamp technique using Xenopus laevis oocytes (co-)
expressing human Kv7 channel subunits from injected mRNA. We predicted CBD-interacting
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residues with molecular dynamic coarse-grain simulations and explored possible interaction pockets
via docking and site-directed mutagenesis.
We found that CBD modulates all Kv7 subtypes and that the effects on Kv7.1-5 can be categorized
as potentiation (channel opening at more negative membrane potentials), augmentation (increase
of conductance) or inhibition (channel opening at more positive membrane potentials plus reduction
of conductance). The neuronal Kv7.2, Kv7.3 and canonical M-current correlate Kv7.2/3 were
potentiated (10 µM CBD shifted V50 by -4.5±0.9, -11.1±0.8, -4.0±1.2 mV, respectively). The neuronal
Kv7.4, Kv7.5, non-canonical M-current correlate Kv7.3/5 and smooth muscle Kv7.4/5 channels were
augmented (10 µM CBD increased GMax by 363±47, 90±16, 35±7, 517±55 %, respectively). The
Kv7.1, and cardiac Kv7.1/KCNE1 channels were inhibited (10 µM CBD decreased G Max by 55±7,
22±3 %, respectively) (n=5-15, mean±sem). In Kv7.2 and Kv7.4, we identified the retigabine-binding
pocket (located in the pore domain at the subunit-interface) as a plausible CBD interaction site
(retigabine is an efficacious anticonvulsant). A similar CBD site was identified in Kv7.1 and
mutagenesis revealed a non-conserved phenylalanine to be important for its effect.
In conclusion, we demonstrate how CBD modulation could be mediated through the retigabinebinding pocket in Kv7.2 and Kv7.4 and identify novel neuronal targets of CBD, contributing to a
better understanding of CBD’s anticonvulsant activity. Additionally, we suggest a site from which
CBD mediates inhibition of Kv7.1/KCNE1, an important channel for ventricular repolarization.
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Working memory, the ability to maintain and manipulate information for a short period of time, is an
essential feature of goal-directed behavior. The prefrontal cortex (PFC) has long been known to be
essential for working memory, however little is known about how exactly it contributes to this
fundamental cognitive process. Traditionally, the PFC is viewed as being responsible for the
maintenance of information over a delay, but it is unclear whether it also plays a role during the
encoding or retrieval and usage of this information. To address this, we performed task phasespecific optogenetic silencing of pyramidal neurons in the medial PFC (mPFC) of mice performing
a spatial delayed non-match-to-sample (DNMS) working memory task on a T-maze. To decompose
the working memory process into distinguishable memory stages, each trial of this task consisted of
three phases (sample, delay, and choice phase), designed to reflect the encoding, maintenance,
and retrieval/usage of spatial information. In order to validate our optogenetic silencing approach,
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we recorded neuronal activity in the mPFC which revealed selective and robust inhibition of the vast
majority of recorded putative pyramidal neurons. Silencing those neurons during any of the three
phases of the task caused a significant impairment in task performance, suggesting a global
contribution of mPFC pyramidal neurons to the entire working memory process that is not restricted
to individual memory stages. Motivated by recent findings of increased interactions between the
mPFC and the ventral tegmental area (VTA) during working memory, a follow-up experiment was
conducted, in which we examined whether mPFC projections to the VTA contribute to different
aspects of working memory. Following the evaluation of two different optogenetic approaches to
accomplish projection-specific inhibition of VTA-projecting mPFC neurons, a terminal inhibition
strategy was chosen for reducing prefrontal inputs to the VTA during working memory. By restricting
optogenetic inhibition to different phases of the working memory task, we found impaired task
performance when reducing glutamatergic mPFC inputs to the VTA during the delay phase,
suggesting that this pathway is critical for maintaining, but not encoding or retrieving spatial
information. We are currently investigating task-related neural activity in the mPFC and VTA to gain
further insights into the functional role of mPFC-VTA-interactions during working memory. Taken
together, the results of this study suggest a broad role of pyramidal neurons in the mPFC during
working memory, while a subset of those neurons, those projecting to the VTA, selectively contribute
to memory retention.
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Deep brain stimulation (DBS) of the globus pallidus internus (GPi) is an effective treatment of
generalized or cervical dystonia, which improves dystonia severity by up to 60 % (Lange et al., 2021;
Lozano et al., 2019). Despite the rising data sets from clinical trials, however, it remains hard to
predict the outcome of DBS for individual dystonic patients due to a lack of knowledge about the
pathophysiology of dystonia and the mechanisms of the DBS (Vidailhet et al., 2013). Both the basal
ganglia and cerebellum are involved in the complex cognitive and proprioceptive movement control
and send their output via the thalamus to the motor cortex. A diminished pallidal inhibition of the
thalamus may lead to hyperkinetic dystonic movements. In the study by Paap et al. (2020), the
severity of dystonia was significantly reduced after pallidal DBS with 130 Hz. To investigate if the
DBS affects pallidal activity directly, we examined the inhibitory tone of pallidal projections to the
ventrolateral thalamic nucleus.
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In this study, we utilized the software defined implantable modular platform, STELLA (Plocksties et
al., 2021), for continuously long-term pallidal DBS (130 Hz, 50 µA) over 11 days in the freely moving
animal model of the dtsz mutant hamster. The dtsz mutant hamster represents the motor phenotype
of paroxysmal generalized dystonia (Richter and Richter, 2014). In a stereotactic surgery under
deep isoflurane anaesthesia, we implanted bipolar electrodes bilaterally to the entopeduncular
nucleus (homolog to the GPi in humans) and the STELLA to the flank of the hamsters. We
differentiate between stim-group, with activation of DBS after 3-4 days after surgery, and shamgroup, where the DBS remained turned off over the total period. For whole-cell recordings on
thalamic neurons, acute parahorizontal (appr. 30 ° off-horizontal) brain slices were prepared directly
after the DBS turned off or after the appropriate period for the sham-group.
We first create an electrophysiological profile of the thalamic neurons by measuring membrane
resistance, membrane potential, membrane capacity, behaviour of spontaneous and induced action
potentials, and characteristics of voltage-gated ion channels (HCN, KCNQ, NaV). The inhibitory
synaptic currents were detected after applying the glutamatergic antagonists D-AP5 (50 µM) and
CNQX (10 µM) near the thalamic neuron through a manifold. Finally, the results were verified by
applying the GABAA receptor antagonist gabazine (5 µM), additionally. Comparing the amplitude,
frequency, and cumulative probability of the synaptic transmission between the stim- and the shamgroup allows for an inference of the affected area by DBS, which may optimize the prediction of the
DBS outcome.
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GABA-A receptor mediated inhibition is known to play a key role in determining how sensory
information is processed in the mammalian brain. In many brain regions, both fast & slow forms of
phasic inhibition arise from the transient activation of synaptic GABA-A receptors whereas a tonic
form of inhibition is due to the continuous activation of high-affinity extrasynaptic GABA-A receptors.
However, it is yet to be established whether these distinct forms of inhibition influence sensory
processing in different ways.
In this study, we focus on the feedforward inhibition provided by a single population of local thalamic
interneurons in the sensory thalamus. Automated cell counting methods were first used to compare
thalamic interneuron density in two adjacent sensory thalamic nuclei (LGd & VB). Whole-cell
voltage-clamp recording combined with optogenetic methods was used to quantify kinetic
differences between the inhibition provided by local thalamic interneurons. These data demonstrate
how simple parameters such as interneuron density can influence the properties of fast & slow
phasic inhibition. Our functional data quantified the kinetic properties of synaptic inhibition provided
by thalamic interneurons. The optogenetic experiments demonstrated that dendro-dendritic GABA
release from local interneurons was specifically responsible for the generation of the slow form of
synaptic inhibition that we have previously reported to be present in the sensory thalamus[1].
After establishing the properties of fast & slow phasic inhibition, we developed dynamic-clamp
protocols to examine how the different forms of feedforward inhibition influenced sensory
processing. The timings of Retinal Ganglion Cell (RGC) inputs were obtained from ex-vivo RGC
recordings from the mouse retina in response to natural scenery[2]. ON & OFF-type RGC inputs
were randomly interleaved at varying conductance levels to mimic the fluctuations in synaptic
weighting that would be associated with RGC inputs. Surprisingly, our results suggest that relay
neurons can transmit sensory information from OFF-type RGCs more effectively than ON-type
RGCs. The fast, slow & tonic forms of inhibition were then interleaved with the RGC inputs at varying
conductance levels to mimic physiologically relevant fluctuations in the strength of inhibition. The
slow phasic & tonic forms of inhibition altered information transfer to similar degrees with the filtering
characteristics of relay neurons shifting to a lower frequency in the presence of these forms of
inhibition. However, the fast form of phasic inhibition had little effect on the input selectivity of relay
neurons.
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To conclude, our results show that thalamic relay neurons are capable of selecting for various RGCs
based upon the specific firing patterns associated with different RGC types. Furthermore, the
dynamic-clamp approach we have undertaken reveals how the feedforward inhibition generated by
local interneurons alters this input selectivity.
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For a long time, the plans and missions of the human species extend further into the infinite
expanses of space. Therefore, it is important to understand the effects of various gravity levels on
human electrocortical activity and behavioural performance. Studies have already shown an effect
of weightlessness on neurocognitive performance [1]. The aim here is to analyse the effects of
decreasing levels of gravity (0G, 0.16G, 0.38G) and to study the underlying neurophysiology.
Data from six participants were collected during partial gravity parabolic flights. A neurocognitive
test, consisting of an auditive oddball paradigm in combination with a mental arithmetic task was
performed in all microgravity conditions and their preceding 1G phases. Electrocortical activity,
especially the amplitude of event-related potentials (ERP), was measured as well as reaction time
and error rate were calculated. ERPs describe the perception and processing of sensory
information, and represent higher cognitive processes [2]. Two components, N200 and P300, occur
primarily in behavioural control processes, which includes the evaluation of stimuli, selective
attention, and conscious perception [3, 4]. Statistical analysis was performed using IBM SPSS
Statistics (Armonk, NY: IBM Corp). An ANOVA or Friedman Test was conducted and if necessary,
Fisher’s
LSD
or
Bonferroni-Dunn
test
was
used
as
a
post-hoc
test.
Results reveal a significant reduction of ERP P300 amplitude in partial gravity compared to their
preceding 1G phase regarding the non-target sound (0G vs. 1G: p=.016; 0.16G vs. 1G: p=.002;
0.38G vs. 1G: p=.013). For the target sound a reduced amplitude of P300 is visible of 0G and 0.38G
compared to their preceding 1G (0G vs. 1G: p=.019; 0.38G vs. 1G: p=.003). Regarding the N200
amplitude, a reduced activity of microgravity compared to their preceding 1G phase can be observed
(0G vs. 1G: p=.005; 0.16G vs. 1G: p=.037; 0.38G vs. 1G: p<.001) for the non-target sound. For the
target sound a reduced N200 amplitude of 0G, 0.16G and 0.38G compared to their preceding 1G
(0G vs. 1G: p=.045; 0.16G vs. 1G: p=.003; 0.38G vs. 1G: p=.007) is visible (s. Fig.1). In 0G (p=.005)
and 0.16G (p=.002) the amplitude of N200 is lower compared to 0.38G for the target sound. For the
non-target sound, it is lower in 0.16G compared to 0.38G (p=.036) (s. Fig.2). No effect was found
for reaction time (χ2=4.60, p=.204) and error rate (F3,15=.97, p=.432) of the participants.
On a cellular level, the results could be explained by the physiological model of Kohn and
Ritzmann (2018), which indicates a slightly depolarized resting membrane potential of neurons
under weightlessness which lead to a reduced electrocortical activity [5]. The results underline the
presence of an existing threshold regarding the influence of gravity levels rather than a linearity
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among them. This knowledge open possibilities to develop support measures for long term space
missions or bed rest patients in a clinical setting.
Amplitude of P300
occurring for the target
and non-target sound of an
oddball paradigm
Results for partial
gravity (blue) and the
preceding 1G phase (red).
A reduced activity of
microgravity compared to
their preceding 1G phase
can be observed (0G:
3.84µV ± 0.46, 1G: 4.95µV
± 0.53, p=.016; 0.16G:
3.46µV ± 0.22, 1G: 4.68µV
± 0.66, p=.002; 0.38G:
3.81µV ± 0.36, 1G: 4.64µV
± 0.59, p=.013) for the
non-target sound of the
oddball paradigm. For the
target sound a reduced
amplitude of P300 is
visible of 0G and 0.38G
compared to their
preceding 1G (0G: 5.05µV ±
0.67, 1G: 6.54µV ± 1.06,
p=.019; 0.38G: 5.31µV ±
1.08, 1G: 6.93µV ± 1.39,
p=.003). Displayed are
means ± standard
deviation.
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Amplitude of N200 occurring
for the target and nontarget sound of an oddball
paradigm
Results for partial gravity
(blue) and the preceding 1G
phase (red). A reduced
activity in microgravity
compared to 1G is
observable (0G: 7.54µV±0.61, 1G: 9.76µV±0.96, p=.005; 0.16G:
-6.83µV±0.97, 1G: 7.66µV±0.63, p=.037; 0.38G:
-7.39µV±0.57, 1G :10.10µV±1.08, p<.001) for
the non-target sound of the
oddball paradigm. For the
target sound a reduced
amplitude is visible of 0G,
0.16G and 0.38G compared to
1G (0G :-7.9µV±0.95, 1G: 9.81µV±1.86, p=.045; 0.16G:
-6.79µV±1.07, 1G: 11.06µV±1.83, p=.003;
0.38G: -9.91µV±1.25, 1G: 12.35µV±1.75, p=.007).
Displayed are means ±
standard deviation.
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Introduction
Insight into the regulation of thermogenic human brown adipose tissue (BAT) could provide new
strategies for treatment of obesity and type II diabetes (DMII). Detailed knowledge of the molecular
properties, the regulation, and the metabolic capacity of human BAT is however still lacking. Thus,
the aim of the study was to identify potential dysregulations in human brown adipose tissue (BAT)
in obesity and DMII, as well as differences between BAT and white adipose tissue (WAT).
Methods
We obtained paired deep neck BAT biopsies for RNA-sequencing from 32 patients undergoing
benign thyroid gland surgery (eight normal weight (NW), 10 overweight, and 12 obese patients), as
well as subcutaneous WAT from 5 NW subjects. Differentially expressed genes were inserted into
the web-based online tool David Annotation Tool (https://david.ncifcrf.gov/tools.jsp) to obtain gene
ontologies. Further 38 paired BAT and WAT biopsies were collected and used for qPCR analyses
and the norepinephrine response of in vitro differentiated primary preadipocytes was assessed.
Results
1950 genes were higher expressed in BAT compared to WAT including the top enriched brown fat
activity gene UCP1. Uppermost BAT enriched GO-terms were related to mitochondrial structures
and electron carrier activity and the genes behind these GO-terms were lower expressed in BAT
from overweight and obese individuals. However interestingly, no difference in the capability to
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perform uncoupled respiration of in vitro differentiated pre-adipocytes was observed between BMI
groups. Furthermore, the top GO-terms for biological processes upregulated in BAT vs. WAT were
completely dominated by immune-related pathways, but in contrast to genes involved in energy
metabolism immune related genes were not differentially expressed between BAT from NW,
overweight and obese subjects.
Conclusion
Human BAT displays a distinct transcriptomic profile dominated by mitochondrial, thermogenic, and
immune related genes when compared to WAT. While the thermogenic signature is attenuated with
overweight and obesity consistent with a less metabolically active BAT profile in these conditions,
there is no difference in neither the thermogenic potential of isolated preadipocytes, or a BAT distinct
immune related gene expression with increasing body mass index. This indicates a specific
immunoregulatory role of BAT, which is unrelated to the obesity related immune cell infiltration in
adipose tissue, as well as a therapeutic potential of recruting thermogenic preadipocytes
to counteraact obesity and metabolic disease.
____________________________________________________________________________
OS 12-02
Lipokines from browning adipose tissue are interorgan signals regulating adipose tissue,
skeletal muscle and systemic metabolism to resist obesity
A. Moran, A. D.V. MacCannell, A. Whitehead, L. D. Roberts
University of Leeds, Leeds Institute of Cardiovascular and Metabolic Medicine, Leeds, UK
ADVM was funded by a BHF studentship (FS/18/61/34182). LDR acknowledges the support of the
Diabetes UK RD Lawrence Fellowship (16/0005382). This research was also supported by funding
to L.D.R. from the Biotechnology and Biological Sciences Research Council (BB/R013500/1).
Background
Globally, 650 million people live with obesity, a leading risk for cardiovascular diseases (CVD) and
diabetes. Obesity's severe socioeconomic impact means new treatments are essential.
Brown adipose tissue (BAT) regulates body temperature through non-shivering thermogenesis.
Browning, the induction of a brown adipose-like phenotype in white adipose tissue (WAT), increases
β-oxidation, mitochondrial biogenesis and thermogenesis(1). Brown adipocyte-like cells (beige
adipocytes) are interspersed within WAT, and alter systemic energy balance with anti-obesity
effects(1). In humans, BAT quantity correlates with decreased risk of diabetes and CVD(2).
BAT and beige adipose tissue can affect systemic energy balance independently of thermogenesis.
Brown and beige adipose tissue thermogenesis leads to propagation of thermogenesis in
surrounding and distal WAT and increases fat oxidation in skeletal muscle(3). These recent studies,
including our own(4), suggest brown/beige adipocytes influence systemic metabolism through
interorgan signals in the adipocyte secretome.
Aim
To identify BAT / beige adipocyte lipokines that regulate systemic energy balance with anti-obesity
effects through interorgan action on muscle and adipose tissue metabolism.
Approach and Results
Animal studies were performed under UK Home Office Project and Personal Licences. Browning
was induced in human and mouse primary adipocytes using canonical activation pathways (cAMP
and PPAR signalling). The browning adipocyte secreted lipidome was profiled with our mass
spectrometry lipidomics platform(5). Palmitoyl-phosphatidylcholine (LPC16:0) was secreted from
human and mouse browning adipocytes. Plasma concentrations of free LPC16:0 (0–20µM) induce
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expression of brown adipocyte genes (UCP1, CIDEA, CPT1b, PRDM16) in human adipocytes and
β-oxidation genes (CPT1b, PDK4, ACADvl) in skeletal myocytes. Using our respirometry methods
(oxygraph 2k, oroboros)(4), we confirm LPC16:0 increases myocyte and adipocyte oxygen
consumption. C57BL6/j mice were house at thermoneutrality, room temperature, and 8 ◦C for 1 week
and 1 month (n = 8). BAT, WAT and plasma LPC16:0 is increased in cold-conditioned mice. Obesity
was induced in C57BL6/j mice over 6 weeks with high fat diet (60% fat) feeding. Mice were treated
with three intraperitoneal injections a week of vehicle or LPC16:0 (10, 20, 30 mg/Kg, n = 5).
LPC16:0-treatment increased plasma LPC16:0, decreased weight gain, inguinal WAT and
epididymal WAT mass and increased whole-body O2 consumption and CO2 production, assessed
by indirect calorimetry (Fig 1a-f). LPC16:0 increased WAT thermogenic gene expression and
muscle β-oxidation gene expression. Respirometry identified LPC16:0 increased WAT and muscle
oxygen consumption (Fig 2a-f).
Conclusions
LPC16:0 is a BAT and beige adipocyte interorgan lipokine increasing fat oxidation in muscle and
adipose tissue to increase systemic energy expenditure with anti-obesity effects.
LPC16:0 increases energy
expenditure and reduces
weight gain in a mouse
obesity model
Fig 1a Blood plasma LPC
16:0 and b weights of mice
fed 60% fat diet and
receiving 10, 20 and 30
mg/Kg LPC 16:0 three times
a week for 6 weeks (one-way
ANOVA). c Epididymal (eWAT)
and d inguinal fat (iWAT)
weights as percentage of
body weight in LPC 16:0treated mice (two-tailed TTest). Regression plots of
indirect calorimetry e. O2
consumption and f. CO2
production against body
weight of LPC 16:0-treated
mice. Comparison by ANCOVA
(weight as a covariable).
∗P ≤ 0.05, ^P ≤ 0.01,
•P ≤ 0.001, ‡P ≤ 0.0001
(n = 5).
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LPC 16:0 increases adipose
tissue and skeletal muscle
oxygen consumption in a
mouse obesity model
Fig 2 a WAT respiration
with octanoylcarnitine/malate (oct/mal),
pyruvate/glutamate
(pyr/glu), ADP, succinate
(Succ) and oligomycin
(olig) from 20 mg/Kg LPC
16:0-treated mice. b
Respiratory control ratio,
c citrate synthase activity
and d thermogenic gene
expression in WAT of
LPC16:0-treated mice. e
Respiration and f. βoxidation gene expression
in soleus muscle from
LPC16:0-treated
mice. ∗P ≤ 0.05,
^P ≤ 0.01, •P ≤ 0.001,
‡P ≤ 0.0001, n = 5
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Introduction
GLP1 is an incretin released by the gut in response to oral food intake. It’s binding to GLP1 receptor
(GLP1R) increases insulin and decreases glucagon secretion by the pancreas and promotes
nutrient storage and usage[1]. As such, GLP-1R agonists are used in type 2 diabetes (T2D)
treatment for their effects in glycemic control[2]. The carotid bodies (CBs), peripheral
chemoreceptors defined as O2 sensors, are also metabolic sensors involved in cardiometabolic
regulation[3]. Herein we investigated the role of the CBs in GLP1-mediated cardiometabolic effects.
Methods
Wistar rats were submitted to 10 weeks of 60% lipid-rich diet (HF) or to a standard diet (NC). After,
half of the groups were subjected to carotid sinus nerve (CSN) resection or to a sham surgery.
Liraglutide, a GLP-1R agonist (200 μg/Kg, i.c.), was tested on glucose homeostasis and on CBmediated cardiorespiratory responses. Ischemic hypoxia was induced by occlusion of the common
carotid artery (OCC)[4]. Minute volume (MV), heart rate and blood pressure (BP) were recorded.
Rats fasted 6-hr were administered with 1-13C glucose and 2H2O as tracers of glucose production
and glycemia, insulin and glucagon were evaluated[5]. Experiments followed the 2010/63/EU
European Union Directive and were approved by NMS Ethics Committee and Portuguese Authority
for Animal Health. CB GLP1R levels were analysed by Western Blot. Differences between data were
calculated using One-Way ANOVA and considered significantly different with p-values <0.05.
Results
Liraglutide, increase baseline MV in NC and HF rats by 30% and 40% respectively, while decreased
mean BP by 20% and 15% in the same groups. CSN resection abolished liraglutide effects on
spontaneous ventilation, significantly decreasing its effects on MV in NC (42%, p<0,05) and HF
(43%, p=0,06) animals. CSN resection attenuated the effects of liraglutide on BP. HF animals
exhibited a higher ventilatory CB mediated response to OCC than NC animals. Liraglutide
decreased the effect of OCC on MV by 39% and 49% in NC and HF animals. Liraglutide exacerbates
the decrease in BP elicited by OCC, an effect abolished by CSN resection. Moreover, liraglutide
decreased blood glucose levels by 15.4% and 28.2% in NC and HF animals, effects exacerbated
by CSN resection in NC (p<0.05) but not in HF animals. HF diet also increased the time to GLP1
reach a maximal effect on blood glucose (p<0.05) vs NC animals, and impaired the
counterregulatory responses to hypoglycemia, effects abolished by CSN resection.
Conclusion
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GLP1 modulates the spontaneous cardiorespiratory responses mediated by the CB. Under basal
conditions, GLP1 acts on the CB to increase ventilation and decrease BP while blunts the respiratory
reflex to hypoxia. CSN resection improved GLP1 effects on blood glucose and on the impaired-HF
diet counterregulatory mechanisms to hypoglycemia, suggesting that targeting GLP1 action on the
CB can be useful to manage metabolic syndrome.
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against metabolic dysfunction
K. M. Kirschner1, A. Foryst-Ludwig2, S. Gohlke3, C. Li2, R. E. Flores2, U. Kintscher2, M. Schupp2, T.
J. Schulz3, H. Scholz1
1
Charité – Universitätsmedizin Berlin, Instititut für Translationale Physiologie, Berlin, Germany
2
Charité – Universitätsmedizin Berlin, Institut für Pharmakologie, Berlin, Germany
3
German Institute of Human Nutrition Potsdam-Rehbruecke (DIfE), Department of Adipocyte
Development and Nutrition, Potsdam, Germany
This study was supported by grants from the Else Kröner-Fresenius-Stiftung (Grant 2014_A23)
and the Deutsche Diabetes Stiftung to H.S. (Grant FP-0403-2017). T.J.S. is supported by the
German Research Foundation (Grant ID 2445/5-1) and the German Center for Diabetes Research
(DZD) funded by the German Ministry of Education and Research (BMBF) and the State of
Brandenburg (DZD Grant IDs 82DZD00302 and 82DZD03C3G). M.S. is supported by the German
Research Foundation (SCHU 2546/5-1).
Introduction
Obesity, i.e. abnormal body fat accumulation, is a global health problem that increases the
prevalence of type 2 diabetes, cardiovascular disease and cancer. Two types of adipose tissue exist
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in our body: White adipose tissue (WAT) with the main function of storing energy in the form of
triglycerides; and brown adipose tissue (BAT), which powers energy expenditure by non-shivering
thermogenesis. While visceral (intra-abdominal) obesity poses a serious health risk, subcutaneous
WAT may even protect against metabolic disease. Recent findings indicate that thermogenic genes
such as uncoupling protein 1 (Ucp1) that are normally expressed in BAT, can be induced in
subcutaneous WAT by cold exposure and β3-adrenergic stimulation. Here, we investigate the
hypothesis that the transcription factor WT1, which is expressed in visceral WAT but not in
subcutaneous WAT and BAT, suppresses a thermogenic program in white fat cells.
Methods
Otherwise healthy heterozygous Wt1 knockout mice and their wild-type littermates were analyzed
in terms of thermogenic and adipocyte-selective gene expression. Reverse transcription qPCR and
Westernblot were performed for mRNA and protein detection in different fat depots of these mice.
Glucose tolerance and hepatic lipid accumulation were determined under normal chow and high-fat
diet. Preadipocytes isolated from the stromal vascular fraction of wild-type BAT were transduced
with Wt1 expressing retrovirus, induced to differentiate and analyzed for the expression of
thermogenic and adipocyte-selective genes.
Results
Transcript levels of Ucp1 were on average more than 10-fold higher in visceral WAT of heterozygous
Wt1 knockout mice compared to their wild-type littermates. Likewise, expression of other
thermogenic genes including Cpt1b and Tmem26 was significantly enhanced in visceral WAT of
mice with a single Wt1 allele. Wt1 heterozygosity lowered the visceral WAT mass, improved wholebody glucose tolerance and reduced hepatic steatosis in mice under high-fat diet. Retroviral
expression of WT1 in brown preadipocytes, which lack endogenous WT1, decreased mRNA levels
of thermogenic genes including Ucp1, Ppargc1a, Cidea, Prdm16 and Cpt1b upon in vitro
differentiation by 60% to 90%. WT1 knockdown in preadipocytes isolated from visceral WAT
significantly lowered Aldh1a1 and Zfp423 transcripts, two key suppressors of the thermogenic
program. Conversely, Aldh1a1 and Zfp423 mRNA levels were increased approximately 5- and 3fold, respectively, by retroviral expression of WT1 in brown preadipocytes.
Conclusion
These findingsindicate that WT1 functions as a white adipocyte determination factor in visceral WAT
by suppressing thermogenic genes. Furthermore, Wt1 haploinsufficiency improves glucose
tolerance and protects mice against diet-induced hepatic steatosis. Thus, reducing Wt1 expression
in visceral fat depots may open up a novel treatment option to combat metabolic disease.
References
[1]
Kirschner KM, Foryst-Ludwig A, Gohlke S, Li C, Flores RE, Kintscher U,
Schupp M, Schulz TJ, Scholz H: Wt1 haploinsufficiency induces browning of
epididymal fat and alleviates metabolic dysfunction in mice on high-fat diet.
Diabetologia, 65(3):528-540, 2022.
[2]
Chau YY, Bandiera R, Serrels A, et al: Visceral and subcutaneous fat
have different origins and evidence supports a mesothelial source. Nat Cell
Biol 16(4):367-375, 2014.
[3]
Herz CT, Kiefer FW: Adipose tissue browning in mice and humans. J
Endocrinol 241(3): R97-r109. 10.1530/joe-18-0598, 2019.
[4]
Cohen P, Levy JD, Zhang Y, et al: Ablation of PRDM16 and beige adipose
causes metabolic dysfunction and a subcutaneous to visceral fat switch. Cell
156(1-2):304-316. 10.1016/j.cell.2013.12.021, 2014.

207

[5]
Kirschner KM, Scholz H: WT1 in adipose tissue: From development to
adult physiology. Front Cell Dev Biol. 2022 Mar 16;10:854120. doi:
10.3389/fcell.2022.854120. eCollection 2022.
____________________________________________________________________________
OS 12-05
Altered energy homeostasis and hepatic lipid metabolism in mice with pappa2 deficiency
are differently affected by a high carbohydrate diet in a sex-specific manner.
A.J. López-Gambero1,2, M.D.M. Fernández-Arjona1,4, L. Rubio1,3, M. de Ceglia1,4, P. Rivera1,4, A.
Vargas1, C. Vera-Fernández1, F. Rodríguez de Fonseca1,4, J.A. Chowen5,6, J. Argente5,6, J.
Suárez1,3
1
Instituto de Investigación Biomédica de Málaga, IBIMA, Málaga, Spain
2
Universidad de Málaga, Departamento de Biología Celular, Genética y Fisiología, Málaga, Spain
3
Universidad de Málaga, Departamento de Anatomía y Medicina Legal y Forense, Málaga, Spain
4
Universidad de Málaga, UGC Salud Mental, Málaga, Spain
5
Hospital Infantil Universitario Niño Jesús, Departments of Pediatrics & Pediatric Endocrinology,
Madrid, Spain
6
La Princesa Research Institute, Madrid, Spain
Funding: Instituto de Salud Carlos III (IFI18/00042), Ministerio de Ciencia, Innovación y
Universidades co-funded by ERDF-EU (JS: PI19/00343, JA: PI19/00166), and CIBER Obesity &
Nutrition (CIBEROBN).
Introduction
The growth hormone (GH)-insulin-like growth factor (IGF-1) axis determines optimal growth during
different stages in life. Mutations leading to deficiency of the pregnancy-associated plasma proteinA2 (PAPP-A2), a protease involved in the release of free IGF-1 lead to early problems in growth and
reduced bone density, body mass and mild glucose intolerance. To better understand the role of
PAPP-A2 in human physiology, we determined the metabolic status and lipid metabolism of a
homozygous mouse model of PAPP-A2 gene knock-out (Pappa2ko/ko) in both males and females
to assess sex-specific differences. Because IGF-1 availability can affect glucose tolerance, 8
months-old wild-type (WT) and Pappa2ko/ko mice were fed normal chow diet of high-carbohydrate
diet (HCHD) for 1 month to explore possible changes in glucose and whole-body metabolism.
Methods
Energy expenditure (EE), respiratory quotient (RQ) and locomotor activity were evaluated in
metabolic cages. Gene expression of inflammatory and neuropeptide markers in the hypothalamus
and lipogenesis/lipolysis pathways in the liver were determined. Fatty acid content in the liver was
assessed by total fat extraction and oil red O staining.
Results
Pappa2ko/ko mice presented higher net EE accounting for lower basal body weight compared to
their WT littermates. Pappa2ko/ko males showed lower locomotor activity, which suggests increased
EE is associated with a deregulated thermogenic activity. Pappa2ko/ko females presented a lower
RQ, suggesting a shift towards β-oxidation as the main source of energy. HCHD treatment increased
total caloric intake and body weight in males regardless of genotype. Female Pappa2ko/ko mice
exposed to HCHD showed increased total caloric intake. Female Pappa2ko/ko mice also presented
lower EE, which was normalized to that observed in WT females, and higher RQ, indicating an
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increase in carbohydrate metabolism similar to WT mice. Glucose tolerance test (GTT) showed mild
glucose intolerance in Pappa2ko/ko mice in a normal chow diet and glucose resistance in males and
females regardless of their genotype. Alterations in orexigenic (Npy, Agrp) and anorexigenic (Pomc,
Cartpt) gene expression and susceptibility to inflammation in the hypothalamus were observed in
Pappa2ko/ko mice. Total fat content in the liver was decreased in Pappa2ko/ko mice, confirming a
shift for lipids as the main source of energy. Liver gene expression of lipogenic enzymes was
increased in Pappa2ko/ko mice, while decreased for lipolysis enzymes, suggesting a compensatory
mechanism for low accumulation of fatty acids in liver.
Conclusion
In summary, Pappa2ko/ko mice present a negative energy balance associated with disturbances in
the hypothalamic control of food intake, energy expenditure, hepatic metabolism and glucose
tolerance, which are dependent on sex. Female-specific effect of HCHD opens a framework for
dietary intervention in patients with PAPP-A2 deficiency.
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Introduction
The mechanisms linking tumor microenvironment acidosis to disease progression are incompletely
understood. Several studies have shown that adapting cancer cells to growth at a pH mimicking
that in the core of solid tumors favors epithelial-to-mesenchymal transition (EMT), invasion and
metastasis, and hence tumor aggressiveness1,2. We recently demonstrated a strong correlation
between the gene expression profile of acid adapted cancer cells and patient tumor tissue 3,
highlighting the relevance of characterizing the cells in the acidic microenvironment. The present
work aims at deciphering the metabolic changes that allow acid adapted cancer cells to survive in
this acidic tumor microenvironment.

Methods
MDA-MB-231 (breast cancer) and Panc-1 (pancreatic cancer) cells were adapted to growth at
extracellular pH (pHe) 7.6 or 6.5 for at least 4 weeks, after which the acid-adapted cells’ pH
regulation, glycolytic state and lipid profile were determined using the ratiometric pH indicator
BCECF-AM, western blotting, immunofluorescence analysis, glycolytic stress test (Seahorse XF96)
and shotgun lipidomics. Mechanistic insight was obtained by a combination of transcription factor
binding site analysis, PPAR-response elements (PPRE)-driven luciferase activity assessment and
pharmacological inhibition.
Results
We show that the acid adapted cells increase expression of net acid extruding transporters, which,
under pHe conditions simulating those outside the tumor core (7.4), causes their intracellular pH to
be similar or even elevated compared to ‘normal’ cancer cells. The acid adaptation-induced
phenotype is characterized by increased metabolic flexibility, increased peroxisome- and lipid
droplet content, elevated triacylglycerols, and fatty acid desaturation. Furthermore, we demonstrate
that acid adapted cells maintain the capacity for high glycolytic activity but preferentially employ
oxidative metabolism. Accordingly, we discovered that the gene products upregulated by acid
adaptation are dominated by peroxisome proliferator-activated receptor-α (PPARA, PPARα) and its
targets, including the metabolic regulator thioredoxin-interacting protein (TXNIP), which negatively
regulates glycolysis, and peroxisomal biogenesis factor-5 and carnitine palmitoyltransferases, which
are key proteins in peroxisomal and mitochondrial lipid metabolism, respectively. Consistent with
this, transcriptional activity driven by PPRE is increased 2-3 fold in acid adapted cells, and upon
specific inhibition of PPARα, the acidosis-induced upregulation of TXNIP is abolished.
Conclusion
We suggest that by enabling increased levels of lipid metabolism, PPARα is a key upstream
regulator of the acid adaptation-induced metabolic changes, thus supporting cancer cell survival in
acidic tumor niches.
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Introduction
The key to effective treatment against fatty liver disease is its stratification of stages of progression
of the disease. Liver biopsy although regarded as gold standard detection method of non-alcoholic
fatty liver disease (NAFLD), has been debunked due to several complications. Transient
elastography has the advantage of convenient operation and case management decision time.
Thus, identifying any association with physiological biomarkers as major confounder would remain
invaluable novel tool as theragnostic purposes. Circulating peripheral blood mononuclear cells
(PBMC) are effective surrogate monitor of the alterations in immuno-metabolic status that is present
in metabolic disorders like NAFLD. Considering this prognostic value of PBMC, the current focus
was to monitor NAFLD severity based on the interplay of autophagy with inflammasome activation
in PBMC.
Methods
An cross-sectional study were planned from a group of subjects (N=32) in a governmental hospital
in kolkata, where subjects were stratified on severity based on their Fibroscan and USG data.
Control healthy subjects had FibroScan score (2-7Kpa), NASH subjects (7-14Kpa) and cirrhosis
subjects had values (>14Kpa). Major anthropometric, biochemical, dietary parameters were
recorded. Cellular and serum samples from a cohort of NAFLD subjects were analysed for oxidative
stress, inflammation, Inflammasome activation and autophagic activity by Western blot,
Flowcytometry, Immunocytochemistry, scanning electron microscopy. Statistical significant
differences were calculated using one-way analysis of covariance (ANCOVA) taking age as a
covariate. The cut-off of statistical significance was set at P<0.05.
Results
Major anthropometric, clinical and dietary intake parameters were found to be correlated with
NAFLD severity. Proinflammatory markers related with systemic inflammation such as iNOS, Cox2, IL-6, TNF-α, IL-1β, hsCRP were found elevated in serum of NAFLD subjects (p<0.05). Important
molecular markers related to NLRP3 inflammation and inflammasome related proteins in PBMC
were foundto increase with the severity of NAFLD. Autophagic flux was compromised as LC3B,
Beclin-1 and its regulator pAMPKα were found to be diminished (p<0.05) with concomitant rise of
p62. The degree of colocalization of autophagosomes with NLRP3 Inflammasome puntas in PBMC
decreased significantly (p<0.05) with the severity of NAFLD. Ultrastructural aberrations were
observed on the PBMC surface, evident of NLRP3 induced pyroptosis.
Conclusions
The present work demonstrates compromised autophagosomal clearance of enhanced NLRP3
Inflammasomes assembly in PBMC is one of the driver for NAFLD progression. Dyslipidaemia,
insulin resistance and oxidative stress were found to be instigator factors behind inflammation that
primes for further Inflammasome expression and assembly in PBMC. Thus, PBMC were found out
to be an important element in blood which were associated with fibrosis related with NAFLD.
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Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal cancer forms. There is an urgent
need to find better therapeutics. Targeting ion channels/transporters and acidic tumour
microenvironment are novel approaches [1]. The pancreatic ductal epithelial cells express functional
gastric and non-gastric H+/K+ ATPase that contribute to pancreatic bicarbonate secretion [2].
However, they are also highly expressed in PDAC and involved in PDAC progression and
development, and functionally they may interact with pH-sensitive K+ channels (K2P) [3]. Our aim
was to find whether H+/K+ ATPases contribute to acidic extracellular pH (pHe), whether this affects
function of K2Ps and whether these proteins are targetable.
In order to monitor the extracellular pH (pHe), we developed stable cancer cell line (PANC-1)
expressing pHoran4 extracellular sensor. Membrane potential was monitored in cells loaded with
FluoVolt dye. PANC-1 cells were grown in control pH 7.4, acidic pH 6.5 and in pH 7.4 after preadaptation to acidic pH. Proliferation was monitored in 2D models (BrdU assay), spheroids size (3D)
and spheroid viability (ATP assay). The following drugs were used alone or in combination: the
classical proton pump inhibitors (pantoprazole); K+ competitive acid blocker (SCH28080); and K+
channel openers Riluzole and BL 1249.
The pHe sensor was tested in widefield and confocal fluorescent microscopes and different buffers
ranging pH 5.5 to 9.0 were used for calibration. The steepest response was observed between pH
6.0 and 7.0. PPIs significantly increased pHe in PANC-1 cells indicating the H+/K+ ATPase inhibition.
Furthermore, we detected that the pHe sensor reported more acidic pH in the core than in the
periphery of spheroids. We observed that Riluzole and BL 1249 hyperpolarized the membrane
potential presumably by increasing the K+ conductance. Pantoprazole, SCH28080, and drugs
targeting pH-sensitive K+ channels (Riluzole and BL 1249) reduced the cell proliferation, decreases
the spheroid size and spheroid viability. Cell proliferation was decreased to 60% (Pantoprazole),
60% (Riluzole), 43% (BL 1249) individually and in combination to 28% (Pantoprazole +Riluzole) and
10% (Pantoprazole + BL 1249), thus indicating synergistic effects. The spheroid size at day 10 was
reduced to 60% (Pantoprazole), 54% (Riluzole), 85% (BL 1249) and in combination 43 %
(Pantoprazole+ Riluzole), 40% (Pantoprazole+ BL 1249). Similar effects were observed in 2D and
3D assays in cells grown in acidic pH as well as in acidic pre-adapted cells in pH 7.4.
Our study shows that proton pump inhibitors and K+ channel openers acidified and hyperpolarized
membrane potential in PDAC cells, respectively. Furthermore, these drugs decreased cell
proliferation, spheroid growth in acidic and acid pre-adapted cells and could act synergistically.
Thereby, we propose that co-targeting the proton pump and K+ channel (pH sensitive) could be a
novel therapeutic approach for treatment of PDAC.
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TRPC1 downregulation (n=4, Welch Correction test, p< 0.05), compared to the control (7.4), and
pH recovery treatment (7.4R) resulted in an upregulation (n=3, Welch Correction test, p< 0.05). By
proliferation assays, we found that pH fluctuations and TRPC1 knockdown (KD) affected 2D and 3D
PANC-1 proliferation, through a decrease of ERK1/2 and AKT phosphorylation (n=3, Welch
Correction test, p< 0.05). In our 2D model, flow cytometry and cell cycle regulating protein
immunoblotting showed that TRPC1 KD affected the progression through G0/G1 phase under all
conditions, and S-phase under control pH 7.4, which shifts to G2/M phase in pH 6.5 and 7.4R (n=34, Welch Correction test, p< 0.05). Furthermore, we found that TRPC1 localised and interacted
strongly with PI3K under acidic conditions, and calmodulin (CaM) under all conditions (n=4, Welch
Correction test & Tukey’s multiple comparisons test, p< 0.05). Finally, basal Ca 2+ entry, assessed
by the Mn2+ quench assay, was significantly decreased upon the KD of TRPC1 in pH 6.5 and in
7.4R where the entry was further enhanced (n=4, Tukey’s multiple comparisons test, p<
0.05).Collectively, our results show that TRPC1 is upregulated in PDAC and the expression is
affected by the acidic tumour microenvironment. Acid recovery and TRPC1 play a pivotal oncogenic
role in PDAC tumorigenesis and tumour progression by forming a complex with PI3K/CaM and
regulating the phosphorylation of ERK1/2 and AKT, presumably through Ca2+ entry.

JS is grateful for the funding by the Marie Skłodowska-Curie Innovative Training Network (ITN)
Grant Agreement number: 813834 - pHioniC - H2020-MSCA-ITN-2018. HO-A is grateful for the
funding by the Ministère de l’Enseignement Supérieur et de la Recherche, the Région Hauts-deFrance (Picardie), the FEDER (Fonds Européen de Développement Économique Régional), the
Université Picardie Jules Verne, and the Ligue Contre le Cancer (Septentrion).
Transient receptor potential canonical channels (TRPCs) can be activated by different physiochemical stimuli of their surroundings, for instance pH. This in turn helps driving transformation from
usual to malignant cell behaviour [1, 2]. Another hallmark of cancer is the variable extracellular pH
landscape [3], notably in epithelial cancers such as pancreatic ductal adenocarcinoma (PDAC).
PDAC progression and development are linked to the physiology and microenvironment of the
exocrine pancreas [4]. There are strong indications that PDAC aggressiveness is caused by the
interplay between the tumour acidic microenvironment and ion channel dysregulation, however, this
interaction has never been studied before. We investigate if the TRPC1 isoform, and notably its
upregulation, is involved in PDAC progression in form of proliferation, and if the pH fluctuations of
the acidic tumour microenvironment affect this role.
By immunohistochemical analysis, we found that TRPC1 was significantly upregulated in PDAC
tumour tissue compared to healthy tissue (n=21, Welch Correction test, p< 0.05). Moreover, TRPC1
was upregulated in the aggressive PDAC cell line PANC-1, compared to hTERT-HPNE (n=5, Welch
Correction test, p< 0.001). To investigate if fluctuations of the acidic tumour microenvironment
impact TRPC1 dysregulation, PANC-1 cells were incubated in medium with a pH of 7.4 or 6.5 over
30 days, and afterwards recovered in pH 7.4 for 14 days (7.4R). Acid adaptation (6.5) resulted in
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TRPC1 interacts with CaM
under all conditions and
display a higher
interaction with PI3K in pH
6.5
(A) Co-localisation
analysis by confocal
microscopy of TRPC1 and
PI3K staining, and
calculations by Pearsons R
value. (B) Proximity
Ligation Assay with TRPC1
and PI3K, upon a KD of
TRPC1 in all pH conditions.
(C) Co-immunoprecipitation
(co-IP) assay with pulldown
of TRPC1 confirms the
interaction between TRPC1
and PI3K. (D) Mn2+ quench
assay shows that the KD of
TRPC1 decreases the basal
Ca2+ entry in pH 6.5 and
acid 7.4R. Data are shown
as means with SEM error
bars. * indicate P < 0.05,
** indicate P < 0.01, ***
indicate P< 0.001, Welch’s
correction test, n=4.

TRPC1 is dysregulated in
PDAC tissue and PANC-1
spheroids and regulates
proliferation
(A) Representative IHC
images and analysis of
TRPC1 expression in tumour
tissue compared to normal
tissue (n=21). (B) TRPC1
expression in PANC-1 cells
and (C) spheroids. (D)
Representative images of
spheroids transfected with
either siCTRL or siTRPC1.
(E) CellTiterGlo Assay
quantification of nontransfected and (F)
transfected spheroids. Flow
cytometry analysis of PANC1 cells transfected with
siCTRL or siTRPC1, in (G)
pH 7.4, (H) 6.5 or (I)
7.4R. Data are shown as
means with SEM error bars.
* indicate P < 0.05, **
indicate P < 0.01, ***
indicate P< 0.001, Welch’s
correction test, n=4.
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Introduction and Aims
We have previously shown that bile acids, acting via the farnesoid X receptor (FXR), inhibit colonic
epithelial Cl- secretion by downregulating expression of the CFTR Cl- channel. The dietary
phytochemicals, pentacyclic triterpenes (PCTs), have been reported to have the capacity to
modulate FXR signalling. Here, we set out to investigate mechanisms underlying FXR regulation of
CFTR expression, and the potential for therapeutically targeting the receptor with dietary
phytochemicals.
Methods
Monolayers of T84 colonic epithelial cells were treated with the FXR agonist, GW4064 (5 µM) in the
absence or presence of the PCT, hederagenin (HG, 5 µM). mRNA and protein expression were
measured by qPCR and Western blotting. FXR binding to the CFTR promoter was investigated by
chromatin immunoprecipitation (ChIP). Electrophysiological studies were conducted in Ussing
chambers. Studies on human or murine colonic enteroids were carried out with ethical approval from
the Institutional Review Boards of Johns Hopkins University School of Medicine or University of
California San Diego, respectively.
Results
Treatment of T84 monolayers with GW4064 downregulated CFTR mRNA to 0.51 ± 0.06 fold after
12 hrs (n = 12; p < 0.001) and protein levels to 0.28 ± 0.06 fold after 48 hrs, compared to controls
(n = 8; p < 0.001). Studies in Ussing chambers showed that GW4064 treatment for 48 hrs inhibited
Cl- secretory responses to the Ca2+- and cAMP-dependent agonists, carbachol (CCh; 100mM) and
forskolin (FSK; 10mM), by 79.9 ± 7.5 % and 74.2 ± 8.9 %, respectively. Transcriptomic analysis of
undifferentiated human colonic enteroids revealed FXR to be robustly expressed and that its
activation also reduced CFTR expression. In T84 cells, FXR activation did not alter expression,
phosphorylation, or nuclear translocation of the NF-κB p65 subunit. Preliminary ChIP-qPCR analysis
demonstrated enhanced binding of FXR to the CFTR promoter upon GW4064 treatment. The
phytochemical, HG (5 mM; 24hrs), significantly upregulated FXR mRNA and protein expression in
T84 cells and enhanced GW4064-induced downregulation of CFTR mRNA by 45 ± 10 % (n = 8; p
<0.01) and protein by 57 ± 20 % (n = 7) after 24 hours. Similarly, HG significantly upregulated FXR
mRNA expression in murine colonic epithelial enteroids by 2.3 ± 0.2 fold (n = 4; p < 0.01) and
enhanced GW4064-induced downregulation of CFTR mRNA by 56 ± 10 % (n = 4; p < 0.05)
compared to GW4064 alone. Finally, HG significantly enhanced FXR inhibition of agonist-induced
Cl- secretory responses across T84 cells.
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Conclusion
FXR regulates colonic epithelial CFTR expression and function by a mechanism which appears to
involve direct binding of FXR to the CFTR promoter. By virtue of their ability to upregulate FXR
expression, and thereby enhance its antisecretory actions, plant extracts containing HG have
excellent potential to be developed as FXR-targeted nutraceuticals for the treatment and prevention
of intestinal disease.
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Introduction
The tetrameric high-conductance Slick (Slo2.1) and Slack (Slo2.2) K+ channels belong to the Slo
family (Slo1-3) and have been shown to co-localize in a number of tissues where the channel
subunits in some cases form heteromers. The channels are activated by Na+ and Cl- and they have
been hypothesized to play a rolle in ion transport processes and regulation of cell volume. Cells are
often exposed to volume changes in several physiological and pathophysiological conditions, and
cell volume regulation is an essential mechanism as protection against lysis and cell death. During
the Regulatory Volume Decrease (RVD) specific types of K+ channels are activated. The activity of
Slick is tightly regulated by even small changes in cell volume,whereas the activity of Slack is
completely insensitive to cell volume changes. The mechanism for regulation of certain potassium
channels by cell volume changes has yet to be resolved. The aim of this study is therefore to identify
the domains responsible for regulating Slick activity in response to volume changes by creating
chimeric channels comprised of the cell volume sensitive Slick channel and the insensitive Slack
channel.
Methods
Chimeric channels created by various combinations of Slick and Slack were inserted into a Xenopus
laevis oocyte expression vector by homologous recombination in yeast. To measure the volume
sensitivity of Slick and Slack as well as the chimeras, mRNA encoding the channels was in vitro
transcribed from the expression vector and subsequently injected into Xenopus leavis oocytes. Cell
volume changes of approx. 5% were induced by exposure to hypotonic or hypertonic media, and
whole-cell currents were continuously measured by two-electrode-voltage-clamp (TEVC). In all
cases mRNA encoding the water channel Aquaporin 1 (AQP1) was co-injected to ensure
appropriate cell volume changes of the oocytes in response to osmotic changes.
Results and Conclusion
As expected, initial experiments showed that the expressed Slick channels were dramatically
stimulated (to approx. 200 % of control) by cell swelling and inhibited (to approx. 50 % of control) by
a decrease in cell volume. In contrast, Slack channels were completely insensitive to similar small
changes in cell volume. Slick and Slack channel heterotetramers were also activated by cell swelling
and inhibited by cell shrinking in a graded manner depending on the Slick:Slack subunit
stoichiometry. In the constructed chimeras N-terminal, transmembrane and C-terminal regions of
the cell volume sensitive Slick channel were transferred to the cell volume insensitive Slack channel,
and vice versa. The results showed that the interaction between the C-terminus of the Slick channel
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(including the regulatory RCK domains) and the short N-terminus were required for preservation of
the sensitivity to cell volume changes.
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Posthemorrhagic hydrocephalus (PHH) is a severe complication to intraventricular hemorrhage
(IVH). It is known that IVH can lead to an inflammatory process in the choroid plexus (CP), leading
to an increased secretion of cerebrospinal fluid (CSF) [1].
The CP epithelium (CPE) secretes ~500 mL of CSF/day, which occurs by an active transport of ions
through membrane transporters. Transporters located at both the basolateral- and at the luminal
membrane were shown to play a role in the increased CSF secretion after IVH [1, 2]. In the luminal
membrane, the abundance of the Na-K-2Cl co-transporter, NKCC1 is increased following IVH. In
the basolateral membrane, the Na+dependent Cl-/HCO3- exchanger, Ncbe, is believed to be the
bottleneck for Na+ import that drives CSF secretion. In this study, we investigate the role of Ncbe
following IVH.
By injecting lysed red blood cells into the lateral ventricles, a mouse model of PHH was established.
The model was validated by ventriculo-cisternal perfusion and by magnetic resonance imaging. The
PHH model showed a 44% increased CSF secretion rate (p=0.003, n=4) and 16% increase in
ventricle volume (p=0.003, n=3), compared to controls.
In the in vivo model we found that Ncbe abundance in CP decreased by 24% after 24 hours
(p=0.007, n=4) followed by a normalization of protein levels.
Primary cell cultures from mouse CPE cells were established according to a previous protocol [3].
To investigate three different aspects of changes in the CPE during IVH we generated a primary
CPE cell culture model. We found that treating the cell culture with media with lowered pH
(mimicking acidosis) increased the protein expression of Ncbe by 52% (p=0.007), NKCC1 by 275%
(p<0.0001), pNKCC1 by 91% (p=0.001), and pSPAK by 334% (p<0.0001). FeCl3 (mimicking
hemolysis) increased expression of pSPAK by 98% (p=0.006) but decreased the expression of Ncbe
by 54% (p=0.001) and pNKCC1 by 65% (p=0.001).
We found that Ncbe expression was decreased by 45% (p=0.016) and 41% (p=0.032) after 48hours treatment with TNFα or IL-1β, respectively and by 37% (p=0.014) after 72-hours treatment
with LPS. pNKCC1 expression was decreased by 50% (p=0.02) after 24-hours treatment of LPS
and by 51% (p=0.029) and 60% (p=0.01) after 48-hours treatment with TNFα or IL-1β. IL-6, however,
increased the expression of NKCC1 by 242% (p<0.0001) after 48 hours, and pNKCC1 by 147%
(p<0.0001) and pSPAK (406% [p<0.0001]) after 24 hours. (All primary CPE cell data; n=5).
In conclusion, inflammation alters protein expression in the CPE cells. TNFα, IL-1β, and LPS acts
through the NF-κΒ pathway which in this study appears to decrease the expression of both Ncbe
and pNKCC1. On the other hand, IL-6 acts through the JAK-STAT pathway which here increases
the protein expression of NKCC1, pNKCC1, and pSPAK. Low pH increases the protein expression
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of all proteins, but the mechanism is still unknown. Finally, FeCl 3 seems to have a dual effect also
acting through unknown mechanism(s).
Magnetic resonance imaging
of post hemorrhagic
hydrocephalus in mice
Magnetic resonance imaging
(MRI) of brain ventricles
from two male c57bl/7 mice
72 hours after surgery. A:
Control mouse injected with
20 µL aCSF. B: PHH mouse
injected with 20 µL
autologous lysed red blood
cells. The PHH mice had 16%
larger ventricular volume
compared to matched
controls (p=0.003, n=3).
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In potassium (K+) channels, the selectivity filter (SF) region discriminates between different ion
species and also functions as a physiological gate, for example in hERG[1] and K2P[2] channels.
One main regulator of SF gating is a hydrogen bond network anchoring the SF to the pore helix.
One critical player in this network is an amino acid at the transition between the SF and the pore. In
contrast to the SF itself, it is not conserved, and various mutations are tolerated, but they change
SF gating, for example C-type inactivation in KcsA and Kv channels.
We have recently confirmed, that the same position also controls SF gating in a minimal viral model
channel (KcvNTS), which consists of only 82 amino acids (AA) per monomer[3]. Here, we isolate the
energetic contribution of single mutations at this position in concatemeric constructs of KcvNTS. This
channel is devoid of a cytosolic gate and its gating can therefore be entirely assigned to the filter
gate.
The channel proteins were expressed in vitro and reconstituted into planar lipid bilayers for recording
of single-channel currents. The SF gating is faster than the nominal temporal resolution of the
experimental setup was therefore analyzed with extended beta distributions[4].
We find that mutations of S42 in the pore helix strongly stabilize the open state of the filter gate in
KcvNTS at negative membrane voltages. This effect does not depend on the ability of the amino acid
side chain to form H-bonds. This observation contrasts with KcsA, where the glutamic acid in the
equivalent position forms a salt bridge. Therefore, the coupling between the SF and surrounding
structures must in KcvNTS rely on different modes of interaction. Experiments with concatemeric
channel proteins with different numbers of S42T mutations reveals that each of the four subunits in
the tetrameric structure contributes the same amount of ~0.4 kcal/mol to the energy barrier for gate
closure. This indicates a concerted action of the subunits. Since the mutations have no influence on
the open-channel current and the voltage dependency of the gate, we conclude that the high subunit
cooperativity is mediated through conformational changes in the protein rather than via changes in
the ion occupation in the selectivity filter [5].
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Introduction
Cerebrospinal fluid (CSF) is produced predominately by the choroid plexus epithelium (CPe). This
important fluid has a composition that varies according to physiological, diurnal, and
pathophysiological influences. Understanding the signaling pathways that control the production and
composition of CSF is of clinical relevance. In a genetic rat model of hydrocephalus (Tmem67 -/-),
we have previously shown that antagonists of an ion channel, transient receptor potential vanilloid
4 (TRPV4), ameliorate the accumulation of CSF and, therefore, halt the progression of
hydrocephalus, implicating this channel as a key component of CSF production. The aim of the
current study is to use a human CPe cell model, the HIBCPP (human choroid plexus papilloma), to
identify key channels and transporters and the intracellular pathways that control their activity during
CSF production.
Methods
Ussing-style electrophysiology was used to define transepithelial electrogenic fluxes and barrier
function in the presence of various pathway effectors. These data were combined with RT-PCR,
western blotting and immunocytochemistry to identify pathway components and changes in
expression or post-translational modifications.
Results
The HIBCPP cell line contains many of the transport proteins found in the native epithelium, shows
correct polarization of pertinent transporters and forms a moderately tight barrier epithelium,
consistent with the blood-CSF barrier. Addition of a TRPV4 agonist causes a multicomponent
change in transepithelial electrolyte flux as well as a substantial and reversible change in
transepithelial permeability measured as conductance. The TRPV4-mediated electrolyte flux
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appears to be the result of the secondary activation of multiple transport proteins stimulated in
response to the TRPV4-mediated influx of Ca2+ and Na+. These changes are modulated by effectors
of phospholipase C, protein kinase C and phosphoinositide 3-kinase. Interestingly neither basal nor
TRPV4-stimulated transport are altered by lysophosphatic acid (LPA), a compound shown to induce
hydrocephalus in animal models. In addition, the transepithelial flux and conductance changes are
substantially inhibited by STOCK2S, a lysine deficient protein kinase (WNK) signaling inhibitor that
blocks binding of WNK1 and WNK4 to SPAK and, thereby, inhibits phosphorylation of downstream
transporters, NKCC1 and NCC. This is important because NKCC1 has been implicated in the
development of hydrocephalus. Interestingly, however, the electrolyte flux and conductance are not
inhibited by bumetanide, a direct inhibitor of NKCC1.
Conclusion
The HIBCPP cell line, is an appropriate model of the native native choroid plexus epithelium which
can be used to dissect the pathways involved in CSF production. Our results have uncovered
unexpected results with regard to the roles of TRPV4, LPA and NKCC1 in the production of CSF by
the choroid plexus epithelium.

animals due to NADPH oxidase activation and eNOS uncoupling, (Sorop et al, CVR 2018) and total
antioxidant capacity was reduced (Fig. A), which was associated with a lower myocardial NO
production, (P<0.05). In vivo experiments showed that myocardial oxygen delivery was impaired in
DM+HFD+CKD swine at rest and during exercise, requiring an increased myocardial oxygen
extraction (MO2ex) compared to Healthy (compare control runs in panels C and D, P<0.05), that is
due to a loss of NO vasodilator influence (van de Wouw et al. BRIC 2021). Interestingly, scavenging
of ROS had no effect in Healthy but resulted in increased MO 2ex in DM+HFD+CKD (Fig. C, D),
indicating that increased oxidative stress resulted in increased production of vasodilator ROS, most
likely H2O2. The latter was also supported by an increase in ceramide production (138±34 vs 45±4
nmol/ml, P<0.05) and increased activity of catalase in the myocardium (Fig. B, P<0.05).
Conclusion
In swine, 6 months exposure to multiple comorbidities resulted in increased oxidative stress
associated with impaired myocardial oxygen delivery, due to a loss of NO that was partially
compensated for by increased H2O2-mediated coronary vasodilation.
Fig.
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Introduction
Diabetes mellitus (DM), chronic kidney disease (CKD) and hypercholesterolemia either alone or in
combination, induce sustained systemic inflammation, increased oxidative stress and coronary
endothelial dysfunction. The resulting alterations in microvascular tone may contribute to impaired
myocardial perfusion in patients chronically affected by these comorbidities. Purpose: We tested,
in exercising swine, the hypothesis that increased production of reactive oxygen species (ROS) due
to DM, CKD and high fat diet (HFD) results in loss of NO bioavailability in the coronary
microvasculature leading to altered myocardial perfusion.
Methods
In 12 female swine, DM (streptozotocin 3x50mg/kg iv), CKD (renal embolization), and
hypercholesterolemia (via high fat diet, HFD) were induced for 6 months (DM+HFD+CKD). 10
female healthy swine on normal pig chow served as controls (Normal). The role of ROS in the
regulation of coronary flow was studied at rest and during graded treadmill exercise with or without
ROS scavengers (MPG+Tempol).
Results
6 months after the induction of comorbidities, DM+HFD+CKD animals had sustained hyperglycemia
(19.5±1.1 vs 8.7±0.5mmol/L), renal dysfunction (plasma creatinine: 163±7 vs 120±3 µmol/l),
hypercholesterolemia (12.7±2.1 vs 1.7±0.1mmol/l) and sustained systemic inflammation (TNF 52±5
vs 25±6 pg/ml, all P<0.05). Myocardial superoxide production was increased in DM+HFD+CKD
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Introduction
Molecular clocks mediate a daily transcriptional schedule that maintains normal tissue physiology.
Glucocorticoids synchronise peripheral clocks with the master clock in the suprachiasmatic nucleus
in response to ambient light. In humans and mice, arrhythmic glucocorticoids induce non-dipping
blood pressure and vascular dysfunction[1-3]. The mechanisms of this are poorly understood. We
hypothesized that arrhythmic activation of the glucocorticoid receptor attenuates the molecular clock
mechanism in the renal vasculature, a major component of blood pressure control, dysregulating
normal function. The aim of this study was to unravel circadian differences in renal artery physiology
and how they are affected under arrhythmic glucocorticoids.
Methods,Results
Male mice, kept on a 12:12 light:dark cycle, were anesthetised with 4% isolflurane and implanted
with a hypodermal pellet containing either vehicle or corticosterone (≈3.7 mg/kg per day), to flatten
the endogenous glucocorticoid rhythm [1]. After 7 days, mice were culled by cervical dislocation at
2hr intervals for 48 hours and the renal arteries taken. Following RNA extraction, the renal artery
circadian transcriptome was profiled using Illumina Truseq Stranded RNA-sequencing. Cosinor
regression (Limorhyde [3]) was applied to the control group and identified 465 of 14425 (~3%)
protein coding transcripts with rhythmic expression (p<0.005 for fit to a cosinor waveform). Of these,
265 (62%) lost their rhythm in the corticosterone-treated group. These arrhythmic transcripts were
interrogated by gene set enrichment analysis [4] (Biological process gene set collection, FDR<0.05)
and enriched gene sets were related to “Circadian Rhythm”, "Regulation of Transforming Growth
Factor B" and “Response to Muscle Cell Stretch”. In parallel, we used wire myography to determine
the diurnal variation in endothelium-dependent vasodilation via acetylcholine dose response. Renal
arteries were taken from corticosterone and vehicle treated mice as described above, either during
the active phase (subjective night) or resting phase (subjective day). Data are mean ± SD and
analysed by 2-way ANOVA. Dilation was higher during the night compared to the day in the control
group, (night logEC50 =8.35±0.4 versus day logEC50 =7.51±0.4 p=0.032, n=12). In the
corticosterone treated group circadian variability in relaxation was blunted (night logEC50 =7.77±0.9
versus day logEC50=7.70±0.4, p=0.9, n=12).
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Conclusion
We speculate that temporal misalignment of the vascular molecular circadian machinery and the
subsequent temporal changes in gene expression may have a direct effect on dilatory capacity. This
novel study extends our understanding of circadian vascular physiology and underlines the impact
of glucocorticoid rhythm on temporal changes in gene expression. This may be clinically relevant in
the pathogenesis of vascular dysfunction associated with elevated glucocorticoids in metabolic
syndrome and chronic stress.
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Perivascular adipose tissue: a driver of sex-specific differences in the vascular outcomes
of obesity
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The University of Edinburgh, BHF Centre for Cardiovascular Science, Edinburgh, UK
Introduction
Obesity is a potent predictor of cardiovascular disease (CVD) and associated risk factors, including
hypertension. Perivascular adipose tissue (PVAT) surrounds most blood vessels and modulates
vascular tone. Under physiological conditions, PVAT has anti-contractile effects. However, in obesity
PVAT undergoes a profile-shift, thought to contribute to vascular dysfunction. Recent studies have
revealed sex differences in PVAT function, however the impact of these changes on vascular
outcomes remains unclear. We hypothesise that sex specific PVAT dysfunction in the setting of
obesity is an important driver of sex differences in vascular pathologies and CVD risk.
Methods
Adult male and female C57Bl/6 mice received either chow diet (2.5%kcal fat) or high fat diet (HFD;
58%kcal fat) for 16 weeks (n=8/sex and diet). Whole-body changes in glucose homeostasis were
assessed by a glucose tolerance test. Blood pressure was assessed via tail-cuff plethysmography.
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Mesenteric arteries were isolated with and without PVAT, and vascular reactivity to phenylephrine
(PE), acetylcholine (ACh) and sodium nitroprusside (SNP) determined by wire myography. Data are
mean ± SD and were analysed by two-way repeated measures ANOVA. LogEC50 and
%Preconstriction were calculated for each concentration response curve. Comparisons of the group
means were by Student’s unpaired t-test.
Results
HFD increased body weight and impaired glucose tolerance in both sexes compared to chow
controls, with the magnitude of glucose intolerance potentiated in males (AUC glucose; p=0.0001
vs Female HFD). In chow-fed mice, the presence of PVAT reduced vessel sensitivity to PE in males
(logEC50 PVAT vs no PVAT, p=0.0098) and females (logEC50 PVAT vs no PVAT, p=0.0001)
supporting its anti-contractile effect. Under HFD, this anti-contractile effect was reduced in males
(logEC50 PVAT vs no PVAT, p=0.0187) and abolished in females (logEC50 PVAT vs no PVAT,
p=0.2098) In chow-fed mice, the presence of PVAT had no effect on vasodilator responses to ACh
or SNP. Under HFD, reduced sensitivity (logEC50 PVAT vs no PVAT, p=0.0349) and maximal
dilatory response (%Preconstriction PVAT vs no PVAT, p=0.0119) was observed in males in
response to endothelium-dependent ACh. This effect was not observed in females. Moreover, PVAT
exerted no effect on dilatory responses to SNP in chow or HFD groups of either sex, indicating an
endothelium-dependent effect. Importantly, these changes in vascular function precede
development of hypertension, as blood pressure was not altered in either sex under HFD conditions.
Conclusion
Together, these data indicate that female mice are more protected from PVAT-mediated endothelial
dysfunction, glucose intolerance and insulin resistance in a setting of obesity. More work is now
needed to unravel the underlying mechanisms behind sex-specific PVAT dysfunction in obesity to
identify potential targets for therapeutic intervention in obesity-associated hypertension.
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Peripheral nerve pericytes are constricted in diabetic neuropathy
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Introduction
Diabetic neuropathy is the predominant complication of diabetes, which often leads to limb
amputation and severe disability, yet the underlying aetiology is poorly understood. Prior work
highlights a reduction in nerve blood flow preceding impaired sensory nerve function, with the extent
of the neuropathy correlated with reduced blood flow. Capillary blood flow can be regulated by
pericytes, which have a key role in diabetic retinopathy. Here, we investigated how diabetes affects
pericyte function in the hindlimb, in order to elucidate whether diabetes causes nerve pericyte
constriction and thereby reduces local blood flow.
Methods
Either normoglycaemic 6-9 month old NG2-dsRed mice or age-matched 6-9 month NG2dsRed/Ins2-Akita diabetic mice were used throughout. In order to estimate vessel diameters,
anaesthetised animals were dye-perfused with a mixture of FITC-albumin and gelatin and then fixed
with 4% PFA. To study pericyte constriction, 2-photon imaging was used along with an endothelial
cell targeted Alexa 488-conjugated antibody. Vessel diameters were measured by fitting a Gaussian
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curve to a plot of the dye-fill intensity across the capillary at the middle of the pericyte somata, as
well as at 5 and 10 μm away from the pericyte soma midline.
Results
In ex vivo preparations of skin, skeletal muscle and nerve, we first established that local pericytes
are contractile, evoking ~30% capillary constriction on perfusion of 100 nM endothelin-1 (ET-1),
which was supported by immunolabelling of alpha-smooth muscle actin, a key contractile protein. In
fixed saphenous nerve tissue from diabetic mice, capillary diameter was smaller at the pericyte
midline than 5-10 μm away, implying pericyte-mediated constriction. Conversely, in tissue from agematched wild-type mice, capillary diameter was greater at the pericyte midline, suggesting a
baseline relaxation. These data suggest that pericytes in nerves from diabetic but not wildtype mice
evoke capillary constriction. However, in hindlimb glaborous skin, a saphenous nerve target,
capillary diameters were not altered in diabetes, suggesting nerve-specific constriction. Nerve blood
flow and function decline rapidly in diabetic rodents (<1 week), so we tested whether pericyte
constriction was evoked by acute hyperglycemia (switching from 10 to 30 mM glucose) or via
hyperglycemia-induced ET-1 release. We found that hyperglycemia did not constrict pericytes, and
that hyperglycemia blunted the effect of applied ET-1.
Conclusion
These data suggest that pericytes are constricted in diabetic nerve tissue, which may explain the
reduced blood flow underlying diabetic neuropathy. We have excluded a direct constricting effect of
hyperglycemia on pericytes. Thus pericytes may play a key role in the diabetes-evoked reduction of
nerve blood flow, thereby underlying the development of neuropathy.
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Acidic pH inhibits K+-induced vasorelaxation in coronary but not cerebral arteries
C. Homilius, C. Aalkjaer, E. Boedtkjer
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Introduction
Regulation of artery tone in response to accumulating metabolites plays critical physiological and
pathophysiological roles by matching local blood flow to the metabolic demand. Increased cellular
activity or disturbed perfusion (e.g., cardiac or cerebral ischemia) elevates the extracellular K +
concentration (1). Moderate increases in K+ concentration cause potent vasorelaxation in certain
vascular beds through activation of, among others, inward rectifier K+-channels (2). However,
increased metabolism or ischemia not only elevates the K + concentration, it also reduces pH. The
acidic environment modulates arterial tone (3) and the function of multiple ion channels (4, 5). In the
current study, we evaluated the functional interplay between local acidification and hyperkalemia.
Methods and results
Isolated rat coronary septal and middle cerebral arteries mounted in wire myographs (preconstricted with thromboxane-analogue, U46619) relax to baseline when exposed to moderate
increases in extracellular K+ concentrations (stepwise elevations (in mM): 4, 8, 12, 16). Whereas
metabolic acidosis strongly inhibits K+-induced relaxations of coronary arteries (P<0.001, n=8, twoway ANOVA, interaction), relaxation of cerebral arteries remains unaffected (P=0.57, n=4, two-way
ANOVA, interaction). Simultaneous measurements of isometric force and fluorescence-based
recordings of intracellular Ca2+ concentration (Fura-2) or pH (BCECF) reveal that K+-induced
decreases in vascular smooth muscle cell (VSMC) Ca2+ concentration are inhibited under acidic
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conditions (pHo 6.8) in coronary (P<0.001, n=6, two-way ANOVA, interaction) but not cerebral
(P=0.20, n=6, two-way ANOVA, interaction) arteries. There is no major difference in the magnitude
of VSMC acidification between cerebral (6.79±0.01 (SEM), n=6) and coronary (6.84±0.05, n=6)
arteries during extracellular acidosis (pH 6.8).
Conclusion
Extracellular acidification inhibits K+-induced vasorelaxations and associated decreases in VSMC
Ca2+ concentration in coronary but not cerebral arteries. These differences between the coronary
and cerebral arteries occur despite equal reductions in VSMC intracellular pH suggesting an areaspecific regulation or difference in expression of involved ion channels. Our findings provide new
mechanistic insights on how alterations in pH regulate blood flow both directly and indirectly through
effects on vascular responses to metabolites.
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Marked oestrus cycle-dependent regulation of rat arterial KV7.4 channels driven by GPER1
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Introduction
Kcnq-encoded KV7 channels (termed KV7.1-5) regulate vascular smooth muscle cell (VSMC)
contractility at rest and as downstream targets of receptor mediated responses. However, the
current literature focuses predominantly on males. Considering the known impact of sex, the oestrus
cycle and sex-hormones on vascular reactivity, the aim of this investigation was to characterise the
molecular and functional properties of KV7 within renal and mesenteric arteries from female Wistar
rats separated into Di-oestrus and Met-oestrus (F-D/M) and Pro-oestrus and Oestrus (F-P/E).
Methods
RT-qPCR, immunocytochemistry, proximity-ligation assay and wire myography were performed in
renal and mesenteric arteries. Circulating sex-hormone concentrations was determined by massspectrometry and HPLC. Whole-cell electrophysiology undertaken on cells expressing KV7.4 in
association with GPER1.
Results
The KV7.2-5 activators S-1/ML213 and the pan-KV7 inhibitor Linopirdine were more effective in
arteries from F-D/M compared to F-P/E animals. In VSMCs isolated from F-P/E rats, the membrane
abundance of KV7.4 but not KV7.1, KV7.5 and Kcne4 was reduced compared to F-D/M cells.
Plasma Oestradiol E2 alone was significantly higher in F-P/E compared to F-D/M. Oestradiol E2/Gprotein coupled oestrogen receptor (GPER1) agonist G-1 diminished KV7.4 currents in heterologous
expression system and reduced KV7.4 membrane abundance, ML213 mediated relaxation, and the
interaction between KV7.4 and the forward trafficking molecular chaperone protein, heat shock
protein 90 (HSP90), in arteries from F-D/M but not F-P/E.
Conclusions and implications
GPER1 signalling decreases KV7.4 membrane abundance in conjunction with diminished
interaction with HSP90, giving rise to a ‘pro-contractile state.’
GPER1 regulation of
arterial KV7.4
Diagrammatic representation
of GPER1 mediated reduction
of KV7.4 membrane abundance
through diminished
interaction with HSP90
during high serum
Oestradiol E2 (E2) stages
of the oestrus cycle
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The Forgotten Circulation: Sympathetic control of mesenteric venous capacity in
conscious hypertensive rats.
T. W. Emans, C. J. Barrett, J. F. Paton, F. D. McBryde
University of Auckland, Manaaki Manawa – The Centre for Heart Research, Department of
Physiology, Faculty of Medical and Health Sciences, Auckland, New Zealand
The venous circulation is often “forgotten”, with the focus of cardiovascular research and therapeutic
intervention predominantly on arteries. However, the systemic veins store two-thirds of blood volume
at rest, with reservoir beds such as the mesenteric circulation receiving dense sympathetic
innervation, suggesting a critical neurogenic role for the mobilization of blood between the venous
and arterial circulations. Furthermore, the impact of hypertension on sympathetic regulation of the
venous circulation remains unclear. We hypothesized that the capacity of the mesenteric
vasculature is impaired in hypertensives and modulated by sympathetic control. We also
hypothesized that reducing sympathetic drive will increase mesenteric buffering of excess volume
in spontaneously hypertensive rats (SHR).
SHR (n=6) and Wistar rats (n=7) underwent a preparative surgery under 2% isoflurane anaesthesia,
to implant telemeters to record arterial and venous pressures, along with an atrial balloon for
assessment of mean circulatory filling pressure (MCFP). Arterial and venous mesenteric flow probes
were implanted to simultaneously measure blood flow into, and out of, the mesenteric bed,
permitting us to assess total mesenteric volume fluctuation in real time. In conscious rats fully
recovered from instrumentation surgery, mesenteric vascular capacity was challenged with a 20%
volume load of intravenous saline over 4 minutes. Infusions in SHR were repeated after reducing
sympathetic drive acutely via either ganglionic blockade (hexamethonium, 10mg/kg i.v.) or
chronically via carotid body denervation (CBD).
MCFP was elevated in SHR compared to Wistar rats (+2.7±0.5 mmHg, p<0.01), indicating a higher
resting venous tone in hypertension. MCFP in SHR was reduced by both ganglionic blockade (2.6±0.6; p=0.01 vs Baseline, n=5) and CBD (-2.0±0.7 mmHg; p=0.04 vs Baseline, n=5), indicating
a reduction in neurogenic venous tone. Volume load did not change arterial blood pressure in any
groups. In normotensive Wistar rats volume load was accommodated by the mesenteric bed, with
a net total influx of blood (+5.4±2.2 ml; n=7). In contrast, SHR rats showed a counter-intuitive net
efflux of blood from the mesenteric bed during volume expansion (-1.6±1.4 ml; p=0.04 vs Wistar
rats, n=6). Preliminary results indicate that both ganglionic blockade and CBD tended to increase
the ability of the mesenteric bed to accommodate volume load, with a shift to net total volume influx
(hexamethonium: +1.9±1.5, n=6; CBD: +0.8±0.6ml, n=3).
We show that SHR have higher resting venous tone and a reduced capacity to accommodate
excess volume within the mesenteric vascular bed. Our data indicate that acute or tonic reductions
in sympathetic drive reduced venous tone and improved the ability to accommodate volume load.
We suggest that inhibiting sympathetic activity may provide a novel therapeutic opportunity to
restore venous mesenteric capacity and potentially help ameliorate hypertension.
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Effects of high-intensity interval-training on lung function after hospitalisation for COVID19
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Background: Many patients suffer from persistent symptoms after recovery from coronavirus
disease 2019 (COVID-19), which may be related to reduced lung function. This study aimed to
investigate whether high-intensity interval-training (HIIT) improves clinical lung function indices,
notably the pulmonary diffusing capacity to carbon monoxide (DLCOc), after hospitalisation for
COVID-19.
Methods: 28 patients (58 ± 10 years; 64% male) previously hospitalised for COVID-19 were recruited
for this investigator-blinded randomized study with a 12-week (3 sessions/week) supervised HIIT
intervention. Patients underwent dynamic spirometry, whole body plethysmography, and singlebreath CO uptake, and values as % of predicted (%pred) were calculated based on clinically
established summary equations. A constrained baseline longitudinal data analysis was used to
compare lung function changes within and between groups.
Results: Lung function metrics before and after the intervention period are provided in Table 1. Apart
from residual volume, all lung function metrics, including DLCOc, improved similarly in both groups.
Conclusion: Reduced diffusing capacity was the most common abnormality of lung function after
hospitalisation for COVID-19, and improved spontaneously over a 12-week period along with the
majority of other lung function metrics, with to added benefit of a supervised HIIT programme.
Lung function metrics
Table 1: Marginal mean + SE
(95% CI) lung function
metrics. Baseline means are
constrained to be the same.
FEV1: forced volume in one
second; FVC: forced vital
capacity; TLC: total lung
capacity; RV: residual
volume; DLCOc: haemoglobincorrected pulmonary
diffusion capacity to
carbon monoxide. * p <0.05.
____________________________________________________________________________
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Identifying the time course of changes in ERβ/ERα ratio in relation NO bioavailability with
aging, exercise and menopause in women.
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Objectives
The contradictory risk-benefit effect of hormone replacement therapy and exercise on the vascular
system in postmenopausal women, has led to the timing hypothesis [1] and the exercise timing
hypothesis [2]. Preclinical models indicate that aging is associated with a reduced effect of estrogen
on NO bioavailability, through a shift in ERβ/ERα ratio [3], supported by data showing higher
ERβ/ERα ratio in skeletal muscle late compared to recent postmenopausal women [4]. However, it
remains unresolved how changes in the ERβ/ERα balance in skeletal muscle are affected by aging
and how changes are related to downstream protein targets such as eNOS.
Study design
Skeletal muscle protein expression of estrogen receptors and eNOS were studied in 107 women
ranging from 20-70 yrs. of age and with different level of physical activity. The study was conducted
retrospectively on skeletal muscle biopsies from previous published studies, all parcipants provided
informed written consent.
Results
When grouped by 5yrs. intervals, the ERβ/ERα ratio was significantly higher in the 65-70 yrs.
compared all other groups (p<0,01). eNOS and ERα expression was significantly lower in the 65-70
yrs. compared with all other groups (p<0,05). When grouped by menopausal state, late
postmenopausal women had significantly higher ERβ/ERα ratio, compared to recent
postmenopausal, premenopausal and young women (p<0,05), whereas eNOS expression were only
different between the young women and premenopausal women (p<0,05). There were no group
differences between other groups. ERβ/ERα ratio increases with aging, shown by a Pearson’s
correlation (p=0,0034, R=0,277), whereas indications of a relationship were present between eNOS
expression and ERβ/ERα ratio (p=0,0175, R=-0,232). When comparing late postmenopausal
women of different age with different physical activity level eNOS expression were significantly
higher in the highly (HIGH) and moderately (MOD) active group compared with the sedentary group
(SED) (p<0,05) until the age of 65. Within the group of 65-70 years there were no differences
between groups. The opposite picture was present in relation to ERβ/ERα ratio, where there were
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no differences between groups until the age of 65. Within the 65-70 years age grop the SED had
significantly higher ERβ/ERα ratio compared with MOD and HIGH (p<0,05).
Conclusions
The ERβ/ERα ratio increases with age and menopause and eNOS protein expression declines with
aging, a decline in eNOS expression that can somewhat be counteracted by exercise up until what
appears to be a threshold at the age of 65. The age-mediated increase in ERβ/ERα ratio appears
to be further promoted by low estrogen levels as present after menopause and indications show that
the increase can be counteracted by both a moderately and highly active lifestyle. Correlations
between ERβ/ERα ratio and eNOS expression suggests that the ERβ/ERα ratio is related to the NO
bioavailability.
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Introduction
Exercise is a strategy to mitigate the development and progression of cardiometabolic diseases in
individuals with spinal cord injury (SCI). While most exercise studies in the SCI population have
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assessed the immediate impact on cardiometabolic health, little is known about to what extent these
changes are maintained after the cessation of the intervention. This study examined any residual
effects from a 12-week upper-body rowing exercise (UBROW) intervention on aerobic fitness and
cardiometabolic health in individuals with SCI. We hypothesized that a) participants in UBROW
would demonstrate greater aerobic fitness after 12 weeks of exercise (12W), which would be
maintained at 6M follow up, b) cardiometabolic risk factors (glycemic control, lipid profile, blood
pressure, waist circumference (WC), and body mass) would be similar at baseline, 12W and 6M
follow up.
Methods
Fifteen participants (8 males, 7 females; level of injury: C4-L3; ASIA Impairment Scale (AIS): A-C)
were randomized to control (CON, n=7) or exercise (UBROW, n=8). Participants in UBROW
completed 3 weekly sessions of 30-min for 12 weeks. Aerobic fitness (V̇O2peak; peak workload,
POpeak), determined during graded arm exercise to exhaustion, blood biomarkers of
cardiometabolic risk, blood pressure, WC, and body mass were assessed before (BL), immediately
after the intervention (12W) and six months after the completion of the intervention (6M). Minutes of
mild, moderate, and heavy intensity leisure time physical activity (LTPA) were assessed by selfreport. Friedmann tests were used to examine the effects of time (BL, 12W, 6M) within each group,
with Wilcoxon Signed-Rank test (Bonferonni-adjusted for multiple comparisons) as post hoc test,
where appropriate.
Results
Fourteen of the 15 participants who completed the 12-week intervention returned at 6M (CON, n=6;
UBROW, n=8). In UBROW, relative V̇O2peak (mL/kg/min) was increased at 12W and maintained at
6M, with no differences in CON (Figure 1). In UBROW, absolute V̇O2peak (mL/min) was increased
at 12W (1490±554, P=.01), compared with BL (1304±473), and maintained at 6M (1428±539,
P=.16), with no changes in CON. In UBROW, POpeak (W) was higher at 12W (79±33, P=.01) and
6M (76±35, P=.01) compared with BL (62±29), with no difference between 12W and 6M (P=.21),
and no changes in CON. There were no differences within UBROW or CON for any LTPA intensities,
lipid profile, fasting glucose, HbA1c, insulin, blood pressure WC, or body mass.
Conclusion
For the first time in individuals with SCI, we demonstrate that improvements in aerobic fitness are
maintained for at least six months after completion of a 12-week exercise intervention. Our results
suggest that exercise-induced change in aerobic fitness is maintained despite no change in habitual
physical activity level, supporting the use of periodic exercise interventions to elevate aerobic fitness
level in individuals with SCI.
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The immediate and residual
effects of upper-body
rowing exercise on peak
rate of oxygen consumption
Fig. 1. Bar graphs of peak
oxygen uptake (V
̇O2peak) at
baseline (BL), after 12weeks (12W), and at 6month follow-up (6M), in
CON (white bars) and UBROW
(grey bars). Asterisk
indicates P=0.01.
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Introduction
ATP generating mitochondria are essential for muscle function. Mitochondrial dysfunction can lead
to decreased OXPHOS activity and increased ROS concentrations. These pathophysiological
changes in mitochondrial metabolism are associated with loss of muscle mass, muscle strength and
earlier fatigue. In this study we investigate how mutations in mitochondrial DNA lead to an adaptation
of metabolic processes, which are relevant for muscle function in aging mice.
Methods
Soleus and extensor digitorum longus (EDL) muscles of the conplastic mouse strain C57BL/6NTacmtBPL/1J (combined mutation in NADH dehydrogenase (complex I) and cytochrome c oxidase
(complex IV) of the respiratory chain, mtBPL), were compared with C57BL/6NTac mice (control) at
two ages (young: 6 months, old: 18-24 months, n=6). Gene expression of antioxidant enzymes
(SOD1, SOD2, Cat), metabolic enzymes (Cs, InsR, Cpt1, Acadl) and proteins of the respiratory
chain complexes (COX3, ND5/6) was analyzed by RT-PCR. Body weight, muscle weight and fasting
blood glucose were determined. Isolated soleus and EDL (n=8-10) were mounted in a DMT
Myograph System (Model 840MD) in physiological salt solution and force was recorded with a
PowerLab unit (ADInstruments). Fatigue was induced by intermittent tetanic stimulation (EDL: 40
Hz, 1 s train duration, interval between tetani 1 s, 1 min fatigue, Soleus: 40 Hz, 2 s train duration, 1
s interval, 2 min fatigue). One-way ANOVA (Bonferroni´s multiple comparisons test) was performed
for statistical analysis (p<0.05).
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Results
Compared to control, soleus of young mtBPL mice showed significantly higher gene expression
levels for SOD1, Cat and Cs, whereas soleus of old mtBPL mice expressed lower levels of insulin
receptor. Young mtBPL EDL muscle differed by significantly lower levels of COX3 (complex IV) from
control mice at the same age. EDL muscle weight of old mtBPL mice was higher than that of controls
(13 vs 10 mg). EDL specific twitch force did not differ between young controls and mtBPL (107 vs
118 mN/mm2). It increased during aging in controls but not in mtBPL (215 vs 131 mN/mm2). Fatigue
behavior of EDL showed an age-dependency with better fatigue resistance (time to decrease initial
force to 50%, T50%) in older muscles, but no differences between the strains. This increase of fatigue
resistance during aging was also detected in soleus of controls (T 50% 58s vs. 81s) but was absent
in old mtBPL soleus (49s vs 57s).
Conclusion
Polymorphisms in mtDNA that effect OXPHOS subunits of complex I und IV results in expression
changes for metabolic and antioxidative processes in muscle. This transcriptional adaptive response
was more pronounced in slow twitch M. soleus, than in fast twitch EDL. In old mtBPL mice, EDL
twitch force and fatigue resistance of soleus were impaired. These changes might emerge because
of higher ROS generation or/and a change in fiber distribution, which will be needed to be
characterized in the future.
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Introduction
Age-related declines in skeletal muscle mass and function (sarcopenia) are associated with reduced
life expectancy and worse clinical outcomes. Skeletal muscle function is determined by numerous
factors including mitochondrial function. Despite the clear importance of muscle maintenance for
human health, the pathological process of sarcopenia is not yet fully understood, particularly in
relation to mitochondrial function. This study aims to investigate changes in skeletal muscle
mitochondrial function with advancing age, and the impact of short-term exercise training.
Methods
After approval by the University of Nottingham Research Ethics Committee, healthy young (Y: 1835 y) and older (O: >60 y) participants were recruited. Participants underwent assessments of
skeletal muscle and cardiorespiratory function (CRF) and a vastus lateralis muscle biopsy. The
biopsy was analysed by high-resolution respirometry to determine maximal respiration using an
established protocol for permeabilized fibres. Older participants were then invited to complete 4weeks exercise of either resistance or high-intensity interval training, with all baseline assessments
repeated after the intervention.
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Results
To date, 26 participants have been recruited (Y 28±4 y: male (M), 6; female (F), 6; O 68±6 y: M, 5;
F, 9), with 8 older adults (4M, 4F) completing the intervention.
As expected, CRF (VO2 peak) is significantly lower in older compared to younger males (mean
difference (MD)= -1.79±0.55 ml/kg/min, p=0.03, unpaired t-test) and females (MD= -0.52±0.16
ml/kg/min, p=0.01). Muscle function (1-repetition maximum) is not significantly lower in older males
(-9.0±5 ml/kg/min, p=0.11), but is in older females (-6.8±2 ml/kg/min, p=0.03, functional analysis via
unpaired t-tests).
Contrary to the data for muscle and CRF, no difference in mitochondrial function is seen with age
or gender groups (all p=0.999 via 2-way ANOVA). Grouping the two exercise modalities together,
exercise training significantly improves maximal respiration in healthy older adults (MD: 21.44 (4.0
to 38.89), p=0.01, Sidak’s multiple comparisons test).
Conclusion
Although the participants recruited to this study so far do display the age-associated declines in
muscle and CRF commonly reported in the literature, declines in mitochondrial function do not
appear to underpin these deficits. That short-term exercise can elicit improvements in mitochondrial
function supports its implementation within time-limited clinical pathways where functional
performance status is known to impact clinical outcomes. Older individuals who require such clinical
intervention may be more likely to present with a lower baseline mitochondrial function and as such
benefit further from an intervention able to improve this.
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Introduction
Perceived effort is a crucial determinant of any voluntary physical action [1]. Likewise, exerciseinduced pain (EIP) is believed to markedly influence task performance [2]. As perceived effort and
EIP appear to involve similar neurophysiological pathways [3,4], identifying how perceptions of EIP
can influence self-regulation of perceived effort may be of interest to further understand task
performance across contexts.
Methods
This single-blind study involved ten healthy participants (8 male, 2 female) conducting three
laboratory visits. Visit 1 involved an initial cardiorespiratory testing and familiarisation, whilst Visits
2 and 3 involved randomised 30-minute fixed effort cycling trials in the presence of 1.0 mL bilateral
hypertonic (5.85%) or isotonic (0.9%) saline injections in the Vastus Lateralis muscle. During,
performance (e.g., power output) cardiorespiratory (e.g., heart rate, pulmonary gas exchange),
psychometrics (e.g., pain ratings, self-efficacy, affective valence) and neurological (cerebral
oxygenation flow rates) markers were measured. After completion, the McGill Pain and Pain
Catastrophising Scale were administered to identify added indices of experienced pain [5]. Data
were averaged over six five-minute time zones (e.g., time zone 1 = Minute 0–5) and analysed in
SPSS v.26 using a 2 x 6 repeated measures ANOVA with follow-up Bonferroni equations and
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Cohen’s d effect sizes being calculated. Non-parametric equivalents were used when data violated
normality.
Results
Participants rated pain significantly higher in the first half of the fixed-effort cycle during the
hypertonic versus isotonic condition (P = .001-.044). No significant condition-time effects were
identified between for power output or cardiorespiratory markers at any time zone (P =.235 -.390).
Equally, cerebral oxygenation flow rates of oxyhaemoglobin, deoxyhaemoglobin and total
haemoglobin did not differ between conditions and remained stable over time. However, significant
differences existed between conditions in affective valence ratings at time zones 1 – 4 with large
effect sizes (P = .001-.022, d = .84-.85) with more a more positive feel in the isotonic (no pain)
condition than hypertonic (painful) condition. Yet, no differences in self-efficacy were observed
between conditions or over time. Participants acknowledged higher dimensions of sensory pain in
the hypertonic condition compared to the isotonic condition as well as higher ratings of pain
catastrophising (P = .024).
Conclusion
Notably, this study’s results demonstrate that experience of perceptions of EIP do not impact the
self-regulation of performance or neurophysiological aspects of a fixed effort cycling task.
Alternately, perceptions of pain do appear to alter psychological state (e.g., affective valence, pain
catastrophising). Thus, neurophysiological factors may be less susceptible to change than
psychological factors during prolonged self-regulated exercise when pain is present.
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Introduction
Hypertension is a major cardiovascular risk factor and cause of premature death globally. T-cell
driven inflammation with increased matrix metalloproteinase-2 (MMP-2) activities mediate
hypertension-induced cardiovascular damage. This underscores the development of potential antiinflammatory approaches in the management of hypertension-induced organ damage. We tested
the therapeutic efficacy and mechanism of action of DEL-1 in hypertension-induced cardiovascular
remodelling.
Methods
Efficacy of DEL-1 was tested in ANGII- and DOCA-salt models of hypertension. Systolic blood
pressure (SBP) was measured using the tail cuff method. Between 6 th and 12th days of
hypertension, the mice were injected with recombinant DEL-1 or its point mutant DEL-1-RGE protein
which cannot bind to αvβ3-integrin. Cardiovascular remodelling was assessed by histology, whereas
vessel function with Mulvany-Myography. Inflammatory cells were assessed with flow cytometry.
Efficacy of DEL-1 in the inhibition of MMP-2 activity was tested in isolated mouse and human aorta
using gelatin zymography.
Results
After 6 days of induction of hypertension, all mice showed increased SBP of ~140 mmHg as
compared to vehicle group of mice (~112 mmHg). Further elevation of SBP after day 6 was observed
in placebo or DEL-1-RGE-Fc treated mice, which was blunted by injections of DEL-1-Fc. Treatment
with DEL-Fc resulted in improved endothelium-dependent maximal aortic relaxation and higher
aortic elasticity. DEL-Fc treated mice were protected from both cardiac and aortic remodelling
demonstrated by reduced collagen deposition and hypertrophy demonstrated by reduced crosssectional area of cardiomyocytes and an increase in left ventricular lumen to wall ratio. Treatment
with DEL-Fc limited the recruitment of pro-inflammatory CD45+ leukocytes, CD45+/IL-17A+ and
TCRβ+T cells in the aorta and heart. However, hypertension-induced reduction in anti-inflammatory
regulatory T-cells (CD25+FOXP3+Tregs) was hindered in the heart and aorta of DEL-1-Fc treated
mice. Treatment with DEL-Fc prevented aortic elastin degradation and resulted in reduced levels of
active MMP-2 in the heart and aorta. Finally, DEL-1-Fc, but not DEL-1-RGE-Fc inhibited activation
of pro-MMP-2 to active MMP-2 in isolated mouse and human aorta ex-vivo.
Conclusion
DEL-1 protected from hypertension induced cardiovascular remodelling via αvβ3-integrindependent immunomodulation and MMP-2 activities. This strong immunomodulatory action reveals
DEL-1 as a promising therapeutic factor in hypertension-induced cardiovascular damage.
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Cardiovascular protective
effects of DEL-1
DEL-1 protects from
hypertension-induced
cardiovascular remodelling
via the suppression of
inflammation and inhibition
of the activation of proMMP-2.
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Interactions between group and time were evaluated using a two-way mixed ANOVA, with
Bonferroni post-hoc comparisons, for haemodynamic variables and MSNA during the CPT. Data
are presented as mean ± SD or median [interquartile range].
Baseline burst incidence was similar between NTN and HTN (54.4±16.3 vs. 63.0±10.3 bursts/100HB
respectively, P=0.241); however, burst frequency was higher in HTN (41.8±7.8 bursts/min) versus
NTN (31.6±9.8 bursts/min, P=0.042). BP and HR increased similarly throughout the CPT in NTN
and HTN, (P=0.425 and P=0.068 for interaction respectively).
The change (absolute and percentage) in burst frequency from baseline to CPT was higher in NTN
compared to HTN (absolute change: 26.6±13.9 vs 13.9±9.0 bursts/min, respectively, P=0.026;
percentage change: 66.0[129.5]%, 25.0[34.0]%, respectively, P=0.008), although absolute level of
MSNA (burst frequency) was similar between groups.
BP and HR returned to pre-CPT levels during recovery, with no differences between NTN and HTN;
however MSNA remained elevated in HTN compared to NTN during recovery (group x time
interaction for burst incidence (P=0.007, Figure 1A) and frequency (P=0.001, Figure 1B)). There
was a higher burst incidence (P=0.033 and frequency (P=0.011) in HTN compared with NTN, during
the final minute of recovery. Differences in MSNA between groups during recovery were not a result
of impaired sympathetic baroreflex sensitivity in HTN (NTN: -4.3±3.0, HTN: -5.1±3.3 %
bursts/mmHg, P=0.181).
Despite BP returning to pre-CPT levels in both groups, MSNA in HTN individuals remained elevated
after 5 minutes recovery. The sustained elevation in SNA after physiological stress could have
important implications for end-organ health in people with hypertension.
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The cold pressor test (CPT) is commonly used to assess the sympathetic response to physiological
stress, as it elicits large increases in blood pressure (BP) and muscle sympathetic nerve activity
(MSNA). Hypertensive patients have been shown to have exaggerated BP and MSNA responses to
the CPT [1]; however, it is not known whether this hyper-reactive response is sustained throughout
recovery.
Nine normotensive (NTN: 4 male, 43±14 years, BMI: 25.7±3.0 kg/m 2) and 7 hypertensive (HTN
daytime ambulatory blood pressure 137/91 mmHg vs NTN: 119/75 mmHg): 5 male, 49±14 years,
BMI: 26.0±2.4 kg/m2) participants provided written, informed consent. Participants were matched
for age (P=0.368) and BMI (P=0.800). Blood pressure (BP, Finometer), heart rate (HR, ECG) and
MSNA (peroneal microneurography) were recorded simultaneously during a 2-minute baseline, 3minute CPT (3-4°C) and 5-minute recovery. Sympathetic baroreflex sensitivity was determined as
the slope of the weighted linear regression between MSNA (% burst occurrence) and diastolic blood
pressure (1 mmHg bins), as previously described [2]. Differences in demographics were tested using
an unpaired Student’s t-test, or Mann-Whitney U test when data were not normally distributed.
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Figure 1. Sympathetic
response to cold pressor
test over time.
Mean ± SD burst incidence
(A) and burst frequency
(B), averaged over 30 s
intervals. Grey indicates
cold pressor test period.
NTN; normotensive, HTN;
hypertensive, HB;
heartbeats. Two-way mixed
model ANOVA assessed
interactions, and group and
time differences.
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Cardiovascular disease (CVD) accounts for more than half of the 6.7 million premature deaths
attributed to air pollution. Studies have found particulate matter (PM), a subgroup of pollutants, are
associated most strongly with CVD; particularly due to the ability of smaller particles (PM2.5), such
as polyaromatic hydrocarbons (PAHs), to enter the systemic circulation. Most research in this field
is done in fish - in this study, using a mouse model, we show that exposure to a single PAH,
Phenanthrene (Phe), can directly alter cardiac activity.
Acute exposure (15 minutes) to Phe led to a significant reduction in heart rate and prolongation of
the RR interval both ex-vivo (25uM Phe, 17% reduction, P=0.022, n=5) in isolated hearts and invivo (50ug/kg Phe, 10% reduction, P=0.0043, n=7)in anaesthetised mice, suggesting Phe has some
direct effects on the heart, which are unaffected by peripheral factors. Ex-vivo exposure to 25uM
Phe also lead to a significant reduction in conduction velocity (n=8, P=0.0087) and prolongation of
the ventricular action potential duration (n=6, P=0.0042), again highlighting the direct effects of Phe
on the heart. To investigate the effects of prolonged Phe exposure, wild-type mice (10-weeks) were
exposed to either 30ug/kg Phe (n=7), 3ug/kg Phe (n=6) or vehicle only (DMSO, n=6) for a 28-day
period, followed by in-vivo electrocardiograph and echocardiograph recordings and tissue collection.
Exposure to 30ug/kg Phe had a significant impact on in-vivo HR and lead to prolongation of the QTc
interval (n=7, P<0.05), suggesting the pro-arrhythmic effects of Phe previously seen in fish, may
also occur in mammals. Echocardiography data showed exposure to 3ug/kg Phe only significantly
reduced end-diastolic volume by almost 50% (n=5, P<0.05). This data suggests Phe is also affecting
the ability of the heart to fill, a phenotype not previously studied in fish. A significant increase in heart
weight was observed in animals exposed to 3ug/kg Phe (n=10, P=0.002), however molecular
analysis found no changes in the RNA levels of common hypertrophic markers (ANP and BNP).
Using Gas-chromatography-mass-spectrophotometry (GCMS) we found no differences in the
concentration of Phe in cardiac tissue, suggesting this level of exposure does not lead to Phe
accumulation.
This study is the first to show that exposure to a single pollutant, Phe, can have significant effects
on the mammalian cardiovascular system. This study is also the first to investigate prolonged
exposure to Phe in mice, showing actions on both cardiac electrophysiology and ventricular filling.
More detailed investigations of Phe exposure, both acute and chronic, in mouse models of health
and disease could reveal key mechanisms of actions for common pollutants such as Phe. As the
global levels of pollution continue to rise, it is vital we understand how these pollutants are affecting
us, only then can we manage and mitigate this avoidable cause of disease and death.
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Introduction
Calcitonin gene-related peptide (CGRP) may play an important role in modulating coronary
microvasculature resistance and is known to be cardioprotective. Widely believed to act via the Gαscoupled cAMP/PKA signalling pathway, there is evidence that endothelial cells (ECs) and Gβγ can
play a role in CGRP-induced vasorelaxation [1]. Despite its clinical importance, the precise
underlying pathway is yet to be elucidated in the coronary microvasculature.
Methods
Coronary septal arteries were isolated from male Wistar rats and mounted in a wire myograph.
Cumulative CGRP (1 pM – 100 nM) or isoprenaline (0.1 nM – 10 µM) concentration-response curves
(CRCs) were conducted from developed myogenic tone (>0.5 mN/mm). ECs were removed with a
hair and confirmed by <10% relaxation to 1 µM acetylcholine. For EC Ca2+ imaging, septal arteries
were cannulated onto two glass micropipettes, pressurised to 80 mmHg at 37 °C, and left to develop
myogenic tone. ECs were selectively loaded with the Ca2+ indicator Oregon Green BAPTA-1 (10
µM) and Ca2+ activity was recorded using confocal microscopy. Data were analysed using
parametric; two-way ANOVA with Sidak’s multiple comparisons, or non-parametric tests; MannWhitney with multiple comparisons followed with Bonferroni-Dunn correction. p < 0.05 was
considered statistically significant.
Results
The EC50 of CGRP in rat septal arteries was 50 pM (n=6). The nitric oxide synthase inhibitor, LNAME (100 µM), caused a ~30-fold right-shift of the CGRP CRC (EC50 1.4 nM), which was
significantly different to the control responses at 0.1 and 1 nM CGRP (n=6). Denuding also resulted
in a ~30-fold right-shift of the CGRP CRC (EC50 1.6 nM), with significant difference to control at 10
pM – 1 nM CGRP (n=14). The Gβγ-subunit inhibitor, gallein (100 µM), significantly attenuated
vasorelaxation to CGRP (EC50 50 nM, n=5). The EC50 of isoprenaline was 25 nM, but there was no
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significant difference to control in the presence of L-NAME or gallein (n=5). No global increase in
EC intracellular Ca2+ was observed following application of CGRP (10 nM) for 2 mins, but it was
consistently observed in response to acetylcholine (100 nM).
Conclusion
These data indicate that the most potent CGRP-induced vasorelaxation in rat septal arteries is ECdependent. This finding is clinically relevant because EC dysfunction in the coronary
microvasculature underlies several pathological conditions, such as coronary microvascular
dysfunction (CMVD), and would result in the reduced bioavailability of nitric oxide. Interestingly, it
appears that CGRP-induced nitric oxide release relies on a Ca2+-independent pathway.
Furthermore, these data suggest that both the EC-dependent and -independent components to
CGRP vasorelaxation occur via a Gβγ-mediated signalling pathway in rat coronary arteries. This is
a novel and therapeutically important finding.
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Introduction
YAP and TAZ are transcriptional coactivators and final effectors of the hippo signaling pathway. This
stretch-sensitive signaling pathway regulates proteins needed to resist mechanical forces (1). The
aim of this study is to investigate the importance of YAP and TAZ in smooth muscle for the
development of vascular disease in vivo.
Methods
To delete YAP/TAZ specifically in the vascular smooth muscle of adult mice, we use the new mouse
strain Itga8-ERT2Cre-Yap1fl/fl /Wwtr1fl/fl (I8-YT-KO), in order to avoid a gastrointestinal phenotype
(2). To induce the KO of YAP/TAZ, male and female mice were injected with tamoxifen for five days
at the age of 4-6 weeks. All mice procedures accorded with the Malmö/Lund Ethics Committee for
Animal Experiment, Lund, Sweden
Results
I8-YT-KO mice demonstrated reduced blood pressure two weeks after start of tamoxifen and blood
pressure continued to decrease in the following weeks. Echography revealed that I8-YT-KO mice
have enlarged aortic arch and abdominal aorta at 6 weeks post YAP/TAZ deletion. After 7-8 weeks,
I8-YT-KO mice started to show reduced mobility and signs of decreased circulation in the hind limbs.
Thus, the mice were euthanized at this time point and various vascular beds were collected for
histology, western blotting, qPCR and myograph experiments. These analyses revealed a dramatic
development of vascular lesions in I8-YT-KO aorta and small arteries, including the mesenteric
arteries. We also observed loss of vascular contractile response in response to both agonists and
depolarization in I8-YT-KO mice. Protein expression and gene expression analyses indicated loss
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of contractile proteins in the aorta of I8-YT-KO mice. RNA sequencing analysis shows
downregulation of the vascular smooth muscle contraction (mmu04270) signaling pathways (12
genes at 2 weeks and 18 genes at 8 weeks after tamoxifen). Our results suggest a similar phenotype
in males and females at 7 weeks post-tamoxifen, however female mice may have a slightly later
onset of the YAP/TAZ KO phenotype.
Conclusion
In summary, the new I8-YT-KO mice shows decreased mean blood pressure, loss of structural
integrity of blood vessels and loss of contractile phenotype of vascular smooth muscle. This
suggests that YAP/TAZ play a crucial role for vascular function and protection against vascular
disease in adult mice.
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A reduction in cerebral blood flow, is a major factor in the development of cognitive impairment and
vascular dementia. Blood is supplied to the brain via the pail arteries, and therefore the contractile
state of these arteries will determine global blood supply. The activation of large-conductance Ca2+
activated K+ (BK) channels, is a major vasodilatory mechanism that prevents cerebral arteries
becoming hypercontractile and ensures correct cerebral perfusion. BK channels are physiologically
activated by spatially restricted Ca2+ release from ryanodine receptors (RyR) located on the
sarcoplasmic reticulum membrane.
Hypothesis: Impaired BK channel activation is responsible for impaired cerebral autoregulation in
hypertension-induced cognitive impairment.
8 month male hypertensive mice (BPH/2) and the normotensive control strain (BPN/3) were
subjected to behavioural tests, and the BPH/2 mice preformed significantly worse the novel object
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recognition and the open field maze test. For ex vivo experiments, mice were euthanized in adhered
to the UK Home Office Guidance on the Operation of the Animals (Scientific Procedures) Act 1986.
Experiments were carried out using pressure myography, confocal microscopy and
electrophysiology techniques.
Pressure-induced constriction was studied at a range of intraluminal pressures (10-120 mmHg), and
cerebral arteries from BPH/2 mice showed a more contractile phenotype compared to BPN/3. BK
channel activation by Ca2+ sparks was recorded using perforated patch electrophysiology to record
spontaneous transient outward currents (STOCs). STOCs recorded from VSMCs from BPH/2
cerebral arteries, showed a significant reduction in frequency. To determine the mechanism behind
this loss of BK activity, we first studied Ca2+ sparks in pressurised cerebral arteries loaded with
Fluro-4-AM and found no difference between BPH/2 and BPN/3 mice. Next, we looked at functional
BK channel expression, by recording whole cell BK currents with a fixed [Ca2+] in the pipette
solution. Paradoxically, there was an increased BK current density in VSMC from the BPH/2 mice
compare to BPN/3 mice. We then looked at the Ca2+ sensitivity of the BK channel using single
channel electrophysiology, but again there were no differences between the BPH/2 and BPN/3
groups. Subsequently we used live-cell fluorescent membrane dyes to look at the coupling between
the SR (ER-Tracker) and the plasma membrane (CellMask) in freshly isolated VSMCs. 3D
reconstruction of the deconvolved images showed a reduction in both the coupling site volume and
frequency in cells isolated from BPH/2 mice.
This data suggests that an increased spatial distance between the SR and the plasma membrane,
reduces [Ca2+] around the BK channel resulting in a lack of activation and increased constriction of
the pail arteries. Opportunities to restore the Ca2+spark-to-BK channel coupling could be a novel
approach to prevent cognitive impairment caused by hypertension.
____________________________________________________________________________
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C. I. Bercea, K. Behnam, F. Tamagnini, G. Cottrell, A. McNeish
University of Reading, Chemistry, Food and Pharmacy, Reading, UK
This research was funded by BHF grants PG/19/57/34568 (CB), and FS/PHD/20/29049 (KB).
Introduction
There is strong evidence that the omega-3 polyunsaturated fatty acids docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA) have vasodilatory effects, in part controlled by increased
membrane conductance to potassium. Several types of potassium channel have been proposed to
be involved in omega-3-mediated vasodilation. Work in our lab identified that these effects are
largely independent of NO, BKCa, or KATP. Kv7 channels are widely expressed in the cardiovascular
system and despite extensive evidence that omega-3s can activate Kv7.1 (1) there has been little
research into the possibility that other Kv7 subtypes are involved in these vascular responses. The
Kv7 family is highly conserved, especially in the voltage sensing domain required for the activation
of Kv7.1(4). Kv7.4 and 7.5 are thought to be key in the regulation of vascular tone and relaxation
(2,3). To further characterise the vasodilatory effects of omega-3s we used patch clamping to study
whether omega 3-mediated vasodilation involved the opening of these channels.
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Methods
We generated tetracycline-inducible FlpInTREx-HEK293 cell lines expressing rat Kv7.4 or Kv7.5,
and induced expression using 0.5 μg/ml tetracycline overnight. We confirmed expression using
immunocytochemistry (KB) and Western blotting. Furthermore, we performed patch clamping using
the selective inhibitor XE991 (20 μM) as a negative control. We recorded outward, voltage-sensitive,
potassium currents with a voltage clamp at -75 mV, evoked with a 15 ms, 115 mV voltage step (from
–75 mV to + 40 mV) in whole-cell configuration. We tested significance with Kruskal-Wallis test and
Dunn’s multiple comparisons correction. Data is presented as current density mean ± SEM or
conductance mean ± SEM, and a p value of less than 0.05 was considered statistically significant.
Results
We first characterised the expression of Kv7.4 or Kv7.5 by recording voltage-gated potassium
currents, and found that bath application of XE991 reduces these current densities. We then tested
the effect of omega-3s and found that application of DHA (30 μM) or EPA (30 μM) in cells expressing
Kv7.5 leads to an increase in current density and specific conductance, further increased by
application of the channel opener ML213 (10 μM). This effect was reversed by the application of the
channel blocker XE991. Omega-3s did not affect the current densities or specific conductance in
the Kv7.4 stable cell line, or WT cells.
Conclusion
We conclude that DHA might act to open Kv7.5 channels by affecting the voltage sensitivity.
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Cystic fibrosis transmembrane conductance regulator (CFTR) is a Cl- channel and ABC transporter;
its mutations cause the clinical picture of cystic fibrosis (CF). Of late, CFTR has also emerged as an
important regulator of platelet function, as CFTR dysfunction causes agonist-induced platelet
hyperactivation. These findings are reminiscent of platelets from SARS-CoV-2 infected patients
since thromboembolic complications represent hallmarks of severe COVID-19 that may critically
contribute to morbidity and mortality. Moreover, CFTR modulators have recently been introduced as
a treatment for patients with various CFTR mutations, but have also been reported by us and others
to enhance channel function of wild type CFTR. We therefore postulated that CFTR modulators may
exert anti-coagulant effects on platelets of COVID-19 patients.
We recruited 36 COVID-19 patients with moderate, and 34 COVID-19 patients with severe disease
course (all w/o anti-platelet drugs), and 38 healthy donors (HDs). To determine the activation status
of platelets, changes in surface expression of CD62p and CD63 upon pretreatment with vehicle or
the CFTR potentiator ivacaftor were analyzed by flow cytometry. Platelets were activated by the
platelet agonists adenosine diphosphate (ADP) or thrombin receptor activating protein-6 (TRAP6),
and analyzed for Ca2+-mobilization by FACS, by impedance aggregometry, and by a microfluidic
flow assay assessing platelet adhesion after pretreatment with or without ivacaftor. In line with our
hypothesis, we observed significant reductions in ADP- or TRAP6-induced CD62p/CD63
expression, Ca2+-mobilization, aggregation, and adhesion of platelets from HDs by pretreatment
with ivacaftor. In blood from COVID-19 patients, platelet activation correlates with disease severity,
as demonstrated by a 5-fold and 8-fold increase in the proportion of CD62p+ platelets from patients
with moderate and severe disease, respectively, relative to HDs. Similarly, the proportion of CD63 +
platelets in patients with severe COVID-19 was 2-fold higher than in HDs. Retrospective analysis of
clinical data from a total of 3.952 CF patients with COVID-19 receiving single or combination therapy
of ivacaftor, lumacaftor, tezacaftor, or elexacaftor in comparison to an untreated cohort revealed
that CF therapy reduced the relative risk to suffer thromboembolism-associated cardiovascular
events such as heart attack or deep vein thrombosis by 77.1% or 57.1%, respectively, suggesting
an anti-thrombotic effect of CFTR modulators in CF COVID-19 patients. In line with this observation,
ex vivo pretreatment of platelets from acute COVID-19 patients with ivacaftor reduced Ca2+
mobilization, adhesion, and aggregation of platelets.
Our results demonstrate an anticoagulant effect of CFTR potentiators on platelets from HDs and
severe COVID-19 patients and thus, suggest CFTR potentiators as a promising strategy to reduce
the risk of thrombotic events in the clinical management of COVID-19.
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Introduction
Pathologically altered lung fibroblasts (myofibroblasts), exhibiting increased proliferation, migration
and collagen production, play a major role in the pathogenesis of Idiopathic Pulmonary Fibrosis
(IPF). An imbalance between profibrotic factors, such as Platelet derived growth factor-BB (PDGFBB), and antifibrotic pathways likely contributes to the initiation and progression of these alterations.
Experimental studies revealed that C-type Natriuretic Peptide (CNP), via guanylyl cyclase-B (GCB)/cGMP signalling, attenuates pathological tissue remodelling, especially heart and lung fibrosis
(1-3). To address the clinical relevance, here we compared CNP and GC-B expression, signalling
and functions in lung biopsies and cultured human lung fibroblasts obtained from “healthy” controls
and patients with IPF.
Results
CNP mRNA expression was significantly upregulated in lung biopsies of IPF patients in comparison
to healthy controls, while GC-B mRNA expression was unchanged. Western blot analyses of
enriched cell membranes demonstrated that GC-B protein levels were significantly increased in IPF
fibroblasts. CNP (10 and 100 nM) markedly and concentration-dependently enhanced fibroblast
cGMP levels. Despite increased GC-B expression, the cGMP responses of IPF fibroblasts were
slightly diminished in comparison to controls, suggesting that the GC-B receptor was partly
desensitized. To follow-up this possibility, we performed guanylyl cyclase activity assays with crude
membranes. In accordance with enhanced GC-B expression, IPF fibroblasts showed higher
maximal, detergent (Triton)-stimulated guanylyl cyclase activity. We are now investigating CNPinduced guanylyl cyclase activities in control and IPF fibroblasts as well as the impact of PDGF-BB.
To follow-up the functional impact of CNP/GC-B signalling we studied the proliferation and migration
of cultured fibroblasts by BrdU incorporation and scratch assays, respectively. CNP pretreatment
markedly and similarly reduced PDGF-BB-induced proliferation and migration of control and IPF
lung fibroblasts. In both groups CNP strongly decreased PDGF-BB-induced collagen 1 and 3
expression, as measured by immunocytochemistry and immunoblotting. In murine lung fibroblasts,
Cre-loxP-mediated deletion of GC-B abrogated the effects of CNP on PDGF-BB induced
proliferation, migration and collagen expression, confirming that such antifibrotic effects of CNP are
mediated by the GC-B receptor.
Conclusion
CNP/GC-B expression was increased in lungs and lung fibroblasts of IPF patients (respectively),
but GC-B responsiveness was slightly diminished, hinting towards partial desensitization of the GCB receptor. Despite the inhibitory effects of CNP on PDGF-BB-induced activation and differentiation
of human lung fibroblasts to myofibroblasts was preserved in fibroblasts from such patients.
Characterization of the signalling pathways regulated by CNP in lung fibroblasts may unravel novel
targets for therapies of IPF.
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Cardiogenic lung edema is a major complication of left-sided heart failure with considerable
morbidity and mortality(1). Oxygenation, non-invasive ventilation and diuretics are the mainstay of
supportive therapy in the clinic(2), while molecular mechanisms of action are presently not targeted.
In previous work, we identified a reversal of transepithelial CFTR-mediated Cl- and fluid flux under
hydrostatic stress as a major contributor to hydrostatic edema formation. Furosemide-sensitive Na+K+-2Cl− cotransporter 1 (NKCC1) was considered a potential mechanism of basolateral Cl- influx,
facilitating CFTR-mediated apical Cl- secretion(3). In the present study we aimed to characterize the
role of NKCC1 in cardiogenic lung edema and to probe for its activation through a signaling cascade
involving the With-no-lysine Kinase 1 (WNK1) and its downstream targets SPS1-related
proline/alanine-rich kinase (SPAK) and Oxidative stress response kinase 1 (OSR1). Specifically, we
hypothesized that inhibition or loss of the WNK1-SPAK/OSR1-NKCC1 signaling pathway may
protect the lung from edema formation and could thus present a novel therapeutic approach.
To test our hypothesis, isolated perfused lung experiments were conducted in male C57BL/6J mice
and heterozygous NKCC1+/- and WNK1+/- deficient mice on a C57BL/6J background (8-12 weeks
old). The animals were euthanized by anesthesia overdose (100mg/kg bw Ketamine and 20mg/kg
bw Xylazine i.p.) and catheters were inserted into the pulmonary artery and the left atrium and
connected to a perfusion system as previously described(4). Inhibitors of WNK1 (WNK463, 10μM),
OSR1 (closantel, 25μM), SPAK/OSR1 (rafoxanide, 25μM) or NKCC1 (furosemide, 500μM) were
added to the perfusate. After 30 min of perfusion, wet-to-dry ratio (W/D) was assessed at baseline
left-atrial pressure (PLA; 2,5 cmH2O) or at elevated PLA (7 cmH2O) and compared to non-treated
controls or WT littermates, respectively. Data were analyzed by two-way ANOVA.
In line with the concept of cardiogenic lung edema, we detected a marked increase in W/D-ratio in
response to elevated PLA in untreated lungs from WT mice (Fig. 1, A-D). Lungs perfused with
WNK463 (A), closantel, (B), rafoxanide (C) or furosemide (D), however, showed a significantly
reduced fluid accumulation in response to hydrostatic stress. Partial genetic loss of WNK1 (E) or
NKCC1 (F) equally protected murine lungs from edema formation relative to their WT littermates.
In summary, our findings identify a) hydrostatic edema as the result of active cellular signaling rather
than passive fluid filtration, b) the WNK1-SPAK/OSR1-NKCC1 signaling pathway as a key
regulatory pathway in alveolar fluid secretion and edema formation, c) a novel extra-renal
mechanism of action for the well-established anti-edematous effects of loop diuretics in the
treatment of cardiogenic pulmonary edema, and d) WNK1, SPAK/OSR1 and NKCC1 as novel
promising therapeutic targets for the treatment and prevention of lung edema.
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Figure 1
W/D ratio at PLA 2,5 cmH2O
and PLA 7 cmH2O. (A-D)
Inhibition of WNK1,
SPAK/OSR1 or NKCC1
prevented cardiogenic lung
edema at large. (E-F)
Partial genetic loss of
WNK1 and NKCC1 protects
the lungs from cardiogenic
lung edema.
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Obstructive lung diseases characterized by elevated airway resistance are a major public health
problem and represent a leading cause of morbidity and mortality in children and adults worldwide.
In current treatment regimens beta adrenergic agonists and anti-cholinergics are applied to lower
airway tone, however, there are numerous patients that do not respond adequately to these drugs
or suffer from side effects. Thus, alternative drug targets are required. Therefore, we analyzed the
effect of the endocannabinoid anandamide (AEA) on airway tone in health and disease.
The impact of AEA on airway tone of mouse was examined in isometric force measurements and
precision cut lung slices (PCLS). We determined FAAH expression and activity using qPCR,
immunostainings and a fluorescence assay, respectively. PGE2 and cAMP concentrations were
measured by ELISA. Endocannabinoid levels in lung homogenates of healthy and asthmatic mice
were quantified by liquid chromatography-multiple reaction monitoring measurements (LC-MRM).
Finally, we analyzed the AEA effect on airway mechanics using the Flexivent system in healthy and
OVA-sensitized mice in vivo.
AEA (10 µM) induced a very strong airway relaxation after serotonin (5-HT) pre-constriction in
tracheal rings (109.0±10.9%, n=5) and PCLS (83.5±19.7%). This relaxation was preserved in
Cnr1/Cnr2-/- mice (100.5±9.3% n=9) but strongly attenuated in tracheas from FAAH-/- mice or WT
mice pre-treated with the FAAH inhibitor URB597 (FAAH-/-: 18.2±8.3% n=8, URB: 11.1±21.7%
n=6). The non-hydrolyzable AEA analogue Met-AEA was without effect further confirming the
important role of FAAH-dependent metabolites in AEA-induced bronchorelaxation. FAAH activity in
lung and airway tissue was demonstrated by a fluorescence assay. Also the FAAH-dependent AEA
metabolite arachidonic acid induced airway relaxation. Furthermore, AEA-dependent
bronchorelaxation was strongly attenuated by the cyclooxygenase inhibitor indomethacin as well as
a combination of EP2 and EP4 inhibitors. Stimulation of tracheas, human tracheal epithelial (hTEPC)
and airway smooth muscle cells (hASMC) by AEA resulted in increased levels of the airway
relaxants PGE2 and cAMP. In healthy lungs AEA but not Met-AEA prevented the increase of airway
resistance in response to 5-HT in vivo. Interestingly, in the lungs of OVA-sensitized mice AEA levels
as well as AEA synthesis enzymes were reduced compared to healthy controls. Finally, AEA also
displayed airway relaxing effects in PCLS and in in vivo measurements of OVA-sensitized animals.
Our ex and in vivo results highlight AEA as a strong airway relaxant in health and OVA-dependent
asthma. The effect is mediated by FAAH –dependent metabolites. Thus, modulation of the
AEA/FAAH signaling cascade may be of therapeutic relevance for obstructive airway disease.
____________________________________________________________________________

Respiratory muscle weakness leading to failure is a primary feature of Duchenne muscular
dystrophy (DMD). We reported in X-linked muscular dystrophy (mdx) mice, despite evidence of
profound diaphragm muscle weakness, peak inspiratory pressure-generating capacity is preserved
in early dystrophic disease. This reveals adequate compensation by extra-diaphragmatic muscles
in the maintenance of respiratory system performance. We aimed to characterise peak inspiratory
pressure from early established to late progressive disease.
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In urethane anaesthetised mice (1.7 g/kg i.p.), inspiratory pressure was recorded via
an oesophageal pressure transducer. Diaphragm EMG activity was recorded using needle
electrodes. Studies were performed in male wildtype (wt) and mdx mice at 4, 8, 12 and 16 months
old. Recordings were made at baseline and during tracheal occlusion. Pressure-time plots were
created for each animal. Peak pressure was determined by tracheal occlusion. The corresponding
peak diaphragm EMG activity was determined. Area under the curve (AUC) analysis was performed
characterising the temporal response to airway occlusion from onset to failure. Two factor (age x
genotype) analysis of variance was performed.
Peak pressure was considerably greater in mdx compared to wt at 4 months, an effect we have
determined appears due to a mechanical advantage associated with diaphragm stiffening due to
fibrosis. At 8 months peak pressure was equivalent between wt and mdx. Significant decreases in
peak pressure were observed in 12 and 16-month-old mdx mice. AUC of pressure-time plots showed
no genotype difference, suggesting a substantial reserve capacity in mdx. Age-related decline in
AUC was observed independent of genotype. Diaphragm EMG activity was significantly lower in
mdx mice from 4 months.
Our results reveal that peak pressure generation is altered in dystrophic disease in a bi-phasic
manner with early improvements followed by progressive decline in advanced disease. However,
whereas features of the pressure-time relationship are altered in dystrophic disease, AUC of the
relationship during airway occlusion is equivalent demonstrating a sizable compensation of peak
inspiratory performance over a substantial period of disease in the mdx mouse. Compensation is
provided by extra-diaphragmatic muscles since diaphragm performance is curtailed in early disease.
Ongoing research by our group reveals considerable dysfunction in other key obligatory muscles of
inspiration, thus, compensation is afforded by accessory muscles of breathing.
We conclude peak inspiratory pressure is preserved for a considerable period in the mdx mouse,
due to compensation by accessory muscles of breathing aided by early diaphragm remodelling.
Compensation loss in accessory muscle performance likely contributes to the decline in peak
inspiratory performance in advanced dystrophic disease. These results have implications for
interventional therapies supporting respiratory capacity in DMD.
____________________________________________________________________________
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Introduction
The relationship between obstructive sleep apnea (OSA) and metabolic diseases is unequivocal,
but the mechanisms behind this relationship are not consensual (1). Mitochondrial dysfunction and
oxidative stress play a major role in the development of metabolic diseases. Chronic intermittent
hypoxia (CIH), one of the key features of OSA, dysregulates hypoxia inducible factors (HIF) levels,
which activates pro-oxidant pathways, increasing ROS levels (2). CIH also induces whole-body
metabolic dysfunction and increases hepatic lipid peroxidation, leading to liver inflammation (3). We
hypothesize that mitochondrial dysfunction and oxidative stress in the liver play a role in the
development of CIH-induced dysmetabolism.
Methods
Male Wistar Rats were divided into a control (NC) and obese group (HF) fed with 60% lipid-enriched
diet for 12 weeks. Half of the groups were submitted to a severe CIH paradigm (40s, 5%O2/80s air,
8h/day) in the last 14 days. Liver samples were evaluated by western blot for proteins from
mitochondrial biogenesis, inflammation, glucose homeostasis, insulin signalling and oxidative
stress. Histological and immunohistochemical analyses were done to evaluate hypoxia markers,
inflammation, angiogenesis, lipid deposition and mitochondrial density. Mitochondrial complexes
activities and cellular antioxidant status and ROS levels were also measured. Laboratory care was
in accordance with the European Union Directive 2010/63/EU. Experimental protocols were
approved by NOVA Medical School and by the Faculty of Medicine, University of Valladolid Ethics
Committee. Significance between means was calculated by one-way ANOVA and t-test. Differences
were considered significant at p<0.05.
Results
CIH and HF-diet induced whole-body insulin resistance and glucose intolerance. Hypoxia
aggravated hepatic lipid deposition in HF animals and exacerbated metabolic dysfunction. HF diet
increased insulin receptor levels by 55.3% (p<0.01) and showed a tendency to decrease insulin
degrading enzyme levels. Hypoxia increased Glut2 in NC animals by 78.09% (p<0.05). In NC
animals, hypoxia increased HIF-1α by 22.16% (p<0.001), while HIF-2α was decreased by 9.64% in
HF group (p<0.01). HF diet promoted a 12.78% reduction in mitochondrial density (p<0.01), effect
reversed by hypoxia. CIH decrease OXPHOS complexes I, II, III, IV and V by 61.33% (p<0.05),
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60.75% (p<0.05), 47.73%, 59.42% (p<0.05), 64.00% (p<0.01) and by 27.17%, 53.77% (p=0.0530),
73.27% (p=0.0521), 34.50%, 64.57% (p<0.05), respectively in NC animals and HF animals. HF diet
increased complex I by 105.7% (p<0.01) and showed a tendency to increase complexes II and IV.
In NC animals SOD-1 levels were decreased by 37.48% (p<0.001) due to hypoxia and increased
by 30.44% in HF animals (p<0.05).
Conclusion
Mitochondrial dysfunction and hepatic oxidative stress may contribute to CIH-induced metabolic
dysfunction, justifying the relationship between insulin resistance, hepatic steatosis and OSA.
References
[1]
Almendros I, Basoglu ÖK, Conde S v., Liguori C, Saaresranta T.
Metabolic dysfunction in OSA: Is there something new under the sun? Vol. 31,
Journal of Sleep Research. John Wiley and Sons Inc; 2022.
[2]
Prabhakar NR, Peng YJ, Nanduri J. Hypoxia-inducible factors and
obstructive sleep apnea. J Clin Invest [Internet]. 2020 Oct 1;130(10):5042–51.
Available from: https://pubmed.ncbi.nlm.nih.gov/32730232/
[3]
Parikh MP, Gupta NM, McCullough AJ. Obstructive Sleep Apnea and the
Liver. Vol. 23, Clinics in Liver Disease. W.B. Saunders; 2019. p. 363–82.
____________________________________________________________________________
OS 17-07
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Introduction
Recent evidence suggests that capillary oxygen saturation (SpO2) variability analysis can offer
valuable clinical information about the integrity of cardio-respiratory control. Pulse oximetry is
extensively recorded in hospitals and the ICU; however, the utilization rarely goes past absolute
values and to the characteristics of the time-series. Since entropy analysis is linked with the concept
of information theory, it can address the underlying integrity of physiological connections. Patients
with sepsis suffer from poor tissue oxygenation and impaired organ system connectivity. The
objective here is to examine the potential for SpO2 entropy analysis to predict mortality in patients
with sepsis admitted to the ICU.
Methods
In this retrospective cohort study, the complexity of SpO 2 signals were measured through various
entropy calculations such as sample entropy and multiscale entropy analysis. MIMIC-III clinical data
of 179 adults meeting Sepsis-3 criteria and with 30 minutes of heart rate, SpO2, and respiratory rate
data were analysed.The sequential organ failure assessment (SOFA) score was calculated to
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assess the severity of sepsis and multi-organ failure. Survival analysis was carried out using
multivariate Cox regression analysis.
Results
Results showed non-survivors exhibiting significantly lower SpO2 entropy compared to the survivors
(0.070 ± 0.083 and 0.107 ± 0.084, P<0.05). SpO2 standard deviation, which measures the total
variability, showed no significant difference between survivors and non-survivors. Cox regression
demonstrated that SpO2 entropy can independently predict mortality relative to patient age, SOFA
score, mean SpO2, and ventilation status. ROC curves solidified this predictive power with an Area
Under the Curve (AUC) of 0.654, and when combined with SpO2 mean, the AUC increased to 0.705
(P<0.001)(Figure).
Conclusion
Reduced complexity of SpO2 signals is an independent predictor of poor prognosis in critically ill
patients with sepsis. This has important implications for the clinical applications of SpO 2 time-series
analysis, particularly as a non-invasive predictor of mortality. The prognostic power is very similar
to the SOFA score in this set of patients. This simple, objective patient analysis carries great
potential for improving patient outcomes particularly in low resource settings.
Figure
ROC Curve for predicting
mortality. The composite
(red) curve of SpO2 entropy
and SpO2 mean was
calculated utilizing the
characteristics of the Cox
Proportional Hazards model
(AUC = 0.705, P<0.001).
SpO2 entropy (blue) AUC =
0.654, P=0.007. SpO2 mean
(black) AUC = 0.498,
P=0.970. P-values indicate
whether the area under the
curve is significantly
different from 0.5.
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Digital Stories on Endocrine Diseases/Disorders in an Asynchronous Course Improves
Content Knowledge and Oral Communication Skills
P. A. Halpin
University of New Hampshire, Department of Life Sciences, Manchester, USA
Introduction
Summative assessments can be stressful and often do not measure students’ knowledge. An
alternative is to assign students to complete a digital story that comprehensively describes an
endocrine disease/disorder in an engaging and creative way. During their training it is important for
students to master effective communication skills. These skills are especially important when
speaking to nonscientists. The goal of this study was to provide an alternative assessment to
increase students’ knowledge of endocrine disease/disorders and provide a novel way for them to
improve their communication skills.
Methods
Students in an asynchronous undergraduate endocrinology course worked in teams of four to create
a digital story about an endocrine disease/disorder. Specific parameters were provided along with
a grading rubric. Each team was provided a discussion board to share information and
communications. Students used Photo Story 3 software (Microsoft) to create their 10–12-minute
story and uploaded them to YouTube. Three groups of judges were invited to evaluate the digital
stories: peers, scientists, nonscientists. All judges were provided with a judging rubric and the
YouTube links. All students were surveyed with Likert scale and open response questions after
completing the assignment to assess knowledge gained, engagement and improvement of
communication skills. University IRB#8495 was granted.
Results
Survey results stated the digital story was effective in telling the story of the disease (36% strongly
agreed and 50% agreed). The assignment was more engaging than a traditional lecture to learn
about the disease/disorder (27% strongly agreed and 59% agreed). Students preferred the digital
story to a final exam (59% strongly agreed and 27% agreed). The most common reasons included:
it was less stressful than an exam, enhanced their content knowledge, increased understanding,
improved digital literacy skills and allowed them to be creative. Students agreed this project
improved their overall communication skills (36% strongly agreed and 41% agreed) and more
specifically explaining science to the public (45% strongly agreed and 32% agreed). Scientist judges
scored an overall average of 86% for effectively telling the story about their disease/disorder and
being scientifically accurate. Nonscience judges gave an overall average score of 91% for the
stories’ ability to communicate information on their disease or disorder to a general audience. Peers
rated each other’s videos with an overall average score of 92% as the stories increased their
knowledge and awareness of the disease/disorder.
Conclusion
This alternative to a summative assessment was preferred by students it increased their content
knowledge in a creative way and was less stressful. The ability to work as a team remotely to create
a digital story which effectively communicated science information are important skills the students
mastered in this assignment.
____________________________________________________________________________
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S. M. Roe1, M. McGahon1, S. Parkinson1, E. A. Tansey1, P. Murphy2
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Introduction
Recently, the General Medical Council have been promoting what had hitherto been known as “soft”
skills of compassion, communication and empathy in their guidance for undergraduate medical
curricula. In the 2018 “Outcomes for Graduates” document, “sharing”, “empathy” and “compassion”
are regularly referenced (General Medical Council, 2018). This attitudinal change has driven work
in QUB involving drama and final year medicine students during which they collaborate in realistic
and emotionally charged simulations of doctor patient interactions (Walsh & Murphy, 2017). We
adapted this transdisciplinary, high-fidelity simulation approach to second year physiology tutorials.
These lend themselves well to the application of basic science to clinical (and behavioural) contexts
(Michael, 2006). Benefits are manifold: emphasising the holistic importance of physiology to patient
care, while embedding “human factors” skills. Preliminary work has been presented to the
Physiological Society (Roe et.al., 2019). This work extends the observations from that study by
evaluating student opinion using Likert questionnaires and thematic analysis of student focus-group
interviews.
Methods
After preparing by attending acting classes based on aspects of Konstantin Stanislavski’s “System”
(Stanislavski & Benedetti, 2016), the authors supervised tutorials in which drama students
participated in a “physiology of hypofertility” session, playing a 34 year old woman with premature
menopause. This replaced the paper case normally distributed. The drama students analysed the
data and details of the clinical scenario to develop the “given circumstances” of the role. Student
opinion (from both Medical and Drama students) was evaluated by Likert questionnaires in which
responses to statements on the tutorials were awarded between 5 (strongly agree) and 0 (strongly
disagree). Scores are given as means /5 ±SEM. Debriefing sessions were held immediately after
the tutorial, and all involved were invited to email their impressions to the module coordinator. A
week after the tutorial, a focus group of drama students was interviewed and the conversation
recorded for transcription and thematic analysis.
Results
80% of medical students and 100% of drama students returned their questionnaires. Positive
responses were given to the authenticity of the tutorials (4.1±0.8 Medical, 3.6±1.0 Drama), how they
developed relevant skills (4.1±0.9 Medical, 4.5±0.7 Drama), empathy (4.5±0.6 Medical) and
motivation to improve (4.1±0.9 Medical, 4.6±0.5 Drama). All students enjoyed the experience
(4.2±0.7 Medical, 4.7±0.5 Drama). These scores are reflected in positive commentary in response
to open questions on the questionnaires and in the focus group interviews.
Conclusion
The results suggest that basic science tutorials give opportunities for interdisciplinary study and
enhancement of behavioural skills throughout the medical curriculum while gaining enthusiastic
student acceptance.
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Accuracy in Predicting Physiology Performance with Standard Setting
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Introduction
Standard setting is the process of setting the pass mark on an based in the difficulty of the questions.
Standard setting aims to ensure that all students achieving a pass mark have achieved the required
standard and to ensure that this standard is comparable between cohorts (Ben-David, 2000). One
such method is the Angoff method, which requires the standard setting panel to consider a
borderline student, and from there what proportion of borderline students will get the question correct
(Burr et al., 2017). This has problems, for how accurately can the panel assess what a borderline
student is and consequently how well such students would do in a particular question (Boursicot &
Roberts, 2006; Burr et al., 2017). Panel expertise has been shown to influence the set scores, with
recent graduates setting lower pass scores (Verhoeven et al. 2002), but are subject specific
panellists more accurate than the panel as a whole?
Methods
A 100 item MCQ paper was one element of the end of year assessment. The pass mark for this was
standard set using the Angoff method by a committee of year 1 contributors from various specialities
including physiology. For physiology questions (n=24) on the MCQ paper, the full panel (FP)
estimate was compared to that of the physiology members alone (PP). The two set of estimates
were then compared to the actual performance of anonymised borderline students in these 24
questions. Borderline students were considered to be those within 5% either side of the pass mark.
To compare the accuracy of each prediction the mean square of errors was calculated for the two
groups of predictions.
Results
Performance on the 24 questions varied considerably (range 16-100%, mean 54% correct). Both
the full panel (FP) and the physiology panel (PP), overestimated performance on 10 out of the 24
questions. Nine of those 10 questions were overestimated by both FP and PP. Both the FP and PP
were within 10% either side of the borderline student performance for 10 of the 24 questions. As a
measure of accuracy, the root mean square error for FP was 21.97 and for the PP was 16.66. Both
FP and PP were least accurate where student performance on a question was either very good or
very poor.
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Conclusion
These data suggest that the physiologists were no harsher, and indeed were slightly better at
estimating borderline performance than the larger panel of diverse experts. This may be due to a
closer understanding of their topic and the areas students struggle with. However, the other
alterative could be seen in the range of student performance at individual questions. Although
student performance on an individual question ranged from 16-100% getting that question correct,
panel estimates only ranged from 30-72% for FP and 30-80% for PP. That either panel could not
predict students getting as low as 16% or as high as 100% on a question was the major source of
inaccuracy in the predictions.
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Using Game of Thrones to teach physiology during lockdown and beyond.
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During the pandemic, there was a requirement to provide additional synchronous live tutorials that
would engage students whilst encouraging them to problem-solve and use their imagination. We
aimed to provide memorable topics where students would actively participate and apply what
physiology and pharmacology they had learned in classes. Given the popularity of Game of Thrones
and use of fictional poisons throughout the TV series and books, we used different storylines to get
the students to work out how fictional poisons/drugs might affect nervous system function. Previous
work by Berg & Polvsing (2016), Fitzgerald (2018) and Brown et al. (2017) have all reported the
worth of using fictional characters to help students expand and demonstrate their understanding of
complex biomedical concepts. This format of tutorial continued after a return to face-to-face classes
and still provides suitable scenario material for a flipped classroom physiology tutorial.
Students (n = 80 in year 1 of delivery, n = 105 in year 2) did not have to be aware of the content of
the television programme but there were free clips on platforms such as YouTube to look up the
fictional events described if the students wished to.
Some introductory material was provided to highlight that many poisons (both fictional and real)
target mechanisms and processes that are commonly discussed in a range of our courses relating
to neuroscience, physiology and pharmacology. We facilitated hour-long tutorial sessions by using
a series of scenarios and prompt questions to stimulate student discussion and get them to theorise
as to how fictional poisons worked and the consequences of disrupting physiological mechanisms.
There was simultaneous delivery of these sessions for students on campus and those studying
online.
Central anonymised university feedback provided by students indicated positive views of this way
of teaching physiological concepts (Year 1: 95% rated it 5/5 as totally meeting their learning needs,
with 5% rating it 4/5; Year 2: 94.29% rated it 5/5, 5.71% rated it 4/5 in terms of meeting their learning
needs).
Our perceptions were that students were much better at demonstrating their mastery of the
discipline-specific material when asked about it in this fictional context, compared to ‘dry’ questions
that related to everyday pharmacology or physiology problems. A far greater number of students
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volunteered answers or questions during the sessions that used such fictional scenarios as the basis
for tutorial work. There were a far greater number of follow-up questions via email from individual
students after the sessions took place when compared to the previous problem-solving tutorials that
took place pre-pandemic.
We conclude that use of pop culture references may allow students to demonstrate not only their
mastery of discipline-specific knowledge, but also encourages greater participation, problemsolving, lateral thinking, and understanding of physiological concepts.
References
[1]
Berg RM, Plovsing RR. 2016 The hardships of being a Sith Lord:
implications of the biopsychosocial model in a space opera. Adv Physiol Educ.
40(2):234-6. doi: 10.1152/advan.00026.2016.
[2]
Brown SP, Smith JW, McAllister M, Joe L. 2017 Superhero physiology: the
case for Captain America. Adv Physiol Educ. 41(1):16-24. doi:
10.1152/advan.00106.2016.
[3]
Fitzgerald BW. 2018 The physiology of impenetrable skin: Colossus of
the X-Men. Adv Physiol Educ. 42(4):529-540. doi: 10.1152/advan.00107.2018.
____________________________________________________________________________
OS 18-05
We Need to Talk About Death
K. H. Brown1, D. A. Scott1, L. Ginesi2
1
University of Aberdeen, School of Medicine, Medical Sciences and Nutrition, Aberdeen, UK
2
University of East Anglia, School of Health Sciences, Norwich, UK
Sincere thanks to the medical staff at Roxburghe House (Aberdeen) and the Department of
Pathology at Aberdeen Royal Infirmary for their time, insight into the themes discussed and valued
contribution to this project as a whole.
Introduction: All healthcare professionals are expected to have an understanding of physiology
across the continuum of life (The Physiological Society, 2020) – but does this expectation extend to
the mechanisms underlying death? Death is a universal physiological process irreversible from the
moment of initiation and with associated characteristic clinical signs and observations, such as the
death rattle, reduced level of consciousness and Cheyne-Stokes respiration. However, the
physiology underlying these such signs and death itself is seemingly largely poorly understood
across healthcare disciplines (Miguel, 2020) and it was proposed that this is a consequence of an
absence of such teaching across medical, nursing and allied health professional education
programmes and accompanying resources.
Methods: To determine the extent to which the physiology of death is explored in healthcare
education, 150 textbooks within the University of Aberdeen Medical Library catalogue and 30
documents detailing the recommended curricula for various healthcare programmes were reviewed
for content related to death and dying. The textbooks were reviewed by examining the index pages
for selected terms representative of the breadth of the phenomenon of death, such as “apoptosis”,
“brainstem death” and “palliative”. The occurrence of the same terms and surrounding contextual
information was recorded for each the syllabus recommendation publications examined.
Results: Across the breadth of the textbooks examined, the most frequently occurring selected
terms were those describing processes of death at the cellular level. The most prevalent term was
“necrosis”, paginated on 225 occasions, whereas only 6 references were made to “dying” and 7 to
“brainstem death”. Terms relating to a more holistic, person-centred and care-focused perspective
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of death, such as “palliative” and “end of life”, arising on 480 and 404 occasions respectively, were
most prevalent in the curriculum guidance documents studied. However, there was consistently an
absence of content directly related to human death in the physiological sense.
Conclusion: Discussion about death, in the educational, healthcare and day-to-day setting, is
necessary and relevant to all (Sallnow et al., 2022) but the physiology of death is not included in
healthcare education programmes and resources. This may lead to inadequate understanding and
recognition of the process of death, potentially to the detriment of the standard of care of the dying,
the dead and the bereaved. It is proposed that this subject ought to be included throughout all
healthcare curricula, with due consideration to the differing circumstances surrounding death, the
breadth of educational requirements of all learners and the highly sensitive nature of the subject
matter. Suggestions are made as to how to discuss death in an educational context, with the hope
that these will provide a framework on which to develop and integrate this vital teaching.
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Results from undergraduate nursing, undergraduate science majors, and medical students at three
diverse types of academic institutions were compared. We also investigated if the outcome was
different when DramaZooms were presented face-to-face during regular classroom teaching, or
asynchronously in a virtual classroom*.
Results
The compiled data showed that all three groups of students improved significantly after viewing
DramaZooms
n
Pretest
Posttest
P
Medical Students 1st year

16

66.2%

91.6%

1.28E-08

Undergraduate Science Majors 3 & 4 year*

15

49.5%

64.2%

2.17E-06

Undergraduate Nursing 1st & 2nd year

26

42.6%

56.2%

6.97E-07

rd

th

There was no statistically significant difference in pretest results among undergraduate students (P=
0.11), while medical students scored higher (P< 0.05). Posttest results indicated that learning
occurred independent of delivery mode. Students' comments were very positive, stating that the
videos were fun to watch and assisted them in learning the content. They also recommended them
for visual learners.
Conclusion
In conclusion, viewing the DramaZooms creates an opportunity for a fun learning experience that
improves knowledge regardless of the mode of delivery. Future research will be done to investigate
long-term retention of content.
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Introduction
Students must learn a lot of information in a finite amount of time. A common learning strategy is to
rely on memorization. We as educators, must promote teaching that not only engages students, but
also leads to deep and meaningful learning. Dramatization has been shown to be a fun way to
engage students in learning physiology in face-to-face settings (Halpin et al 2021; Carvalho 2011)
and was recreated in videos using dramatization via Zoom (called DramaZooms) to teach complex
concepts in endocrine physiology by this innovative method. The goal of this study was to assess
student learning after using DramaZooms in three student populations with diverse career tracks
and analyze if the delivery mode impacted student learning.
Methods
Three physiology instructors in three separate locations, collaborated on Zoom to create the
DramaZooms: scripts were written, Zoom backgrounds designed, props constructed, videos
recorded and edited using Active Presenter software (atomisystems.com). A total of six
DramaZooms were created focusing on hormone signaling with negative feedback in different
contexts. IRB approval was obtained. Students completed a pretest that focused on the content of
each DramaZoom. After watching each DramaZoom, they took a posttest to assess their learning.
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Modulation of cholinergic contractions of murine bronchial rings by b1-adrenoreceptor
activation
T. Alkawadri, K. Thornbury, M. Hollywood, G. Sergeant
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A 01-01
Angiotensin II increases the rhythmic activity in the preBötC
C. Tacke, A. M. Bischoff, A. Harb, B. Vafadari, S. Hülsmann
Georg-August University, Department for Anesthesiology, Göttingen, Germany
Introduction
Angiotensin II (Ang II), the main modulator of the renin-angiotensin system (RAS), discovered
almost a century ago, has been widely studied for its effect on the cardiovascular system, such as
regulating blood pressure. A few studies have also hinted towards an involvement of Ang II in the
regulation of breathing but very little is known in this regard. This could be of interest as studies on
mouse models of acute respiratory distress syndrome (ARDS) and mice with lung injury treated with
the recombinant SARS-CoV surface-Spike protein show increased levels of Ang II. And increased
Ang II levels have been associated with an aggravation of lung injury and ARDS. If this is also
applicable to humans is still under debate and currently researched. Nevertheless, this study aims
to gain novel insight into a potential involvement of Ang II in the regulation of breathing.
Methods & Results
In a first set of experiments we investigated the effect of Ang II on the respiratory network activity
using the working-heart-brainstem preparation (WHBP), an in situ experimental model retaining
cardiovascular and respiratory responses without possible side effects of anaesthetics. Therefore,
adult mice were killed after deeply anesthetized with isoflurane (soaked surgical gauze in a sealed
container) until loss of their paw withdrawal reflex, decerebrated and perfused arterially (aCSF
containing an oncotic agent (Ficoll 1.23%)). For recoding of the respiratory activity, the right phrenic
nerve was prepared and compound action potentials were recorded with a suction electrode. The
application of Ang II to the perfusate increased the frequency of breathing in mice. To investigate if
this effect might be mediated by the pre-Bötzinger complex (preBötC), a brain region located in the
ventrolateral medulla generating respiratory rhythm, local field potential (LFP) recordings were
performed in the preBötC in “rhythmic” acute brainstem slices (600 µm) from neonatal and juvenile
mice. Treatment with Ang II significantly (p=0.0003; paired t-test) increased the rhythmic activity in
the preBötC acting via its type 1 receptor (AT1R). Activating other Angiotensin receptors, namely
the AT2R and MasR typically described to have the opposite function of the AT1R, had no effect.
Conclusion
To our knowledge, this work shows, for the first time, a direct modulation of the respiratory activity
in the preBötC by Angiotensin II.
____________________________________________________________________________
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b-adrenoreceptor (b-ARs) agonists are one of the main bronchodilators used in the treatment of
COPD and asthma, however their exact mechanism of action remains unclear [1]. Studies have
shown that stimulation of b-ARs on airway smooth muscle cells (ASMC) activates membrane bound
adenylyl cyclase (AC), which elevates intracellular cAMP levels. In contrast, activation of muscarinic
M2 receptors (M2Rs) leads to inhibition of AC and suppression of intracellular cAMP, which suggests
a functional antagonism between b-ARs and M2Rs [2]. Alkawadri et al.(2021) showed that activation
of postjunctional M2receptors augments neurally-mediated cholinergic contractions of murine ASM
induced by low frequency stimulation, suggesting that these receptors could have a role in airway
hyperresponsiveness [3]. The purpose of the current study was to evaluate the effects of b-AR
activation on the M2R-dependent responses. Adult C57BL/6 and M2R-/-mice of both sexes were
euthanised by intraperitoneal injection of pentobarbital (100mg/kg) and the lungs were removed to
obtain primary bronchial rings. The bronchial rings were mounted into organ baths and isometric
tension recordings were employed to examine the effect of a b1-AR agonist on contractions induced
by electrical field stimulation (EFS) and by application of the cholinergic agonist carbachol (CCh).
The b1-AR agonist denopamine (3µM) reduced the amplitude of EFS-evoked contractions from 2.1
± 0.9 to 0.8 ± 0.5 mN (n=15, p<0.0001, one-way ANOVA, Bonferroni’s multiple comparisons test).
The inhibitory effects of denopamine were frequency-dependent as it inhibited contractions induced
by low frequency EFS (2Hz) with an IC50 value of 1.2µM, compared to 48µM for contractions induced
by EFS at 20 Hz (n=17, 95% CI: 860nM-1.73µM, n=8, 95% CI: 27-86µM, respectively). Denopamine
was also more effective on contractions evoked by lower concentrations of CCh (IC 50of 3.6µM for
contractions elicited by 300nM CC, compared to 19.5µM for those elicited by 1µM CCh (n=7, 95%
CI: 2.6-5.2µM, n=8, 95% CI: 16.5-23µM, respectively). Application of the M3R antagonist 4-DAMP
(3nM) reduced the amplitude of contractions evoked by (300nM) CCh and unmasked oscillatory
responses that were abolished by the M2R antagonists, methoctramine (100nM, n=9, p<0.01) and
AFDX116 (300nM, n=6, p<0.01), respectively. Similarly, denopamine (10µM) abolished the 4DAMP-resistant responses (n=6, p<0.05) suggesting that activation of b-ARs inhibited M2Rdependent responses. Finally, the inhibitory effects of denopamine on EFS-evoked contractions
were smaller in bronchial rings obtained from M2R-/-mice (43% reduction in amplitude, n=7, p<0.05)
compared to wild-type mice (62% reduction n=15, p<0.0001).
These data suggest that b-AR-dependent inhibition of cholinergic contractions of ASM is, in part,
brought about by inhibition of M2R-mediated responses, suggesting that postjunctional M2Rs could
be a therapeutic target in obstructive airway diseases.
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The effects of b1-AR
agonist denopamine on
contractions evoked by EFS
in murine bronchial rings.
A,is a representative
isometric tension recording
showing the effect of
denopamine (3 µM) on EFSevoked contractions (2 Hz)
that lasted for 1 second
with an interval of 10
seconds. The amplitude is
reduced to a similar level
to contractions elicited by
2 Hz for 1 seconds with a
100 second interval.B,isa
bar chart showing the
effect of denopamine on
contractions elicited by 2
Hz EFS with an interval of
10 seconds compared to
control contractions
elicited by 2 Hz EFS at 10
and 100 second intervals
(n=15, N=9, ****p<0.0001,
ANOVA).

Denopamine abolishes 4DAMP-resistant contractions
of murine bronchial rings.
A, representative isometric
tension recording showing
the effects of 4-DAMP (10
nM) and denopamine (10 µM)
on ASM contractions induced
by CCh (300 nM). 4-DAMP
reduced contraction
amplitude and converted the
sustained CCh response into
a series of oscillatory
contractions. The 4-DAMP
resistant activity was
abolished by denopamine. B,
summary bar charts plotting
CCh contraction amplitude
(measured by area under the
curve) before and during
the presence of 4-DAMP and
4-DAMP + denopamine, (n=6,
N=5, **p<0.01, *p<0.05,
ANOVA).
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Introduction
The glycocalyx, a carbohydrate-enriched layer lining the epithelial surfaces of cells, plays a critical
role as a regulator of barrier permeability, inflammation, infection, and mechanosensation (1-3).
These characteristics are uniquely relevant at the blood-gas barrier where the alveolar epithelial
glycocalyx is constantly exposed to mechanical stretch. Yet, few studies have addressed the
composition and function of the alveolar epithelial glycocalyx so far, and specifically, its regulation
by physiological and pathological mechanical forces. Here, we focused in particular on the
abundance of sialic acids (sialylation) in the glycocalyx as a critical regulator of immune cell
trafficking and viral adhesion.
Methods
Human immortalized alveolar epithelial type I cells (hAELVi) were exposed to 6 hours of low (5%)
or high (18%) magnitude cyclic biaxial stretch to mimic the mechanical stretch experienced by the
alveolar epithelium during physiological breathing and mechanical overventilation, respectively. The
effects of mechanical stretch on the alveolar epithelial glycocalyx were analyzed i) by confocal
imaging of lectin staining for specific glycans or glycosidic linkages, respectively, ii) by metabolic
glycoengineering (MGE) using N-azidoacetyl-mannosamine (Ac4ManNAz), a derivative of the sialic
acid precursor N-acetyl-mannosamine that can be detected by click chemistry for quantitative
assessment of de novo formed sialic acid, and iii) by a quantitative biochemical assay for sialic acid
using 1,2-diamino-4,5-metheledioxybenzene (DMB).
Results
High magnitude mechanical stretch increased total sialic acid residues in the alveolar epithelial
glycocalyx as detected by lectin staining and DMB assay. MGE revealed this increase to be
attributable to an increase in the de novo synthesis of sialic acids. Specifically, stretch increased the
sialylation of membrane glycoproteins, as indicated by an increase in sialic acids in cell supernatant
released by trypsin treatment (tryptic sialic acid). Yet, mechanical stretch did not alter the levels of
α-2,3 and α-2,6 linked sialic acids, suggesting that high magnitude mechanical stretch induced the
synthesis of a novel sialic acid isotype in the alveolar epithelial glycocalyx.
Conclusion
Here, we demonstrate stretch-induced sialylation of the alveolar epithelial glycocalyx. In view of
sialic acids promoting adhesion of both immune cells and viruses (4, 5), this effect may contribute
relevantly to the pathogenesis of ventilator-induced lung injury and ventilator-associated pneumonia.
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Introduction
Pulmonary diffusion capacity (DL) measurements during acute exercise and postural changes from
upright to supine have been used to assess alveolar-capillary reserve in previous studies. In the
present study, we sought to determine which of these physiological interventions that provide the
most reliable estimates in terms of day-to-day repeatability in healthy volunteers.
Methods
20 healthy subjects (10 female/10 male) underwent two repeated and combined measurements of
pulmonary diffusion capacity to carbon monoxide and nitic oxide (DLCO/NO). Measurements were
made in accordance with clinically established quality criteria and performed during a standardized
upright test at rest and thereafter during either exercise at 70% of VO2max (n=11) or after 15 mins
in the supine position (n=9). The study design is outlined in Figure 1. The subjects completed the
two measurements with an average interval of 7 days. The between-day coefficient of variation (CV)
and intraclass correlation coefficient (ICC) were determined. CV <5% was considered acceptable,
and an ICC > 0.90 was interpreted as excellent agreement.
Results
Participants had normal diffusion capacities for DLCO with 93 % of predicted (mean, SD 9.8) and a
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VO2max of 46 ml/min/kg (mean, SD 6). The measurement made in the upright resting position
resulted in an ICC of 0.96 (95% CI: 0.92-0.98) for DLNO, 0.97 (95% CI: 0.94-0.99) for DLCO, 0.97
(95% CI: 0.97-0.99) for Vc, 0.96 (95% CI: 0.92-0.98) for DM and 1.00 (95% CI: 0.99-1.00) for alveolar
volume (VA). The corresponding CV values were 4.2%, 3.4%, 3.8%, 4.2% and 1.2%, respectively.
DLNO, DLCO and DM increased from rest to exercise (p<0.05), and these had a CV of 1.5%, 3.8%,
and 1.5%, respectively. Only Vc increased from the upright to supine position (p<0.05) with a CV of
8%.
Conclusion
Acute exercise, but not the supine posture, triggers physiologically relevant changes in D L with
excellent between-day test-retest repeatability in healthy volunteers, and thus appears to be a valid
measure of alveolo-capillary membrane reserve.
Figure 1: Study design
Participants underwent
baseline screening at visit
1, including a medical
examination, pulmonary
function tests and a
maximal incremental oxygen
consumption test (VO2max).
After completing visit 1,
the subjects were
randomized to either
upright and exercise or
upright and supine. During
visit 2 and 3, subjects
performed measurement of
diffusion capacity at
upright rest followed by
either exercise at 70% of
VO2max or in the supine
position.
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Introduction
Acute respiratory distress syndrome (ARDS) involves damage to the lung epithelium and
endothelium, increased leakage into the alveolar space, diffuse inflammation, and surfactant
dysfunction with subsequent respiratory failure [1]. ARDS management is currently focused on
mechanical ventilation, fluid‑restrictive strategies, and prone positioning to prevent iatrogenic lung
injury, and maintaining sufficient oxygenation [2]. Deteriorated lung function could potentially be
restored with exogenous surfactant therapy. However clinical trials have been conflicting, because
of inactivation and/or too low doses of the administered surfactant [3]. CHF5633 is the first synthetic
surfactant containing analogues of human surfactant protein (SP) -B and SP-C modified to be
resistant to injury, theoretically improve resistant of surfactant to inactivation [4]. In this study we
compared the effects of natural animal-derived surfactant poractant alfa and syntetic one CHF5633
in experimental model of ARDS.
Methods
New Zealand rabbits, body weight (b.w.) 2.5 ± 0.3 kg, were handled according to the Federation of
European Laboratory Animal Science Associations (FELASA) guidelines and recommendations
[5], and sedated i.v. tiletamine 10 mg/kg b.w./h (Zoletil) and ARDS was induced by mild lunglavages with saline (5 ml/kg) followed by injurious ventilation with high‑tidal volume (VT 20 ml/kg,
ZEEP) until P/F ratio in arterial blood decreased to < 26.7 kPa. The animals were treated with an
intratracheal bolus of 2.5 ml/kg b.w. (80 mg/ml) CHF5633 or poractant alfa, respectively (both
surfactants provided by Chiesi Farmaceutici S.p.A., Parma, Italy), or air as control (each n=8). All
animals were subsequently ventilated for an additional 4 h in volume‑controlled mode (VT 8 ml/kg,
PEEP 5 cm H2O, RR 40 bpm, I:E 1:2, and FiO2 1.0) and respiratory parameters were recorded.
Finally, the animals were euthanized under deep anaesthesia by potassium chloride i.v., post
mortem, degree of lung edema and levels of cytokines TNFα, IL-6 and IL-8 in lung homogenates
were evaluated.
Results
Both surfactants preparations significantly improved lung function (P/F ratio, oxygenation index,
alveolar-arterial gradient) immediately after administration with preserved effect till the end of
experiment (for both p<0.001 vs. control), reduced the levels of inflammatory cytokines (Figure), and
lowered formation of lung edema to similar degrees compared to untreated controls. No significant
differences in any of analysed parameters were observed between the CHF5633 and poractant alfa
treated groups.

274

Conclusion
This study indicates that single dose of synthetic surfactant CHF5633 improved lung function, and
attenuated inflammation, and reduced lung edema formation as effectively as animal-derived
surfactant poractant alfa in a model of acute respiratory distress syndrome in adult rabbits.
Levels of interleukins in
lung
(a) TNFα, (b) IL-6 and (c)
IL-8 (all in pg/mL) in the
lung tissue homogenate of
untreated group (Control),
and groups treated with
poractant alfa or CHF5633
surfactant. Data are
presented as individual
values and mean ± SD.
Statistical comparison
using one‐way ANOVA with
Welch's correction:
*p<0.05, **p<0.01.
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Globins are small globular metallo-proteins, involved in different cellular functions via their reversible
binding capacity to gaseous ligands (O2, CO and NO) and their storage, transport and detoxification.
While hemoglobin and myoglobin were among the first proteins whose functions and structures were
determined, various new globin types have been discovered in vertebrates in the last two decades,
including cytoglobin, neuroglobin, and more recently also androglobin (Adgb) which is most
abundantly expressed in testis tissue. Remarkably, Adgb displays a unique chimeric protein
structure among the globin family, and consists besides of a permutated functional globin domain
that is split into two parts by a calmodulin-binding motif, also of an N-terminal calpain-like protease
domain and a long C-terminal tail of yet unknown function. Beyond its unprecedented structure,
Adgb seems also implicated in unconventional physiological processes for a globin. Indeed, in vitro
and in vivo observations support a function of Adgb in ciliogenesis. We recently demonstrated that
Adgb is transcriptionally regulated by the master regulator of ciliogenesis FOXJ1, and single-cell
mRNAseq revealed expression of Adgb specifically in ciliated cell types of the lungs, brain and
female reproductive tract. Accordingly, Adgb-deficient mice develop multiple symptoms of a
ciliopathy termed primary ciliary dyskinesia (PCD) which leads to male infertility due to abnormal
sperm flagellum formation, hydrocephalus, mucus accumulations in the sinus and lungs, congenital
heart defects, formation of renal cysts and rare cases of laterality defects. This syndrome is also
characterized in humans by airway oxidative stress and reduced nasal nitric oxide levels, which is
commonly used as diagnostic approach, but whose origin is still unknown. As such Adgb represents
an excellent candidate gene which may link ciliogenesis with airway ROS/RNS detoxification.
Ongoing research efforts aim to further explore how this novel enigmatic globin type interconnects
oxygen physiology and ciliary function.
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The aim of this study was to investigate lung fonctional and morphological alterations in rats
maintained in hypobaric hypoxic conditions, a standard model of pulmonary hypertension.
Experiments were done by a group of Msc students supervised by physiologist researchers.
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4 male chronically hypoxic (CH) Wistar rats were maintained for 2 weeks in a hypobaric chamber
(0.5 atm), then returned to normoxic conditions 2 days before experimentation, while 4 ones were
maintained in normoxia (N) as control. On rats anesthetized by intraperitoneal (IP) injection of
ketamine (10mg/100g) and xylazine (1mg/100g), the trachea was connected to a spirometer pod for
ventilatory parameter recording using Powerlab setup and Labchart software (AD Instruments).
Tidal volume (Vt), respiration frequency (Fr) and mean ventilatory flow rate (FRm) were measured
in normoxia and hypoxic/hypercapnic condition ensured by 1 min respiration in a 20 mL closed
circuit. After euthanasia by IP injection of sodium pentobarbital (40mg/100g), a blood sample was
collected by intracardiac punction for hematocrit (Ht), and the heart and lung removed. The cardiac
septum (S), right (RV) and left (LV) ventricles (LV+S) were weighted to calculate the Fulton
(RV/LV+S) ratio. On isolated lungs, the pulmonary circulation was perfused via pulmonary artery
catheter by a physiological solution at 10-40 mmHg pressure to determine the pressure-resistance
curve. The median right pulmonary lobe was then imaged by microCT (Skyscan, Brucker) with
17x17x17μm resolution. Image processing of radiotransparent ventilated bronchi was done using
ImageJ software to calculate the fractal dimension (FD) of the bronchial tree, and the length (L) and
diameter (D) of each bronchial segment. Data are given as mean±SD. Using Graphpad Prism
software, data were compared by Mann-Whitney test, and pressure-resistance curve and frequency
distribution of L and D were fitted by exponential decay curve and compared by F test.
Ht was 41±8.2 and 70±4.0 and the Fulton ratio was 0.38±0.03 and 0.53±0.06 in N and CH rats
respectively, and both differences were significant. The pressure-resistance curve showed a
significantly higher vascular resistance in CH rats. In normoxia, Vt was 4.1±0.9 and 5.2±1.6 mL, Fr
was 111±36 and 97±16 min-1, and FRm was 0.48±0.2 and 0.49±0.1 L. min-1 in N and CH rats
respectively. 1min hypoxia/hypercapnia induced 74±25% and 55±15% increase in FRm in N and
CH rats respectively. FD value was 1.39±0.15 and 1.65±0.06 in N (n=3) and CH (n=3) rats,
respectively. The frequency distributions of bronchial segment L and D were significantly different
in N versus CH rats.
These results indicate that hypobaric hypoxia induced significant morphofunctional changes of the
pulmonary vasculature (right cardiac hypertrophy and increased vascular resistance) and the
respiratory track (recrutement of ventilated segments and bronchial pattern complexification).
Increased sample size is needed to confirm these results.
3D imaging of pulmonary
bronchi.
Representative image of the
right median pulmonary lobe
bronchial segments.
A normoxic Wistar
rat. B: chronically
hypoxic Wistar rat. Average
diameters of each segment
are encoded in false colors
from red (small diameter)
to white (large diameter).
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Introduction
KCa3.1 channels play an important pathophysiological role in non-small cell lung cancer (NSCLC)
by regulating some of the main cancer cell functions like migration and invasiveness. EGF receptor
(EGFR) mutations are frequent in this type of cancer. In this case, EGFR tyrosine kinase inhibitors
(TKIs) such as erlotinib are commonly used therapeutics. Almost all patients initially responding to
erlotinib develop acquired resistance promoting cancer aggressiveness and progression. Since
there is evidence that KCa3.1 channels are involved in the resistance mechanisms, the aim of this
project is to study how the blockade of KCa3.1 channels with senicapoc helps to overcome the
resistance to erlotinib. Here, we focused on the impact of K Ca3.1 channnel inhibition on cell-matrix
adhesion and the role that β1-integrins have in this process.
Methods
We first performed a meta-analysis on microarray data sets that revealed a differential expression
of KCa3.1 channels between erlotinib-resistant and sensitive NSCLC cells. This differential
expression was highly correlated with genes involved in integrin signaling. Using erlotinib-sensitive
and –resistant NSCLC cells we monitored the impact of the integrin signaling by studying cell-matrix
adhesion with single-cell force spectroscopy. Integrin expression was then evaluated by Western
blot.
Results
Single-cell force spectroscopy experiments revealed an increased adhesion force of NSCLC cells
to the ECM-like matrix when applying the KCa3.1 blocker senicapoc or a combination of erlotinib
and senicapoc. This is most likely due to an increased expression of β1-integrin as shown by
Western blot and also by lowering the adhesion force with a β1-integrin blocking antibody. To
distinguish between the role of the plasma membrane and intracellular (mitochondrial) KCa3.1
channels in this process, we inhibited KCa3.1 channels with the non-permeant peptide Maurotoxin.
It does not increase cell adhesion and β1-integrin expression Moreover, treating the cells with the
ROS scavenger mitoTEMPO in combination with senicapoc prevented the increase of β1-integrin
expression. This is consistent with the role of mitochondrial K Ca3.1 channels.
Conclusion
Taken together, our results indicate that KCa3.1 channel inhibition with senicapoc in erlotinibresistant NSCLC cells increases cell adhesion by an elevated β1-integrin expression that in turn
depends on mitochondrial ROS release. This mechanism can contribute to overcoming erlotinib
resistance by decreasing motility and subsequently the invasiveness of the NSCLC cells, thus
inhibiting the spreading of cancer.
____________________________________________________________________________
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Introduction
Idiopathic pulmonary fibrosis (IPF) is a progressive lung disease with poor prognosis. Excessive
fibroblast activation and deposition of extracellular matrix (ECM) results in fibrotic tissue remodeling
and stiffening of the lung which ultimately leads to respiratory failure. Until today, the exact
mechanisms that drive the onset and progression of IPF are unknown hampering development of
effective therapeutics [1].
Methods and Results
Data from an unbiased bulk RNA-sequencing screen and from pharmacological screens in a novel
lung fibroblast reporter cell line (10-4ABFP) [1] suggested an anti-fibrotic role of p38 MAPK signalling
in mechanically-induced activation of lung fibroblasts. This is in contrast to reported pro-fibrotic
effects of p38 MAPK activation [3].
To further elucidate the role of the p38 MAPK signaling in profibrotic activation of lung fibroblasts,
we expressed constitutive active forms (phosphomimetics) of p38 MAPK isoforms α, γ, and δ
(encoded by MAPK14, MAPK12,and MAPK13, respectively) in human pulmonary fibroblasts (HPFc,) or a recently established pulmonary matrix fibroblast cell line (10-4A) [1] grown on pro-fibrotic,
stiff substrates. Pro-fibrotic activation of cells was evaluated by analysing expression of fibrosis
markers alpha smooth muscle actin (αSMA, encoded by ACTA2) and connective tissue growth
factor (CTGF) on gene (qRT-PCR) and protein (WB, IF) level. Expression of the active p38 γ subunit
lead to a significant reduction of pro-fibrotic marker expression on the gene (e.g. ACTA2 expression
in HPF-c cells: ctr: 2.9 ± 0.9 (Mean ± SD); MAPK12 phosphomimetics: 0.5 ± 0.4, N=6, p = 0.01,
Kruskal-Wallis with post-hoc Dunn’s test) and protein level (e.g. αSMA expression in HPF-c cells:
ctr: 1.0 ± 0.2; MAPK12 phosphomimetics: 0.6 ± 0.1, N=5, p = 0.04, Kruskal-Wallis with post-hoc
Dunn’s test). Expression of active p38 α or δ had no significant effect. In line, only knockdown of the
p38 γ subunit by siRNA resulted in increased ACTA2 gene (HPF-c: ctr: 1.8 ± 0.1; MAPK12 siRNA:
5.0 ± 1.1, N=3) and αSMA (HPF-c: ctr: 1.0 ± 0.2; MAPK12 siRNA: 1.9 ± 0.2, N=3) expression.
Conclusion
Overall, our data suggest that specific activation of the p38 γ subunit exerts an anti-fibrotic effect in
lung fibroblasts suggesting that selective activators of the γ subunit may offer the opportunity for
anti-fibrotic treatment in IPF.
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Duchenne muscular dystrophy (DMD) is characterized by mutations in the dystrophin gene resulting
in premature truncation of dystrophin protein translation. Dystrophin plays a vital role in muscle
contractile stability. Lack of functional dystrophin leads to premature muscle wasting and eventual
death due to respiratory and/or cardiac failure. Using mdx mice, a mouse model of DMD, our
group previously demonstrated that despite evidence of profound diaphragm weakness, peak
inspiratory pressure-generating capacity is preserved in early dystrophic disease (2 months old).
We posit that accessory respiratory muscles compensate for early deterioration of the primary
respiratory muscles (i.e., diaphragm and intercostals) and it is progressive dysfunction of the
accessory muscles that leads to ventilatory insufficiency and eventually, failure. Thus, we sought to
explore accessory muscle function at a more progressive stage of dystrophic disease (12 months)
in mdx mice.
The study was conducted following institutional ethical approval. Male wildtype (WT; n=15) and mdx
(n=15) mice were anaesthetised (induction by isoflurane followed by 1.7g kg -1 urethane
intraperitoneally). Electromyogram activities of respiratory muscles were recorded via needle
electrodes. Intrathoracic pressure was measured via a pressure-tip catheter placed into the
oesophagus. Following a stabilization period, baseline data were recorded and mice were then
exposed to an asphyxic challenge (hypercapnic hypoxia, FIO2 = 0.15 and FICO2 = 0.05; 1-2 mins).
Following recovery, bilateral section of the vagi was performed followed by a second asphyxic
challenge. Finally, we performed a sustained airway occlusion to failure.
Results were compared using a repeated measures mixed-model two-way ANOVA. We observed
substantial reductions in the electrical activation of 2 primary respiratory muscles (diaphragm and
parasternal intercostals) in mdx mice compared with WT, as well as impaired recruitment of the
scalene muscle. However, activation of other accessory muscles of breathing was equivalent in mdx
and WT mice across our protocol as well as the peak inspiratory pressure determined from 5
successive maximal efforts during airway occlusion.
Our results corroborate our previous work revealing substantial deterioration of obligatory
respiratory muscle function but preserved peak inspiratory pressure-generating capacity, which in
this study was seen at a progressive stage of dystrophy. Interestingly, decreased electrical activation
was observed in some but not all accessory muscles, suggesting the emergence of accessory
muscle dysfunction in the mdx model but preserved compensation even at this stage. We posit that
continued decline in accessory muscle performance underpins the loss of compensation and decline
in peak inspiratory performance in more advanced dystrophy. Our results may have relevance to
human DMD and the development and implementation of interventions to improve respiratory
capacity.
____________________________________________________________________________
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Structure-Function Relationship of Obligatory and Accessory Respiratory Muscles in
Young Dystrophin-Deficient mdx Mice
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Department of Physiology, School of Medicine, College of Medicine and Health, University College
Cork, Cork, Ireland
Funding: Eli Lilly, Science Foundation Ireland (19/FFP/6628), The Physiological Society &
Duchenne Parent Project (Netherlands).
Duchenne muscular dystrophy (DMD) is a fatal genetic neuromuscular disorder that occurs due to
the absence of the structural protein dystrophin and secondary consequences. Dystrophin is
ordinarily expressed in muscle and its absence from muscle leads to severe and progressive skeletal
muscle weakness. The mdx mouse model is a well characterized model of DMD. However, there
remains a paucity of information concerning the control of breathing in mdx mice. In recent years,
we have embarked on a full characterization of the respiratory control system in mdx mice.
Diaphragm muscle remodeling and resultant muscle weakness has previously been observed in
early dystrophic disease in mdx mice (Burns et al., 2017). The aim of this particular study was to
extend these findings to assess the structure-function relationship of multiple obligatory and
accessory respiratory muscles in 4-month old wild-type and mdx mice.
Diaphragm (wild-type n = 12; mdx n = 15) and sternomastoid (accessory respiratory muscle) (wildtype n = 11; mdx n = 15) muscle force-generating capacity were examined ex vivo. Data were
statistically compared using two-way ANOVA with Bonferroni’s post hoc test. Histology and
immunohistochemistry were used to examine structural features of diaphragm (n = 3 per group) and
sternomastoid (n = 3 per group) muscles. Data are represented as mean ± standard deviation.
There is significant diaphragm muscle weakness evident in mdx mice (P < 0.0001). Similarly,
sternomastoid muscle force was decreased in mdx mice (P = 0.0033). There are no overt differences
in mdx diaphragm myofiber size, as measured by minimal Feret’s diameter (wild-type vs mdx; 28.9
± 1 μm vs 23.2 ± 2.9 μm). The proportion of centrally nucleated myofibres is increased in mdx
diaphragm muscle compared to wild-type (0.03 ± 0.06 % vs 71.5 ± 12.2 %). The relative area of
inflammatory cell infiltrate is increased in mdx diaphragm muscle compared to wild-type (1.2 ± 0.3
% vs 57.4 ± 9.2 %). The relative area of collagen deposition is increased in mdx diaphragm muscle
compared to wild-type (6.9 ± 0.9 % vs 20.3 ± 1.8 %). Sternomastoid myofiber size is equivalent
(36.9 ± 6.1 μm vs 39.4 ± 5.4 μm). The proportion of centrally nucleated myofibres is increased in
mdx sternomastoid muscle compared to wild-type (0 ± 0 % vs 61.3 ± 5.4 %). The relative area of
inflammatory cell infiltrate is increased in mdx sternomastoid muscle compared to wild-type (0.3 ±
0.09 % vs 53.8 ± 6.6 %). There is an apparent increase in the relative area of collagen deposition in
mdx sternomastoid muscle compared to wild-type (6.3 ± 0.8 % vs 11.3 ± 1.3 %).
These preliminary findings reveal that both obligatory and accessory respiratory muscles undergo
structural remodelling in early dystrophic disease, which has implications for the functional capacity
of these muscles. These results are important for the characterization of the respiratory control
system in DMD, and may have relevance to the treatment of the disease.
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Introduction
Idiopathic pulmonary fibrosis (IPF) is a fatal respiratory disease characterized by excessive
fibroblast activation and deposition of extracellular matrix (ECM). The resulting increase in tissue
stiffness amplifies fibroblast activation and drives disease progression. Elucidating the signaling
pathways that drive mechanically-induced fibroblast activation could aid in the development of novel
therapeutics.
Methods and Results
We performed an unbiased, next generation sequencing (NGS) screen in primary lung fibroblasts
to identify signaling pathways affected by increased, pro-fibrotic substrate stiffness. We identified
adipocytokine signaling as persistently downregulated in primary rat lung fibroblasts cultured on
profibrotic, stiff (plastic) vs soft (PDMS, < 5 kPa) matrices (KEGG pathway analysis). In line,
activation of adipocytokine signaling by adiponectin inhibited stiffness-mediated fibroblast activation
in human primary lung fibroblasts (hPFs) and a recently established pulmonary matrix fibroblast cell
line (10-4A) [1]. Cells were grown on either soft or stiff substrates in the absence or presence of
adiponectin for two weeks and fibroblast activation was analyzed by measuring the expression of
fibrosis associated proteins, alpha smooth muscle actin (αSMA, gene: ACTA2) and connective
tissue growth factor (CTGF) by qPCR, WB and IF. Adiponectin significantly reduced ACTA2
expressionin cells grown on stiff substrates(e.g. qPCR of HPF-c cells (N = 5): stiff (5.1 ± 2.5, Mean
± SD) vs stiff + adiponectin (1.1 ± 1.2); p = 0.01, MWU-test) to levels observed in cells grown of soft
substrates (0.8 ± 0.4).
We also identified the receptor for adiponectin signaling in lung fibroblasts by pharmacological
inhibition of canonical adiponectin-receptors ADIPOR1 and ADIPOR 2 (APN400 [2]) and by siRNA
targeted gene silencing. APN400 treatment had no effect on the antifibrotic effect of adiponectin.
Only specific knock-down of cadherin 13 (CDH13) reversed the antifibrotic effect of adiponectin (104A, adiponectin ctr (0.2 ± 0.2, Mean ± SD) vs adiponectin CDH13 siRNA treatment (3.3 ± 1.0), p =
0.002, MWU Test). In line, immunohistochemistry of lung sections from healthy control and IPF
donors revealed reduced CDH13 expression in the distal lung of IPF patients (IPF and control
donors, N = 3).
Conclusion
Overall, our data suggest that adiponectin suppresses mechanically-induced, pro-fibrotic activation
of lung fibroblasts. The anti-fibrotic effect depends on signaling via CDH13 which is downregulated
in the distal lung of IPF patients.
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Tiotropium induces cell
proliferation in ASMCs
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Introduction
Chronic lung diseases, such as asthma or chronic obstructive pulmonary disease (COPD), are
characterized, among others, by bronchospasm and structural modifications of the airway wall. Such
changes include epithelium damage, thickening of the basal membrane, increase in vessel number,
as well as hyperplasia and/or hypertrophy of the airway smooth muscle cells (ASMCs). Tiotropium,
a classic M2/M3 muscarinic antagonist, is widely used as bronchodilator, mainly in COPD, but also
in asthma treatment. We studied the effect of tiotropium on ASMC proliferation and phenotype in
rabbit tracheal primary cell and human bronchial smooth muscle cell cultures.
Methods
Cell proliferation and the signaling pathways involved were estimated with Trypan Blue staining and
the use of PI3K and MAP kinases pathways’ inhibitors while the tiotropium effect on cell phenotype
was assessed with the immunofluorescent localization of α-actin and heavy myosin chain (MHC).
Results
Our results show that in the absence of any muscarinic agonist, low concentrations (1-10nM) of
tiotropium induce ASMC proliferation in a dose-response manner, whereas in higher concentrations
(20nM or 30nM) no effect was observed (Fig. 1). Specifically, in rabbit ASMCs incubation with 5nM
or 10nM tiotropium cell number was statistically significant (p<0.05) elevated from 141900±36500
cells to 265600±77500 and 234400±30600, respectively. Similarly, in human ASMCs, tiotropium
(5nM or 10nM) had a mitogenic effect. In rabbit SMCs, the effect of tiotropium is achieved through
the activation of the PI3K and MAP kinases signaling pathways, since treatment with the pathways’
antagonists, LY294002 and PD98059 respectively, abolish tiotropium effect (Fig. 2). Indirect
immunofluorescence experiments revealed that incubation with 5nM tiotropium, for 48 hours, does
not alter α-actin or MHC expression in the ASMCs, an effect similar to that of 10% FBS.
Conclusion
In conclusion, in the absence of agonists, tiotropium (1-10nM) has a mitogenic effect on human and
rabbit ASMCs via activation of PI3K and MAP kinases’ signaling pathways without altering the cell
phenotype. These results could represent an allosteric modulation indication induced by tiotropium
in ASMCs.
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New functions for miRNAs? miRNAs as direct activators of the toll-like receptors and their
possible role in the pathogenesis of respiratory diseases
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Introduction
The toll-like receptors 7 & 8 (TLR 7&8) are Pattern Recognition Receptors that recruit innate immune
responses in response to specific pathogen-associated single-stranded RNA motifs. Recently, it has
been reported that specific miRNAs can activate TLR 7&8, mimicking pathogen-associate molecular
patterns which activate TLRs. The TLR 7&8 are expressed at a high rate in cells and tissues of the
lung, and they play crucial roles in response to infections and have been implicated in inflammatory
diseases such as asthma. This study aims to investigate miRNA sequences upregulated in the
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lungs of asthmatics and respiratory infections and the potential for these upregulated miRNAs to
interact with the TLR 7&8 identified.
Methods
THP1-Blue NF-κB SEAP reporter cells were treated with selected miRNAs (1 ug/ul) or R848 (30
µM) alone as a positive control and incubated at 37°C for 24 hours with each treatment run in
triplicate repeats. MiRNAs are transfected into cells using a DOTAP + HEPE buffered saline (HBS)
delivery method. After 24 hours SEAP production of treated cells is measured using the colorimetric
QUANTI-Blue reporting assay as a measure of TLR 7/8 mediated NK—κB production. Results are
expressed as an average of triplicates and as fold change comparative to DOTAP + HBS applied
alone as a negative control. Data is analysed via a one-way ANOVA with a Dunnett's post hoc test
with significant results being P=<0.05.
Results
N number

Mean fold change
+/- SEM
vs DOTAP + HBS

1) R848

6

4.46

2) R006

6

3.45

3) hsa-Mir-29a-5p 6

3.40

P-value =

0.353906
<0.0001
0.491563
<0.0001
0.453293

4) hsa -Mir-2235p

2.90

<0.0001
0.238826

0.0093

4
0.549708

5) hsa-Mir-223-3p 4

3.57

6) hsa-Mir-3145

2.71

0.0004
0.285231

5

0.0041

Figure 1. Fold change of treated THP-1 blue cells absorbance (655nm) relative to DOTAP +
HBS treatment as a negative control.
Conclusion
MiRNAs shown to be upregulated in the lung of asthmatics (mir-223), tuberculosis (mir-29a-5p) and
influenza infections (Mir-3145) have the capability to directly activate TLR 7 & 8. The recruitment of
this signalling pathway may contribute towards disease pathology or be acting to attenuate
inflammation in certain specific scenarios. Understanding which motifs can activate the TLR 7&8 is
vital as it allows for RNA based therapeutic approaches to targeting the TLRs. Furthermore, MiRNA-
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3145 has been shown to directly inhibit influenza replication and its capability to activate the TLRs
shown in this work suggest it could have a novel duel anti-viral function as both an inhibitor of viral
replication and recruit of innate immunity.
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Introduction
This interdisciplinary project, dovetailing medicine with mathematics, aims to support clinical
decision making by making better use of the vast amount of routinely collected data in
hospital/home settings. Respiratory waveforms are an example of a medical signal, captured at
high fidelity (~125 Hz), whose rich numerical data are largely underused. Usually, simplistic
conventional measures, such as the number of waves per minute (respiratory rate), are extracted
from this otherwise complex signal. We hypothesised that further information could be extracted,
pertaining to the shape of the inspiratory and expiratory patterns and the variability of one breath to
the next. In turn, this may uncover early signs of disease onset/deterioration, potentially
missed by conventional analyses.
Methods
We have developed a novel mathematical method called Symmetric Projection Attractor
Reconstruction (SPAR)which replots the entire digital data from medical waveform time windows
into 3D-phase space and then views it in 2D. The resultant image (‘attractor’) is a new visualisation
of all the waveform data. Visual attractor features can be quantified providing metrics of the
waveform’s shape and wave-to-wave variability. SPAR provides an ‘at-a-glance’ image of the
respiratory pattern coupled with new measures, to support assessment of breathing, mapping
changes in patients and making better use of existing data.
Results
Chronic Obstructive Pulmonary Disease (COPD), mainly caused by smoking and air pollution, is the
third leading cause of death worldwide (~3 million deaths p.a) and significantly impacts
quality of life in patients. It is estimated that this disease costs the global economy £30 billion p.a.
Burden reduction could be achieved through earlier prediction of exacerbation events from patients
at home, expediting treatment and potentially improving patient outcomes. We have performed
retrospective analyses using SPAR on the respiratory waveforms of 10 COPD patients over 30 days
of home monitoring. We found that the 4patients who exacerbated during this period showed
‘open‘ attractors as early as day 1, compared to ‘closed’ attractors in patients who remained
stable for the whole monitoring period (Fig.1). This change was a more sensitive predictor than
respiratory rate alone.
Conclusion
A unique ‘SPAR signature’ accurately distinguishes between stable and unstable patients, reflecting
differences in their waveforms. Follow-up studies are needed but SPAR could flag high risk
patients, earlier. SPAR images are easily interpretable, thus may improve patient engagement in
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their care. The importance of sensitive monitoring of breathing is evident when put in the context of
COVID-19. Subtle changes could indicate earlier stages of the disease which would in turn better
expedite triage, treatment and may improve outcomes.
Figure 1
Day 2 respiratory waveforms
and SPAR attractors of a
stable patient (top) and a
patient who exacerbated
within 30 days (bottom). RR
= Respiratory rate.
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Introduction
Physiological variables carry information about integrated control of the cardiopulmonary system in
health and disease. Visualising the exchange of information between different components of the
cardiorespiratory system would be useful in monitoring individuals in various clinical settings. The
application of information theory principles offers analytical methods for measuring the flow of
information between different physiological variables. The study sought to develop a novel network
mapping method for visualising the integrated cardiorespiratory responses following exposure to
various physiological stressors.
Methods
Heart rate, end-tidal oxygen, end-tidal carbon dioxide, minute ventilation, respiratory frequency, tidal
volume, and capillary oxygen saturation (SpO2) were recorded from 12 young healthy male human
participants. Transfer entropy (TE) reflects the measures of causal relationship between parallel
time-series and was used to compute the flow of information between cardiorespiratory signals into
weighted network maps. Network mapping was completed after rest in a control condition and after
exposure to the isolated and combined effects of 10-mins of normobaric hypoxia (FIO2: 0.12),
moderate-intensity cycling exercise, and overnight sleep-deprivation. Network centrality was also
investigated to find the most engaged node (or physiological variable) in the network.
Results
TE networks revealed notable visual changes in the weighting between indices (Figure). An
increased connectivity in the networks was observed when normobaric hypoxia, exercise, and sleep
deprivation were combined. Although the highest ranked centrality indices were not consistent
across the stressors, SpO2 ranked first after hypoxia suggesting this is the most ‘important’ node in
the information transfer when individuals were hypoxic.
Conclusion
These novel findings suggest increased connectivity occurs within the cardiorespiratory system after
exposure to different physiological stressors. This non-invasive network mapping technique
visualises the interaction of various cardiorespiratory variables after exposure to physiological
stressors, and by mapping the normative responses may help identify outliers associated with
various disease states (e.g. susceptibility to acute mountain sickness and prediction of deterioration
in critical care).
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Figure
Average weighted directed
network representing the
transfer of information
between physiological
variable during normoxic
control (FIO2: 0.21) and
exercise performed in
normobaric hypoxia (FIO2:
0.12). Physiological
signals are represented as
nodes and transfer entropy
as weighted edges of the
network. The node size is
proportional to the amount
of information received by
a node. HR; heart rate,
PETO2; end-tidal oxygen,
PETO2; end-tidal carbon
dioxide, Rf; respiratory
frequency, SpO2; oxygen
saturation, Ve; minute
ventilation, Vt, tidal
volume
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Cough hyperresponsiveness to inhaled irritant gases is induced by eosinophil granulederived cationic proteins
L.Y. Lee, A.H. Lin
University of Kentucky, Physiology, Lexington, USA

cationic proteins on these bronchopulmonary sensory nerves and the possible underlying
mechanism.
Methods
Experiments were carried out in accordance with the Guide for the Care and Use of Laboratory
Animals published by the National Institutes of Health, USA; rats were anesthetized by
intraperitoneal injection of chloralose (100 mg/kg) and urethane (500 mg/kg); and euthanized by
intravenous overdose injection of KCl (300 mg/kg) at the end of the experiment. Experimental
protocols are briefly described in the Results section below.
Results
Our results showed that an intra-tracheal instillation of human eosinophil granule-derived cationic
proteins (e.g., MBP and eosinophil granule proteins) induced a sporadic but intense discharge of
bronchopulmonary C fibers and greatly enhanced the sensitivity of these sensory nerves to chemical
irritants in anesthetized rats. The stimulatory and sensitizing effects of these proteins were
completely nullified when their cationic charges were neutralized by mixing with polyanions before
delivery. In addition, MBP also induced a direct and long-lasting (> 60 min) sensitizing effect on the
responses of isolated rat pulmonary sensory neurons to chemical stimulants and to electrical
stimulation. In a separate study series, instillation of MBP into the trachea markedly elevated cough
responses to inhaled irritant gases in awake mice. The cough sensitivities to the inhalation
challenges with SO2 (200 & 600 ppm, 5 min) and NH3 (0.1 & 0.2%, 5 min) were measured daily,
which increased progressively and reached peaks in 1-3 days following the MBP treatment; then
gradually declined and returned to controls in 3-7 days.
Conclusion
These results suggest a significant role of the eosinophil granule-derived cationic proteins in the
pathogenesis of cough hypersensitivity that is associated with eosinophilic infiltration of the airways.
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Introduction
Eosinophil infiltration is involved in the pathogenesis of allergic airway inflammation (1), and a
distinct association of eosinophilia with cough hypersensitivity has been extensively reported in
patients (2). Degranulation of eosinophils leads to the release of a number of low molecular weight,
highly cationic and basic proteins, such as major basic protein (MBP) (1). These cationic proteins
are known to contribute to airway mucosal injury and bronchial hypersensitivity (1, 3). Vagal
bronchopulmonary C‑fiber sensory nerves play an important part in the manifestation of various
symptoms associated with airway inflammatory diseases, such as cough hypersensitivity to inhaled
irritants (4). In a series of studies, we have investigated the actions of eosinophil granule-derived
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Introduction
The inflammation caused by a loss of alveolar-capillary membrane integrity, transepithelial migration
of inflammatory cells, and the release of pro-inflammatory mediators are known as acute respiratory
distress syndrome (ARDS). PDEs are enzymes that catalyze the metabolism of intracellular
cAMP/cGMP that are expressed in a variety of cell types and respiratory diseases. An increase in
cAMP is associated with airway smooth muscle relaxation and anti-inflammatory action. PDE
inhibitors are considered to play a role in airway smooth muscle relaxation and inhibition of cellular
inflammation or other immune responses and may also be helpful in treating severe respiratory
diseases. The goal of the study was to evaluate how PDE inhibitors affected lung function,
inflammation, oxidative damage in the ARDS.
Methods
ARDS was induced by saline lung lavage (30ml/kg, 9±3times) until PaO2 <26.7 kPa in oxygen
ventilation. Animals were divided into 4 groups: animals with ARDS (ARDS) or treated with PDE
inhibitors (1 mg/kg): non-selective inhibitor aminophylline (AMINO), PDE3 inhibitor olprinone (OLP),
PDE5 inhibitor sildenafil (SILD). Animals were ventilated for an additional 4 h, and ventilatory
pressures, blood gases, total and differential counts of cells in BALF were measured regularly. Lung
oedema formation was expressed as a wet-dry lung weight ratio. The level of inflammatory markers
(IL-1β, -8), markers of oxidative damage (TBARS, 3NT) were evaluated.
Results
PDE inhibitors treatment decreased total cell count in the BALF. Significant improvement in lung
functions during the experiment was observed in all treated groups. The formation of lung oedema
significantly decreased in AMINO and SILD groups. Inflammation and oxidative damage were
reduced when PDE inhibitors were used.
Conclusion
PDE inhibitors, aminophylline, olprinone and sildenafil showed a significant anti-inflammatory
activity suggesting a potential of this drug to be a valuable component of ARDS therapy.
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Lack of P2X7 receptor function dampen tissue fibrosis by reducing metalloproteinase 8
(MMP8)-dependent of macrophage infiltration in a murine model of unilateral ureteral
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Renal fibrosis is an essential component of chronic kidney disease, irrespective of the underlying
pathogenesis. We have previously shown antifibrotic effects of targeting either the P2X7 receptor
(P2X7R) or the KCa3.1 channel in a murine model of pyelonephritis1. Reducing both P2X7 and
KCa3.1 activation had no effect on the degree of renal damage but shifted the balance between
invading macrophages and neutrophil granulocytes in the kidney during the repair phase. Therefore,
we hypothesise that a higher neutrophil to macrophage ratio will limit the degree of fibrosis also in
a non-infectious fibrosis model.
Method
Unilateral ureteral obstruction (UUO) was inflicted on anaesthetised (sevoflurane) male and female
Balb/cJ wildtype or P2X7 knockout (P2X7-/-) mice by ligating the left ureter. Sham-operated mice of
either sex were used as controls. After seven days, the mice were terminated, and the kidneys
harvested for histology, immunohistochemistry and PCR. Renal fibrosis was quantified by Sirius
Red and Trichrome staining in a blinded semiautomated fashion. All results are given as mean±SEM
and analysed by two-way ANOVA. The study followed Danish legislation on animal welfare (201515-0201-00658).
Results
Wildtype mice of either sex showed a marked increase in renal fibrosis on day 7 after UUO (fig.1).
Female P2X7-/- mice (n=6) had a 42% decrease in collagen deposition following 7 days of UUO
compared to wildtype mice (n=6, p<0.01), whereas this effect was more moderate in P2X7 -/- males
(19%, n=6, p<0.05). Lack of P2X7R did not affect the early fibrosis/renal damage markers but
reduced fibronectin deposits in female UUO mice by 50% compared to wildtype (p<0.05). The
number of neutrophil granulocytes (NIMP) in the renal cortex and medulla was increased to similar
levels by UUO in P2X7-/- and wildtype mice (F: p=0.947, M: p=0.744). However, the number of
macrophages (CD68, MMP9) that was statistically significantly increased by UUO in the wildtypes
(p<0.001), was diminished by 58% in P2X7-/- mice (p=0.018). The profibrotic2 metalloproteinase 8
(MMP8) is known to promote macrophage infiltration3. Interestingly, we found that the profibrotic
metalloproteinase 8 (MMP8) is specifically expressed in the apical membrane of intercalated cells
in the collecting duct. Seven days of UUO, MMP8 was also found diffusely in the renal interstitium
(fig.2), covering 5.49±0.54% of the area in male mice exposed to UUO compared to sham
(1.88±0.29%, p=0.0017), whereas MMP8 tissue expression was not increased by UUO in P2X7 -/mice (p=0.92).
Conclusion
The UUO model confirms that lack of P2X7R function dampens renal fibrosis. The reduced fibrosis
in P2X7 deficient animals is likely to result from reduced macrophage infiltration secondary to
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reduced interstitial MMP8. The result potentially implicates an essential function of intercalated cells.
However, this requires further investigation.

Figure 1: Masson’s
trichrome stain
(A-H) shows Masson’s
trichrome stain of the
renal medulla of sham and
UUO subjected female (A-D)
and (E-H) male mice (scale
bar 50 µm). I shows a
quantification of the
fibrotic areas (blue colour
representing collagen) in
percentage of total area
from sham and UUO subjected
female and (J) male mice.
Each bar represents the
mean ± SEM (n=6) and p<0.05
is considered statistically
significant indicated by *,
P<0.01 by ** and P< 0.001
by ***.

Figure 2: MMP8 Stain
Represent pictures of MMP8
immunohistochemistry
stained kidney cortex from
(A) a normal (Sham) male
wild type mice and a male 7
days UUO wild type male
(B), scale bar 50 µm.
The two pictures illustrate
how the MMP8 is seemingly
stored in the intercalated
cells of the kidney (A) and
secreted to the renal
interstitium after
undergoing UUO surgery (B).
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The epithelial sodium channel (ENaC) is a heterotrimer consisting of α-, β- and γ-subunits (1).
Channel activation requires proteolytic release of inhibitory tracts from the extracellular domains of
α- and γ-ENaC. The physiologically relevant proteases involved in proteolytic ENaC activation
remain to be identified. Conflicting data have been reported regarding the effect of the
transmembrane serine protease 2 (TMPRSS2) on ENaC (2, 3). To clarify this, we explored the effect
of human TMPRSS2 on human αβγENaC heterologously expressed in Xenopus laevis oocytes. To
assess ENaC function, amiloride-sensitive whole-cell currents (ΔIami) were measured using the twoelectrode voltage clamp technique. In parallel experiments, proteolytic activity at the cell surface of
oocytes was evaluated using an established fluorogenic substrate assay (4). Values are presented
as mean±SD. One-way ANOVA with Bonferroni post hoc test was used for statistical analysis.
Importantly, in oocytes coexpressing ENaC and TMPRSS2 baseline ΔI ami was ~4-fold larger
(3.7±2.3 µA) than that in oocytes expressing ENaC alone (0.8±0.4 µA; n=40, p<0.001). Consistent
with its stimulatory effect on ENaC, TMPRSS2 produced strong proteolytic activity at the cell surface,
which was absent in control oocytes. Interestingly, in the presence of the protease inhibitor aprotinin,
which entirely abolished proteolytic activity of TMPRSS2 at the cell surface, a substantial stimulatory
effect of TMPRSS2 on ENaC was preserved. Indeed, in the presence of aprotinin ΔI ami averaged
2.0±1.3 μA in TMPRSS2 and ENaC coexpressing oocytes compared to 0.8±0.5 μA (n=40, p<0.001)
in oocytes expressing ENaC alone. In contrast, catalytically inactive TMPRSS2 (TMPRSS2 S441A),
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which produced no cell surface proteolytic activity, failed to stimulate ENaC. Furthermore, we
detected fully-cleaved γ-ENaC in the intracellular and cell surface protein fractions using western
blot analysis and a biotinylation approach (n=5). Collectively, these findings indicate that TMPRSS2
cleaves ENaC not only at the cell surface but also intracellularly. Importantly, the stimulatory effect
of TMPRSS2 on ENaC was abolished when the γ-inhibitory tract remained attached to its binding
site following the introduction of two cysteine residues (S155C–Q426C) to form a disulfide bridge.
Additionally, computer simulations and site-directed mutagenesis experiments indicated that
TMPRSS2 can cleave γ-ENaC at multiple sites, both proximal (RKRR138, R153) and distal (K168,
K170, R172, RKRK178, K189) to the γ-inhibitory tract. This suggests a dual role of TMPRSS2 in the
proteolytic release of the γ-inhibitory tract. Finally, in proof-of-concept experiments we demonstrated
that TMPRSS2-knockdown reduced baseline proteolytic activation of endogenously expressed
ENaC in cultured human airway epithelial cells (H441) (5). Thus, TMPRSS2 is likely to contribute to
proteolytic ENaC activation in epithelial tissues in vivo.
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Dilution is not the solution: Increased fluid intake exacerbates urinary tract infection in a
murine model of pyelonephritis
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the bacteria, however, diluting the urine may decrease the levels of antimicrobial peptides such as
uromodulin. Here, we hypothesise that increased fluid intake aided bacterial clearance in a murine
model of ascending UTI.
Methods
Uropathogenic Escherichia coli isolated from a pyelonephritis patient (2x108) or vehicle was injected
directly into the urinary bladder of anaesthetised (ketamine, 10mg/ml and xylazine, 1mg/ml) female
Balb/c WT mice. The mice were then randomized to receive regular chow or gelfood (70% water).
After 24 hours, urine and renal tissue was collected under anaesthesia for determination of degree
of infection. Effect on urine volume, osmolarity and uromodulin levels was determined in metabolic
cages (24 hours). All results were analysed by unpaired t-test, Mann-Whitney test or one-way
ANOVA as appropriate and given as mean ± SEM. The study was approved by the Danish National
Committee for animal welfare (dyreforsøgstilsynet, 2020-15-0201-00445).
Results
Mice receiving gelfood had a four-fold increase (1.40 ± 0.27 µl/min, n=8) in urine production
compared to mice given regular chow (0.34 ± 0.10 µl/min, n=8, p<0.01). The increased urine
production was paralleled by a two-fold reduction in urine osmolarity (gelfood 668.70 ± 38.82 mOsm,
n=21 and control food 1439.00 ± 105.90 mOsm, n=20, p<0.0001). Surprisingly, the mice receiving
gelfood presented with more colony forming units (CFU) in their kidneys (gelfood 73.31 ± 27.62
CFU, n=16 and controls 10.81 ± 9.95 CFU, n=16, p<0.01) and more cases of pyelonephritis in mice
receiving gelfood (87.50%) compared to mice on regular chow (43.80%). The increased urine flow
in mice on gelfood did not stimulate release of soluble uromoduline, and thus, mice on gelfood had
lower levels of uromodulin (13.70 ± 1.89 µg/ml, n=21) compared to mice on regular chow (24.65 ±
2.70 µg/ml, n=19, p<0.01), corresponding to the dilution of the urine. A lower urinary concentration
of uromodulin tended towards increased severity of infection with 15.39 ± 2.24 µg uromodulin/ml in
mice with pyelonephritis (n=21), 21.76 ± 3.68 µg/ml in mice with cystitis only (n=10), and controls
without infection 23.91 ± 4.27 µg/ml (n=9).
Conclusion
Based on the results, we conclude that increased fluid intake promotes rather than prevents
dissemination of infection, which may be due to a dilution of the antimicrobial peptide uromodulin.
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Introduction
Urinary tract infections (UTIs) are the 2nd most common type of infections in humans and affect
more than 50% of women during their lifetime (1). The infection is usually confined to the bladder
but can ascend to the kidneys causing pyelonephritis and/or spread to the bloodstream causing lifethreatening urosepsis (2, 3). Women with recurrent UTIs are recommended increased fluid intake
as prevention against UTIs, however, evidence that a regime of increased fluid intake promotes
bacterial clearance from the urinary tract is scarce. Increased fluid intake is thought to help flush out
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Functional relevance of renin produced by renal interstitial cells
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Introduction
In addition to its physiological role, the renin-angiotensin system contributes significantly to the
progression of cardiovascular and renal diseases. Renin is expressed not only in juxtaglomerular
cells but also in interstitial cells of the kidney. The functional role of interstitial renin is completely
unclear and was investigated in this study.
Methods
Because renin producing interstitial cells express PDGF-receptor β (PDGFRβ), a PDGFRβ–Cre
mouse line was used to induce cell-specific deletion of renin in interstitial cells (PDGFRβ-Cre/Ren
KO). After induction with tamoxifen containing food, mice were given adenine diet (0.2%) for 3
weeks, producing kidney damage. Thereafter, the mice were killed by perfusion fixation under
anesthesia ( ketamine 80 mg/kg bw, xylazine 10 mg/kg bw i.p.). Plasma renin and prorenin
concentrations, renal function and histology, and renin expression in interstitial cells were
determined in wildtype and PDGFRβ-Cre/Ren KO mice.
Results
Whereas the number of renin expressing interstitial cells was rather low under control conditions, it
increased markedly in wildtype mice subjected to adenine nephropathy (renin mRNA in situ
hybridization). As expected, renin mRNA was not detected in interstitial cells of PDGFRβ-Cre/Ren
KO mice under control or disease conditions. Adenine nephropathy was associated with
suppression of plasma renin concentration in both genotypes. In contrast, plasma concentration of
enzymatically inactive prorenin, which is associated with exacerbated progression of renal disease,
was increased 3-fold in adenine-fed wildtype mice compared with healthy controls. In PDGFRβCre/Ren KO, plasma prorenin concentration was reduced to 50% of wildtype mice under control
conditions and remained at this low level in adenine nephropathy. Glomerular filtration rate (GFR)
was not different between wildtype and KO mice under control conditions and decreased in both
genotypes in adenine nephropathy. However, the attenuation of GFR was significantly less in KO (60% vs. baseline) than in WT (-75% vs. baseline). Consistent with the improvement in renal injury,
the increase in mRNA expression of fibronectin and F4/80 in response to adenine was significantly
attenuated in KO compared with WT mice.
Conclusion
Renin expression in PDGFRβ-positive interstitial cells is markedly stimulated in adenine
nephropathy and contributes to circulating renin and prorenin levels. Deletion of renin in PDGFRβpositive cells blunts the increase in plasma prorenin concentration and ameliorates the reduction in
GFR and renal injury in adenine nephropathy, indicating a role for interstitial renin as a diseasepromoting factor.
____________________________________________________________________________
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is almost always fatal, reflecting late diagnosis,
insufficient therapeutic options, and extensive treatment resistance development. Several PDAC
driver mutations have been identified, including mutations in KRAS, TP53, SMAD4 and CDKN2A.
However, the molecular mechanisms underlying the disease are unclear, hampering development
of new biomarkers and treatments. Tumor microenvironment acidosis, one of the hallmarks of
pancreatic cancer, has been shown to favor several aspects of cancer aggressiveness, including
chemotherapy sensitivity (1,2). Therefore, the aim of this study was to investigate the mechanisms
through which adaptation to growth in extracellular acidosis impact viability and drug resistance of
pancreatic cancer organoids.
Methods
Murine pancreatic cancer organoids, resembling early pancreatic neoplasia (3) and harboring the
KRAS-G12D mutation were subjected to CRISPR/Cas9 knock-out (KO) of TP53. Control organoids
derived from healthy pancreatic ducts, and organoids with and without TP53 KO were gradually
adapted to growth at pH 6.7, mimicking the extracellular pH (pHe) of solid tumours. In parallel,
organoids were adapted to grow with increasing doses of the chemotherapeutic drug Gemcitabine,
the tyrosine kinase inhibitor Erlotinib, or both, or were acutely treated with these drugs for 5 days.
Acid- and drug-adapted organoids alongside their control counterparts (cultured at pH 7.4) were
subjected to RNA-Seq, viability assays, and imaging.
Results
In control conditions, TP53 KO modestly increased organoid growth compared to KRAS-G12D
controls. Acid-adapted KRAS-G12D organoids showed 53% increased viability, whereas acidadapted TP53 KO organoids showed 31% increased viability. Acid-adapted KRAS-G12D organoids
showed 135% and 56% increased resistance to 10 nM Gemcitabine or Erlotinib, respectively,
compared to pHe 7.4 controls. Strikingly, TP53 KO abolished acid-induced Gemcitabine and
Erlotinib resistance. RNA-Seq analysis showed that KRAS-G12D organoids, with and without TP53
KO, upregulated genes related to drug resistance during growth at pHe 6.7, and genes responsible
for cell proliferation and growth upon return to pH 7.4 (mimicking invasion or increased local
perfusion in the tumor). However, while KRAS-G12D organoids with intact TP53 shut down
pathways relating to growth, mesenchymal transition, motility and stress during growth at pHe 6.7,
TP53 KO organoids upregulated genes related to these pathways throughout the acid adaptation
process.
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Conclusion
Our data suggest that adaptation to growth at the acidic pHe of solid tumors promotes growth and
drug resistance in KRAS-G12D organoids in a manner dependent on TP53. While further molecular
understanding is needed, this sheds new light on the mechanisms of how pancreatic cancers with
different PDAC driver mutations adapt to growth in the acidic tumor microenvironment.
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Introduction: Dapagliflozin lowers blood glucose levels by inhibition of the sodium glucose cotransporter 2 (SGLT2), which is predominantly expressed in the S1 segment of renal proximal
tubules and responsible for >90% of renal glucose reabsorption. Gliflozins have been shown in large
clinical trials that they are also cardio- and renal-protective, which cannot be solely explained by
blood glucose lowering. To gain further mechanistic insights, we determined the metabolomic and
proteomic signature of dapagliflozin in a mousemodel of diabetes.
Methods: Male C57BL/6 non-diabetic wildtype and littermate +/- Ins2 (Akita) diabetic mice, both
fed a Western diet, were given dapagliflozin (10 mg/kg diet) or vehicle for one week (4 groups,
N=8/group). Blood and urine glucose levels confirmed the expected treatment response. We
analyzed metabolome, proteome and phosphoproteome for a range of tissues (kidney, liver, heart,
muscle, white adipose tissue) and body fluids (serum, urine, erythrocytes), and extended the
analysis to the gut metaproteome. For untargeted metabolomics, analytes were measured by HILICMS/MS and RP-MS/MS. For proteomics and phosphoproteomics, TMT labelled (TMT16plex)
peptides were separated by high pH reverse phase fractionation and measured by LC-MS/MS
including FAIMS (Thermo Scientific Orbitrap Exploris 480 mass spectrometer).
Results: Multi-layered omics data were obtained. In general, dapagliflozin-induced changes were
more distinct in Western diet-fed non-diabetic than diabetic mice. Metabolomics revealed effects of
dapagliflozin on amino acid, carbohydrate and lipid metabolism with most changes observed in
urine, serum and liver. In comparison, dapagliflozin-induced perturbations on proteome and
phosphoproteome
level were
observed
predominantly in
kidney and
affected
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ATP/lipid/carbohydrate/nitrogen metabolism, and mitochondria. Interestingly, also the gut
metaproteome was affected by dapagliflozin with significant changes in Bacteroides,
Muribaculaceae and Bifidobacterium species.
Conclusion: The SGLT2 inhibitor dapagliflozin induces distinct effects on kidney proteomics,
associated with robust metabolomic signatures in plasma, urine and liver, as well as effects on the
gut metaproteome. These effects occurred independent of blood glucose levels and support a
concept of pleiotropic effects of SGLT2 inhibition that may originate in the kidney but induce wideranged extrarenal metabolic effects and consequences.
____________________________________________________________________________
A 02-07
Secretin activates pendrin function in single β-intercalated cells in mice
S. L. Svendsen1,2, T. Jensen1, P. Berg1, M. Sorensen1, J. Leipziger1
1
Aarhus University, Department of Biomedicine, Aarhus, Denmark
2
Aarhus University Hospital, Department of Nephrology, Aarhus, Denmark
Introduction: The β-intercalated cell of the collecting duct is a key site for activated urine base
excretion. HCO3- secretion in these cells is driven by pendrin-mediated Cl-/HCO3- exchange. We
recently described that urinary excretion of HCO3- is increased in mice when secretin is
administered. Here we describe the effect of secretin on the single β-intercalated cell in the isolated
perfused collecting duct.
Methods: We used global CFTR and secretin receptor KO (SCTR) mice and their littermate WT
controls. Cortical collecting ducts were manually dissected from the mouse kidneys and perfused
with concentric glass pipettes and loaded with a pH sensitive dye. We assessed pendrin-function by
studying the alkalization rate (expressed as pH units/min) upon fast removal of luminal Cl -. We
studied pendrin function after addition of 10nM secretin under basal conditions and after the mice
had been base loaded by receiving 112mM NaHCO3 in their drinking water for 24H.
Results: Secretin elicited a marked increase in pendrin function in β-intercalated cells from SCTR
WT mice. This response was absent in SCTR KO mice. After base loading, pendrin function was
upregulated in both WT and KO. However, upregulation in KO mice was significantly lower
compared to WT (figure 1).
Secretin also elicited a marked increase in pendrin function in β-intercalated cells from CFTR WT
mouse which was absent in CFTR KO mice. This was mirrored in whole mice where secretin elicited
a marked and acute urinary alkalization in WT but not in CFTR and SCTR KO mice (figure 2)
Conclusion: Secretin elicits activation of pendrin in β-intercalated cells by acting on SCTR to permit
HCO3- secretion. Activation of SCTR also appear to play a role in the adaptive response to a 24H
base load. CFTR is necessary for secretin-mediated activation of β-intercalated cells.
We suggest that the hormone secretin appears to play a role in homeostatic control of HCO3excretion and systemic acid base homeostasis.
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Figure 1
Pendrin activity in βintercalated cells from WT
and SCTR KO mice A) 10nM
secretin or vehicle is
added to the basolateral
side for 10min. Pendrin
activity is significantly
increased in WT with
secretin but not in KO.
B) Mice were given 112mM
NaHCO3 in their drinking
water for 24H. Pendrin
activity is significantly
increased in WT and KO
after baseloading. Pendrin
activity is significantly
higher in base loaded WT
compared to KO
Tested with Two-way ANOVA
test with Sidaks post test,
each dot represents one βintercalated cell, p-values
as stated in figure

Figure 2
Pendrin activity increase
in β-intercalated cells
from WT (A) and CFTR KO
(B). Two consecutive
luminal Cl- removal
manouvers were carried out.
Time control: 1st vehicle 2nd vehicle. Secretin: 1st
vehicle – 2nd 10nM
secretin. The pendrin
activity increase is
significantly higher in WT
where secretin has been
added (n=25-28). In KO no
difference in pendrin
activity increase could be
detected (n=23-28). Data
tested with Student’s
unpaired T-test. P-values
as indicated in figure
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Anti-HER2 therapy lowers Na+,HCO3–-cotransport activity and intracellular pH in murine
breast cancer tissue.
N. J. Toft, M. S. Espejo, E. Boedtkjer
Aarhus University, Deparment of Biomedicine, Aarhus, Denmark
HER2 (a.k.a. ErbB2/Neu) is overexpressed in around 20% of human breast cancer cases; and in
mice, breast epithelial overexpression of ErbB2 leads to breast cancer development. Intracellular
pH and expression of the plasmalemmal Na+,HCO3–-cotransporter NBCn1 are elevated in human
and murine breast cancer tissue compared to normal breast tissue when investigated under similar
experimental conditions (1, 2). We recently found that HER2 overexpression in human breast tumors
increases protein expression of NBCn1 compared to tumors with normal HER2 expression and that
high expression and activity of NBCn1 are associated with increased proliferation in primary tumors,
regional metastasis, and reduced survival of human breast cancer patients (3). In mice, disruption
of the Na+,HCO3– cotransporter NBCn1 significantly delays breast cancer development and
decelerates tumor growth rate (4).
The aim of this study is to investigate the effect of anti-HER2 therapy on breast cancer growth and
pH regulation in breast cancer epithelial organoids from two different mouse models: (a) FVB/N-
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Tg(MMTVneu)202Mul/J mice that overexpress ErbB2 in the breast epithelium (2) and (b) C57BL/6
mice exposed to carcinogen-based breast cancer induction (4).
Mice with breast cancer were allocated to chow containing the small molecule HER2 and EGFR
inhibitor Lapatinib (220 mg/kg body weight (5)) or control chow for up to 4 weeks. We followed tumor
growth, quantified tumor pH in vivo, and conducted postmortem experiments on epithelial organoids
freshly isolated from breast cancer tissue. We measured intracellular pH with BCECF-based
fluorescence microscopy and induced intracellular acidification with the NH 4+-prepulse technique
(1, 2, 4)
Lapatinib treatment decelerated tumor growth compared to control in both ErbB2-overexpressing
mice (P<0.001, linear regression, n=12-18) and mice with carcinogen-induced breast cancer
(P<0.001, linear regression, n=50-52), reduced intracellular steady-state pH, and decreased
Na+,HCO3–-cotransport activity during intracellular acidification. Na+,HCO3–-cotransport calculated
at intracellular pH 6.45 was significantly reduced in Lapatinib-treated mice compared to control mice
(66 vs 116 mmol/min P<0.05, Bonferroni test n=6). In vivo pH electrode measurements showed no
effect of Lapatinib on intraperitoneal pH (pH 7.49 vs 7.37 in control, NS, n=9-14) or pH in the tumor
core (pH 6.71 vs 6.60 in control, NS, n=9-14). Tumor core pH was significantly reduced in both
groups compared to intraperitoneal pH (P<0.001, two-way ANOVA).
We conclude that anti-HER2 therapy initiated after brea st cancer development slows down tumor
growth and lowers the capacity for net acid extrusion and steady-state intracellular pH in the tumor
tissue by reducing Na+,HCO3–-cotransport activity.
References
(1)
Lee S, Mele M, Vahl P, Christiansen PM, Jensen VE, Boedtkjer E. 2015,
'Na+,HCO3–-cotransport is functionally upregulated during human breast
carcinogenesis and required for the inverted pH gradient across the plasma
membrane', Pflugers Arch, 467,367-77.
(2)
Lee S, Axelsen TV, Jessen N, Pedersen SF, Vahl P, Boedtkjer E. 2018,
'Na+,HCO3–-cotransporter NBCn1 (Slc4a7) accelerates ErbB2-induced breast cancer
development and tumor growth in mice', Oncogene, 37, 5569-84,
(3)
Toft NJ, Axelsen TV, Pedersen HL, Mele M, Burton M, Balling E, Johansen
T, Thomassen M, Christiansen PM, Boedtkjer E. 2021, 'Acid-base transporters and
pH dynamics in human breast carcinomas predict proliferative activity,
metastasis, and survival', Elife, 10,
(4)
Lee S, Axelsen TV, Andersen AP, Vahl P, Pedersen SF, Boedtkjer E. 2016,
'Disrupting Na+,HCO3–-cotransporter NBCn1 (Slc4a7) delays murine breast cancer
development', Oncogene, 35, 2112-22.
(5)
Usary J, Zhao W, Darr D, Roberts PJ, Liu M, Balletta L, et al. 2013,
'Predicting drug responsiveness in human cancers using genetically engineered
mice', Clin Cancer Res. 19(17), 4889-99
____________________________________________________________________________

303

A 02-09
Glucocorticoid receptor in the distal convoluted tubule is required for corticosteroneinduced phosphorylation of the thiazide-sensitive sodium transporter
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The sodium chloride cotransporter (NCC) in the distal convoluted tubule (DCT) reabsorbs
approximately 7% of the total sodium load and plays a key role in blood pressure control. Thiazide
diuretics, which target NCC, are a mainstay of hypertension treatment. NCC activation has a diurnal
rhythm, which is dampened by chronic glucocorticoid treatment. Radiotelemetry experiments
showed this dampened rhythm is accompanied by non-dipping blood pressure that could be rescued
by thiazide treatment1. The receptor mechanisms through which glucocorticoids activate NCC are
not fully elucidated. We have previously demonstrated that chronic GR blockade prevents the
corticosterone-induced activation of NCC2. This pharmacological approach inhibits the GR
expressed in all tissues throughout the body, therefore it is unclear if this is a direct result of GR
blockade in the DCT. We hypothesised that GR in DCT contributes directly to the activation of NCC.
To test this hypothesis, we generated a novel tamoxifen-inducible DCT-specific GR knock out
mouse (DCT-GRKO). Cre-mediated excision of GR was achieved by administration of tamoxifen for
5 days. After a 2 week wash out period, we administered corticosterone acutely to male DCTGRKO
and control littermates. After 4 hours we culled the mice by cervical dislocation and harvested
kidneys for immunofluorescence staining and western blot. NCC threonine phosphorylation (on T53,
pT53-NCC) was measured by western blot as an index of activation. Data are mean ± SD. Statistics
used were two-way ANOVA with post hoc tests. Immunofluorescence staining for NCC and GR
confirmed deletion of the GR localised to the DCT in DCTGRKO mice. Following acute
corticosterone administration, pT53-NCC was increased in controls (1 ± 0.2AU vs 1.3 ± 0.2 AU, n=6,
p=0.04) but not in the DCTGRKO mice (1.0 ± 0.4AU vs 0.7 ± 0.1AU, n=6, p=0.1). Total NCC protein
was unchanged by corticosterone treatment but there was a genotype effect (p=0.004, n=6) with a
reduction of total protein in the DCTGRKO group (1.2±0.2AU, control vs 0.8±0.2AU, DCTGRKO).
These data suggest that direct GR activation in the DCT underlies corticosterone-induced
phosphorylation of NCC. These findings have implications for blood pressure control particularly in
individuals receiving iatrogenic glucocorticoids or in conditions of chronic stress.
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Introduction
The epithelial sodium channel (ENaC) plays a key role in salt and water homeostasis in tetrapod
vertebrates and is also suggested as a candidate receptor for salt taste sensation in rodents. There
are four ENaC subunits (α, β, γ, δ) which form heterotrimeric αβγ- or δβγ‑ENaCs. Whereas αβγENaC is suggested to mediate appetitive salt taste in mice, the SCNN1D gene, coding for δ-ENaC,
is absent in Myomorpha (mice, rats and hamsters) but appears to be present in human taste buds.
The ancestors of modern cetaceans (whales/dolphins) transitioned from a terrestrial to a marine
environment 40-50 million years ago. The transition to a marine environment was associated with
extensive loss of chemoreceptor genes, including genes coding for olfactory receptors and the
receptors mediating bitter and sweet taste. The genes coding for αβγ-ENaC are intact in cetaceans,
thereby leading to the wide-spread assumption that cetaceans can only taste salt.
Methods
Using genome information in the National Center for Biotechnology Information (NCBI) database,
we analysed the genes coding for the four ENaC subunits, SCNN1A (α-ENaC), SCNN1B (βENaC), SCNN1G (γ-ENaC) and SCNN1D (δ -ENaC) in 12 cetacean species, belonging to 6 families
(Delphinidae, Phocoenidae, Monodontidae, Lipotidae, Physeteridae,
Balaenopteridae/Eschrichtiidae), and 6 sister species of the Artiodactyla (even-toed
ungulates), belonging to 5 families (Hippopotamidae, Bovidae, Suidae, Camelidae and Equidae).
Results
Whereas SCNN1A, SCNN1B and SCNN1G are intact in species of all investigated cetacean and
artiodactylan families, the SCNN1D gene displayed multiple insertions/deletions or loss of splice
donor-acceptor sites, causing disruption of SCNN1D open reading frames across all investigated
cetacean families. SCNN1D is intact in the investigated artiodactylan families. Pseudogenisation
of SCNN1D is evident in toothed whales (Odontoceti) and baleen whales (Mysticeti), suggesting
that loss of the SCNN1D gene occurred early in cetacean evolution.
Conclusion
These data indicate that there is no functional δ-ENaC in cetaceans, excluding a role for this ENaCIsoform in cetacean salt taste. Given the importance of αβγ-ENaC in mammalian renal and lung
physiology, the presence of this ion channel does not necessarily point to a role in salt taste
physiology and the ability of cetaceans to taste salt.
____________________________________________________________________________
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Introduction
Glomerular injury is accompanied by intra- and extracellular protein accumulations. Degradation of
proteins assures protein quality and prevents the cellular accumulation of unwanted proteins.
Whether proteostatic mechanisms of glomerular cells assures the integrity and patency of the
glomerular filter by preventing pathological protein accumulations is unknown. The two main
intracellular proteolytic systems (ubiquitin-proteasome system (UPS), and autophagosomallysosome pathway (ALP)), are both ubiquitin dependent and thereby interconnected. We dissected
the physiological cell-type significance of the UPS and ALP for glomerular protein accumulations,
and filtration barrier function.
Methods
Human and murine glomerular cell-type specific UPS and ALP expression and activity was
assessed by proteomic, histologic, and biochemical approaches. The impact of proteasomal or
lysosomal inhibition on glomerular cell proteostasis, filtration barrier function, and endocytosis was
analyzed clinically, morphologically, and biochemically in BALB/c mice and mechanistically in
primary culture podocytes. During terminal organ extraction, mice were treated with buprenorphin
(0,1 mg/kg bodyweight subcutaneously, 30 minutes before surgery) and isoflurane (3.5 %, inhaled).
Results
Podocytes and endothelial cells express distinct active proteasome subtypes, while mesangial cells
show a high lysosomal abundance. Treatment with a pan-proteasomal but not with a lysosomal
inhibitor result in albuminuria and glomerular tuft enlargement with ultrastructural podocyte and
endothelial cell alterations. Tuft enlargement in proteasome-inhibited mice is the result of intra- and
extracellular glomerular protein accumulations, especially at the filtration barrier. Mechanistically, a
downregulation of endocytic receptors in podocytes and an impaired endocytic uptake of
extracellular proteins contributes to the glomerular protein accumulation upon proteasomal
inhibition.
Conclusion
Proteasomal impairment alters glomerular filtration barrier function and protein clearance in a celltype specific manner, partly due to a differential regulation of endocytic receptors.
____________________________________________________________________________
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organoids. This could pose to be a powerful method to determine the maturation stage of renal
organoids and aid in the translation of experimental findings onto human nephrogenesis.
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Introduction
Kidney organoids derived from human induced pluripotent stem cells (hiPSCs) present new
alternatives to animal models or two-dimensional cell cultures. They allow studying complex threedimensional interactions of cells in a tissue complex and provide attractive ex vivo platforms for drug
testing, disease modeling, and organogenesis. During embryogenesis, not only temporal cues but
also spatial signals from neighboring cells are crucial for determining tissue development. We aimed
at investigating the spatial expression of kidney-specific genes in hiPSC-derived renal organoids
using RNA-fluorescence in situ hybridization. In previous qPCR analysis of these renal organoids,
we showed enhanced gene expression for the podocyte marker genes NPHS1 and NPHS2 as well
as for SLC12A1, which marks the thick ascending limb of the loop of Henle (LOH), rendering these
genes promising targets for further investigation.
Methods
Renal organoids were generated from hiPSCs in suspension culture. Three different batches of 14day-old organoids were used for analysis. Following standard histological procedures, the organoids
were embedded in paraffin and cut into 4 – 6 µm thin sections. RNA-fluorescence in situ
hybridization was executed according to the RNAscope Multiplex Fluorescent v2 Assay protocol.
Samples were mounted and imaged with confocal laser scanning microscopy.
Results
Renal tubular structures, represented by circularly arranged nuclei with a lumen in the center, were
clearly visible throughout the specimen. A focus-like distribution of hybridization signals for NPHS1,
NPHS2, and SLC12A1 was co-localized in circular structures clearly distinct from renal tubules.
Fluorescence signals for SLC12A1 could also be detected adjacent to the foci. In high-resolution
detail imaging of the circular foci, strong partially co-localized nuclear hybridization signals for both
NPHS1 and SLC12A1 could be detected along with fine dot-like and evenly distributed signals for
NPHS2.
Conclusion
The co-expression of NPHS1 and NPHS2 in these foci structures suggests the presence of
podocyte-like cells in putative glomerular structures in these organoids. Because renal organoids
are most similar to fetal kidneys in the first trimester (Takasato et al., 2015), the co-expression of
SLC12A1, a marker for the LOH in mature kidneys, and podocyte marker genes may indicate an
early developmental state. SLC12A1 expression near glomerular structures suggests the
development of macula densa cells in the LOH.
We were able to demonstrate the distinct expression of kidney-specific genes using RNAfluorescence in situ hybridization, implying the development of glomerular structures in renal
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Introduction
Orai1 is a ubiquitously expressed plasma membrane Ca2+ channel, which is an essential part of
store operated Ca2+ entry in many cell types. While global Orai1 knockdown can lead to
immunosuppression, we hypothesized that local, pulmonary inhibition of Orai1 would be beneficial.
However, the role of Orai1 in regulating innate defense of the lung is poorly-understood. Accordingly,
we designed and generated a peptide library of Orai1 antagonists. Based on this library, developed
ELD607, a fully-optimized anti-Orai1 peptide.
Methods
We used standard fluorescence-based Ca2+ imaging in 384 well plates with Fluo-4 direct, TIRF and
confocal microcopy to study Orai1 and ELD607 in vitro and standard intranasal murine models to
study Orai1 in vivio.
Results
ELD607 internalized Orai1 and inhibited Orai1-mediated Ca2+ influx with an IC50 of 9 nM, but had
no effect on STIM1, Orai2 or Orai3. We then tested whether ELD607 could inhibit Orai1 in the lungs
to reduce pulmonary inflammation. Wild-type C57BL/6 mice were infected intranasally with 107
CFU/mouse P. aeruginosa and treated 1 h later with either vehicle or inhaled ELD607 (0.5 mg/kg).
Bronchoalveolar lavage and whole lungs were harvested 24 h after treatment. Mice that were
infected and treated with vehicle had significantly pulmonary inflammation including neutrophilia,
lung damage and had persistent infection. However, ELD607 exposure significantly reduced
neutrophilia and lung bacteria. Additionally, pro-inflammatory cytokines (IL1b, TNF-α, KC, MIP-2)
and lactate dehydrogenase (a marker of lung damage) were significantly reduced compared to nontreated mice. To confirm that ELD607 interacts with Orai1 to exert its anti-inflammatory effects, an
Orai1 knockout (KO) mouse model was used: Indeed, ELD607 could no longer exert its
immunomodulatory action in KO mice. Finally, to ensure that the anti-inflammatory effects of
ELD607 did not result in suppression of an effective immune response, mice were infected with a
higher dose of 109 CFU/mouse P. aeruginosa. Mice treated with ELD607 had significantly increased
survival compared to vehicle controls.
Conclusion
Taken together, our data indicate that inhaled ELD607 inhibits Orai1 to significantly reduce
pulmonary inflammation and lung damage. We conclude that local but not global inhibition of Orai1
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may be a novel therapeutic strategy to treat neutrophilic lung diseases and/or reduce bacterial
infection levels.
____________________________________________________________________________
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Introduction
There is concern regarding the effect of galactic cosmic radiation (GCR) exposure on cancer risk,
cardiovascular and neurological health posed by longer missions planned as part of the Deep Space
Transport/Mars Missions.
However the kidney is the dose limiting organ in abdominal radiotherapy and total body irradiation.
Chronic kidney dysfunction can occur with acute low linear energy transfer (LET; e.g. γ-radiation or
X-rays) radiation doses as low as <0.5Gy. An astronaut on a Mars exploration mission has an
estimated absorbed dose of 0.47Gy.
We hypothesise that GCR may cause acute renal failure within the timeframe and GCR dose
expected for an exploratory mission to Mars, which may require renal replacement therapy and
would thus be mission critical.
Methods
To investigate this, snap-frozen kidneys from mice either exposed to an acute 0.5Gy dose of
simulated GCR or sham control (n=10 per group) at Brookhaven National Laboratory, underwent
quantitative TMT mass spectrometry proteomic analysis for markers of proximal tubule damage and
pathways known to be involved in radiation nephropathy. Urine and plasma were also collected from
these mice 24hrs after acute GCR exposure for biochemical and electrolyte analysis to look for early
signs of renal tubular and glomerular filtration dysfunction.
Results
Network analysis of the proteome of whole homogenised kidney of GCR exposed animals showed
a biologically significant (>-10%) decrease in proteins associated with mitochondrial (e.g. CYC1,
COX7C) or ribosomal function, intracellular transport and cell membrane transport (e.g. SLC12A1,
SLC12A3) compared to sham exposed animals. There was a >10% increase in apolipoproteins and
HDL proteins (e.g. APOA4, APOA1) in GCR compared to sham exposed animals.
Conclusion
GCR exposed animals had proteomic and biomarker evidence of renal damage. This requires
further investigation.
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Introduction
In erythrocytes, 2,3-Bisphosphoglycerate mutase (BPGM) generates 2,3-bisphosphoglycerate (2,3BPG) to reduce oxygen binding to hemoglobin and improve tissue oxygenation. However, little is
known about the function of BPGM in other cells. We observed that BPGM is expressed in renal
tubular cells and is upregulated in acute kidney injury (AKI). Further, diverse stress stimuli in vitro,
such as hypoxia and hypertonic stress, alter BPGM expression. Notably, hitherto no cellular role of
BPGM, apart from improving oxygen dissociation, has been described. Hence, we aim to seek for
intracellular BPGM functions in non-hemoglobin containing cells andpropose that BPGM protects
from stress.
Methods
Experiments were performed in mouse embryonic fibroblast (MEF) cells that show robust BPGM
expression. Cells were exposed to hypertonic stress and compared to plasma iso-osmolar controls.
Short interfering RNA was used to achieve Bpgm knockdown. Samples were analyzed at proteomic
and transcriptomic (Next Generation Sequencing: NGS) level. Verification of results from pathway
enrichment analysis was performed by experimental approaches and computer modelling. Cell
culture supernatants were collected and glucose and lactate were measured using an ABL800 Flex
PLUS Radiometer. Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining
and detection of active caspase 3 (CASP3) served for detection of apoptosis. Reactive oxygen
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species (ROS) were measured with 2’,7’–dichlorofluorescein diacetate Assay. qPCR and Western
Blotting served for detection of mRNA and protein levels, respectively.
Results
Knockdown of Bpgmin vitro resulted in significant changes in several cellular pathways, among
which glucose metabolism, ROS and apoptosis were the most notable. Knockdown of BPGM
caused elevated glucose consumption and increased lactate production, as measured in cell culture
supernatants. A kinetic model of renal glucose metabolism presenting the glycolytic,
gluconeogenetic, and polyol pathways verified these observations. Hypertonic stress caused
increase of apoptosis and ROS levels, which was significantly more severe in cells with Bpgm
knockdown compared to controls, as verified by TUNEL assay and elevation of active-CASP3
protein level.
Conclusion
The role of BPGM in non-hemoglobin containing cells is wide-ranging. BPGM inhibits glycolysis,
enhances antioxidant activity and decreases apoptosis. Therefore, we propose that BPGM
represents a protective factor promoting ROS resistance and cell survival.
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Introduction
In the kidneys, the corticomedullary osmotic gradient is essential to generate a concentrated urine.
Although the hypertonic environment is a challenge for the cells in the renal inner medulla (IM), but
also a unique factor allows the control of a kidney, segment and even cell specific gene expression.
For example, aquaporin-2 (AQP2) is expressed in the principal cells of the collecting duct (CD).
Several studies showed that its expression is higher in inner medullary CDs compared to cortical
CDs. And this is also evident for other transcripts. The transcription factor that controls the
expression of genes along the corticomedullary gradient has not been identified yet. The nuclear
factor of activated T-cells 5 (NFAT5, also known as tonicity-responsive enhancer-binding factor
TonEBP) is activated by hypertonic environment we made use of NFAT5 deficient cells and
conditional NFAT5-KO mice to analyze the role of NFAT5 on gene expression.
Methods
In primary cultivated IMCD cells using kidneys from NFAT5fl/fl-Ubc-CreERT+/- mice, deletion of
NFAT5 (NFAT5-TAM-KO) was induced by in vitro treatment with 4-hydroxytamoxifen (TAM).
Untreated and treated cells were cultivated at 300 or 600 mosmol/kg. As a second approach, we
prepared cells using kidneys from principal cell specific NFAT5-PC-KO (NFAT5fl/fl-Aqp2-Cre) mice
and control mice (Aqp2-Cre) and cultivated the cells at 300 or 600 mosmol/kg. We also used the
renal cortex (CTX) and renal medulla (IM) from KO and control mice. From all samples, total RNA
was isolated and subjected for gene expression profiling by Next Generation RNA Sequencing.
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Differentially expressed genes (300 vs. 600; CTX vs. IM; KO vs. control) were identified and used
for functional annotation.
Results
The cultivation of the IMCD cells at 600 mosmol/kg induced the expression of Aqp2, Ranbp3l and
other common hypertonicity induced transcripts. In NFAT5-TAM-KO cells, the hypertonicity induced
expression of Aqp2 and other transcripts were blunted. Indicating the importance of NFAT5. While
in NFAT5-PC-KO cells the expression of Aqp2 was blunted the level of down regulation of other
common hypertonicity induced transcripts were not that prominent. As expected, the gene
expression analysis of CTX vs. IM showed more than 10,000 differentially expressed genes,
including increased expression level of common hypertonicity induced transcripts like Aqp2,
Ranbp3l and others. Similar to the results observed using primary cultivated cells, the expression of
Aqp2 and other osmolality induced transcripts were massively reduced in CTX and IM of NFAT5PC-KO kidneys. Interestingly, the expression of several transcripts, including Aqp2, were reduced
in the CTX of NFAT5-KO mice, indicating that NFAT5 might control expression of Aqp2 and other
transcripts independent of environmental tonicity.
Conclusion
This study shows that NFAT5 is the master regulator of Aqp2 expression in the kidneys and of
hypertonicity-induced transcripts.
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Baseline ROMK activity in mouse late distal convoluted and early connecting tubule
(DCT2/CNT) is high and probably contributes to aldosterone-independent K+ secretion
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K+ balance is essential for the survival of the mammalian organism. Its maintenance largely depends
on regulated renal K+ secretion in the aldosterone-sensitive distal nephron (ASDN) comprising the
late distal convoluted tubule (DCT2), connecting tubule (CNT) and entire collecting duct (CD). K + is
secreted via the apically localized renal outer medullary K+ channel (ROMK). The electrical driving
force for ROMK-mediated tubular K+ secretion critically depends on the activity of the co-localized
epithelial Na+ channel (ENaC) mediating electrogenic Na+ absorption.
In the entire ASDN ENaC activity is dependent on the presence of the mineralocorticoid receptor.
However, in contrast to its aldosterone-dependence in late CNT and early cortical CD (CNT/CCD),
ENaC activity is aldosterone-independent in DCT2 and early CNT (DCT2/CNT) [1]. Thus, when
plasma aldosterone is not stimulated, the electrical driving force for ROMK-mediated K+ secretion
is expected to be high only in DCT2/CNT. Therefore, we hypothesized that ROMK activity under
baseline conditions is higher in DCT2/CNT than in CNT/CCD.
To test this hypothesis, patch-clamp experiments were performed on principal cells from
microdissected DCT2/CNT and CNT/CCD isolated from mice maintained on standard diet. Kidneys
for microdissection were harvested from mice anesthetized with an overdosage of ketamine and
xylazine (300 mg/kg ketamine and 60 mg/kg xylazine) and euthanized by bleeding from the vena
cava inferior. In outside-out patches we detected single-channel activity typical for ROMK in both
DCT2/CNT and CNT/CCD, and confirmed that ROMK is the predominant K+ channel in the apical
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membrane. In whole-cell recordings ENaC activity was assessed as amiloride-sensitive current
(ΔIami) and ROMK activity as tertiapin-sensitive current (ΔITPNQ). We confirmed high baseline ΔIami
in DCT2/CNT (~370 pA) and low ΔIami in CNT/CCD (~60 pA). Importantly, ΔITPNQ was also
significantly higher in DCT2/CNT than in CNT/CCD (~810 pA versus ~350 pA). We conclude that
high ROMK activity together with high ENaC activity in DCT2/CNT is critical for aldosteroneindependent renal K+ secretion under baseline conditions. In additional experiments we
demonstrated that low K+ diet significantly reduced ENaC but not ROMK activity in DCT2/CNT [2].
This suggests that regulating ENaC activity in DCT2/CNT, and hence the electrical driving force for
ROMK-mediated K+ secretion, plays a key regulatory role in adjusting renal K+ excretion to dietary
K+ intake.
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Tyrosine kinases ErbB1/EGFR and ErbB2 and tyrosine phosphatase RPTPγ regulate the
Na+, HCO3–-cotransporter in breast carcinomas
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The Na+, HCO3–-cotransporter NBCn1, is a breast cancer susceptibility protein that increases in
expression and activity during breast carcinogenesis [1]. Moreover, loss of the putative HCO 3–
sensor Receptor Protein Tyrosine Phosphatase (RPTP)γ [2] primes breast tissue for cancer
development as it increases the expression of NBCn1 and the capacity for net acid extrusion. We
hypothesized that targeting tyrosine kinase pathways improves breast cancer prognosis through a
mechanism including NBCn1 and modulated by RPTPγ.
We studied RPTPγ KO mice and corresponding WT mice during breast cancer development.
Initiated at first tumor detection, we administered the combined ErbB1/EGFR and ErbB2 Tyrosine
Kinase Inhibitor (TKI) lapatinib for 2.5 weeks. We studied tumor growth and measured metabolites
in the tumor microenvironment in vivo. Postmortem, we quantified the tumor burden and evaluated
intracellular pH regulation by fluorescence microscopy [3].
The TKI treatment entirely abolished Na+, HCO3– cotransport in breast cancer organoids from WT
mice (n=17) but did not interfere in tumors from RPTPγ KO mice (n=17). The TKI treatment
furthermore reduced the invivo breast cancer growth rate by approximately 60% in WT mice from
150.7±27.91 mm3/week (n=30) to 60.86±15.05 mm3/week (n=26), P<0.01. In contrast, TKI
treatment of RPTPγ KO mice had no significant effect on breast cancer growth, which was
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142.0±35.33 mm3/week (n=17) in control mice compared to 111.5±28.55 mm 3/week (n=17) in TKItreated mice, P=0.50. In accordance, TKI treatment decreased the interstitial concentration of lactate
by half in WT tumors, from the control level of 6.52 mM (n=15) to 3.39 mM (n=9), P <0.05. For
RPTPγ KO mice, there was no difference in lactate concentrations between control mice (2.65 mM,
n=12) and TKI-treated mice (3.6 mM, n=14).
We conclude that overexpression and activation of Na+, HCO3– cotransport are prominent in breast
cancer. The regulatory processes controlling Na+, HCO3–cotransport are complex but include
overlapping signaling pathways downstream of ErbB1/EGFR, ErbB2, and RPTPγ.
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Potassium (K+) channels play a critical role in many physiological processes. Their adaptation to
physiological needs is achieved by the regulation of gating, i.e. switching between conductive and
nonconductive conformational states. One of the major gates in K+ channels is the selectivity filter
(SF), for example in hERG1 and K2P2 channels. The SF is strongly conserved within the K+ channel
family3. SF gating is regulated by the ion occupancy in the filter K + binding sites2 as well as a
hydrogen (H) bond network anchoring the SF to the rest of the protein via the pore helix. This has
been shown i.e. for the C-type inactivation in Kv channels3. The ways, in which this interaction
network regulates channel gating are still not fully understood, also because they are very diverse.
For example, our recent investigations on the minimal viral channel KcvNTS have shown that despite
the strong conservation of the SF itself, the coupling between the SF and the surrounding protein
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structures - and therefore regulation of gating - rely on different modes of interaction than e.g. in the
bacterial model channel KcsA4.
For a more complete mapping of these interactions in the Kcv NTS model system, we mutated the
pore helix and the outer pore mouth systematically. All mutant proteins were expressed in vitro and
characterized in single-channel recordings in planar lipid bilayers. The results confirm while the
chemical nature and importance for gating of some residues is conserved between different K +
channels, others are not. We found some residues that have been reported to be crucial for channel
function e.g. in KcsA are also important for in KcvNTS. These findings include two conserved
aromatic amino acids in the pore helix. In contrast, the conserved aspartate, that has been reported
to be important for C-type-like gating in KcsA seems to play only a minor role in KcvNTS SF gating,
and other residues, that tolerate an alanine mutation in KcsA did not in Kcv NTS. Our latest
investigations revealed a position near the S4-binding site that significantly accelerates both the
opening and closing kinetics of the channel.
Interestingly, all mutations that significantly change channel function are on that side of the pore
helix, which faces the SF. In addition, confirming our previous results5, the mutants displayed a
robust correlation between single-channel conductance (as a measure of K+ binding site occupation)
and SF gating.
In summary, Kcv channels are an ideal and easy to manipulate model system to study the peculiar
mixture of conserved and non-conserved mechanisms and interactions regulating SF gating in K+
channels.
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HCN pacemaker channels are hyperpolarization-activated and cyclic-nucleotide modulated
nonselective cations channels. They are tetramers with four intracellularly located cyclic nucleotide
binding domains (CNBDs). Each CNBD is coupled to the transmembrane domain via a helical
structure, the C-linker. All C-linkers together form a tetrameric gating ring beneath the channel gate.
The unoccupied CL-CNBD portion mediates an autoinhibiting effect on channel gating, which is
relieved after cAMP binding.
From high-resolution channel structures, we hypothesized that a lysine residue (K464) located in
the C-linker is relevant for stabilizing the closed state of the mHCN2 channel by forming interactions
with the opposing subunit. Different mutants were constructed and characterized with regard to the
voltage- and cAMP-dependent gating behavior applying electrophysiological and microscopical
techniques in macropatches from Xenopus laevis oocytes. MD simulations were performed to study
conformational changes induced by those mutations and cAMP, respectively. Our data show that
breaking interactions between K464 and the opposing subunit either by mutagenesis or by cAMP,
facilitated channel opening and caused an anti-clockwise rotation of the CL-CNBD portion, shown
to be part of the opening mechanism in HCN channels.
We conclude that interactions between opposing subunits with a key role of K464 are indeed
essential for stabilizing the closed state by preventing the rotation of the CL-CNBD into a
preactivated state. This stabilization is interpreted as a key element of the autoinhibiting mechanism
which is a relevant part of the complex HCN channel gating.
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Isoform-specific control of ENaC activity by extracellular proteases
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Introduction
The epithelial sodium channel (ENaC) plays a key role in salt and water homeostasis in vertebrates.
There are four ENaC subunits (α, β, γ, δ) which form heterotrimeric αβγ- or δβγ‑ENaCs. ENaC open
probability is tightly coupled to proteolytic processing of ENaC subunits. The α- and γ-subunits
contain inhibitory peptides embedded in their extracellular domains which inhibit channel activity.
The endoprotease furin cleaves the α-subunit twice, thereby removing its inhibitory peptide, whereas
the γ-subunit is only cleaved once by furin. Extracellular proteases cleave the γ-subunit distal to the
furin cleavage site, thereby causing full release of the subunit’s inhibitory peptide and strong channel

315

316

activation. We have previously shown that guinea pig or Xenopus laevis αβγ-ENaC is potently
activated by chymotrypsin, whereas δβγ‑ENaC is not (1, 2). Since chymotrypsin cleaves the γsubunit at one specific site (FF177 in guinea pig ENaC), we questioned whether lack of proteolytic
activation of δβγ‑ENaC is specific to this particular cleavage site.
Methods
Guinea pig αβγ- or δβγ‑ENaCs were heterologously expressed in Xenopus laevis oocytes and
ENaC activity was measured using the two-electrode voltage-clamp technique at – 60 mV.
Homology models of αβγ- or δβγ‑ENaC assemblies were created with SWISS-MODEL based on
two available cryo-electron microscopy derived structures of human αβγ-ENaC (PDB: 6bqn
and 6wth).
Results
Extracellular chymotrypsin (2 µg/ml) significantly stimulated αβγ-ENaC currents by 2.73 ± 0.35 fold
(n=8) in comparison with control experiments without chymotrypsin (0.75 ± 0.08 fold, n=8; p<0.001
unpaired t-test). There was no difference in the fold-activation of δβγ-ENaC currents without (0.95
± 0.01 fold, n=8) and with chymotrypsin (0.78 ± 0.11 fold, n=8, p=0.17, unpaired t-test). Trypsin I
cleaves γ‑ENaC at multiple K/R sites downstream of the inhibitory peptide (K170-K191). Trypsin I (2
µg/ml) significantly stimulated αβγ-ENaC currents by 1.47 ± 0.15 fold (n=14) in comparison with
control experiments (0.70 ± 0.03, n=12, p<0.0001 unpaired t-test ). δβγ-ENaC currents were not
significantly different after 2 µg/ml trypsin I (1.00 ± 0.07-fold, n = 11) or 20 µg/ml trypsin I (1.05 ±
0.08, n = 10), compared with control experiments (0.90 ± 0.06-fold, n=8, p=0.39, one-way ANOVA).
K170-K191 of γ‑ENaC are located in a loop within the extracellular “Gating Relief of Inhibition by
Proteolysis” domain and the structure of this loop has not been resolved in the cryo-EM templates.
As a consequence, the two generated homology models place the loop in different positions,
suggesting potential structural flexibility of this region.
Conclusion
Taken together, these data suggest that the presence of the α- or δ-ENaC subunit alters the
accessibility of the γ‑subunit to extracellular protease, potentially explaining the isoform-specific
control of ENaC activity by extracellular protease.
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Early effects of aldosterone on Na+ transport and the transcriptome of cultured mouse
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The epithelial sodium channel (ENaC) is the rate-limiting transport mechanism for Na+ transport in
the distal nephron, and its regulation is critical for maintaining sodium homeostasis. In the cortical
collecting duct (CCD) ENaC activity is tightly regulated by aldosterone. The hormone’s stimulatory
effect on ENaC requires the presence of the mineralocorticoid receptor (MR) (1) and involves
transcriptional regulation of a complex set of genes which are not yet fully characterized. In
particular, a better understanding of the early versus late transcriptional effects of aldosterone is
needed (2,3). To address this by comprehensive transcriptome analysis using mRNA sequencing
(RNAseq), we took advantage of a highly differentiated mCCDcl1 cell line known to respond to
physiological concentrations of aldosterone (4). To confirm the stimulatory effect of aldosterone on
ENaC-mediated transepithelial sodium transport in mCCDcl1 cells, we performed continuous shortcircuit current (ISC) measurements using polarized cells grown on permeable polycarbonate
membrane inserts as described previously (5). Exposure to 3 nM aldosterone resulted in a
substantial ISC increase from 9.7±1.3 to 27.1±1.0 µA·cm‑2 (n=6; mean ± SEM) within two hours. In
contrast, in control cells ISC remained rather stable after vehicle application (7.4±1.4 vs. 11.0±0.9
µA·cm-2; n=6). At the end of the recording, amiloride (10 µM) was applied apically to determine the
ENaC-mediated ISC component (ΔISC-ami). In aldosterone treated cells ΔISC-ami was 2.2-fold higher
than in control cells averaging 27.1±0.9 µA·cm-2 and 12,3±0.8 µA·cm-2, respectively (p< 0.001).
These functional data confirm an early stimulatory effect of aldosterone on ENaC mediated Na +
transport in mCCDcl1 cells. Subsequently, mCCDcl1 cells were harvested and mRNA was prepared
from each insert for RNAseq analysis. The mRNA libraries were prepared using the Illumina TruSeq
Stranded mRNA kit and sequenced on the Illumina Hiseq 2500 platform. With this approach we
identified a total of 94 aldosterone-regulated protein coding transcripts with 66 upregulated and 28
downregulated transcripts. To our knowledge, around 60% of the 94 have not yet been identified as
aldosterone-regulated transcripts. As expected, the transcript of the well-known aldosteroneregulated serum and glucocorticoid-regulated kinase 1 (Sgk1) was significantly upregulated by a
factor of 9.0 (n=6; p<0.001). Interestingly, the transcript for the α-subunit of ENaC (Scnn1a) was
only slightly upregulated by aldosterone (1.23-fold), and no effect was observed on β- and γ-ENaC
transcripts consistent with previous reports. This highlights the likely functional importance of
additional aldosterone-regulated genes for mediating the stimulatory effect of aldosterone on ENaC
activity. Further studies are needed to explore the physiological role and molecular interplay of newly
identified aldosterone-regulated genes in renal ENaC regulation.
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The impact of microgravity on kidney function during spaceflight
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Introduction
The impact of microgravity (MG) on deep space travellers has mainly focused on cardiovascular,
musculoskeletal, neurological and occular health. However, MG exposed astronauts have an
unusually high rate of kidney stone formation which poses a mission critical risk. In fact, over 30
incidents have been reported and previous missions have almost been aborted due renal stone
formation
Methods
To investigate this, we studied kidneys and biofluids from mice aboard the Rodent Research-10
(RR-10) Mission that launched with SpaceX-21 to the International Space Station and spent ~30
days in MG. These were compared to ground controls (n=10 per all groups) and underwent spatial
transcriptomics and miRNA analysis, quantitative proteomics/phosphoproteomics, urine/plasma
electrolyte analysis and 3D imaging of immunostained optically cleared tissues for
histomorphometry.
Results
Thus far, our network analysis of the data supports evidence of mitochondrial damage, extracellular
matrix dysfunction and decreased glomerular filtration rate. Interestly, there are also marked
dysregulation in gene products relating to lipid metabolism, SLC membrane transporter superfamily
and phosphorylation status.
Conclusion
Our data suggest that there are detrimental changes in the abundance and activity of key
transporters/channels that either directly or indirectly regulate calcium homeostasis, and that these
may be primary changes in the kidney that drive renal stone formation on the backdrop of milleu of
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increased renal stone risk factors (e.g. bone resorption, dehydration, enhanced crystal formation in
MG).
Immunofluorescence staining
of NCC and phospho-NCC
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Generation of a GR-deficient cellular model of the aldosterone-(in)sensitive distal nephron.
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Aldosterone (ALDO) is a key volume-regulating hormone which promotes ENaC-mediated Na+
reabsorption in the distal nephron by binding the mineralocorticoid receptor (MR). ALDO specificity
is conferred via the enzyme 11βHSD2 to the connecting tubule and collecting duct, but not the distal
convoluted tubule1,2, where it inactivates the more abundant cortisol (CORT). MR and the related
glucocorticoid receptor (GR) are both expressed in these segments 3, therefore where 11βHSD2 is
absent, CORT at a higher circulating concentration is expected to bind both MR and GR 2. To
determine the role that GR plays in mediating steroid-induced ENaC activity in the distal nephron
we sought to delete GR from mCCDcl1 cells, which endogenously express MR, GR, 11βHSD2 and
ENaC.
Cells were transfected with ribonucleoprotein complexes of Cas9 protein and sgRNA targeting GR
or a non-targeting sgRNA. Clonal populations were derived by dilution cloning and possible
knockouts assessed using T7-endonuclease assays to identify indel mutations. GR protein
abundance was determined by western blotting and cell number/size elucidated by
immunofluorescence imaging. Transepithelial voltage (Vte) and resistance (Rte) were measured by
an epithelial-volt-ohm meter allowing calculation of equivalent short-circuit current (Ieq). ENaC
activity was assessed by applying amiloride (10µM). Results are mean±95% CI and statistical
significance determined using a one- or two-way ANOVA, where appropriate.
Two populations (C6, A10) were identified with loss of the expected 90kDa band for GR. Cell
diameter in C6 (18.8±0.6μm) was significantly smaller compared to control (24.2±1.4μm, n=3,
p<0.001), but not different in A10 (23.0±1.3μm, n=3). Vte was greater in both C6 and A10

320

populations: -67.9±9.2mV and ‑61.9±7.9mV, respectively, compared to control: -52.7±13.6mV; Rte
was increased in A10: 6.4±0.3kΩ·cm2 (p<0.001), but not in C6: 4.3±0.5kΩ·cm2, compared to control:
3.9±0.6kΩ·cm2. Ieq however, was not significantly different in C6: -15.2±2.1μA·cm‑2 or A10:
‑9.9±1.2µA·cm‑2 compared to control: ‑12.9±4.0μA·cm‑2 (n=10). To functionally assess GR deletion,
the glucocorticoid dexamethasone (DEX, 100nM) was applied to cells. DEX (3h) stimulated Iami by
2.0±0.3 fold in control, but also surprisingly in C6 and A10, by 2.6±0.4 and 2.5±0.7 fold, respectively
(n=6). To determine if GR or MR was involved in this response, cells were pre-treated with the
respective inhibitors: mifepristone (MF, 10µM) and PF-03882845 (PF, 100pM). Neither inhibitor
altered Iami in any population after 3h. Interestingly, GR but not MR inhibition abolished the DEXinduced Iami in all populations tested.
Together, our data indicate that whilst 2 clonal populations with apparent loss of GR protein were
generated, glucocorticoid-induced ENaC activity remained. Either extremely low levels of the fulllength protein enable this response or perhaps a truncated, but functional, version of GR underpins
these responses.
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Chronic kidney disease (CKD) affects around 10 % of the world’s population. The molecular
mechanisms causing CKD are still unclear; therefore, treatment approaches are non-selective and
only slow disease progression. Hypertension is a primary risk factor for CKD. Autosomal-dominant
hypertension with brachydactyly type E (HTNB) is caused by mutations in the phosphodiesterase
3A (PDE3A) gene and resembles essential hypertension. Despite decade-long hypertension, HTNB
patients hardly show signs of cardiac or kidney damage. We hypothesize that uncovering the
molecular mechanisms underlying the nephroprotection mediated by PDE3A mutations will pave
the way for new strategies towards CKD prevention and treatment.
CRISPR/Cas9 technology was employed to generate two rat models: (i) with a deletion in the Pde3a
gene(PDE3A-Δ3aa rats) analogous to the human HTNB causing T445del genotype (Renkema et
al, 2018), rats recapitulate the HTNB phenotype; (ii) with a deletion in the Pde3a gene, which leads
to a functional deletion (Del) without HTNB features. For phenotyping, kidneys were dissected into
the inner medulla (IM) and residual kidney (RK) and investigated separately.
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The kidney to body weight ratio and the morphological structure of kidneys were not changed in
PDE3A-Δ3aa and functional Del rats vs. wild-type (WT) controls. PDE3A-Δ3aa rats demonstrated
a significant increase in media to lumen ratio of renal arteries vs WT rats. Remarkedly, the
contraction/relaxation dynamics of Vasa recta was not different between WT and PDE3A-Δ3aa rats.
In functional Del rats, Vasa recta presented with apparently higher relaxation to forskolin compared
to WT rats. RNAseq did not reveal drastic differences between PDE3A-Δ3aa and functional Del rats
vs. WT.
PDE3A protein expression in IM of PDE3A-Δ3aa rats was significantly decreased compared to the
WT, but unchanged in RK. The total cAMP levels in IM of PDE3A-Δ3aa rats remained at the control
levels, most likely compensating for the hyperactivity of mutant PDE3A-Δ3aa. The mRNA and
protein levels of cAMP signaling pathway members, the mRNA levels of proinflammatory cytokines,
and the number of ED1-positive macrophages were not changed in IM and RK of mutant animals
vs WT. The percentage of the collagen-positive area was increased in both IM and RK of PDE3AΔ3aa rats compared to the WT. The protein levels of fibronectin were not different between all
genotypes. Fibrosis- and thus kidney damage-inducing epidermal growth factor receptor (EGFR)
agonist is amphiregulin (AREG). AREG mRNA and protein levels were downregulated in the IM of
the PDE3A-Δ3aa rats; serum levels were normal.
A comprehensive characterization of kidneys from HTNB rats indicated that PDE3A mutations
protect from hypertension-induced kidney damage, and suggest an involvement of AREG, a protein
that plays a key role in fibrosis control.
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Introduction
Proper kidney function requires communication between cells of different renal compartments such
as tubules and interstitial cells. The underlying intrarenal signaling cascades are only partially
understood. Therefore, this study aimed at identifying yet unrecognized communication signals of
collecting ducts (CD).
Methods
Since CDs are centrally involved in urine concentration, mice received either water ad libitum or
were subjected to water deprivation for 24 hours (wd). CDs were isolated by microdissection and
gene expression was determined using mRNA microarrays (Affymetrix). Results were confirmed in
independent experiments at the mRNA and protein level using real time PCR (qPCR), in situ
hybridization (ISH) and immunofluorescence staining. For functional analysis, renal perfusion and
urine flow was determined in the isolated perfused mouse kidney model (IPMK).
Results
Besides other mRNAs coding for signaling molecules or relevant enzymes, collecting ducts
expressed acetylcholinesterase (AChE) at high abundance already under control conditions (c) and
AChE was markedly upregulated by water deprivation (wd). qPCR confirmed upregulation of AChE
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in renal cortex, outer medulla and isolated CDs while no regulation occurred in the inner medulla
and in glomeruli. ISH showed clear and selective AChE mRNA expression in CDs and glomeruli
and confirmed upregulation of AChE in CDs. In contrast to wd, CDs of mice with high urinary flow
(loop diuretics) had low AChE mRNA expression levels. AChE protein was located around CDs in
the outer medulla while in the inner medulla it was distributed over the entire interstitium
(immunofluorescence). Since AChE inactivates acetylcholine (ACh) it might be involved in the
regulation of ACh signaling in the kidney. ACh concentration-dependently stimulated renal perfusion
and urine flow in IPMKs. Inhibition of AChE (donepezil hydrochloride) augmented the effects of ACh
on kidney function, suggesting a functional role of AChE in the kidney.
Conclusion
AChE expression increases in cortical and outer medullary CDs in response to water deprivation.
AChE protein is secreted from collecting duct cells and distributes over the entire interstitium, where
it might degrade ACh and thereby regulate ACh signaling in the kidney. This hypothesis is underlined
by the fact that ACh stimulates renal perfusion and urine flow and these effects are augmented by
pharmacological inhibition of AChE.
Increased AChE mRNA
expression after water
deprivation in collecting
ducts of the kidney
A) ISH of AChE (black)
expressed in collecting
ducts (green, IF of
aquaporin2) of the kidney
B) Quantitative real-time
PCR of AChE. Water
deprivation significantly
increases the expression
in the cortex, outer
medulla and collecting
ducts of the kidney. There
is also AChE mRNA in
glomeruli but the
expression is not
increased due to water
deprivation.
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Introduction
Thrombospondin Type-1 Domain-Containing 7A (THSD7A) is target of autoantibodies in 3-5% of
patients with membranous nephropathy. Although its molecular structure is highly conserved in
vertebrate evolution, its biological function in podocytes is yet unknown. Understanding the
physiological function of THSD7A would significantly enhance our understanding of the
pathophysiology of membranous nephropathy.
Methods
THSD7A-dependent podocyte localization and expression of a3-, aV-, b1-, and b3-integrin was
evaluated by qPCR, Western blotting, and immunofluorescence using human podocytes, human,
pig and murine kidney and isolated pig and murine glomeruli. THSD7A – integrin interaction was
evaluated by co-immunoprecipitation, in vitro membrane biotinylation, and proximal ligation assays.
Results
Human and pig podocytes express a3-, aV-, b1-, and b3-integrin at the glomerular filtration barrier,
whereas mouse podocytes only express a3-, aV-, and b1-integrin. The total protein and membrane
abundance, but not the activity of aV-, b1-, and b3-integrin depends on THSD7A. THSD7Adependent integrin abundance is not regulated at the transcriptional level. THSD7A localizes in
close proximity to a3-, aV-, b1-, and b3-integrin in human and pig podocytes and co-precipitates
with membranous, highly glycosylated b1-integrin and to a lesser extent with aV-, and b3-integrin,
but not with intracellular integrins.
Conclusion
Our findings suggest that THSD7A interacts with specific integrins at podocyte foot processes and
thus regulates their abundance and subcellular distribution, which may play a major role in the
stabilization and adhesion of podocytes at the glomerular basement membrane.
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Introduction
Adequate regulation of acid-base homeostasis is essential to maintain normal cellular function and
metabolism, and several intra- and extracellular mechanisms maintain blood pH within a narrow
range. CO2/HCO3- is the most important buffer system in plasma qua its large buffering capacity
along with the body’s ability to regulate HCO3- and CO2 elimination via the kidneys and lungs. It is
well established that mammals hypoventilate in response to metabolic alkalosis, whereby they retain
CO2 and thus restore plasma pH. This respiratory compensation to an alkali load is rapid, but
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remains incomplete. On the other hand, the textbook conception asserts that renal adaptation to
acid-base disorders is a slow process that requires hours to days before reaching full effect. In cystic
fibrosis, the impaired renal ability to excrete an excess amount of HCO 3- into the urine leads to
metabolic alkalosis. This is caused by defective HCO3- secretion in the β-intercalated cells of the
collecting duct that requires both CFTR and pendrin for normal function. We studied the ventilatory
consequences of acute oral base-loading in normal, pendrin KO and CFTR KO mice.
Methods
Using intermittent-closed respirometry air convection requirement for CO2 (ACRCO2) of mice was
assessed. ACRCO2 is the minute ventilation relative to the CO2 production. This is a stable
parameter reflecting the respiratory system’s ability to maintain stable arterial pCO 2 values at any
metabolic rate. It permits quantitative comparison of ventilation, where a drop of ACR CO2 reflects
hypoventilation and an increase of arterial pCO2.
ACRCO2 was measured in wild-type, pendrin KO and CFTR KO mice under basal and acute base
challenging conditions. Acute base challenges were introduced by gastric gavage of NaHCO 3
solutions.
Results
1) In wild-type mice, oral base-loading induced a dose-dependent metabolic alkalosis.
2) Moderate base-load (200 mM) did not perturb ventilation in wild-type mice.
3) CFTR KO and pendrin KO mice were unable to rapidly excrete excess base when challenged
with HCO3- gavage.
4) CFTR KO and pendrin KO mice developed a marked and transient depression of ACRCO2 when
subjected to moderate (200 mM) HCO3- load.
Conclusion
Rapid renal base elimination in response to an acute oral base-load is a necessary physiological
function to avoid ventilatory depression. The transient urinary alkalization in the post-prandial state
is suggested to have evolved for proactive avoidance of hypoventilation. In cystic fibrosis, metabolic
alkalosis may contribute to the commonly reduced lung function via suppression of ventilatory drive.
Methods
Graphic illustration of
the used methods

Main results
1) In wild-type mice, oral
base-loading induced a
dose-dependent metabolic
alkalosis.
2) Moderate base-load (200
mM) did not perturb
ventilation in wild-type
mice.
3) CFTR KO mice were unable
to rapidly excrete excess
base when challenged
with HCO3- gavage.
4) CFTR KO mice developed a
marked and transient
depression of ACRCO2 (when
subjected to moderate (200
mM) base-load.
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Introduction
Mice deficient for the canalicular phospholipid transporter MDR2 (ABCB4) develop sclerosing
cholangitis due to high biliary concentrations of monomeric bile acids. This study determines the
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role of the hepatocyte expressed carbonic anhydrase CAXIV (Car14) in the protection of the liver
against the toxic effects of bile acids.
Methods
Bile flow was measured gravimetrically and HCO3- output by microtitration before and during
stimulation with intravenously applied tauroursodesoxycholic acid (TUDCA) in car14-/-/mdr2-/(abcb4-/-), car14-/-/mdr+/+, car14+/+/mdr2-/- and wt mice. Cholangiocyte proliferation, hepatic
inflammation and fibrosis was studied by gene and/or protein expression for proinflammatory and
profibrotic cytokines, cholangiocyte proliferation markers, and by histochemical and
immunohistochemical assessment. The impact of Car14-deficiency was also assessed in a
xenobiotic cholangitis model.
Results
TUDCA-stimulated HCO3- output was significantly increased in 6 week old mdr2-/-mice (n = 6), and
significantly decreased in car14-/-/mdr2-/-mice (n=8), compared to wt (n=6; p≤0.05), while bile flow
was unaltered. Both bile flow and HCO3- output were significantly decreased in 11 week old mdr2/- (n = 8), and more so in car14-/-/mdr2-/-(n = 8; p≤0.05) mice. Loss of Car14 significantly increased
inflammatory liver injury and cholangiocyte proliferation, and aggravated liver fibrosis in car14-//mdr2-/-mice (n = 9-21) compared to mdr2-/-mice (n= 9-20; p≤0.05). In contrast, the absence of
Car14 did not affect the functional and morphological alterations in the liver of the 3,5diethoxycarbonyl-1,4-dihydroxychollidine (DDC) fed mice.
Conclusion
Car14-deletion reduced biliary HCO3- output and aggravated the functional, inflammatory and
morphological alterations in the liver of mdr2-/-mice. These results demonstrate the importance of
sufficient hepatocellular bicarbonate output in the protection of the hepatobiliary epithelium against
toxic bile acids.
____________________________________________________________________________

intravital multiphoton microscopy, to track pH changes in real time as proteins traffick through the
PT ELS in the functioning kidney. We have labelled lysozyme – a LMW filtered protein – with 2
different fluorophores that can be excited simultaneously, but have different emission wavelengths.
Since one fluorophore is pH sensitive, and the other insensitive, the emitted signals provide a
ratiometric readout.
Results
Characterization experiments performed in a PT cell line confirmed that both labelled proteins are
efficiently endocytosed, with subsequent trafficking to lysosomes. Moreover, a clear fluorescence
ratio evolution was observed when ELS compartments were calibrated at defined pH values.
Following intravenous injection and PT uptake of labelled lysozymes in 10 to 12-week old wild-type
C57Bl/6 male mice under isoflurane anaesthesia, we observed evidence of fast acidification of early
endosomes, with a further decrease in pH in lysosomes responsible for protein degradation.
Meanwhile, injection of hydroxychloroquine – a weak base that accumulates rapidly into ELS
vesicles and raises luminal pH – substantially altered these pH gradients and caused a severe defect
in protein uptake.
Conclusion
In summary, we present a new technique to investigate pH changes in different ELS components in
PT cells in vivo, and relate these to specialized functions. Our results suggest that altering endolysosomal acidification has a striking adverse effect on protein uptake. These findings may be of
relevance to understanding kidney phenotypes in genetic human diseases where defects in
vesicular acidification are postulated to contribute to the cellular pathogenesis.
____________________________________________________________________________
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Introduction
The distal convoluted tubule (DCT) is in the murine kidney a rather short segment of the nephron,
usually only around 200-500 µm of length. Nevertheless, it plays a crucial role in regulation of NaCl
reabsorption, and Ca2+ and Mg2+ handling. Functionally it is divided in DCT1 and DCT2 and is
characterized for his extensive basolateral deep infoldings. However, the paracellular pathway is
basically not understood. Not much is known about the claudin members that form the tight junctions
(TJ) and there are no direct functional measurements of paracellular permeability properties until
now. Screening of the mRNA expression database for isolated mouse and rat tubules revealed
claudin-3, -4, -7 and -8 to be present in DCT.
Methods
Freshly enzymatical isolated DCTs and kidney slices from C57BL/6 mice were investigated by
immunofluorescence for claudin-3, -4, -7 and -8 and analyzed by high resolution Airyscan confocal
microscopy. We performed double staining with the respective claudins and the DCT marker
calbindin.
Results
Antibody staining revealed the localization of claudin-3, -4, -7 and -8 in the DCT tight junctions. The
expression of claudins was partially restricted to subsegments of the DCT. Claudin-3 and 8 were
observed in the TJ and along DCT1 and DCT2. Claudin-4 was mainly observed in DCT2 where it
co-localized in the TJ with claudin-8. Claudin-7 was expressed in TJ and remarkably also extrajunctional in the basolateral membrane of the DCT1 and DCT2.

We acknowledge support from the Zurich Centre for Microscopy and Image Analysis and the
swiss National Centre of Competence in Kidney control of homeostasis (NCCR Kidney.CH).
Introduction
The endo-lysosomal system (ELS) in the kidney proximal tubule (PT) plays a crucial role in kidney
physiology and whole-body homeostasis by retrieving and degrading low molecular weight (LMW)
filtered plasma proteins, to conserve important nutrients and cargo. Proteins are reabsorbed by
receptor-mediated endocytosis, dissociated from receptors in early endosomes, and degraded by
proteases in lysosomes. Defects in this process result in proteinuria, one of the most widely used
biomarkers in clinical medicine. Acidification of endo-lysosomal vesicles by V-ATPase pumps is
thought to be critical for their function; however, the nature of normal pH gradients in the PT ELS
was previously unknown.
Methods
To address this knowledge gap, we have developed a new imaging-based methodology with
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Conclusion
The identification and localization of claudins in the DCT and their distinct expression pattern
provides the basis for functional measurements to describe the selectivity properties along the DCT.
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Introduction
The lung inhales between 0.7 and 7000 bacteria every minute. The airway epithelium and the airway
surface liquid (ASL) play a vital role in the defence against these inhaled organisms. Glucose
concentration in the ASL is normally much lower than that of blood and this may contribute to innate
protection against the proliferation of bacteria whichcanutilise glucose for growth [1,2]. ASL glucose
rises when blood glucose concentration rises (e.g. diabetes) in both humans and animals. We
therefore hypothesised that the microbial population of the lung, the microbiome, would change in
the diabetic lung.
Methods
Seven-week-old female db/db and non-diabetic littermate controls were purchased from Envigo
(UK). Mice were maintained in standard animal housing in a 12h light/dark cycle; water and rodent
chow available ad libitum. Mice were terminated with an overdose of pentobarbital (0.2ml of
100mg/ml i.p.). Blood was collected for glucose measurement. Bronchoalveolar lavage (BAL) was
performed and 1 mL of solution was used to extract bacterial DNA using QIAamp DNA Microbiome
Kit (Qiagen). Sputum samples were acquired from 14 individuals with Cystic Fibrosis (CF) and CF
related diabetes (CFRD) from the Manchester Allergy, Respiratory and Thoracic Surgery
(ManARTS) Biobank (IRAS ID 180280, REC reference 15/NW/0409). The V3-V4-region of the 16S
rRNA gene was amplified and sequenced using the Illumina MiSeq platform. Bioinformatic analysis
was performed using Mothur v1.39.5 as per the MiSeq SOP pipeline. Statistical analyses were
performed using R statistical software.
Results
The bacterial diversity in BAL samples was variable within and between diabetic and non-diabetic
mice. Hyperglycaemia did not affect the α-diversity of the lung microbiome (Inverse Simpson rating).
However, hyperglycaemia had a significant effect on the β-diversity of lung microbiome (analysed
with AMOVA, p=0.011, n=9) with the microbiome from diabetic mice clustering together. In
individuals with CF, there was a significant association between blood glucose concentration
(indicated as HbA1c) and the α-diversity of the lung microbiome (p=0.0125, R2=0.2029, n=28) and
the β-diversity (analysed with AMOVA, p=0.002, n=2). At the genus level, Staphylococcus were
more abundant in the normoglycaemic mice (p=0.019, n=9) and in CF (p=0.024, n=28).
Corynebacterium which are frequently found in the lung microbiome as commensal organisms were
more abundant in the normoglycaemic mouse lung (p=0.0018, n=9). The genus Pseudomonas
were more abundant in diabetic mice (n=9, p=0.028) and CFRD (p=0.011, n=28). Azorhizophilus
and Porphyromonas were also more abundant in CFRD (p=0.016 and p=0.004 respectively, n=28).
Conclusion
These preliminary data indicate that sustained hyperglycaemia modifies the lung microbiome
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promoting the growth of decreasing the abundance of commensal bacteria and increasing the
growth of Pseudomonas which may include pathogenic species such as P. aeruginosa.
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Introduction: HELIX syndrome is an autosomal-recessive disorder affecting different epithelia and
standing for hypohidrosis, electrolyte imbalance, lacrimal gland dysfunction, ichthyosis, and
xerostomia. This syndrome is due to mutations in the CLDN10 gene encoding the tight junction
protein claudin-10. Most of the symptoms are likely due to deficiency in isoform claudin-10b which
confers cation selectivity to the paracellular pathway of numerous epithelia. An in vivo model
resembling the disease, with its benefits of ease of manipulation, has not been developed yet.
Methods: We generated tamoxifen-inducible Cldn10b deficient mice (C10b iKD) by crossing mice
with floxed exon 1b of Cldn10 with mice expressing Cre under control of a ubiquitous, tamoxifen
responsive promotor. Focusing on electrolyte imbalance and xerostomia (dry mouth), we confirmed
Cldn10b tissue knockdown in kidney and the salivary glands by real-time PCR, western blot
analyses and immunostaining. We performed metabolic cage experiments, assessed key kidney
function parameters [e.g. electrolyte and creatinine clearance to estimate the glomerular filtration
rate, GFR] and conducted measurements of in vivo saliva secretion (pilocarpine assay).
Results: C10b iKD mice presented with a reduction in GFR and hypermagnesemia. These findings
are in line with the clinical features displayed by the HELIX syndrome patients. We found that the
two claudins responsible for renal divalent cation reabsorption, claudin-16 and -19, were expressed
at higher levels in Cldn10b iKD kidneys, claudin-16 exclusively in the thick ascending limb (TAL),
claudin-19 in both thin ascending limb and TAL. Overall, these results may explain the observed
hypermagnesemia. In contrast to a mouse model lacking claudin-10b in the distal tubules, we did
not observe any nephrocalcinosis in C10b iKD mice, once again in line with what has been reported
in patients.
C10b iKD mice displayed reduced food intake, feces amount and weight gain over a period of four
weeks as compared to controls. Moist food pellets restored food intake and fecal output to control
levels, but did not fully rescue body weight loss. A dry mouth may have thus at least hampered the
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ability to eat. Consistently, in response to pilocarpine stimulation, C10b iKD mice secreted less saliva
than controls. Thus, xerostomia was again a phenotypic trait of the HELIX syndrome that could be
reproduced in our mouse model and at least partially drove the observed body weight loss of C10b
iKD mice. As in patients, Cldn10b knockdown did not abolish saliva secretion completely, pointing
to the existence of Cldn10b-unrelated mechanisms preserving this function.
Conclusions: We conclude that C10biKD display many features of HELIX syndrome and are thus
a valid model for this novel hereditary disease.
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Introduction
Gitelman syndrome (GS) is the most frequent hereditary salt-losing tubulopathy characterized by
hypokalemic alkalosis and hypomagnesemia. GS is caused by biallelic pathogenic variants in
SLC12A3, encoding the Na+-Cl- cotransporter (NCC) expressed in the distal convoluted tubule.
Pathogenic variants in CLCNKB, HNF1B, FXYD2 or KCNJ10 may result in renal phenocopies of
GS, as they can lead to reduced NCC activity. Nevertheless, ±10% of patients with a GS phenotype
remain genetically unsolved.
Methods
After identification of mitochondrial DNA (mtDNA) variants in three families with GS-like electrolyte
abnormalities, 156 families were investigated for variants in MT-TI and MT-TF, encoding the transfer
RNAs for phenylalanine and isoleucine. Mitochondrial respiratory chain function was assessed in
patient fibroblasts. In NCC-expressing HEK293 cells, mitochondrial dysfunction was induced to
assess the effect on thiazide-sensitive 22Na+ transport.
Results
Genetic investigations revealed four mtDNA variants in 13 families: m.591C>T (n=7), m.616T>C
(n=1), m.643A>G (n=1) (all in MT-TF) and m.4291T>C (n=4, in MT-TI). Variants were near
homoplasmic in affected individuals. Importantly, affected members of six families with an MT-TF
variant additionally suffered from progressive chronic kidney disease. Maximal mitochondrial
respiratory capacity was reduced in patient fibroblasts, caused by dysfunction of oxidative
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phosphorylation complex IV. In vitro pharmacological inhibition of complex IV, mimicking the effect
of the mtDNA variants, demonstrated an inhibitory effect on NCC phosphorylation and NCCmediated sodium uptake.
Conclusion
Pathogenic mtDNA variants in MT-TF and MT-TI can cause a GS-like syndrome. Genetic
investigation of mtDNA should be considered in patients with unexplained GS-like tubulopathies.
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Introduction
The cardiac natriuretic peptides (NP) ANP and BNP are released in response to cardiac wall stress
and exert natriuretic and diuretic effects as well as reduce the blood pressure. In contrast to ANP
and BNP, CNP has no significant natriuretic effect at physiological concentrations and is mainly
released from the endothelium. ANP and BNP mediate their effects by binding to the NPR-A
receptor, CNP acts via NPR-B. Removal of circulating NPs occurs by enzymatic degradation
(endopeptidase neprilysin) or by internalization via the natriuretic peptide clearance receptor NPRC.
Methods
The target cells and underlying cellular mechanisms of NPs in the kidney are still not completely
understood. Therefore, we performed systemic expression and co-localization studies of NP
receptors in mouse renal tissue using mRNA in-situ hybridization (RNAscope™ Assays, ACD
biotechne) and immunofluorescence staining. Since NPs have strong nephroprotective properties
we also investigated their expression in adenine nephropathy (three weeks 0.2% adenine-chow).
Results
NPR-A mRNA is highly expressed in glomeruli (capillaries, mesangial cells, podocytes, reninproducing juxtaglomerular cells) and renal arterioles (smooth muscle and endothelial cells). In the
interstitium, mainly endothelial cells but also interstitial PDGFRß+ cells showed NPR-A signals.
Considering the endocrine function of the kidney, NPR-A expression was shown by interstitial cells
expressing renin and erythropoietin. Surprisingly, no NPR-A mRNA was detectable in the tubular
system. In contrast to NPR-A, NPR-B is almost exclusively expressed in the proximal tubule with
the strongest signal in the S3 segment. Further, NPR-B is expressed in intrarenal arterioles. NPRC is located in glomeruli (podocytes and mesangial cells) as well as in PDGFRß + interstitial and
endothelial cells. While NPR-A and NPR-B mRNA distribution was not altered in diseased kidneys,
NPR-C mRNA signal was markedly enhanced, especially in subcapsular cell clusters in fibrotic
areas. Double staining identified myofibroblasts and PDGFRß+ cells as the NPR-C expressing cell
populations in inflammatory adenine nephropathy.
Conclusion
All three natriuretic peptide receptors are expressed in the kidney, however they have different
distribution patterns. This characterization of natriuretic peptide receptor expressing cell types in
renal tissue forms the basis for further investigation of NP mediated renal effects in health and
disease.
____________________________________________________________________________
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Introduction Metabolic syndrome is a significant public health challenge worldwide and is related
to adverse renal and cardiovascular outcomes. Blocking the transient receptor potential cation
channel subfamily C member 6 (TRPC6) in mice have been shown to ameliorate renal outcome in
the accelerated renal fibrosis model, unilateral ureteral obstruction (UUO). Therefore,
pharmacological inhibition of TPRC6 could be a promising therapeutic intervention in progressive
tubulo-interstitial fibrosis in hypertension and metabolic syndrome. In the present study, we
hypothesized that the novel selective TRPC6 inhibitor SH045 (larixyl N-methylcarbamate) may
attenuate UUO-accelerated renal fibrosis in New Zealand obese (NZO) mouse model, which is a
polygenic model of metabolic syndrome.
Methods We used SH045 to treat NZO mice. Mice were anaesthetized by isoflurane (2.2%)
supplied with air flow at approximately 350 mL/min and preemptive analgesia with carprofen (5-10
mg/kg) was used subcutaneously. Next, a midline laparotomy was conducted via an incision of the
avascular linea alba and the left ureter was exposed from left side. The ureter was then ligated twice
close to the renal pelvis using a 5-0 polyglycolic acid (PGA) suture wire. We evaluated renal
outcomes 7 days after UUO. SH045 (20 mg/kg) was applied daily by intraperitoneal injection. Renal
inflammation and tubulointerstitial fibrosis were determined by quantitative real-time (qRT)-PCR and
histological analysis. All experimental procedures were approved by the Berlin Animal Review
Board, Berlin, Germany and followed the restrictions in the Berlin State Office for Health and Social
Affairs. Statistical analysis was performed using GraphPad 5.04 software. Study groups were
analyzed by two-way ANOVA using Sidak’s multiple comparisons post hoc test. P values < 0.05
were considered as statistically significant.
Results In vivo inhibition of TRPC6 by SH045 markedly decreased mRNA expression of pro-fibrotic
markers (Col1α1, Col3α1, Col4α1, Acta2, Ccn2, Fn1) and chemokines (Cxcl1, Ccl5, Ccr2) in UUO
kidneys of NZO mice (n=11) compared to kidneys of vehicle-treated animals (n=11). Furthermore,
renal inflammatory cell infiltration (F4/80+ and CD4+) and tubulointerstitial fibrosis (Sirius red and
fibronectin staining) were ameliorated in SH045 treated NZO mice.
Conclusion Pharmacological inhibition of TRPC6 might be a promising antifibrotic therapeutic
agent to treat progressive tubulo-interstitial fibrosis in hypertension and metabolic syndrome.
____________________________________________________________________________
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Introduction
Progressive renal diseases are associated with loss of peritubular capillaries. Both mouse models
and patients show a decline of endothelial tyrosine kinase receptor (Tie2) signaling in CKD. We
hypothesized that loss of Tie2 signaling in blood vessels leads to endothelial dysfunction, resulting
in ischemia and tubular injury with onset of Pdgfb expression. Pdgfb is a mitogen for
fibroblasts/pericytes and tubular overexpression leads to activation and ECM production.
Furthermore, we investigate if Tie2 activation can alleviate kidney injury in experimental CKD with
a Tie2 activating antibody or by genetic deletion of Veptp (a negative Tie2 regulator).
Methods
To investigate this, we utilized inducible endothelial specific Tie2 knockout mice with endothelial
lineage reporter also crossed to Pdgfra-H2b-GFP as a myofibroblast reporter. Mice were subjected
to experimental CKD, the UUO model. Capillary density and perfusion, tubulointerstitial fibrosis, and
Pdgfb expression were evaluated in renal cortex 1-10 days after UUO. To reduce kidney injury by
increasing Tie2 signaling, mice with endothelial Veptp deficiency and mice treated with a Tie2
activating antibody were investigated after UUO.
Results
Endothelial loss of Tie2 in experimental CKD resulted in increased endothelial injury, loss of
fenestrations, decreased perfusion, and increased tubulointerstitial fibrosis. We found no
colocalization of endothelial lineage reporter and Pdgfra-H2b-GFP, hence, no evidence of
endothelial-mesenchymal transition. Treatment with Tie2 activating antibody, or genetic deletion of
endothelial Veptp, both reduced endothelial injury and maintained capillary density after UUO. UUO
induced overexpression of Pdgfb was reduced by both Tie2 activating antibody and Veptp knockout
as well as tubulointerstitial fibrosis.
Conclusion
Our results suggest that endothelial health is upstream of tubulointerstitial fibrosis and therapies to
preserve vascular function are essential in CKD. In addition, we demonstrate that Tie2 signaling
affects blood vessel function and that Tie2 activating agents should be explored as therapies for
patients with CKD.
____________________________________________________________________________
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Introduction The majority of acute flares in Crohn's disease and ulcerative colitis are associated
with diarrhea. Various pathophysiological mechanisms, such as “leaky “ tight junctions, a loss of
epithelial surface, and an altered function or expression of specific ion transporters responsible for
electrolyte and fluid absorption, such as of the Cl-/HCO3- exchanger SLC26A3 (DRA), and the
Na+/H+ exchanger SLC9A3 (NHE3), or the epithelial Na+ channel (ENaC), have been implicated.
Methods In order to evaluate if the downregulation of specific absorptive ion transporters or general
defect in enterocyte differentiation correlates with the degree of diarrhea and inflammation, we
performed a systematic analysis of the mRNA expression and/or protein abundance of DRA, NHE3
and ENaC, as well as a panel of genes that correlate with the differentiation state of the colonic
epithelium, in different segments of the ileocolon of healthy individuals and IBD patients with an
acute flare or in remission. Endoscopy and histopathologic scoring and TNFα mRNA levels were
used to grade inflammation, clinical scores for disease activity and diarrhea.
Results mRNA expression and immunohistochemical staining of DRA and NHE3 in healthy colonic
tissue showed that DRA and NHE3 are differentially expressed along the human colon, with DRA
being most abundant in the transverse and descending colon and NHE3 in the ascending colon
(n=10). The reduction of DRA and NHE3 mRNA expression/abundance in the membrane correlated
with the degree of inflammation as well as the diarrhea score (n=42), while in inactive disease the
expression and abundance of DRA and NHE3 was not different from healthy controls (n=13). A
significant decrease of the ENaC subunit ENaCγ expression was observed in inflamed biopsies of
colon sigmoideum (n=30). mRNA expression of the absorptive enterocyte differentiation markers
intestinal alkaline phosphatase (iALP), villin and HES1 was significantly decreased in inflamed
colon, while expression of the stem cell marker LGR5 and the goblet cell marker Muc2 was not
altered (n=30).
Conclusion The results show a decreased expression of DRA, NHE3 and ENaCγ in the inflamed
epithelium of IBD patients, accompanied by a decrease in other marker genes for absorptive
enterocyte differentiation. Therefore, the reduced expression and membrane abundance of
absorptive ion transporters is most likely a consequence of an altered enterocyte differentiation
pattern in inflamed epithelium.
____________________________________________________________________________

Introduction
Diabetes is the single most important cause of chronic kidney disease and end-stage kidney failure.
Ten to thirty percent of all patients with diabetes ultimately develop diabetic nephropathy (DN). There
is an unmet need to prevent and reverse the progressive renal functional decline and tissue injury
in relation to diabetes. The lectin pathway of the complement system could contribute to
pathogenesis of DN. Collectin kidney 1 (CL-K1, alias CL-11) is a pattern recognition molecule of the
lectin activation pathway, and detects stress-related changes in renal glycosylation patterns, which
may lead to complement activation, cell death and progression to DN.
Objective
The study was designed to test the hypothesis that early diabetes leads to increased expression
and renal localization of collectin kidney 1, focusing on the interaction between collectin kidney 1
and proximal tubular cells or podocytes with subsequent cell injury.
Methods
Forty mice were included in the study. Type 1 diabetes mellitus (T1DM) was induced in 20 male
FVB/NHan®Hsd mice by intraperitoneal injections of streptozotocin (55 mg/kg/day) for five
consecutive days. Intraperitoneal injections with only vehicle were given to 20 FVB/NHan®Hsd mice
(vehicle-control). Half of the T1DM (n=10) and vehicle (n=10) mice were sacrificed on day 14 and
the remaining on day 35 (n=20). Plasma and organs were collected. Urine was collected in metabolic
cages (24 hours) one day before termination. Urine, organs, and plasma were analyzed for the
presence of CL-K1 by western blotting. Potassium, sodium, albumin, and blood urea nitrogen were
measured in the urine.
Results
Mice injected with streptozotocin had significantly elevated fasting plasma glucose after 14 days,
compared with control mice receiving vehicle (25.9mmol/L±3.3 vs. 8.1 mmol/L±1.2, P<0.0001).
There was no difference in weight between mice with diabetes and control mice. Analysis of renal
function at end of treatment revealed increased diuresis in diabetic mice (0.38mL/g±0.14 vs. 0.02
mL/g±0.009, p<0.0001), combined with increased food intake (10.9g±1.5 vs. 6.3g±1.2, P<0.0001)
and urine excretion of sodium and potassium. STZ-treated mice exhibited increased albumin
excretion (7002±2723 µg/BW vs. 1060±466.7 µg/BW, P<0.0001), increased blood urea nitrogen,
and kidney weight. Western blotting showed a significant and progressive increase in kidney CL-K1
protein level after 14 (0.8±0.2 CL-K1/Beta-actin ratio) and after 35 days (2.1±0.7), p<0.05 in T1DM
mice compared to control mice (0.5±0.1, p<0.05). The same was seen for CL-K1 in plasma, but
there was no difference in CL-K1 protein levels in the liver between diabetic and control mice. CLK1 was not detectable in crude urine by immunoblotting.
Conclusion
CL-K1 increases in kidney and plasma with the progression of kidney injury in mice with
streptozotocin-induced type 1 diabetes mellitus. In perspective, CL-K1 might play a role in the
pathogenesis of DN.
____________________________________________________________________________
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The combination between KV10.1-targeted TRAIL constructs and channel blockers results
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Introduction
The combination of targeted and conventional therapies holds promise for difficult-to-treat cancers.
The TNF-related apoptosis-inducing ligand (TRAIL) has been proposed as cargo for several
immunotargeted approaches. KV10.1 is a potassium channel expressed in over 70% of tumors while
undetectable in healthy extracranial tissues. Our approach combines the specificity of expression of
this channel with the tumor-specific apoptosis induction by TRAIL and has proven efficacious in
combination with chemotherapeutics in vivo (1) In this study, we combine anti-Kv10.1 biologicals
with novel small molecules targeting Kv10.1 that also show cytotoxic effects in vitro.
Methods
The antibody-single chain TRAIL constructs were expressed in mammalian cells under selective
pressure. Culture supernatants were concentrated, characterized electrophoretically, and quantified
by ELISA against TRAIL. Efficacy of the constructs and combinations was tested on tumor cells in
2-D culture or 3-D spheroids seeded in 96-well U-shape plates. The cultures were maintained and
imaged continuously in an Incucyte live cell imaging system. To determine apoptosis and cytotoxicity
in cultures treated with antibody- single-chain TRAIL fusions, a fluorescent Caspase 3/7 activity
reporter or cytotoxicity reporter were used.
Results
Antibody/single-chain TRAIL fusions (scFv62-scTRAIL, VHHD9-scTRAIL) (2) were tested at a
concentration of 150pM on cancer spheroids in the presence of cycloheximide (CHX) as sensitizer
to apoptosis. A significant induction of apoptosis could be observed as early as 10 hours after the
start of the treatment for both constructs. None of the constructs induced apoptosis of non-tumor
cells under similar conditions.
We generated a novel 3D pharmacophore model highlighting the features required for high-affinity
KV10.1 inhibition by computer-assisted drug design (3). A series of compounds were synthesized,
and the best inhibitor hit (ZVS08) was tested for selectivity and mechanism of action. Further
modifications of the pharmacophore model led to improved efficacy and selectivity. The effect of the
refined compounds on tumor cells was evaluated in 2D and 3D cultures. The compounds inhibited
the growth of cancer cells expressing KV10.1, while they did not affect the growth of cells not
expressing the channel.
When combining the newly produced blockers with scFv62-scTRAIL(62-scT), VHHD9-scTRAIL(D9scT), the efficacy of the single treatments was reduced, indicating an antagonistic effect.
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Conclusion
We conclude that the inhibition of the function of K V10.1 reduces the efficacy of channel-targeted
apoptosis-inducing therapies. We will extend our combination studies to elucidate if such
antagonism is a common feature of all TRAIL-derived or even apoptosis-inducing treatments
Functional inhibition of
KV10.1 reduces the efficacy
of channel-targeted
apoptosis-inducing therapy
(A). Constructs production
and purity were verified by
silver-staining.
(B). Constructs do not
induce apoptosis on normal
cells (hTERT-RPE1).
(C-F). Activated caspase
3/7 signals were induced by
treatments with constructs
(150pM) on tumor spheroids.
The larger error bars are
due to the collapse of
spheroids. All data are
presented as means ± SD.
N=3 biological replicates,
≥3 technical replicates per
experiment.
(G). Apoptosis induction by
ZVS-08 (50 μM)
on tumour spheroids formed
by Colo 357 cells.
(H). Co-treatment with ZVS08 reduces the efficacy
of 62-scT.
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Metabolic acidosis in mice increases glucose tolerance by decreasing hepatic
gluconeogenesis and proximal tubule glucose reabsorption
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The prevalence of type 2 diabetes is dramatically increased in patients affected by chronic kidney
disease (CKD) when glomerular filtration rate decreases below 30 ml/min/1.73m 2. This suggests
that factors associated with nephron reduction can disturb glucose homeostasis. Indeed, the
correction of metabolic acidosis (MA), a frequent complication of CKD, improves insulin resistance
in CKD patients. Therefore, we tested the effects of MA induced by long-term administration (from
7 and up to 180 days) of NH4Cl in drinking water or a single gavage of NH4Cl in C57Bl/6J mice on
glucose homeostasis.
Intraperitoneal glucose tolerance tests performed on 15h-fasted water (control) and NH4Cl loaded
(acidotic) mice revealed increased glucose tolerance in acidotic mice compared to control mice at
any time point of the treatment without any detectable change in insulin secretion. Fasting glycemia
was lower in acidotic mice while fasting plasma insulin remained identical. Improved glucose
tolerance was also detected in mice in which severe acute MA was induced by a single gavage of
NH4Cl. MA induced by the administration of NH4Cl in drinking water for 7 days also improved
impaired glucose tolerance and decreased basal glycemia in mice fed a high fat diet for 11 weeks.
Intraperitoneal insulin challenge showed similar decrease in blood glucose in both control and
acidotic mice fed a standard diet indicating that insulin sensitivity is not altered by MA. We next
assessed the effects of long-term MA on hepatic and extra-hepatic gluconeogenesis (renal and
intestinal) by using alanine or glutamine tolerance tests after 15h fasting, respectively. Hepatic
gluconeogenesis was initially strongly decreased in acidotic mice at day 7 but remained unchanged
at day 135. Extra-hepatic gluconeogenesis slightly increased in acidotic mice at day 7 but strongly
decreased at day 135. Upregulation of the key gluconeogenic enzyme PCK1 at both mRNA and
protein level was observed whereas PCK1 protein expression was downregulated in the liver. We
also measured glycosuria up to day 60 and observed an increased urinary glucose excretion in
acidotic mice that was accompanied by decreased renal glucose transporter SGLT1 protein
expression. Higher glucose excretion in urines collected during the 4 hours following glucose
injection (2g/kg) was also observed in acidotic mice compared to controls.
In conclusion, unexpectedly, MA in mice does not induce glucose intolerance and insulin-resistance
but rather improves glucose tolerance by reducing hepatic or extra-hepatic (likely intestinal) glucose
production and decreased proximal tubule glucose reabsorption without altering insulin
secretion/sensitivity.
____________________________________________________________________________
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The effects of diesel exhaust particles on the kidney and renal vasculature to explore
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Introduction
Ambient air pollution causes >4 million premature deaths globally per year. Airborne particles have
the strongest links to adverse health effects, and ultrafine particles (diameter ≤0.1μm) represent a
major concern. Recently, associations have been found between air pollution and kidney disease.
This study investigated whether pulmonary exposure to diesel exhaust particles (DEP), a major
source of airborne ultrafine particles in urban environments, induced renal injury in mice.
Methods
A standard reference material DEP (NIST 2975) was used to allow comparisons with previous
studies. Electron paramagnetic resonance was used to show that these particulates generate
superoxide free radicals. Mice (C57BL/6J) were administered DEP or saline (control) by pulmonary
instillation acutely (single 35 µg exposure) or chronically (50 µg twice weekly, 4 weeks). Mice were
culled 18h after last exposure. Kidney injury molecule 1 (KIM-1) expression was measured
(qPCR; triplicates) in the kidney; other tissues collected for identification of biological mechanisms.
Data presented as mean±SEM; p<0.05 considered statistically significant; n=5-9 mice/group.
Results
Acute protocol: DEP induced an increase in total cell count (TCC) (2.57±0.48 (saline) vs 4.17±0.46
(DEP)) and neutrophil content (p<0.001) in broncho-alveolar lavage fluid (BALF), demonstrating
pulmonary inflammation (unpaired t-test). There was no significant difference in serum interleukin-6
(ELISA) between groups, demonstrating absence of significant systemic inflammation.
Unexpectedly, kidney injury molecule 1 (KIM-1) mRNA levels were significantly lower in medulla of
DEP-treated mice compared to controls (two-way ANOVA). Renal tumour necrosis factor alpha
(TNF-α) mRNA was similar in both groups.
Chronic protocol: BALF TCC was significantly higher in DEP-treated mice compared to controls
(1.26±0.17 (saline) vs 2.16±0.15 (DEP); unpaired t-test). Plasma samples currently being analysed
for markers of systemic inflammation (multiplex immunoassay). DEP was not associated with overt
renal histopathological changes. There were no significant differences in kidney KIM-1 or TNF-α
mRNA between groups. Vascular responsiveness to pharmacological agents was measured in renal
arteries (wire myography). Concentration response curves to phenylephrine or sodium nitroprusside
did not differ between groups, whereas DEP-instilled mice exhibited greater sensitivity to
acetylcholine (EC50p<0.05; unpaired t-test).
Conclusion
DEP did not cause significant kidney injury, although the greater sensitivity of renal arteries to an
endothelium-dependent vasodilator in chronically exposed mice may reflect a compensatory
response to the pro-oxidative nature of DEP. Ongoing studies will assess the role of oxidative stress
and investigate whether ultrafine particles accumulate in the kidneys. Future studies will explore
whether DEP exacerbates pre-existing renal injury using a mouse model of acute kidney injury.
____________________________________________________________________________
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The Secondary Bile Acid, Lithocholic Acid Inhibits Chloride Secretion in Colonic Epithelial
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Introduction
Lithocholic acid (LCA) is a secondary bile acid formed in the colon by bacterial metabolism of
chenodeoxycholic acid. Our previous studies have shown the bile acid to be protective under
conditions of colonic inflammation. Here, we sought to determine if LCA might also play a role in
regulating fluid and electrolyte transport.
Methods
T84 cell monolayers were mounted in Ussing chambers for measurements of Cl - secretion
stimulated by the cAMP-dependent agonist, forskolin (FSK). qRT-PCR and Western blotting were
used to analyse mRNA and protein expression. Results were expressed as mean ± SEM and data
were analysed by one-way ANOVA and Tukey’s post hoc test or by mixed-effects analysis and
Dunnett's post hoc test.
Results
Pretreatment of T84 cells for 24 hrs with LCA (1, 5, 10 µM) inhibited FSK-stimulated Cl- secretion in
a concentration-dependent manner with a maximal effect at 10 µM of 36.3 ± 4.4% (***p ≤ 0.001, n
= 8). LCA (10 µM) also inhibited expression of the apical Cl- channel, CFTR, by 57.1 ± 6.1% (**p ≤
0.01, n = 4). The anti-secretory effects of LCA were mimicked by both the FXR agonist, GW4064 (5
µM), and to a lesser extent, the VDR agonist, calcitriol (10 nM), which inhibited FSK-stimulated
responses by 36.1 ± 2.6% (***p ≤ 0.001), and 13.4 ± 2.9% (***p ≤ 0.001), respectively (n = 20). Both
GW4064 and calcitriol also inhibited CFTR expression (n = 4). Treatment of T84 cells with LCA (10
µM) significantly increased expression of both the FXR target gene, FGF19 (n = 6 - 10; ***p ≤ 0.001),
and the VDR target gene, CYP24A1 (n = 6 - 15; ***p ≤ 0.001), indicating the bile acid activates both
FXR and VDR in colonic epithelial cells.
Conclusion
Our previous and current studies indicate LCA exerts both anti-inflammatory and anti-secretory
actions in the colon. While future studies will investigate the molecular mechanisms involved, our
findings suggest LCA to be a good target for the development of new approaches to treat intestinal
disease.
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Familial Hyperkalaemic Hypertension is associated with Immunodeficiency
K. Siew, R. Evans, S. Walsh
UCL, Department of Renal Medicine, London, UK
Introduction
Familial hyperkalaemic hypertension (FHHt) is also known as Gordon syndrome or
pseudohypoaldosteronism type II. It is an autosomal dominant condition that leads to salt retention
through over activation of the sodium chloride co-transporter (NCC) in the distal convoluted tubule
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causing salt-sensitive hypertension. Pathogenic mutations in WNK1, WNK4, CUL3 and KLHL3
cause FHHt. Our recent study on patients with salt-losing tubulopathies (SLTs e.g. Gitelman
syndrome) found significantly altered immunity, predisposing patients to a variety of infections1. We
studied whether FHHt (a salt retaining tubulopathy) also led to an altered immune phenotype.
Methods
12 patients with FHHt were studied. Information such as past medical history, medications,
autoimmunity, atopy, allergy status, childhood infections, recurrent adult infections were collected
amongst other data. This was compared to 24 healthy controls and 47 patients with salt losing
tubulopathy.
Results
Patients with FHHt were found to have significantly more viral (p=0.0094) and fungal infections
(p=0.04) compared to healthy controls. They also experienced more recurrent upper respiratory tract
infections (p=0.04) and urinary tract infections (p=0.04). Compared to patients with salt losing
nephropathy, FHHt patients suffered significantly more recurrent viral infections (p=0.0021) but less
allergic disease (p=0.03).
Conclusion
Our data suggests altered immunity in patients with FHHt. Their phenotype and range of infections
were different to both healthy controls and patients with salt losing nephropathy. Further work is
required to replicate these differences in larger cohorts and to investigate underlying mechanisms
that may explain changes in immunity and whether this can be corrected with treatment.
Prevalence of infections
and disease
FHHt = Familial
Hyperkalaemia Hypertension
(salt retaining
tubulopathy)
SLT = Salt Losing
Tubulopathy
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Introduction
The majority of cancers show altered extracellular (pHe) and intracellular (pHi) pH, with acidification
of pHe due to the high metabolic acid production of cancer cells. Dysregulated pH dynamics affect
pancreatic ductal adenocarcinoma (PDAC) progression [1]. Furthermore, pHi acidification occurs
during the early stages of apoptosis and contributes to this event [2]. TRAIL can bind to its receptors
TRAIL-R1/-R2 that induce apoptosis preferentially in tumor cells, which led to the development of
TRAIL-R-based anti-cancer therapeutics [3]. Unfortunately, cancer cells often develop resistance to
TRAIL-induced cell death, and TRAIL-R1/-R2 can also induce tumor-promoting pathways [4, 5].
Thus we sought to clarify the interplay of pHe, pHi, and TRAIL/TRAIL-R in PDAC cells.
Methods
Colo357 (TRAIL-sensitive) and Panc1 (TRAIL-resistant) were grown in pHe 7.4 (control) or pHe 6.5,
where the cells were generated by selection and adapted to pH e 6.5 for a period of a minimum of
30 days, referred to as acid-adapted cells. pHi was measured with BCECF-AM by fluorescence
microscopy. TRAIL-induced cell death was analyzed with propidium iodide (PI) staining followed by
live-cell imaging. NHE1, MCT4, and CAIX expression was analyzed by Western blotting.
Results
Acid-adapted Colo357 showed decreased pHi, while Panc1 cells showed similar pHi under both pHe
conditions. After 1-5 h of TRAIL treatment, pHi decreased in Panc1 cells. In Colo357 cells, pHi only
decreased until 1 h after TRAIL treatment, whereafter it returned to its steady-state value. Cell death
was initiated after 1 h in Colo357 cells (correlating with pHi acidification). Panc1 cells remained
TRAIL-resistant (Fig. 1A). Knockdown (KD) of TRAIL/TRAIL-Rs did not affect Colo357 cells, where
TRAIL-R2 KD and TRAIL-R4 KD increased pHi in acid-adapted Panc1 cells (Fig. 1B).
NHE1 levels increased in acid-adapted Panc1 cells, and interestingly, TRAIL-R1 KD increased
NHE1 levels in Panc1 cells, but only slightly in Colo357 cells, when grown at normal pHe. MCT4
and CAIX protein levels were increased or unaltered in acid-adapted Panc1 cells but decreased in
acid-adapted Colo357 cells. Intriguingly, TRAIL-R2 KD and TRAIL-R4 KD increased CAIX in
Colo357 cells grown at normal pHe (Fig. 2).
Conclusion
We conclude that Colo357 cells adapted to acidic pHe showed lower pHi compared to cells growing
at normal pHe. In contrast, Panc1 cells showed similar pHi values regardless of pHe, presumably
due to higher levels of NHE1, MCT4, and CAIX when acid-adapted. TRAIL treatment elicited
cytosolic acidification after 1 h, correlating with the initiation of cell death in Colo357 cells. Finally,
TRAIL-R2 KD and TRAIL-R4 KD increased pHi in acid-adapted Panc1 cells, and TRAIL/TRAIL-Rs
KD differentially affected the expression of NHE1, MTC4, and CAIX in different pHe and the two
PDAC cell lines. This suggests that resistance to TRAIL-induced cell death may be related to the
ability of PDAC cells to maintain a normal pHi.
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Figure 1: pHe, TRAIL and
the knockdown of
TRAIL/TRAIL-R affect pHi
differentially in PDAC
cells.
A) Data are shown as mean
with S.E.M error bars, of
3-4 independent experiments
per cell line. *p<0.05,
**<0.01, ***<0.001,
significance between
untreated and TRAIL treated
using two-way ANOVA with
Tukey’s multiple
comparisons test or between
pHe conditions using twoANOVA with Sidak’s multiple
comparisons test. B) Data
are shown as min to max
showing all points, of 4
independent experiments per
cell line. *p<0.05,
significance between
knockdowns using two-way
ANOVA with Tukey’s multiple
comparisons test or between
pHe conditions using twoANOVA with Sidak’s multiple
comparisons test.
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Figure 2: NHE1, MCT4 and
CAIX are affected by pHe
and TRAIL/TRAIL-R KD
differentially in PDAC
cells.
Blots are representative
and show densitometric
quantification normalized
to loading control and the
respective level of mocktransfected cells cultured
under pHe 7.4 conditions.
Data are shown as mean with
S.E.M error bars, of 4
independent experiments per
cell line. *p<0.05,
**<0.01, ***<0.001,
****<0.001, significance
between KD using two-way
ANOVA with Tukey’s multiple
comparisons test or between
pHe conditions using twoANOVA with Sidak’s multiple
comparisons test.
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Role of urokinase for kidney injury in DOCA-salt murine model
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Introduction
In proteinuria, aberrant filtration of urokinase and plasminogen leads to intratubular activation of
plasmin with potential proteolytic activation of ENaC [1]. Deletion of plasmin protects against kidney
fibrosis [2]. Role for urokinase-type plasminogen activator (uPA) is not resolved. The study was
designed to the hypothesis tested that urokinase activates plasminogen and cause kidney injury
(albuminuria, fibrosis, and inflammation) and hypertension in DOCA-salt murine model.
Methods
FVB/uPA wildtype (WT) and gene-targeted (KO) mice were anesthetized (xylazine 10 mg/kg,
ketamine 100 mg/kg IP) and subjected to unilateral nephrectomy. After 2 weeks, mice were
anesthetized (isoflurane) and the DOCA-pellet (50 mg) was inserted subcutaneously and diet with
4%NaCl was introduced for 21 days. In metabolic cages, urine was collected to determine
electrolytes, albumin, plasmin(ogen), and KIM-1. At termination, organs and blood were collected to
determine electrolytes and urea. From kidney tissue homogenate the protein abundance of γENaC
and α-SMA was analyzed. A subset of mice was subjected to GFR determination by
transcutaneously measure of FITC-sinistrin elimination. Results were analyzed by two-way ANOVA,
followed by post-hoc Bonferroni multiple comparison test.
Results
Diuresis, water intake, and Na+ but not K+ excretions were significantly elevated in the DOCA-salt
mice with no difference between KO and WT. DOCA-salt increased kidney- and heart-to-body
weight ratios (p<0.0001) with no difference between genotypes. Urine subjected to SDS-PAGE
showed DOCA-salt induced glomerular proteinuria with no genotype difference. DOCA-salt mice
displayed significant increase in albumin excretion and proximal kidney injury marker KIM-1
compared to control with no difference between genotypes. Plasma urea was significantly higher in
male compared to female WT DOCA-salt-treated mice (p=0.02) with no genotype difference. GFR
determination demonstrated no significant difference between DOCA and control, with no difference
in genotypes. In pooled groups, DOCA-salt group exhibited lower GFR compared to control (1.026
vs 1.257 ml/min/100 g BW). Immunoblotting showed significant and similar urine plasminogen
excretion from DOCA-salt treated mice not seen in control. Active plasmin was absent in urine from
DOCA-salt KO. In renal tissue homogenate DOCA-salt induced a ~7-fold increase protein
abundance of cleaved-to-full length γENaC compared to control, with no difference in genotype.
DOCA-salt increased tissue α-SMA protein abundance compared to control. DOCA-salt leads to
proteinuria, urine plasmin activation, albuminuria, cardiac and renal hypertrophy, with lower kidney
function.
Conclusion
In proteinuria, uPA is the activator of plasminogen in urine. Urokinase-plasmin does not contribute
to albuminuria, tubular injury, lower kidney function cardiac and renal hypertrophy in DOCA-salt
murine kidney injury model.
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Introduction
Mechano-sensitive ion channels are key players in mechano-signaling in healthy cells and in
cancer. The remarkable stiffness of fibrotic tumor tissue, coupled with a unique pH landscape,
represent two of the major properties of the tumor microenvironment in pancreatic ductal
adenocarcinoma (PDAC). Pancreatic stellate cells (PSCs) are central in the development of tumor
fibrosis in PDAC. PSCs express many mechanosensitive ion channels and their activation state
strongly depends on them. Among these channels, the role of K2P2.1 is not yet well studied. K2P2.1
channels are controlled by a wide variety of stimuli. Among these, the pH and mechanical regulation
are the ones on which our project is based.
Methods
K2P2.1 expression in PSCs was first confirmed by RT-qPCR and immunofluorescence staining.
Migration was considered as surrogate for PSC activation. Tumor-like conditions (pH, high pressure)
were studied on PSCs of wildtype mice and K 2P2.1 knock-out mice. Migration was evaluated with
live cell imaging for 6 hours. The pressure conditions were applied in pressure chambers. The cells
were left under a constant pressure of 100 mmHg above ambient pressure. The impact of pH
changes on the membrane potential of wild-type PSCs was investigated with DiBAC4 (3), a
membrane potential-sensitive fluorescent dye.
Results
Sensitivity to pressure changes is impaired in the absence of K2P2.1 when cells are exposed to an
acidic environment. Unlike migration of wild-type PSCs, that of K2P2.1- / - PSCs migration is not
inhibited by this double treatment. The membrane potential depends on the extracellular pH. Acidadapted PSCs exhibit a more pronounced reaction to pH changes with a tendency to hyperpolarize
when physiological pH is recovered (-22 mV vs -24 mV). Conversely, PSCs at pH 7.4, which are
more hyperpolarized from the start (-37 mV), do not react to changing the pH of Ringer solution
acutely to pH 6.6 (-37 mV vs -37.5 mV).
Conclusion
These results suggest that K2P2.1 channels play a role in the pH-dependent mechano-sensing of
PSCs. This is probably due to the altered dynamics of the membrane potential which could indirectly
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affect other ion channels (permeable to Ca2+) such as PIEZO channels which are needed for proper
PSC function.
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Introduction
The proximal tubule is the main location for substance reabsorption from the urine to retain essential
metabolites such as glucose and amino acids, and to excrete toxins. In case of kidney injury and
disease, the cells experience a metabolic shift. Current assays depend mostly on cell culture and
are limited to only differentiate between aerobic and anaerobic metabolism. These assays cannot
quantify the proximal tubules’ physiological capacity to reabsorb essential substances, excrete
toxins or metabolize different substrates in oxygen-independent pathways. To overcome these
limitations, we measure the degree of metabolization of substrates directly in structurally intact
isolated kidney tubule segments (KTS).
Methods
We developed a time-resolved, large-scale experimental setup to quantify the metabolic flux. We
incubate isolated, intact, and vital KTS with stable isotope labelled metabolites. Subsequently, we
extracted isotope labelled metabolites, that were generated by the KTS during incubation, and
analyzed them with state-of-the-art UHPLC/QQQ-based mass spectrometry-technology. The
developed assays were applied several porcine and murine models of kidney injury and
nephrotoxicity in a time course of 30 seconds up to 120 minutes.
Results
We identified nephron segment -specific uptake and metabolization of glucose in six different micro
dissected nephron segments. We observed pyruvate derived gluconeogenesis in microdissected
proximal straight tubules under treatment with ouabain and oxidative stress. In the KTS suspension,
we examined the effect of pharmacological SGLT2 and GLUT inhibition of the glucose uptake and
the gluconeogenic capacity of the KCTs. Additionally, we observed the concentration-dependent
effect of arginine and lysine on uptake and metabolization of the respective other amino acid in a
KTS suspension. Furthermore, we tested whether calcineurin inhibitors show a toxic effect on
gluconeogenic capacity of the KTS. Finaly, we transferred the setup to a clinically relevant model of
porcine ischemia reperfusion injury and were able to observe the loss of gluconeogenesis and
concomitant gain of glycolysis during the transition of acute kidney injury towards chronic kidney
disease.
Conclusion
We established a high-throughput analysis method for different metabolic activities and their
comparison of intact nephron compartments applicable on different kidney disease model. This
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approach allows to investigate the quantitative and competitive coupling of transport and metabolism
in kidney physiology and disease.
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Introduction
Systematic lupus erythematosus (SLE) is a chronic, inflammatory disease, which affects mostly
women (>80%) and accounts for over 28,000 deaths in the USA (2000-2015), being the seventhleading cause of death among young women. SLE manifests in multiple organs like brain, skin,
and kidneys. Proteolysis is substantially involved during the manifestation in these organs.
Proteolysis is pivotal for exacerbation and resolution of inflammatory processes. A broad variety of
the 588 proteases encoded in the human genome are active in inflammation. In inflammatory
disorders like SLE, protease activity and depositions may contribute to the progression of the
disease. Quantifying protease activity and proteolytic patterns in the plasma of SLE patients might
pave the way for tailored and successful treatments.
Methods
We developed an analytical workflow for enrichment and quantification of N-termini from human
EDTA-plasma. Biochemical protein N-termini enrichment was performed through negative
selection with the “High-sensitivity Undecanal N-TERmini enrichment” (HUNTER) method utilizing
the hydrophobicity of the aldehyde undecanal. We mapped the enriched protease cleavage sites
by the combination of nano flow-high-performance liquid chromatography with high-resolution
mass spectrometry (HPLC-MS).
Results
Application to human EDTA-plasma from a cross-sectional SLE cohort enabled the unbiased
identification and quantification of thousands of protease cleavage events in control and disease.
The majority of those N-termini were previously undescribed, and a considerable fraction
displayed a significant alteration during SLE. Furthermore, inter-individual variation in site-specific
proteolytic processing events was associated with the severity of SLE.
Conclusion
With the HUNTER methodology, we can identify proteolytic processing by the generated proteinN-termini and determine the corresponding proteolytic regulation in SLE. This may lead to specific
interventions for treatment e.g., specific inhibitors to counteract aberrantly regulated cleavages.
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Introduction
Proteinuria leads to progressive kidney injury, but the mechanisms are not well known. Aberrantly
filtered plasminogen is activated by urokinase-type plasminogen activator (uPA) in tubular fluid. We
hypothesized that that uPA-plasminogen activate co-filtered complement in the tubular fluid, and
that activation can be inhibited by targeting uPA.
Methods
Purified C3 and C5, plasminogen, urokinase and urine from healthy humans were used for in vitro/ex
vivo reactions. In vitro activation was assessed by immunoblotting or ELISA. Urine and plasma
samples from nephrotic patients, kidney transplant recipients with or without albuminuria, before
and after treatment with high dose amiloride, and urine from podocin deleted mice with proteinuria
treated with amiloride or vehicle or inhibiting monoclonal anti-uPA antibodies or isotype control were
assessed.
Results
uPA-plasminogen activated C3 and C5 and generated C3a and C5a which could be inhibited by
amiloride and aprotinin in vitro. uPA or plasminogen alone did not activate complement. Urine from
healthy controls generated C3a from C3 when exogenous plasminogen was added. In nephrotic
urine C3a correlated to albumin in a log-log manner (R2 = 0.90, n = 10). Amiloride did not reduce
C3a excretion in kidney transplant recipients with albuminuria (p = 0.083). In mice, C3a and C5a 24
h urine excretion was reduced after treatment with amiloride (t-test, p<0.05, both), and anti-uPA
(Two-way ANOVA: p=0.012 and p=0.019, respectively)
Conclusion
Intratubular anaphylatoxin generation is attenuated by inhibition of urokinase. uPA-plasmincomplement interaction might link proteinuria to inflammation and progressive kidney injury and
offers potential new targets for therapy.
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Hypertension increases cardiovascular risk and renal disease in type 1 diabetes mellitus (T1DM)(1).
The normal natriuretic response (pressure natriuresis, PN) that offsets increased blood pressure
(BP) is markedly suppressed in T1DM rats(2). PN represents a rapid downregulation of renal tubular
sodium transport(3), so we hypothesised that this downregulation is suppressed when BP is
increased in T1DM. To investigate this and provide mechanistic insight, we measured the effect of
T1DM on mRNA and protein expression of the sodium–hydrogen antiporter 3 (NHE3) and the
thiazide-sensitive sodium transporter (NCC), with and without acute ramps in BP.
Adult male Sprague-Dawley rats were IP injected with streptozotocin (STZ, 35-50mg/kg) or sodium
citrate vehicle. After 2 weeks, blood glucose confirmed T1DM status in STZ-injected rats. Animals
were anaesthetised (thiopental 50 mg/kg IP). IV saline with 2% bovine serum albumin and 0.125%
FITC inulin was infused for 2 hours at 0.2mL/10g/hr and BP was measured directly from the carotid
artery. PN was induced by acutely ramping BP with sequential ligation of coeliac and cranial
mesenteric arteries, then the distal aorta. Arteries were not ligated in sham rats. Finally, renal cortex
samples were perfusion-fixed for immunofluorescence, immediately homogenised for Western
blotting, or frozen for qPCR. There were 4 experimental groups: non-T1DM and T1DM rats that
underwent induction of PN or sham (n=6 per group). Data were analysed by one-way ANOVA.
Ligation of arteries increased BP in both groups by ~40mmHg, with no difference between T1DM
and non-T1DM rats (P=0.264). Sham blood pressure remained unchanged (P=0.363). Abundance
of NHE3 mRNA was increased by T1DM (P=0.006), but following acute ramps in BP, NHE3 mRNA
increased only in non-T1DM rats (P<0.001). Protein expression of NHE3 was unchanged by T1DM
and decreased following acute BP ramps in both groups (non-diabetic P=0.024; T1DM P=0.003),
but the effect was greater in T1DM rats (P=0.010). Abundance of NCC mRNA was unaffected by
T1DM but was reduced following acute BP ramps in T1DM rats compared to non-T1DM rats
(P=0.042). T1DM did not affect phosphorylated (active) NCC protein expression in the sham group
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(P=0.999) or impact the reduction in NCC protein expression (P=0.075) induced by acute BP ramps
(T1DM P=0.002; non-T1DM P=0.024). Total NCC protein expression was unaffected by T1DM or
BP ramps (P>0.05 for all). Immunofluorescence identified reduced NCC at the apical membrane of
tubules when BP was increased.
T1DM does not suppress PN in rats by preventing downregulation of expression of NCC or NHE3
mRNA or protein. However, we have also identified a disconnect between increased BP and the
expression of 2 sodium transporters in different parts of the nephron, regardless of diabetic status.
Functional studies localising the nephron segment with inappropriate sodium transport are required
to aid targeting and restoration of the PN response in T1DM rats.
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Introduction
Extracellular vesicles (EVs) are nanosized particles containing molecular fingerprints of their
parental cells. While the EVs enable non-invasive access to the molecular phenotypes of specific
cell types within the body, the data interpretation is often confounded by unknown mechanisms that
modify cellular EV secretion rate. Knowledge of the mechanisms controlling a cell’s EV secretion
rate is, thus, critically needed for the accurate interpretation of EV data. A potent stimulator of EV
release is hypoxia, which affects many signaling pathways, including stabilization of Hypoxia
Inducible Factor 1 (HIF-1). Consistent with this, HIF-1α depletion significantly reduces EV release
during hypoxia, but pharmacological HIF-1α stabilization during normoxic conditions is not sufficient
to increase EV. In addition to HIF-1 signaling, cellular hypoxia is associated with increased
mitochondrial reactive oxygen species (ROS) production. EV secretion rate appears to correlate
with cells' mitochondrial metabolism, and we hypothesized that mitochondrial ROS production is a
driver for EV secretion. We tested the hypothesis using our kidney epithelial CD9truc-EGFP EV
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reporter cell line, treated with dichloroactetate (DCA), an orally available drug that increases
mitochondrial respiration, HIF-1α stabilizer Roxadustat, and the ROS scavenger TEMPO (4Hydroxy-4-TEMPO).
Results
Roxadustat stabilized HIF-1α in CD9truc-EGFP cells without causing apoptosis (Figure 1A).
Nonetheless, Roxadustat did not affect the levels of EV markers CD9truc-EGFP, ALIX, TSG101,
and Flotilin in cell-conditioned medium (Figure 1B-C), suggesting that HIF1α is not the primary driver
of EV secretion. DCA treatment of CD9truc-EGFP cells did not stabilize HIF1α or cause cellular
apoptosis; however, DCA significantly increased the abundance of EV markers CD9truc-EGFP and
TSG101 in cell-conditioned medium. Like CD9truc-EGFP cells treated with TEMPO, co-treatment
of CD9truc-EGFP cells with DCA and TEMPO did not result in significantly higher EV marker
abundance in the cell-conditioned medium compared to vehicle-treated cells (Figure 2A-C).
Conclusion
Pharmacological stabilization of HIF-1α alone did not affect EV release in cultured kidney epithelial
cells, but pharmacological stimulation of mitochondrial metabolism by treatment with DCA increased
EV secretion. This effect of DCA is likely through increased mitochondrial ROS production and
indicates that mitochondrial metabolism may be a significant driver of EV secretion.
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Stabilization of of HIF-1α
Figure 1: A) Western
blotting illustrating
stabilization of HIF-1α
(n=6) and no cleavage of
Caspase-3 ( n = 6) after
24h Roxadustat treatment
in cell lysate from M1CD9truc-EGFP cells. B)
Western blotting
illustrating general EV
markers (n=3) and EGFP
(n=9) after PEGprecipitation of
conditioned medium. C)
Relative expression of EGFP
after PEG-precipitation on
conditioned medium.
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Increase of mitochondrial
ROS production
Figure 2: A) Western
blotting illustrating
stabilization of HIF-1α
(n=6) and no cleavage of
Caspase-3 ( n = 6) after
24h DCA treatment in cell
lysate from M1-CD9truc-EGFP
cells. B) Western blotting
illustrating general EV
marker (n=3-9) and EGFP
(n=6-9) after PEGprecipitation of
conditioned medium. C)
Relative expression of EGFP
after PEG-precipitation on
conditioned medium.
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The two-pore domain potassium channels (K2P) are the most recently discovered subgroup of
potassium channels consisting of 15 mammalian members are composed of two subunits each
containing 4 transmembrane domains with 2 pore forming domains. In previous studies we and
others have shown that K2P channels are gated by a multitude of stimuli including physical
(temperature, tension), chemical (lipids, H+, small molecule drugs) and intracellular signaling
pathways. While TREK channels appear to be gated exclusively at the selectivity filter, other K2P
channels may possess an additional gate at the intracellular entrance to the central pore cavity (e.g.
the X-gate in TASK-1). THIK-1 channels (Two-pore Domain Halothane Inhibited K+) are widely
expressed in the CNS but their physiological functions and gating mechanisms are currently little
explored.
In this study we screened THIK-1, using inside-out patch clamp measurements from Xenopus
oocytes, for physiological and pharmacological ligands and report here strong activation by the
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membrane phosphoinositide PIP2 and long-chain fatty acid Coenzyme A esters (LC-CoA). We also
found the phospholipase A2 inhibitor ONO-RS-082 to be a strong small molecule direct activator of
THIK-1 channels. Further, by exploring the accessibility of introduced cysteines at different positions
in the assumed permeation pathway we identified a gated permeation constriction below the central
pore cavity. This constriction is gated open by membrane lipids (e.g. LC-CoA) as well as ONO-RS082. Moreover, we will present results on the possible location of the lipid binding site and the impact
of caspase-8 processing on THIK-1 function.
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Introduction
Histological examination of the glomeruli in renal biopsies is essential for diagnosing many kidney
diseases. However, manual identification and characterisation of glomeruli in biopsies requires
trained histopathologists and can be a tedious time-consuming task. Therefore, the development of
automatic tools (e.g. Artificial Intelligence) to help accelerate diagnostic workflows and improve
detection accuracy is an unmet need. Such tools should have the ability to detect and count
glomeruli of various sizes, shapes, and disease status across whole slide image (WSI) biopsies,
and annotate these in the image. Advanced functionality could then be developed to classify
glomeruli based on disease features (e.g. fibrosis, mesangial expansion, segmental sclerosis) and
generate AI-assisted preliminary biopsy reports for review by the histopathologist.
Methods
Routine renal biopsies collected at Royal Free Hospital with patients’ consent for research were
used for this study (n=300). 2-5um biopsy sections were acquired as 8-bit RGB WSI using an Axio
Scan Z.1 (20x/0.8NA). To ensure the general applicability of the model, multiple common
histochemical stains (H&E, PAS, Silver stain, VVG, DAB immunostains) were imaged and included
in the training dataset. These digitised slides were then manually annotated by several
histopathologists and nephrologists using QuPath (version 0.3.2) on Wacom Cintiq Pro 32 interfaces
to capture the features described in the matching to biopsy reports.
“You only look once” (YOLO) is a state-of-the-art, real-time object detection system that has
previously been used to identify glomeruli in PASM stained section. For our work, we decided to
adopt this approach using the latest version of YOLO that can function under multiple conditions
(e.g. different stains and magnifications), and a Convolutional Neural Network (CNN) model may
then be used to classify various glomeruli diseases.
Results
Using the location information given by YOLO, the glomerular images could be cropped from the
original image and tabularised alongside morphometric and histopathological readouts from our UNET model (a type of CNN) that could segment the identified glomeruli from the background tissue
and quantify features (e.g. % area of fibrosis).
Conclusion
This work shows that an automated image analysis pipeline can identify, quantify and characterize
glomeruli in 2D slides in seconds, with obvious utility for pathologists and clinicians.
Further work to expand the functionality of this model and to validate it further in larger datasets is
warranted.
____________________________________________________________________________
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Introduction
The kidney achieves homeostasis through the complex actions of the nephron; a heterogenous
structure made up of 14+ segments. Rare monogenic tubular diseases are often characterised by
impairment of specific tubular segments. Isolation and characterisation of patient-specific urinederived renal tubular epithelial cells (uRTEC) from disease-relevant segments can assist diagnosis
and treatment planning.
Methods
Urine samples collected from healthy volunteers and patients with genetic tubular disease were
pelleted by centrifugation at 400 RCF for 10min at RT, and the cell pellet was washed with a 50:50
mixture of DMEM:F12 (supplemented with 10% FBS, 100U/ml penicillin, 100µg/ml streptomycin, 1X
insulin-transferrin-selenium, 2.5µg/ml nicotinamide, 500µg/ml hydrocortisone). Targeted isolation
and enrichment of segment-specific cells was performed using a magnetic beads conjugated to
target-specific antibodies/lectins. Primary urine-derived cells were either fixed using 4% w/v
formaldehyde-PBS for 15min at RT at 60% confluency, or lysed with TRI reagent at 90% confluency
for RNA isolation. Cell types were validated by staining with fluorescently-tagged marker
antibodies/lectins and qPCR of segment specific mRNAs.
Results
Primary urinary cells successfully cultured from patients’ urine samples with different morphologies
presented and can be maintained to the third passage. As can be seen in the Figure, cells from
several patients stained positively with Dolichos Biflorus Agglutinin indicating the presence of distal
convoluted tubule cells. These was validated by confirmation of expression of NCC.
Conclusion
uRTEC can be routinely isolated from patient’s urine, targeted for enrichment, and successfully
subcultured for several passages. Future work, would aim to utilise these cells in 3D “Organ-on-aChip” systems, where we could potentially artificially reconstruct patient’s tubules from primary
urinary cells and conduct individualised pharmacological experiments to optimize treatments,
thereby bringing true personalised medicine to nephrology.
Distal convoluted tubule
primary cells (green = DBApositive cells) from
patients' urine
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Introduction
The age-related loss of neuromuscular function has been comprehensively documented with a
disproportionate loss in the quadriceps compared to other muscle groups. The atrophy of muscles
can partly explain declines in muscle strength, with further influence from structural and functional
alterations of the motor nervous system [1]. Beyond ionotropic synaptic inputs, motoneuron
excitability is further governed by persistent inwards currents (PICs) which amplify and prolong
synaptic input, and this neuromodulation is essential to increase muscle force production [2].
Reduced amplitudes of PICs in older age have been reported in arm [3] and lower leg muscles [4],
and we have previously reported reduced motor unit (MU) discharge rates in aged vastus lateralis
(VL) [5], yet the changes in intrinsic motoneuron excitability with age in this muscle group are still
unknown. Therefore, the aim of the present study was to compare the ∆F (estimates of PIC
amplitudes) in VL between young and older men.
Methods
High density surface electromyography (HDsEMG; 64 channels) signals were collected from the VL
of 6 young (mean±SD, 24 ± 6.9 years) and 6 older (65 ± 8.6 years) men during a 20-s ramp
contraction peaking at 20% of maximal voluntary isometric contraction (MVC). A single trial was
selected based on the accuracy of the performed path relative to the requested path and the quality
of MU discharge profiles. EMG signals were exported and further decomposed using DEMUSE in
MATLAB, followed by manual editing of consecutive MU discharges. PIC amplitudes were estimated
via the delta F (∆F) calculated as the difference in the instantaneous discharge rate of a lowerthreshold control MU between the moment of recruitment and de-recruitment of a higher-threshold
test MU, known as the paired-motor unit technique.
Results
The peak knee extensor torque in older participants was 48% lower (132.6±34.6 Nm) than that in
younger participants (216.8±55.3 Nm) (p=0.01). The total number of MUs isolated did not differ
between each age group (Y:21.5±6.5 vs O:18.3±2.9, p=0.30). Following paired analyses, an
average of 5 test MUs were used for young and 3 for old (p=0.19). PIC amplitude was significantly
lower in older adults (∆F:1.99±0.70 pps) during 20% MVC ramp contraction when compared to the
young (∆F:3.26±0.78 pps) (p=0.02).
Conclusion
This data provides new evidence that intrinsic motoneuron excitability is lower in the VL of older
men when compared to young, and highlights the feasibility of this method in the clinically and
functionally important quadriceps. Accompanied with previously reported reduced MU numbers in
this muscle group [5], the reduced motoneuron excitability in older participants is a further
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mechanism underpinning age-related loss of function occurring independent of the loss of muscle
mass.
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Introduction
Exercise reroutes the kynurenine pathway (KP) of tryptophan metabolism towards kynurenic acid
(KA) in skeletal muscle and systemically, thereby potentially mediating neuroprotective and
immunomodulatory effects.1,2 KP metabolites such as KA increase in response to acute exercise in
blood serum and are potent ligands for the aryl hydrocarbon receptor (AHR), which has profound
roles in regulating immunity.3 Here, we investigated whether different acute aerobic exercise modes
impact the expression of kynurenine pathway enzymes and AHR target genes in PBMCs.
Methods
Blood samples from 24 healthy adults (age: 29.7 ± 4.3 years; women: 12) were collected
immediately before, after, and 1h after an acute treadmill session of high-intensity interval training
(HIIT) and moderate-intensity continuous training (MICT), respectively. The order of both sessions
was randomized and a 7-day wash-out period was implemented. Both sessions were energy- and
time-matched (50 min). The HIIT session consisted of six 3-min bouts at 90% V̇O2peak with active
breaks. The MICT session consisted of 50 min continuous running at 70% V̇O2peak. Expression of
key KP enzymes and AHR target genes was assessed using qPCR. Levels of kynurenine and KA
were determined in blood serum using HPLC MS/MS. Analyses of variance with repeated measures
and Bonferroni-corrected post hoc tests were conducted for within- and between-group differences.

359

Results
Both HIIT and MICT increased the expression of IDO1 (p<.001), the initial and rate-limiting enzyme
of the KP. Expression of KAT4 was only increased immediately after MICT (p<.001). No changes
were observed for Interleukin-4 induced-1. Systemic levels of kynurenine and KA were elevated in
response to both sessions without differences between groups. Both exercise modes significantly
increased the expression of the AHRtarget genes AHR, AHRR, and CYP1B1 (p<.05) up to 6-fold.
Conclusion
In conclusion, acute aerobic exercise increases the expression of key KP enzymes towards KA as
well as AHR target genes in PBMCs. When matched for time- and energy-demand, HIIT and MICT
showed no or only slight between-group differences. These data indicate an acute exercise-induced
AHR activation in circulating immune cells, representing a potential novel mechanistic link to longerterm anti-inflammatory effects of exercise.
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Introduction
In a group of cyclists, tested 9 years earlier(1), comparison of those who remain healthy with those
who have developed a disease provided an opportunity to study the influence of age, disease status,
and exercise on cardiorespiratory function.
Methods
After nine years of active ageing, we re-tested forty-one active master cyclists (male, n=35, female,
n=6) now aged 73±6 years. These were divided into two groups on the basis of maintenance of
health(2)(n=21) or not (n=20) upon retesting. Body composition was measured using dual-energy
X-ray absorptiometry (DEXA). Resting blood pressure and heart rate (RHR) were measured after
10 minutes of supine rest using a Finometer. Respiratory function (Forced Vital Capacity, FVC,
Forced Expiratory volume, FEV1) was assessed in accordance with American Thoracic Society
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guidelines. An incremental exercise test on a cycle ergometer was used to determine maximal
aerobic power (VO2max), maximum heart rate (MHR), and ventilatory threshold (VT). Subsequent
tests determined O2 kinetics. All data were compared using a two-way ANOVA with repeated
measures; results presented as mean±SD.
Results
In both groups, self-reported cycling volume had declined by 29% (656±287 vs. 460±319 km month1; p<0.001, n=41). There was no change in total body mass, however, fat mass (FM) increased by
23% (16.3±4.4 vs. 20.1±5.4 kg; p<0.001), and fat free mass (FFM) declined by 7% (56.3±7.0 vs.
52.2±7.6 kg; p<0.001). Systolic blood pressure was unchanged, but diastolic declined by 6% (70±7
vs. 65±15 mmHg; p=0.03). FVC (-29%; 5.3±1.1 vs 3.7±0.8 L; p<0.001), and FEV 1 (-22%; 3.5±0.6
vs. 2.7±0.5 L; p<0.001) declined, whereas FEV1:FVC increased (67.4±9.5 vs. 74.8±8.4 %; p<0.001).
VO2max declined by 19% (44.5±6.0 vs. 36.0±6.2 ml kg−1 min−1; p<0.001), but to a lesser degree
(13%) when normalised to FFM (57.4±6.5 vs. 49.8±8.1 ml (kg FFM)−1 min−1; p<0.001). MHR
declined by 8 bpm (-5%; 165±10 vs. 156±14 bpm; p<0.001), and VT declined by 13% (33.6±5.0 vs.
29.3±5.0 ml kg−1 min−1; p<0.001).
Surprisingly, only RHR (healthy; 55±8 vs. 57±8 bpm ns.; unhealthy; 55±7 vs 60±10 bpm p<0.001; F
(1,39) =4.34, p=0.04) and O2 kinetics (healthy 27.3±6.3 vs. 26.5±4.8 ns.; unhealthy 22.2±4.0 vs.
30.4±13.1 p<0.001; F (1,37) =9.05, p=0.005) exhibited both a significant change with age and a
significant interaction with health status. Interestingly, despite the onset of diseases not associated
with inactivity, this cohort of exercising individuals, could not be differentiated from their healthy
counterparts on any other indices of cardiorespiratory function.
Conclusion
These results suggest a strong ameliorating effect of exercise on cardiorespiratory function in the
presence of disease. The reasons why the responses for RHR and O2 kinetics are different to other
indices are not clear but may relate, in part, to treatment modalities in the unhealthy cyclists and/or
to the physiological effects of any co-morbidities.
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Introduction
Veganism and vegetarianism have become increasingly popular in recent years. However, animalbased proteins may elicit greater muscle anabolic responses than plant-based proteins due to their
more favourable essential amino acid profiles, enhanced bioavailability and a greater protein to
energy ratio (1,2). To date, work exploring the impact of protein source (animal vs. plant) on anabolic
responses across the adult life-course is limited and inconclusive.
Given the importance of muscle mass maintenance for whole-body health, especially in older adults,
this study aimed to explore the impact of animal- versus plant-based protein ingestion on muscle
protein synthesis (MPS) and expression of anabolic signalling targets in vitro following ex vivo
human serum treatment (3,4), using serum from young and older adults. Here we report interim
findings from younger adults only.
Methods
Eight young (20.75(1.16) years), healthy (BMI: 23.47(1.65) kg/m 2) adults were fed either a whey or
plant-based protein blend (each 25g total protein) following an overnight fast. Fasted and fed (40-,
60- and 90-mins post protein ingestion) blood samples were collected. C2C12 myotubes were
incubated in serum and amino acid-free media for 1-hour before being conditioned in 10% human
serum (from the collected blood samples) for 4-hours. MPS was measured using the surface sensing
of translation (SUnSET) technique, and expression of regulatory signalling targets was measured
via Western blotting.
Results
Interim 2-way ANOVA analysis from this young group demonstrated no significant difference in
acute MPS between C2C12 muscle cells treated with serum following plant or animal protein
supplementation, irrespective of the time of serum collection. Values are expressed as fold change
relative to the fasted value (0 min: 1.0 ± 0.48 vs. 1.0 ± 0.67; 40 min: 0.75 ± 0.48 vs. 0.82 ± 0.51; 60
min: 0.77 ± 0.44 vs. 0.94 ± 0.64; 90 min: 0.89 ± 0.43 vs. 1.03 ± 0.88, all p>0.05). There was no
significant time x supplementation interaction effect (P= 0.92). Consistent with this, phosphorylation
of AKT and rps6 was no different at any post-ingestion time-point compared to baseline (fasted) and
was not different between the protein sources.
Conclusion
No difference in MPS between fasted and fed serum treatment raises the possibility that this
experimental model may not be sufficiently sensitive to detect differences in MPS between different
MPS responses to different protein sources.
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As such, future work will focus on optimisation of this ex vivo, in vitro model in order to extend this
work into older adults, allowing investigation of the effect of muscle ageing on anabolic responses
to animal and plant-derived protein.
References
[1]
Morgan PT, Harris DO, Marshall RN, Quinlan JI, Edwards SJ, Allen SL, et
al. Protein Source and Quality for Skeletal Muscle Anabolism in Young and Older
Adults: A Systematic Review and Meta-Analysis. J Nutr. 2021;151(7):1901–20.
[2]
Nichele S, Phillips SM, Boaventura BCB. Plant-based food patterns to
stimulate muscle protein synthesis and support muscle mass in humans: a
narrative review. Appl Physiol Nutr Metab. 2022;1–43 Epub ahead of print.
[3]
Carson BP, Patel B, Amigo-Benavent M, Pauk M, Kumar Gujulla S, Murphy
SM, et al. Regulation of muscle protein synthesis in an in vitro cell model
using ex vivo human serum. Exp Physiol. 2018;103(6):783–9.
[4]
Allen SL, Marshall RN, Edwards SJ, Lord JM, Lavery GG, Breen L. The
effect of young and old ex vivo human serum on cellular protein synthesis and
growth in an in vitro model of ageing. Am J Physiol - Cell Physiol.
2021;67(1):81–7.
____________________________________________________________________________
A 03-06
Histamine H1-, but not H2-, receptor antagonists blunt muscle glycogen resynthesis after
interval exercise in humans
T. Van der Stede1,2, A. Van de Loock1, A. Weyns1, R. Van Thienen1, L. Gliemann2, Y. Hellsten2,
W. Derave1
1
Ghent University, Department of Movement and Sports Sciences, Ghent, Belgium
2
Copenhagen University, Department of Nutrition, Exercise and Sports, Copenhagen, Denmark
Introduction
Following exercise, blood flow in previously active skeletal muscles remains elevated for 2-3 hours,
possibly facilitating an optimal recovery. It was demonstrated that administration of histamine H1and H2-receptor antagonists blunted this post-exercise hyperaemic effect1. We previously showed
that intake of histamine H1- and H2-receptor antagonists impaired exercise training adaptations
related to aerobic capacity, insulin sensitivity and microvascular function 2. This can potentially be
partly explained by a physiological role for the histamine-controlled sustained hyperaemia for
facilitating exercise training adaptations. Additionally, it could be important for an optimal glucose
delivery to the previously active muscles in the first phase of muscle glycogen resynthesis during
recovery. Therefore, in the current study, we investigated the effect of H1- or H2-receptor
antagonists on glycogen resynthesis during recovery from intense exercise in humans.
Methods
Fourteen healthy men and women performed a high-intensity interval training session on a cycling
ergometer on 3 different days. Subjects ingested placebo (control), 540mg fexofenadine (H1receptor antagonist) or 40mg famotidine (H2-receptor antagonist) 1 hour before the exercise bout 2.
Muscle biopsy samples of the vastus lateralis were collected before exercise, and after 0 and 3
hours of recovery, and muscle glycogen was measured spectrophotometrically after acid hydrolysis.
Statistical analysis was performed using a linear mixed-model approach.
Results
Before the training session, the glycogen content was not different between control (516 ± 116
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mmol/kg), H1- (511 ±92 mmol/kg) or H2- (471 ± 121 mmol/kg) receptor antagonists (p = 0.47). The
glycogen depletion during exercise was also not different between placebo (-293 ± 90 mmol/kg),
H1- (-238 ± 115 mmol/kg) or H2- (-213 ± 155 mmol/kg) receptor antagonists (p = 0.17). During the
3h recovery period however, glycogen resynthesis was significantly lower with the H1-receptor
antagonist (+25 ± 87 mmol/kg, p = 0.01), but not with the H2-receptor antagonist (+67 ± 94 mmol/kg,
p = 0.19) compared to the control condition (+130 ± 98 mmol/kg).
Conclusion
These data show for the first time that H1-receptor antagonist intake blunts muscle glycogen
resynthesis following a high-intensity interval training session in humans. These findings suggest an
important contribution of the histamine system to the metabolic recovery of muscle from acute
exercise, possibly through sustained elevation of post-exercise muscle perfusion.
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Mitochondrial dysfunction is implicated in a variety of diseases and metabolic disorders such as
obesity, type 2 diabetes, and cardiovascular diseases. As appreciation of tissue-specific
mitochondrial biology advances, there is an increased need for novel approaches to rapidly isolate
and analyse mitochondrial function. To date methods of isolating mitochondria involve mechanical
force and shear stress to homogenize the cells followed by purification and ultracentrifugation, which
are considerably time-consuming and have the capacity to physically damage mitochondrial
membranes. Here we describe a method for the intact recovery of mitochondria from skeletal muscle
cells and tissue using nitrogen cavitation. This protocol results in high yield, pure and respiring
mitochondria without the need for purification gradients. This protocol takes less than 45 minutes
and requires limited specialised equipment. Our methodology is successful in extracting
approximately 2.6µg/mg of mitochondria from cell extracts and 3.4µg/mg of mitochondria from
skeletal muscle tissue. This represents a recovery efficiency of 0.26% and 0.34% total protein
content respectively. We report a ~6-fold enrichment of mitochondria from skeletal muscle cells and
a ~5-fold enrichment from tissue. Using western blots and electron microscopy we show an
enrichment of mitochondria with their ultrastructure well-preserved. Using the seahorse XFe24 we
show that mitochondria extracted from cells show a respiratory control ratio (state 3/state 4) of 4.9
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± 0.8 (n=5) and mitochondria extracted from murine tibialis anterior tissue show a respiratory control
ratio of 4.6 ± 0.2 (n=3), indicative of healthy/coupled mitochondria. Our method successfully
demonstrates the rapid isolation of mitochondria using nitrogen cavitation and differential
centrifugation from skeletal muscle cells and tissue in under an hour for respiratory studies and other
molecular analyses.
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Introduction
Mutations in respiratory chain complexes encoded in the mitochondrial genome (mtDNA) affect
cellular energy metabolism and muscle force during aging. Resulting mitochondrial dysfunction may
promote the manifestation of metabolic diseases and cause a reduction in physiological fitness. The
aim of this study was to investigate the aerobic metabolism, in vivo fitness and fatigability of isolated
soleus and EDL muscles from conplastic mice carrying a combined mutation in the cytochrome c
oxidase (complex IV) and the NADH dehydrogenase (complex I).
Methods
To analyze aerobic metabolism, respiratory quotient (RQ) was determined in C57BL/6NTacmtBPL/1J (NADH - dehydrogenase mutation and cytochrome c oxidase mutation, mtBPL) and
C57BL/6NTac-mtAKR/J (control; mtAKR) mice at 3 and 12 months of age in metabolic cages.
Genetic fitness was assessed by computerized treadmill analysis. The isolated slow soleus and fast
EDL muscles were mounted in a DMT 840 Myograph. Muscle fatigue and fatigue recovery was
determined by intermittent trains of tetanic stimulation (EDL: 40 Hz, 1 s duration, interval between
tetani 1 s, 1 min fatigue and 20 min recovery, soleus: 40 Hz, 2 s duration, interval between tetani 1
s, 2 min fatigue and 20 min recovery), recorded and analyzed with PowerLab (ADInstruments) and
LabChart software.
Results
At 3 months of age, mtBPL mice showed higher carbohydrate metabolism (RQ = 0.95), which shifted
to higher fat metabolism (RQ = 0.77) at 12 months of age. In contrast, mtAKR mice showed a
balanced metabolism during aging (RQ = 0.84 and 0.82 at 3 and 12 months). At 3 months of age,
mtBPL mice showed higher activity in the metabolic cages and covered significantly longer
distances on a treadmill than mtAKR mice (485 vs. 232 m). In addition, mtBPL mice had higher
muscle mass compared with mtAKR mice (1.33% vs. 1.19% of total body weight) but muscle fatigue
and recovery of soleus and EDL muscles were like in mtAKR mice. At 12 months of age, running
distances were similar in both strains (218 vs. 175 m), but the fatigue-force-time relation of EDL
from mtBPL mice was rightward shifted compared to mtAKR mice. In both strains, force initially
increased during the first 4 - 5 tetani and then declined. Maximum force was reached after 10 vs. 6
s and dropped to half after 34 vs. 28 s (mtBPL vs. mtAKR).
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Conclusion
Increasing carbohydrate metabolism appears to result in the most efficient energy production in 3month-old mtBPL mice. This age, which is somewhat equivalent to a young adult of 20 years, then
actually leads to increased muscle mass and better physiological aerobic fitness. At 12 months of
age, this adaptation does not appear to be sustained compared to mtAKR mice. The switch to
predominant fat catabolism in older mtBPL mice may be the cause of the shift in fatigue behavior of
fast muscle fibers. Thus, mutations in respiratory chain complexes were shown to lead to tissuespecific adaptations in skeletal muscle.
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Studies in vitro have demonstrated a key molecular role for 1,25-dihydroxyvitamin D (1,25D) in
skeletal muscle function, with vitamin D-deficiency (low serum 25-hydroxyvitamin D, 25D) being
associated with muscle pain and weakness [1,2]. Responsible for transportation of vitamin D
metabolites, namely 25D, the vitamin D binding protein (DBP) has been widely studied in relation to
vitamin D deficiency and skeletal health. Several mechanisms have been suggested that implicate
a key role for DBP in skeletal muscle, i.e., vitamin D storage and actin scavenging [3], yet there
remains to be very little research exploring this relationship, particularly in relation to variants of the
DBP gene (GC). The study of genetic variants capable of altering musculoskeletal physiology may
permit early identification of those with a genetic predisposition to an altered risk of losing muscle
mass and/or function. Here, we aimed to evaluate the potential relationship of two GC single
nucleotide polymorphisms (SNPs), rs4588 and rs7041, with musculoskeletal muscle performance
and function in a cohort of elite master athletes and controls, as this group represents a population
of older individuals with diverse muscle mass, function, and performance. 48 male elite master
athletes (MA; 71±6 years, age-graded performance 83±9%) and 48 age-matched male controls
(75±6 years) were genotyped for 2 different SNPs of the vitamin D binding protein gene (GC), rs4588
and rs7041, using the tetra-primer amplification refractory mutation system (tetra-ARMS) assay.
Data from this group was previously published and outcomes included body composition via MRI,
muscle strength (handgrip (HGS) and knee extensor (KE), and muscle function; biochemical
markers were examined in controls only [4]. Statistical analysis was performed via one-way ANOVA
with posthoc Tukey’s for multiple comparisons with statistical significance set at P <0.05.Frequency
of rs4588 and rs7041 did not differ significantly between MA and controls. Maximal knee extensor
strength (MVC) was significantly higher in controls carrying one or two rs4588 alleles than noncarriers (P = 0.0022 & 0.0174, respectively), whilst rs4588 control homozygotes also displayed
significantly higher peak quadriceps cross-sectional area (CSA) (P = 0.0022). Comparatively,
individuals possessing either one or two rs7041 alleles exhibited lower bone mineral density (BMD)

366

than non-carriers (P = 0.0301 & 0.0013, respectively). To our knowledge, this is the first study to
explore the impact of two key GC SNPs, rs4588 and rs7041, upon multiple parameters of
musculoskeletal physiology. It appears that the two SNPs studied here have differing effects, as
carriers of rs4588 displayed higher knee extensor strength and peak quadriceps CSA, whereas
individuals carrying rs7041 had reduced BMD than non-carriers. This data provides a novel link
between the vitamin D binding protein and musculoskeletal physiology, therefore warranting further
investigation.
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Introduction
Recent evidence has shown that skeletal muscle undergoes NLRP3 inflammasome activation
during insulin resistance (IR) (1). Moreover, excessive reactive oxygen species (ROS) production in
monocytes leads to NLRP3 inflammasome activation by an interaction between thioredoxininteracting protein (TXNIP) and NLRP3 (2). However, the ROS-dependent TXNIP/NLRP3
interaction has not been characterized in skeletal muscle fibers during IR.
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Objective
To study the ROS-dependent interaction between TXNIP/NLRP3 during insulin resistance in
skeletal muscle fibers.
Methods
Twenty one-day-old male C57BL/6 mice were fed a high-fat diet (HFD) for 8 weeks or a normal
control diet (NCD). Mice were placed in a plexiglass chamber with 5% isoflurane for 5 minutes and
euthanized by cervical dislocation to obtain skeletal muscle samples. Insulin-mediated glucose
transport was evaluated by 2-NBDG in skeletal fiber culture isolated from Flexor digitorium brevis
(FDB). ROS-dependent malondialdehyde (MDA) production was determined from plasma and
skeletal muscle (FDB, gastrocnemius, and soleus). In addition, ROS-dependent peroxiredoxin 2/3
(PRDX2/3) dimer-monomer ratio was analyzed in non-reducing gels by Western blot. Both TXNIP
and NLRP3 protein content were analyzed by Western blot and their localization by
immunofluorescence. Interaction between TXNIP/NLRP3 was assessed by in situ proximity ligation
assay (PLA). Experiments were performed with 3-8 animals per group. Data are expressed as mean
± SD. Significant differences were determined by a p-value <0.05. The present project has the
approval of the Institutional Animal Care and Use Committee of the University of Chile.
Results
Isolated muscle fibers from HFD-fed mice displayed a decrease in insulin-dependent 2-NBDG
uptake compared to NCD-fed mice. All muscles analyzed from HFD-fed mice exhibited both higher
concentrations of MDA and an increase in PRDX2 dimer-monomer ratio relative to controls (p
<0.05). In addition, skeletal muscles isolated from HFD-fed mice exhibited higher NLRP3 content
compared to controls (p <0.05), but not significant differences in TXNIP content. The PLA assays
showed a well-defined TXNIP/NLRP3 protein-protein interaction in fibers isolated from HFD-fed
mice compared to NCD-fed mice (p <0.05). Interestingly, compared to the NCD-fed basal condition,
preincubation with 10 µM hydrogen peroxide (H2O2) for 1 hour increased TXNIP/NLRP3 interaction
in NCD fibers (NCD+H2O2; p <0.001), whereas incubation with 10 mM N-acetylcysteine (NAC) for
1 hour reduced the increased interaction displayed by HFD fibers (HDF+NAC; p >0.05).
Conclusion
During IR there is an increased ROS-dependent interaction between TXNIP/NLRP3 in skeletal
muscle fibers. Further investigations are required to study the role played by the ROS/TXNIP/NLRP3
signaling pathway in skeletal muscle during IR.
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Pulse interval – mean arterial
pressure relationship and
baroreflex sensitivity at
exercise onset. On the left,
the pulse interval – mean
arterial pressure relationship
during the last 10 s of rest
(blue dashed line) and the
first minute of exercise (red
solid line: first 15 s; green
solid line: successive 45 s)
is shown with the rest (blue
square) and exercise steady
states (green square) for both
control condition and full
vagal blockade. The exercise
onset is represented with a
red dot. On the right, the
baroreflex sensitivity
measured during the rest
(blue) and exercise (green)
steady states and during the
first seconds of exercise
(red) is reported as a Tukey
boxplot.
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Introduction. During the rest to exercise transition, cardiac output increases and the peripheral
resistances decrease to increase muscular blood flow. At the same time, to sustain an optimal
cerebral perfusion, the blood pressure is tightly controlled by several mechanisms, among which the
arterial baroreflex plays a major role. This last responds to exercise onset with a prompt decrease
of its spontaneous sensitivity (BRS) and a slow reset toward new values of pulse interval (PI) and
mean arterial pressure (MAP). However, the mechanisms underlying these changes are still under
investigation. We hypothesize that, upon the exercise onset, a prompt withdrawal of the vagal tone
may determine the fast BRS decrease. Consequently, this last will be blunted if the exercise is
initiated under full vagal blockade.
Methods. Eight healthy subjects performed three rest-to-exercise transitions (50 W pedalling on a
cycle-ergometer) in control condition (CTRL) and during full vagal blockade with atropine (ATRO).
MAP and PI were measured by finger plethysmography (Portapres). BRS was measured on
sequences of consensual changes of MAP and PI (≥ 3 beats, treated linearly).
Results. At rest, MAP was 74 ± 8 mmHg in CTRL and 78 ± 9 mmHg in ATRO (p = 0.4343); PI was
878 ± 174 ms in CTRL and 521 ± 138 ms in ATRO (p < 0.0001). At exercise, MAP was 77 ± 8 mmHg
in CTRL (p = 0.0533 vs. rest) and 76 ± 4 mmHg in ATRO (p = 0.3681 vs. rest); PI was 671 ± 77 ms
in CTRL (p = 0.0032 vs. rest) and 487 ± 30 ms in ATRO (p = 0.8213 vs. rest; p = 0.0061 vs. CTRL).
In CTRL, upon exercise onset, BRS decreased immediately from 26.8 ± 8.5 ms·mmHg-1 at rest to
10.3 ± 5.8 ms·mmHg-1 (p < 0.0001 vs. rest), then it remained unchanged, being
12.6±6.3 ms·mmHg-1 at exercise steady state (p = 0.0087 versus rest). Conversely, in ATRO, BRS
did not change, being 6.0 ± 1.5 ms·mmHg-1 at rest, 4.1 ± 2.1 ms·mmHg-1 at exercise start, and 4.7
± 0.9 ms·mmHg-1 at exercise steady state (p = 0.1112). In the presented figure, the PI–MAP
relationship and the measured BRS during the exercise onset is shown for both CTRL and ATRO.
Conclusion. In agreement with the tested hypothesis, complete vagal blockade abolished the fast
BRS readjustments upon exercise onset. This study represents a step forward in the understanding
of blood pressure control during exercise and sets the basis for future development of
countermeasures to exercise and posture intolerance in conditions characterised by arterial
baroreflex impairment, as spinal cord injuries, Parkinson’s disease, or hypertension.
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An amino acid exchange (p.P209L; c.626C>T) in the BAG3 gene causes severe myofibrillar
myopathies and restrictive cardiomyopathies in patients. The average life expectancy of patients
with this mutation is about 20 years. BAG3 is known to play a key role in the turnover of muscle
proteins as a member of the CASA (chaperone-assisted selected autophagy) complex. Our goal is
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to gain a mechanistic understanding of BAG3-associated muscle diseases in order to be able to
develop novel therapeutic approaches.
To this end, we generated a human induced pluripotent stem cell (iPSC) line carrying the BAG3P209L
mutation both heterozygously and homozygously from a well-characterized iPSC line by gene
editing. Furthermore, we are using an iPSC line derived from a patient with BAG3P209L-myofibrillar
myopathy and a BAG3-/- iPSC line. All these iPSC lines could be successfully differentiated into
twitching skeletal muscle cells using an established differentiation protocol and were phenotypically
analyzed by microscopy. Interestingly, both the deletion of the BAG3 gene and the BAG3 P209L
mutation appeared to result in morphological abnormalities, such as the formation of thinner skeletal
myotubes and an increase in programmed cell death compared with myotubes derived from control
iPSCs. Initial Western blot analysis and immunohistochemical stainings for structural components
(e.g. desmin, actin, MF20) and members of the protein quality control system (e.g. BAG3, HSPB8,
LC3B) also yielded differences. We found that BAG3 protein levels increased in BAG3P209L patientderived myotubes compared to controls. Furthermore, we saw significant differences in protein
levels of BAG3, p62, and LC3B after application of physical stress via electrical pulse stimulation.
We are currently investigating the mechanisms underlying the disrupted skeletal myocyte phenotype
in the disease cell lines by applying different types of cell stress in form of mechanical strain and
pharmacological proteasome inhibition.
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Acute exercise induces differential expression of key NAD+ metabolism enzymes in
circulating immune cells
D. Walzik1, N. Joisten1, A. Schenk1, A. J. Metcalfe2, P. Zimmer1
1
TU Dortmund University, Institute of Sport and Sport Science, Dortmund, Germany
2
German Sport University Cologne, Department of Molecular and Cellular Sports Medicine,
Cologne, Germany
Introduction Acute exercise regimens are known to impact the distribution and function of immune
cells via beta-adrenergic signaling and the secretion of proinflammatory cytokines. 1 Since immune
cell activation was shown to alter the synthesis of nicotinamide adenine dinucleotide (NAD +),2 we
sought to determine the impact of acute exercise on NAD + metabolism in blood serum and
peripheral blood mononuclear cells (PBMCs). To investigate potential intensity-dependent
differences we compared time- and calory-matched high-intensity interval training (HIIT) with
moderate-intensity continuous training (MICT).
Methods 24 healthy active runners (12 women, 29.7 ± 4.3 yrs, V̇O2peak 56.6 ± 6.4 mL·kg-1·min-1)
participated in a randomized crossover study comprising 50 min of isocaloric HIIT and MICT. HIIT
consisted of 6 × 3 min running at 90 % V̇O2peak with 3 min active rest between bouts. MICT consisted
of 50 min running at 70 % V̇O2peak. Blood samples were drawn pre-, post- and 1h post-exercise.
Metabolites of NAD+de novo synthesis were measured in blood serum using HPLC MS/MS. Gene
expression of NAD+ metabolism enzymes was assessed in PBMCs using qPCR. Within- and
between-group effects were calculated using analysis of covariance with repeated measures and
Bonferroni-corrected post-hoc tests.
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Results HIIT and MICT increased serum levels of the NAD+ precursor quinolinic acid (p<.001) as
well as the quinolinic acid/kynurenine ratio (p<.001) until 1h post-exercise. In PBMCs, the gene
expression of NAMPT was increased after HIIT and MICT (p<.001) but returned to baseline until 1h
after. In contrast, expression of NAPRT and KMO did not increase post-exercise, but 1h after HIIT
and MICT (p<.05). QPRT expression only increased immediately after MICT (p<.05).
Conclusion When accounted for exercise duration and calory expenditure acute HIIT and MICT
provoke similar disruptions in NAD+ metabolism with no or only minor differences between the two
exercise intensities. In line with higher systemic catabolism along the NAD +de novo synthesis
pathway, as indicated by the increased metabolite abundance, PBMCs showed an elevated
expression of genes encoding key enzymes of NAD+ metabolism. Interestingly, NAMPT, the gene
encoding a key NAD+ salvage pathway enzyme, was expressed in a more short-termed fashion
than NAPRT or KMO, which encode for Preiss-Handler pathway and NAD+de novo synthesis
enzymes, respectively. Future investigations should focus on the involvement of NAD + salvage
pathway in the acute metabolic response of immune cells to exercise-induced immune activation.
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Remote monitoring of physical activity from accelerometers embedded in cardiac devices
(pacemakers, defibrillators and cardiac resynchronisation therapy "CRT") could be used to risk
stratify older patients at risk of frailty, hospitalisation and death.
Data was selected from participants aged 60+ in two human studies: PATTErn (Physical activity
patterns in older people with cardiac device) and TriageHF Plus. Latent class trajectory analysis
(finite growth mixture models) were applied to investigate characteristic trends over time, and Cox
proportional hazards model for time-to-event analysis.
Table 1 outlines key demographics of included participant.
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Table 1: Participant Demographics
The PATTErn Study

TriageHF Plus

n = 142

n = 247

Median age [interquartile range]

73.0 [11.0]

72.0 [9.0]

Gender (%male)

99 (69.7%)

199 (80.6%)

BMI (body mass Index)

29.0 (5.5)

29.5(5.3)

Device type (%CRT)

91 (64.1%)

196 (79.4)

Heart failure

102 (71.8%)

240 (97.2%)

Atrial fibrillation

84 (59.2%)

132 (53.4%)

Ischaemic heart disease

80 (56.3%)

149 (60.3%)

Diabetes

37 (26.1%)

70 (28.3%)

Chronic kidney disease

65 (45.8%)

120 (48.6%)

chronic obstructive pulmonary
disease

22 (15.5%)

26 (10.5%)

Hospital admission in last 12
months

13 (9.2%)

61 (24.7%)

Mean physical activity in the year prior to enrolment was 148.3 SD 97.5 mins/day (PATTErn study),
and 142.1 SD 80.0 (TriageHF Plus) (SD = standard deviation). On multinomial regression analysis,
PA remained predictive of frailty after adjusting for age, gender, BMI, heart failure and device type
(PATTErn: OR 0.99, p 0.05, TriageHF Plus OR 0.99, p <0.001, OR = odds ratio). On latent class
trajectory analysis, the three-class model was superior across both studies, with “steady”, “peaked”
and “dipped/downwards” groups emerging (Figure 1).
PA <1 hour/day was a strong predictor of hospitalisation or death across follow-up (median length
= 444 days, TriageHF Plus data only)) adjusting for confounders (hazard ratio 2.8, 95% confidence
intervals 1.4-5.8, p 0.004, Figure 2).
Remote monitoring physical activity data from cardiac devices can identify characteristics trajectory
phenotypes, and predict frailty, hospitalisation and death in older patients. Patients with activity <1
hour/day (12.6% study cohort) have markedly poorer outcomes, and represent a key target for
clinical intervention. Characteristic trajectory phenotypes could be used to identify groups whom
may benefit from rehabilitation/exercise therapies, and frailty screening could be applied to at-risk
groups.
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Figure 1: Latent class
trajectory analysis,
predicted plots across 2
included studies

Figure 2: Survival plot:
Hospitalisation or death
stratified by physical
activity levels
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Introduction. The energy cost (C) of and the energy sources for dynamic apnoea (DA) are largely
unknown. The aim of this study is to assess these physiological variables during submaximal DA.
Methods. Twelve freedivers (5 monofin, 7 bi-fins) performed one (50 m, 6 subjects) or two (50 and
100 m, 6 subjects) DA in an Olympic pool. Aerobic energy stores depletion (E O2) was calculated
measuring pre- and post-DA alveolar gas composition and peripheral oxygen saturation, with
preventive measurement of total lung capacity (gas dilution), haemoglobin mass and blood volume
(CO rebreathing). Capillary blood lactate increase above resting was measured to calculate the
contribution of anaerobic lactic metabolism (ELa) to the energy expenditure during DA. Anaerobic
alactic energy expenditure (EPCr) was calculated by subtracting EO2 to the oxygen debt measured
during recovery. Selected kinematic variables were measured with inertia measurement units.
Results. Net (above resting) C was 0.63 ± 0.13 kJ m -1 (8.1 ± 1.7 J kg-1 m-1) for bi-fins and 0.42 ±
0.08 kJ m-1 (5.9 ± 1.3 J kg-1 m-1) for mono-fins (p < 0.05) and was unrelated to kinematic parameters.
No significant differences in fractional energy balance were present between fin types. Fractional
contributions in the 50 m trial were EO2 43 ± 11%, ELa 9 ± 4%, and EPCr 48 ± 12%, while in the 100
m trial they were EO2 35 ± 10% (p < 0.05 vs 50 m), ELa 19 ± 4% (p < 0.05 vs 50 m), and EPCr 46 ±
10%. The gross O2 store depletion per unit of distance (EO2/d), but not C, was significantly inversely
related to the subjects’ DA personal best.
Conclusions. The C of DA seems halfway between that of eupnoeic underwater (with snorkel) and
surface swimming. Anaerobic alactic metabolism plays a major role in the energetic balance during
DA. The distance covered per ml of O2 store depleted, but not C, was the only predictor of
performance. These results have strong implications in DA physiology and training.

Energy balance during
dynamic apnoeas
Stacked fractional gross
energy contributions of
the dynamic apnoeas (DA)
as a function of distance
or time (since average
speed was close to 1 m/s).
Linear extrapolation was
performed backwards up to
resting energy expediture
(REE, fully aerobic) and
forwards up to 200 m.
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Introduction
The dynamic response of pulmonary oxygen uptake (τV̇O2) during transitions to moderate-intensity
exercise is slowed in type 2 diabetes (T2D), partly owing to an impaired blood flow delivery to the
active musculature [1]. A prior heavy-intensity warm-up or priming exercise (PE)
bout accelerates τV̇O2p in T2D by an enhanced matching of O2 delivery to utilisation [2]. Given both
low-volume, high-intensity interval training (HIIT) and moderate-intensity continuous training (MICT)
also accelerate τV̇O2 in T2D by similar mechanisms [3], the aim of this study was to assess the
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priming effects on the V̇O2 and muscle deoxygenation (i.e., deoxygenated haemoglobin and
myoglobin, [HHb+Mb]) kinetics during moderate-intensity cycling before training and at weeks 3, 6,
9 and 12 of MICT and HIIT.
Methods
Individuals with T2D (mean ± SD: age 53 ± 10 yr, body mass index 29.8 ± 4.4 kg.m -2) were randomly
assigned to MICT (n=10, 50 min of moderate-intensity cycling) or HIIT (n=9, 10 x 1 min cycling at
high-intensity interspersed by 1 min of ‘unloaded’ cycling) or to a non-exercising control (CON) group
(n=9). Exercising groups trained 3 times/week and every 3 weeks exercise intensity was adjusted.
At each time point participants completed four transitions to moderate-intensity cycling. Two of these
bouts were completed without priming exercise and two bouts were undertaken with prior highintensity priming exercise. [HHb+Mb] kinetics were measured by near-infrared spectroscopy at the
vastus lateralis muscle. The local matching of O2 delivery to O2 utilisation was assessed by the
Δ[HHb+Mb]/ΔV̇O2 ratio (20-120s). Time point analysis of V̇O2 and [HHb+Mb] responses were
performed using a two-way ANOVA with repeated-measures, and post-hoc Tukey tests performed
when significant differences were returned.
Results
At week 0, PE significantly (P<0.05) reduced τV̇O2 in all 3 groups, (MICT: from 44 ± 12 to 32 ± 5 s;
HIIT: from 42 ± 8 to 32 ± 4 s; CON from 43 ± 7 to 31 ± 5 s). However, after 3 weeks of both HIIT and
MICT, PE no longer had an effect on τV̇O2, but continued to significantly (P<0.05) reduce τV̇O2 in
the CON group. The dynamic response of muscle deoxygenation was not affected by PE or training.
Consequently, the Δ[HHb + Mb]/ΔV̇O2 ratio was significantly (P<0.05)reduced with PE at week 0 in
all 3 groups, but while this PE-induced reduction was maintained at all time points in the CON group,
it was not apparent (P>0.05) beyond the third week of the intervention in the exercising groups.
Conclusion
The accelerated V̇O2 kinetics responses consequent to both MICT and HIIT in T2D were likely
attributed to rapid training-adaptations facilitating a better matching of O2 delivery to utilisation, and
as such, beyond the third week of training the priming effect was negated.
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Introduction
Obesity is one of the most severe health threats worldwide. In 2016, 39% adults were overweight
and 13% obese (1), and obesity can lead to chronic disabilities (2). Diet and sufficient physical
activity (PA) are the two most important means for weight loss and maintenance. Accelerometry is
a commonly used objective method to measure PA but there are differences with the devices in
wear site, data counting systems, and signal processing (3,4). The gait of the obese differ from
normal weight counterparts in stride length and speed (5). Our aim was to investigate the accuracy
of step detection of three research grade accelerometers in three BMI classes and evaluate factors
associated to error percentages under controlled laboratory setting.
Methods
We measured 67 participants and divided them into 3 BMI categories: normal weight, overweight
and obese. After conducting the anthropometric measures, participants did an exercise routine of 6
speeds with a 4-minute duration each (1.5, 3, 4.5, 6, 7.5 and 9 km/h) on a treadmill. A video recording
was used to count the real step numbers. A Sartorio Xelometer (SX) and an ActiGraph GT3X (AG)
were attached with elastic belts on the hip and an activPAL (AP) was worn on the thigh during the
exercise. Mean absolute percentage errors (MAPEs) were calculated for every speed between the
accelerometer-estimated step counts and actual steps. ANOVA was used to study differences
between the BMI classes (Tukey). Multiple regression models were run to study which factors
associated with the MAPEs for the total errors in each device (age, gender, weight, leg length,
skeletal muscle mass % and the fat %.). Multicollinearity was controlled with variance inflation
factors (<5).
Results
There were 10 normal weight, 31 overweight and 26 obese subjects. The accuracy of the AG was
improved when speed exceeded 4km/h and accuracy of the AP decreased when running. At the
speed of 6 km/h the different BMI classes had different MAPEs between overweight and obese
subjects when measured with the AG and AP. Obese subjects had significantly higher overall errors
than normal or overweight subjects when using the AG. With the AP, there were significant
differences at speeds of 6km/h and higher showing the most inaccuracy with the normal weight
subjects. The multiple regressions were run to predict each device total errors. For the AG age, fat%
and SMM% were significantly associated with the total MAPE. For the SX, age and gender were
significantly associated.
Conclusion
Considering the SX step detection accuracy, younger men had lower errors than older females. The
AG was accurate at speeds exceeding 4 km/h and the total MAPE was affected by the BMI class.
Younger, leaner and more muscular subjects had lower MAPEs. For the AP, BMI class affected the
step detection accuracy when walking briskly or running. This study gives insight on what factors to
consider when calibrating and validating accelerometers for step detection.
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increased number of contact match events encountered by forwards would be associated with
cerebrovascular dysfunction mediated by systemic oxidative-nitrosative stress (OXNOS) confirmed
by a free radical-mediated reduction in vascular nitric oxide bioavailability.
Methods
The study was approved by the University of South Wales ethics committee (#0617LSETOE0).
Twenty-one male players aged 25 (mean) ± 4 (SD) years were recruited from a professional rugby
team comprised of forwards (n = 13) and backs (n = 8). Data were collected across one season.
During pre-/post-season, venous blood was assayed for the ascorbate free radical (A •-, electron
paramagnetic resonance spectroscopy) and bioactive nitric oxide metabolites (NO, reductive ozonebased chemiluminescence) reflecting the combined concentration of S-nitrosothiols and nitrite to
assess OXNOS. Middle cerebral artery blood flow velocity (MCAv) was measured via Doppler
ultrasonography at rest and in response to hypercapnia/hypocapnia (+/- 5mmHg change in end-tidal
PCO2) to determine cerebrovascular reactivity range (CVRCO2RANGE) and cerebral oxygen delivery
(CDO2). Notational analysis coding software (Hudl Sports Code) determined contact events over
the season.
Results
Forwards suffered 5 concussions while backs suffered 1 concussion. Forwards incurred more
collisions (12 ± 6 vs. 5 ± 3; MD 7.49, 95% CI, 2.58 – 12.40; P = 0.005), tackles (7 ± 4 vs. 4 ± 1; MD
3.49, 95% CI, 0.42 – 6.56; P = 0.028) and jackals (3 ± 3 vs. 1 ± 0; MD 2.21, 95% CI, 0.18 – 4.24; P
= 0.034) compared to backs. The combined elevation in A•- (F2,19 = 10.589, P = 0.004) and
corresponding lower bioactive NO (F2,19 = 11.492, P = 0.003) confirmed elevated OXNOS in both
forwards and backs across the season (Figure 1). This was accompanied by a reduction in cerebral
oxygen delivery (CDO2, F2,19 = 9.440, P = 0.006) and forwards exhibited a greater decline in
CVRCO2RANGE compared to backs (MD 1.378; 95% CI, 0.74 – 2.02, P < 0.001, Figure 2).
Conclusion
Exposure to contact events in rugby promotes a systemic elevation in OXNOS thus providing a
mechanistic basis underlying impaired cerebral bioenergetic function [5].
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Wolfson Research Fellowship (#WM170007), Royal Society International Exchanges Award
(#IES\R2\192137) and Japan Society for the Promotion of Science Research Fellowship
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Introduction
Professional rugby union players are exposed to 11,000 contact events per-season [1]. Tackles are
the most common contact-match event in rugby union and cause 52% of all injuries that have been
associated with elevated concussion risk [2, 3]. While the propensity of match-events and injury risk
are generally understood, the relationship between player position and the physiological implications
of contact remain to be established [4]. The present study sought to determine the molecular and
cerebrovascular effects of contact events over a single season of professional rugby union, stratified
by playing position and subsequent concussion risk. We hypothesised that compared to backs, an
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Figure 1: Plasma ascorbate
free radical (A) and
bioactive nitric oxide
concentration (B)
Data presented as mean ±
standard deviation
following two-way [group
(forwards vs. backs) ×
timepoint (pre- vs. postseason)] repeated measures
ANOVA.

Figure 2 Cerebrovascular
reactivity to
hyper/hypocapnia (A) &
cerebrovascular range
(CVRCO2RANGE, B)
Data presented as mean ±
standard deviation
following two-way [group
(forwards vs. backs) ×
timepoint (pre- vs. postseason)] repeated measures
ANOVA.
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Cachexia is a debilitating disorder associated with significant loss of muscle mass in people suffering
from various diseases, including cancer. A staggering 80% of cancer patients develop this
syndrome, and more than 50% of those cases can be fatal (1-3). Although it is one of the oldest
diseases known by humankind, the molecular etiology is still poorly understood. Chemotherapy is
the first line of treatment for cancer patients. However, chemotherapeutic agents can also induce
muscle loss (4). Thus, in addition to the primary tumor, chemotherapeutic agents intensify the
pathophysiological stimuli and exacerbate muscle wasting. The mechanisms causing
chemotherapy-induced cachexia remained largely elusive. We aimed to investigate the differential
effects of chemotherapeutic drugs leading to cachexia. To uncover the mechanism involved in
chemotherapy-induced cachexia, we deployed a wide range of techniques, including excitationcontraction coupling assay, confocal microscopy, chromatin-immunoprecipitation, measurement of
epigenetic changes, and high-throughput gene expression screening. By employing satellite stem
cell-derived primary muscle cells and mouse myoblast progenitor-derived myotubes, we
demonstrated that specific chemotherapeutic drugs disrupt sarcomere organization and, thereby,
the contractile ability of skeletal muscle cells. Mechanistically, we found that chemotherapeutic drug
treatment specifically altered the transcriptional program for myosin heavy chain (MyHC-II). MyHCII gene product myosin II is the main force-generating motor protein responsible for generating force
and driving muscle contraction. Our data showed impeded chromatin targeting of SETD7
methyltransferase and disrupted association and synergetic function of SETD7 with p300 histone
acetyltransferase, specifically on MyHC-II. The compromised epigenetic function of histone methyland acetyl-transferase changed the epigenetic signature and lowered chromatin residency of
elongating RNA polymerase II on MyHC-II, leading to severe downregulation of MyHC-II
transcriptional output (~4.5‑fold reduction of both MyHC‑IId and MyHC‑IIa mRNA in Etoposide
treatment, with p>0.0001, N=3 with n=3 for each biological replicates). We found that the drugs
destabilized SUMO (Small Ubiquitin-like Modifier)-specific isopeptidase SENP3. Destabilization of
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SENP3 was the seeding event toward epigenetic dysregulation upon drug treatment. Reduction in
SENP3 protein level caused deregulation of SETD7-p300-RNA polymerase II functional axis and
triggered cachexia. Interestingly, stabilization of SENP3 level partially rescued cachectic defects.
Thus, we defined a unique SUMO pathway-governed epigenetic mechanism targeted by different
chemotherapeutic drugs leading to cachexia. Future investigations on the SUMO pathway
modulation and its impact on muscle mass recovery may unravel potential treatment strategies to
improve the cachectic condition associated with chemotherapy.
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Introduction
The incorporation ofeicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) into the muscle
cell activates anabolic cell signalling proteins that regulate skeletal muscle mass [1]. To date, no
study has examined temporal changes in muscle cell EPA and DHA composition that result from
exposure to distinct concentrations. This study aimed to determine the (i) uptake and (ii) washout
profile of EPA and DHA in response to incubation with low or high concentrations in C2C12
myotubes over a 24h period.
Methods
C2C12 myotubes were incubated with a high (50µM EPA+33.3µM DHA (HC)), or low (12.5µM EPA+
8.33µM DHA (LC)) concentration mixture of EPA:DHA. In experiment 1, EPA and DHA uptake in
the whole muscle cell and in the membrane phospholipid fraction were measured after 1, 2, 4, 8, 16
and 24h of incubation with HC or LC. In experiment 2, the washout of EPA and DHA from the whole
muscle cell was measured after 0, 2, 4, 8, 16 and 24h following overnight incubation with HC or LC.
Temporal changes of EPA and DHA levels over time were expressed as % of total fatty acid profile
and statistically analysed using a linear mixed model ANOVA followed by Tukey’s post-hoc analysis.
Results
The EPA levels in the whole muscle cell increased over the initial 8h (p<0.05) in HC, before
stabilising thereafter (p>0.05). In LC, the EPA levels increased over the initial 8h (p<0.05) and
decreased at 24h (p<0.01). The uptake of DHA continued to increase over 24h in HC and LC
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(p<0.05). The incorporation of EPA and DHA into the membrane phospholipid fraction was 1.5- and
1.4-fold lower than the whole muscle cell levels in HC, and 1.04- fold lower in LC (both EPA and
DHA). In HC, the washout of EPA was detected at 8h (p<0.05) and EPA levels continued to decrease
until 16h (p<0.01) with a loss of 6.9 ± 2.0%. In LC, the washout of EPA was detected after 8h
(p<0.01) and continued to decrease gradually up to 24h (p=0.01) with a loss of 2.1 ± 0.4%. No
washout of DHA was detected over the 24h washout period in HC or LC (p>0.10).
Conclusion
Temporal changes of fatty acid levels into the whole muscle cell differ distinctly between EPA and
DHA and are of greater magnitude than the rate of incorporation into the membrane phospholipid
fraction when providing a high concentration. The washout of EPA occurs within 24h and is
concentration dependent, whereas no washout of DHA is detected regardless of concentration. The
distinct characteristics and dynamics of EPA and DHA to alter muscle cell lipid composition may
have clinical implications for the prescription of omega-3 polyunsaturated fatty acid supplementation
protocols to promote human health.
Temporal changes in the
uptake and washout of EPA
and DHA
Temporal changes of total
EPA and DHA levels in
C2C12 myotubes following
incubation with 50µM EPA +
33.33µM DHA (HC) or 12.5µM
EPA + 8.33µM DHA (LC) and
subsequent washout. Uptake
(n=7) (A) and washout
(n=4) (B) profiles
following incubation with
HC. Uptake (n=7) (C) and
washout (n=4) (D) profiles
following incubation with
LC. Values are means ± SD.
Mean values that do not
share a common letter are
statistically different
from one another (p<0.05).
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Introduction
Adherence to unsupervised exercise is generally poor, despite this, unsupervised exercise is
recommended in healthcare settings. Thus, investigating novel ways to enhance adherence to
unsupervised exercise is essential. We aimed to investigate the feasibility of two mobile health
(mHealth) technology supported exercise and physical activity (PA) interventions to increase
adherence to unsupervised exercise, that could be employed in future randomised controlled trials.
Methods
Eighty-six participants were recruited and randomised to online resources (n=44, females n=29) or
MOTIVATE (n=42, females n=28) groups. The online resources group had access to a website with
virtual resources (information and videos) to assist in performing a progressive exercise programme.
The MOTIVATE group received exercise counselling sessions supported through mHealth
biometrics that allowed instant participant feedback on exercise intensity and communication with
the exercise counsellor. Optical heart rate (HR) monitoring, survey-reported exercise behaviour
(GLTEQ) and accelerometer derived PA assessed was used to assess adherence. Remote
measurement techniques were used to assess anthropometrics, blood pressure, HbA1c and lipid
profiles. Participant perceptions of the interventions were explored in post-intervention interviews
and surveys.
Results
Optical HR derived adherence was 22%±34% and 113±68% in the online resources and MOTIVATE
groups, respectively. Survey-reported exercise behaviour demonstrated moderate (d= 0.63, CI=
0.27 to 0.99) and large effects (d= 0.88, CI= 0.49 to 1.26) in favour of online resources and
MOTIVATE groups, respectively. When drop-outs were considered 84% of remotely gathered data
was available, with drop-outs removed data availability was 94%.
Conclusion
Our feasibility trial suggests both exercise and PA interventions produced a positive impact on
adherence to unsupervised exercise. Nevertheless, to maximise adherence to unsupervised
exercise future appropriately powered trials should explore the effectiveness of the MOTIVATE
intervention. Our remote testing model resulted in a high percentage of data availability and reduced
participant drop-out compared to previous trials of a similar nature using non-remote testing
techniques[1,2]. Thus, future studies may seek to employ remote testing models to reduce
participant drop-out and data loss.
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Introduction
The stressor of hypoxia, in addition to that of exercise, determines a dynamic pattern of
interconnected physiological responses. Both stress tests for clinical purposes [1] and special
training sessions [2] can be conducted using altitude simulation methods. However, thematic studies
are usually aimed at examining the product rather than the process of the acute response. The
present study aimed to decipher the multi-component response across intertwined physiological
systems to different hypoxic conditioning through cognitive and exercise efforts.
Methods
The study involved a total of 16 participants; the cross-over design consisted of three trials: control
(160 m asl), moderate (2,500 m asl) and high (3,500 m asl) simulated altitude [3], on separate days.
The procedures were carried out with the altitude generator Everest Summit II associated with a
tent (Hypoxico, USA) as follows: rest (10 min), psychological test (15-20 min), and a series of 9 peak
isometric knee extensions (3 min) while recording HD-sEMG on vastus lateralis. Wearable devices
were measuring heart and breathing dynamics. Mean arterial pressure (MAP), as (SBP+2DPB)/3,
and pulse pressure (PP), as SBP–DBP, were considered 5 minutes before and 1 minute after each
trial. We herein reported the preliminary results on 11 healthy participants (5F/6M, 23±3 years, BMI:
24.28 ± 4.82 kg/m2, SBP: 123 ± 10 mmHg, DBP: 72 ± 6 mmHg, HR: 78 ± 13 bpm, SpO2: 98 ± 2 %,
8 physically active, 1 smoker).
Results
Randomization of administration was confirmed: only 2 participants (18%) guessed their order of
trials (expected proportion: 17%, χ2 test p=0.893). Symptoms reported, if any, included slight
headache, increased fatiguability, and slight confusion; these symptoms were also reported with a
delayed onset. SpO2-to-FiO2 ratio (SF) during the isometric exercise ranged from 481 ± 8 at control,
up to 608 ± 10 at moderate, and 650 ± 15 at high simulated altitude. The trend of SF followed a
second order polynomial regression with least squares fitting method (Sy.x = 0.008), hereby
reported with prediction bands (fig.1). Repeated measures (RM) ANOVA with 2 RM factors (trial ×
pre vs post) revealed statistical tendencies for MAP being slightly less reduced after the trial in
control condition (p=0.117, η2p=0.193), and PP being slightly higher after each trial (p=0.096,
η2p=0.252). Troubleshooting includes temperature management inside the tent and possible
problems with data acquisition from the devices due to altered air composition.
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Conclusion
Specific SpO2-to-FiO2 ratio [4] profiles can provide primary references for optimizing stress tests
and training sessions. The procedure can be adapted for setting up specific simulation tests prior to
altitude expeditions. The final analyses on cardiorespiratory coherence, motot units dynamics, and
psychological results will complete a complex, multimodal overview of hypoxic stress for insights
into environmental and exercise physiology.
Figure 1
SpO2-to-FiO2 curve, with
prediction bands of 95% CI.
Image created with GraphPad
Prism 9
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Conclusion
Exercise caused a decrease in insulin resistance developed in PCOS and ameliorative effects in
ovary and muscle tissue. Exercise can be an option for PCOS in the future. Further exercise studies
are needed to enlighten PCOS pathophysiological mechanisms.
Treadmill
Animal treadmill which can
be inclined and controlled

This research was supported by Ankara University Scientific Research Projects Directorate with
project number 21L0230006
Introduction
Polycystic ovary syndrome (PCOS) is one of the most common endocrine and metabolic diseases
in which up to 18% of women of reproductive age are affected, depending on the diagnostic criteria
used and the population evaluated (1). It has significant short- and long-term both physical and
psychological effects throughout life (2). One of the most important metabolic effects of PCOS is
insulin resistance (3). An approximately 27% reduction in peripheral sensitivity to insulin has been
reported in women with PCOS, independent of body mass index. According to a meta-analysis
shows that an increase in body mass is associated with a further reduction in insulin sensitivity of
nearly 8% (4). PCOS was treated with different approaches such as pharmalogical drugs and
lifestyle changes that increase insulin sensitivity (5). The aim of present study was to examine the
effects of high intensity interval training on insulin resistance, oxidative stress, soleus functions and
myokine levels in rats with PCOS.
Methods
21-day old Wistar Albino female rats were divided into four groups (n=60) as Control, PCOS,
PCOS+Exercise and Exercise. Dehydroepiandrosterone was administered subcutaneously to
induce PCOS for 21 days. Exercise groups were trained for 38 min/day five days a week for 12
weeks. After experimental protocol, thoracotomy was performed under 50 mg/kg sodium thiopental
anesthesia. HOMA-IR, FSH, LH, thiol levels were analyzed in blood. Myokines were analyzed in
soleus. Soleus functions were also evaluated by in vivo and in vitro methods. Ovary and soleus
histological examinations were performed.
Results
PCOS and PCOS+Exercise were heavier than Control group. PCOS group had higher systolic,
diastolic and mean arterial pressures than Control group. FSH and LH levels were lower in the
PCOS+Exercise group compared to the PCOS group. HOMA-IR were higher in the PCOS group
than Control group, and lower in the PCOS+Exercise group than PCOS group. Serum TAS, TOS,
OSI,thiol levels were not significant among groups. Soleus IL-6 levels were higher in PCOS group
than PCOS+Exercise group. By the terms of in vivo experiments, lowest weightlifting times were
observed in the PCOS group. No significant difference was found among groups in the soleus time
to peak tension, half relaxation time, and specific power parameters in in vitro experiment. According
to histological analyzes, cross-sectional area of
soleus was significantly larger in the
PCOS+Exercise group than PCOS group. Although follicles in the form of cystic structures were
observed in the PCOS group, improvement was observed in the ovarian tissues of the
PCOS+Exercise group.
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tail-cuff plethysmography
Measurement of hemodynamic
parameters of experimental
animals using tail-cuff
plethysmography (MAY
NIBP250 Ankara Turkey).
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Introduction
Whilst re-testing a cohort of older cyclists (1) nine years after initial testing, we found that a number
of cyclists no longer met the original health criteria (2) despite still undertaking similar amounts of
exercise to those that remained healthy. This provided an opportunity to determine if there was a
greater decline in neuromuscular function in those that were now classified as not-healthy (NH).
Methods
Forty-one active master cyclists (male, n=35, female, n=6) now aged 73±6 years returned 9 years
later to the laboratory. Neuromuscular testing comprised of maximal voluntary isometric knee
extensor strength (MVT) and voluntary activation (VA; using the twitch interpolation technique), grip
strength, peak explosive cycling power (PP), peroneal nerve conduction velocity (NCV), assessment
of motoneuron excitability via the H-reflex in the soleus and eyes closed one legged balance time
(BECT). Body composition was measured using dual-energy X-ray absorptiometry (DEXA). All data
were analysed using a two-way ANOVA with repeated measures, and presented as mean±SD.
Results
Of the 41 participants tested, 20 no longer met the previous health criteria (NH). Overall, there was
a significant decline in self-reported cycling volume pre- and post-9 years (656±288 versus 460±320
km/month, p<0.001). No significant changes in total body mass were seen over 9 years (72.8±8.8
vs 72.0±10.1 kg; p=0.190). Fat free mass showed a significant reduction of 7% with age (56.4±6.9
vs 52.3±7.6 kg; p<0.001) while fat mass increased by 23% (16.4±4.4 vs 20.2±5.5 kg; p<0.001).
NCV, H-Reflex, grip strength, MVT and VA all decreased significantly with age (p<0.05). PP
decreased with age (1039±157 vs 945±191 W; p<0.001), however, this effect was removed when
PP was normalised to FFM (18.5±2.1 vs 18.3±3.2 W/kg FFM; p=0.632). None of the above indices
showed an interaction with health status. However, BECT decreased significantly with age, but also
showed a significant interaction with health status (healthy 5.8±2.5s vs 5.5±3.0s ns; unhealthy;
6.8±3.0s vs 4.1±2.4s p<0.002; (F(1,39)=5.183, p=0.028).
Conclusion
These preliminary results show that neuromuscular function declines similarly over a nine-year
period in both healthy and unhealthy cyclists undertaking similar amounts of exercise. The only
exception was BECT. The reasons for this exception are unclear but may relate to treatment
modalities and / or the effects of comorbidities on physiological function.
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Introduction
Running wheels are used as a tool for voluntary endurance exercise in mice (1). The running wheels
also provide mice an environmental enrichment to their home cages as mice run spontaneously long
times and distances. It has been suggested that the wheel running is non-stressful to the mice (1).
However, the wheel running is affected by different confounding factors, such as genetics and
environment, and the preference to run might even reflect addiction (2,3). The aim of the study was
to analyze whether the cognitive state of the mouse is related to its wheel running activity behavior.
Methods
Male C57BL/6NCrl mice that were 9,5 weeks old in the beginning of the study were used in the
study. The mice were kept in groups since birth to reduce the probability of aggressive behavior.
The mice had free access to their normal chow and water. The cognitive function of the group
housed mice (n = 5-6/group) was first analyzed in the IntelliCage system for 18 days. The mice were
then moved to the nearby monitoring unit and placed into individual training cages. After the one
week training period, the mice were introduced to their monitoring cages equipped with running
wheels. The system monitors drink and food intake as well as home cage activity including the
running wheel activity. The mice were monitored for ten days prior to euthanasia of the mice via
cervical dislocation. The mice were also weighted and urine was collected throughout the study for
further analysis of corticosterone.
Results
The mice were divided into three groups by their running wheel activity behavior (low runners,
average runners and high runners). Despite the differences in the running wheel activity of the three
groups of mice there were no differences in the home cage activities between the groups. There
were no differences in place learning or reversal place learning test results between the groups.
However, as the project progressed the high runners learned more efficiently to the find the assigned
correct place compared with the low runners. Also, the high runners ate more compared with the
low runners, however, no difference was observed in drinking behavior. There were no differences
in the corticosterone levels between the mice indicating that none of the groups were less or more
stressed compared to the others. Also, we observed no significant differences in the weights of the
mice between different groups. Noteworthly, one mouse ran almost continuously in running wheel
and had to be euthanized before the end of the monitoring.
Conclusion
Individual mice react differently when introduced to running wheels, which should be taken into
consideration when choosing mice for voluntary endurance exercise study. There is also need to
monitor for stereotypic behavior as was observed with one of the mouse included in our study.

393

References
[1]
Goh J, Ladiges W 2015 Voluntary Wheel Running in Mice, Curr Protoc
Mouse Biol, 5(4):283-290
[2]
Novak CM, Burghardt PR, Levinec JA 2012, The use of a running wheel to
measure activity in rodents: Relationship to energy balance, general activity,
and reward, Neurosci Biobehav Rev, 6(3): 1001–1014
[3]
Mason G, Würbel H, 2016, What can be learnt from wheel-running by wild
mice, and how can we identify when wheel-running is pathological?, Proc Biol
Sci, 283(1824):20150738
____________________________________________________________________________
A 03-29
Potential protective effects of chronic aerobic exercise on cardiopulmonary health and
vascular function in takayasu arteritis
N. Harman Yerli1, K. Abacar2, F. Alibaz-Öner2, H. R. Direskeneli2, O. Kasımay1
1
Marmara University School of Medicine, Physiology / Sports Physiology, Istanbul, Turkey
2
Marmara University School of Medicine, Internal Medicine Department, Rheumatology, Istanbul,
Turkey
Introduction
Takayasu's arteritis (TA) is a rare form of vasculitis involving the larger arteries1. Maximum oxygen
consumption is a well-developed tool to analyze cardiopulmonary fitness2. Chronic exercise training
takes attention to have an improving effect on cardiopulmonary fitness and vascular health in TA.
Our aim was to investigate the possible protective effect of chronic aerobic exercise in TA disease.
Methods
17 female TA patients aged 20-55 years and 11 female healthy controls were included in the study
(CON). TA patients were divided into the group that non-exercise (TAK, n=9) and the group that
exercised for 12 weeks (TAK+Exe: n=8). The study was planned as baseline and post-experimental
measurements in two phases; at both stages, all participants were tested for anthropometric
measurements, cardiopulmonary exercise test on a treadmill (CPET), near-infrared spectroscopy
(NIRS) measurements, changes in flow-mediated dilatation (FMD), blood samples, quality of life
questionnaire. After the basal measurements TAK+Exe group did moderate to high-intensity Zumba
exercise 3 days a week for 12 weeks. Student’s t test and one-way analysis of variance with the
Tukey’s post hoc test were used to determine whether data from different groups were statistically
different.
Results
Maximum oxygen consumption (VO2max) and FMD% change of TAK and TAK+Exe groups were
lower in baseline measurements compared to control (p<0.05-0.01); VO2max levels and FMD%
change in the TAK+Exe group increased with exercise intervention (p<0.05). Oxygen consumption
at the anaerobic threshold (VO2AT) was lower in the TAK group than in the CON group at baseline
and last measurements, and for TAK+Exe group, VO2AT values were increased compared to
baseline (p<0.05-0.01). In the first measurements, the maximum heart rate (HRmax) values of the
TAK and TAK+Exe groups were lower than that of the control group, while it increased in the
TAK+Exe group with exercise training in the second measurement compared to the baseline
(p<0.05). According to NIRS results, there was no difference in the TA patient groups compared to
the KON group, while the minimum % saturation during isometric exercise and the mean saturation
in recovery increased in the TAK+Exe group were increased (p<0.05).
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Conclusion
Our results suggest for the first time zumba exercise training to increase cardiopulmonary fitness
and to improve vascular function in TA.
VO2max in baseline and
post-exercise.
Figure 1. VO2max in
baseline and post-exercise.
*p<0,05, **p<0,01;
compared to
control, +p<0,05; compared
to baseline. TAK:
Takayasu’s arteritis (n=5),
TAK+EXE: Takayasu’s
arteritis+exercise (n=5),
KON: Control group (n=11).

Flow mediated dilation
(FMD%) in baseline and
post-exercise
Figure 2. Flow mediated
dilation (FMD%) in baseline
and post-exercise.
*p<0,05; compared to
control, +p<0,05; compared
to baseline. TAK:
Takayasu’s arteritis
(n=5), TAK+EXE: Takayasu’s
arteritis+exercise (n=5),
KON: Control group (n=6).
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Introduction
Vascular dementia (VaD) goes on with cognitive decline due to obstruction or damage to the
vascular system[1] . This study aimed to investigate the possible protective and therapeutic effects
of aerobic (AE), resistance (RE), and combined (CE) exercises in ovariectomized female rats with
VaD induced by unilateral common carotid artery occlusion (UCCAO) and reveal the underlying
mechanisms.
Methods
Eight months old, 200-300 g female Sprague Dawley rats (n=38) were separated as sham-operated,
ovariectomized, or VaD groups because VaD is more common during menopause. The VaD group
was divided into sedentary, AE, RE, and CE subgroups (n=6). Ovariectomy was performed on rats
except for sham-operated ones. After recovery, VaD was induced by UCCAO. For six weeks, the
exercises were performed for one hour, three times a week. AE included swimming[2]; RE included
weight climbing vertically[3]; CE included alternately AE and RE applications. Cognitive functions
were evaluated by object recognition test[4]. Anxiety was assessed by hole board, open field test,
and elevated plus-maze[5]. Myeloperoxidase, superoxide dismutase and catalase activity,
malondialdehyde, glutathione measurements, and histopathological evaluations were studied from
brain tissue. Statistical analysis included student's t-test, one-way ANOVA, and Tukey-Kramer test
in GraphPadPrism Program. p<0.05 was considered significant.
Results
Cognitive function decreased in VaD and increased in all exercise groups (p<0.05-0.01). Anxiety
reduced in the VaD and AE but increased in CE. (p<0.05-0.001). MDA activity was inhibited by AE;
raised by VaD, RE, and CE.(p<0.05-0.01). Myeloperoxidase activity was diminished in AE and RE
(p<0.05-0.001). Antioxidants; superoxide dismutase in AE and glutathione in CE were increased
(p<0.05-0.001). VaD-induced hippocampal histological damage was alleviated in all exercise groups
(p<0.05-0.001).
Conclusion
AE, RE, and CE increased cognitive function in VaD and attenuated histological damage. AE and
RE suppressed the inflammatory process. Different types of exercises have been shown to be
curative on VaD by enhancing different antioxidant molecules.
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Histologic Damage Score
Microscopic Damage Scores;
Cortex (A), dentate gyrus
(B) and hippocampal CA3
regions (C)
OVX; ovariectomy, AE;
aerobic exercise, RE;
resistance exercise, CE;
combined exercise.
*p <0.05, **p <0.01, ***p
<0.001, according to the
sham control group. +p
<0.05, ++p <0.01, +++p
<0.001, according to
the sedentary group that
has Vad. (n=5-7/grup)
Histological damage caused
by vascular dementia is
recoreved completely in CA3
region but only partially
in Dentate Gyrus.

Cognitive Function
Findings- Object
Recognition Test
Difference Score in Object
recognition Test
OVX; ovariectomy, AE;
aerobic exercise, RE;
resistance exercise, KE;
combined exercise.
*p <0.05, **p <0.01, ***p
<0.001, accordint to sham
control group. +p <0.05,
++p <0.01, +++p <0.001,
according to the sedentary
group that has VaD. (n=57/grup).
After vascular dementia
Sedentary group is showed a
deterioration in cognitive
function when compared with
the sham control group,
All exercise group showed a
significant improvement in
cognitive function.
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Introduction
Movement is a critical requirement for human interactions and daily tasks; maintaining and
managing an individual’s movement capability is key to improving quality of life. Movement quality
is used to assess fall risk, function in cerebral palsy (CP) or in rehabilitation. Current measures use
parameters with complex relationships that interact with one another, so defining gait quality is
difficult. These measures poorly correlate with movement failure events they are meant to typify 1,
resulting in difficult clinical interpretation and limited implementation.
Whole-body models of locomotion could reduce the complexity of the locomotor system. These
parameters are easier to interpret and understand their functional limits 2. The aim was to determine
whether simplified measures could characterise gait change due to increased complexity of terrain.
These parameters may enable easier interpretation of clinically relevant movement.
Methods
Full gait assessment (Motion capture and force plates) was undertaken on a human cohort with
increased stability issues in movement (14 CP; 6 older adults). Participants performed two trials:
walking on level terrain and stepping on and over a 5cm obstacle. The latter scenario pushes the
neuromechanical control further to elicit greater responses. Standard clinical measures of
movement quality (e.g. step length, velocity) were extracted alongside measures based on wholebody models of locomotion, to enable comparison between these two methodologies.
Results
Clinically standard movement quality measures did alter in more complex terrain (decreased velocity
[p<0.05], decreased stride length [p=0.07]). Parameters based on whole-body models of locomotion
showed greater differences: energy recovery increased in obstacle terrain (p<0.05). Leg loading
angle pre- and on obstacle had significantly higher values (p<0.005), indicating reduced leg force.
Additionally, whole-body model parameters had lower variability to the clinically standard measures
used.
Conclusion
Both current standard clinical measures of gait and those based on whole-body models of
locomotion changed during movement in more complex terrain. Although these shifts were as
expected, the whole-body model measures showed greater shifts in their values, likely associated
directly with the simpler expectations based on fundamental laws of motion. Interestingly, these
parameters also showed lower variability compared to the standard clinical measures. This has
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potential implications for control, where task-relevant parameters could be considered to be more
tightly controlled to ensure successful movements 3. Simplified parameters, based on whole-body
models of locomotion may help to provide robust and easier to interpret parameters that could be
used to determine movement quality, enabling improved rehabilitation monitoring and clinical
decision making.
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Introduction
Ultrasound (US) technology has been used to teach basic anatomy to undergraduate clinical
students for many years. Although less common as a physiology teaching tool, studies report that
students enjoy physiology learning sessions incorporating US and find them more interesting than
traditional methods (1,2). Previous work from our group found that using US to visualise cardiac and
vascular phenomena increased students’ self-reported understanding of core physiological
concepts (2). The aim of this study was to determine if these positive perceptions of learning would
align with learning as measured by Multiple Choice Questions (MCQs) following the incorporation
of US into two laboratory teaching sessions.
Methods
Ethical approval was granted by the Queen’s University Belfast, School of Medicine, Dentistry and
Biomedical Sciences. Before the practical activity, male volunteers who had provided written
informed consent were screened to ensure clear visualisation of the heart and vessels and to
exclude the possibility of abnormalities. An introductory US lecture and cardiac and vein physiology
lectures were delivered to all students before assignment to one of two groups: non-ultrasound
(NUS) or ultrasound (US). Supporting practical classes (n=2) were either taught in the traditional
method (NUS) or using US. Live US images were displayed on screens in the class and individual
workstations. Protocols for the US illustrated experiments are previously described (2,3). Learning
was assessed by means of a pre-/post-test design consisting of 16 MCQs. Questions tested the
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physiological concepts illustrated by ultrasound (n=4) and some basic cardiac or vascular physiology
(control questions) (n=4). After the practical activities the test was readministered to both groups.
Statistical analysis was determined using a Chi-squared 2 by 2 test with Yates’ continuity correction.
Results
For 14/16 questions, including all of those relating to cardiac physiology, there was no difference in
learning between the US and NUS groups. Proportionally more students in the US group correctly
answered 2 questions which related the direct observation of vein distention and the estimation of
venous pressure (87% US v 39% NUS (p= 0.001) and 62% US v -10% NUS (p=0.04)).
Conclusion
US can be used as a teaching tool to visualise human anatomy, and alongside that, make dynamic
physiological observations and measurements. Previous studies describe increased test scores and
better retainment of anatomical knowledge after anatomy teaching using US (4,5). Our study
supports the conclusion that US aids students' learning of directly observed phenomena. However,
learning that required the application of knowledge or conceptual understanding was not improved
by teaching demonstrations using US.
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technical skills would be recognised; and iii) to assess student perception of the benefit of skills
development workshops.
Six weeks following the submission of their portfolio, students were surveyed with twelve questions
to identify characteristics regarding background, technical competency and engagement with
academic skills workshops. Eight of the questions utilised a 4-point Likert scale with no neutral
option.
Responses to the survey were anonymous and ethics approval was granted by the Chair of the
Biomedical, Natural, Physical and Health Sciences Research Ethics Panel at the University of
Bradford. Responses to all questions was optional. 32 out of 55 (58%) students responded to the
survey. Of the 31 respondents who provided answers regarding gender and ethnicity, 16% identified
as Male and 84% as Female, whilst 16% identified as White, 68% as Asian/Asian British, 6% as
Black, African Caribbean or Black British and 2% as Other Ethnic Group. This demographic of
students is dissimilar to the national enrolment statistics in Higher Education across the United
Kingdom (74% White, 12% Asian, 8% Black; 43% Male, 57% Female in 2020-21)2.
88% of survey respondents agreed/strongly agreed that they had engaged with academic skills
workshops. Of these, 86% (75% of all respondents) agreed/strongly agreed that their ability to
communicate scientific concepts was improved by the workshops. However, whilst 82%
respondents agreed/strongly agreed that they had engaged with the ‘Introduction to PebblePad’ and
‘Introduction to the Portfolio’ workshops, 61% still perceived PebblePad to be a barrier to their
education, although 75% did find that its use had increased their confidence in adapting to new
software.
These data indicated that students who engaged with academic skills workshops recognised
improved communication skills. However, student responses to new software is nuanced; when
students are required to navigate unfamiliar technology, they may see it as both a barrier to learning,
whilst also identifying that they are developing new skills. Future research across multiple cohorts
and differing demographics may be beneficial and help facilitate the deployment of new digital
resources.
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The Clinical Sciences BSc programme at the University of Bradford recently underwent a curriculum
review which introduced a 20-credit module: Academic Skills & Professional Development in 20212. Students participated in academic skills workshops focused on scientific writing, communication
and maths. The module was assessed by submission of an ePortfolio, developed using PebblePad
software. Previous work at the University of Bradford has identified that when students have
confidence in adapting to new software, it does not prevent them identifying it as a barrier to
learning1. The aims of this work were to identify i) whether requiring students to learn new software
(PebblePad) would increase their confidence in using technology; ii) whether this development of
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Falls are a very common, but often preventable problem. One third of individuals aged 65 and older,
and half of individuals aged 80 and older will have a fall in any given year (NICE, 2013). Falls can
have serious consequences, such as fractures, head injuries and even death; but even falls which
result in no harm to the individual can cause distress and loss of confidence. Falls also have an
impact on mortality, with estimates that between 18% and 33% of patients who have a hip fracture
die within a year.
Quality improvement (QI) is defined as “the systematic use of methods and tools to try to
continuously improve quality of care and outcomes for patients” (Alderwick et al., 2017). QI seeks
to make changes within healthcare which contribute to safe, timely, effective, efficient, equitable and
person-centred care, the 6 internationally recognised dimensions of healthcare quality (Institute of
Medicine, 2001).
This study focused on the prevention and management of falls at a small Scottish rehabilitation
hospital, using quality improvement methodology by physiology undergraduate students.
The aims of this study were to:
Reduce the number of falls within a Stroke Rehabilitation Unit by 20% by September 2023.
Train 10 members of staff in completion of falls documentation within the incident reporting
system.
Of those trained, 90% will report a 4 or higher on a scale of 1-5 rating their confidence levels
using the incident reporting system by the 28th March 2022.
The methods of data collection in this study included examining incident reports, a staff survey, staff
engagement, and staff feedback from training sessions. Meetings were attended with staff and
stakeholders, and the test of change was to provide effective training sessions in using the incident
reporting system to report falls.
A large range of results were gathered from this study. The key findings were that most staff (71%)
reporting falls were registered nurses, with very few reports made by unregistered staff such as
healthcare support workers. Staff confidence using the incident reporting system was mixed, and
unfamiliarity with the incident reporting system was identified as a major barrier for reporting falls.
Only 5 members of staff received training due to staff pressures on the wards during COVID
restrictions, and 80% of those trained reported their confidence level above 4 so the last two aims
were not met. However, through training of senior healthcare support workers, cascade training of
junior healthcare support workers has been enabled. Areas for further improvement work were
identified from data collection which will contribute to the aim of reducing falls in the future.
This project showed that, even during the restrictions caused by the pandemic, physiology
undergraduate students can constructively and effectively help deliver positive change within
healthcare environments and potentially lead to improved treatment outcomes for patients.
•
•

•
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Statistics and data handling are essential skills in medical sciences which students often find
challenging. Similarly, there is a growing need for coding skills as we move more towards “big data”.
Employers are increasingly seeking experience of open access programming languages including
R and Python over proprietary data analysis software such as SPSS. However, our recent Internal
Teaching Review highlighted that our undergraduates wanted more teaching on statistics and data
analysis. Here we share our experiences of developing new optional online resources.
We developed two resources called “A Practical Guide to Data Analysis” and “Introduction to R”.
The format was short lecture recordings including demos in Excel and RStudio. A key focus of our
content was to provide context to aid understanding. In particular, when discussing how to choose
appropriate statistical tests and graph types we worked through multiple examples of experiments.
To allow students to conduct analysis in their own time, we also included simulated datasets, cheat
sheets and an R notebook containing code with the expected outputs. We targeted the resources
at years 3 and 4 but all medical science undergraduates had access through a shared virtual
learning environment. Additionally, we ran a live online session specifically for year 4 students
completing their honours projects called “Kickstarting your data analysis and visualisation”. Students
were invited to complete anonymous surveys for the resources which included both 10-point Likert
scales and free text questions.
Overall, the feedback across all the resources was very positive. The median rating of “A Practical
Guide to Data Analysis” was 10 (IQR: 8.5, 10). Students particularly liked the use of examples to
explain complex concepts. However, we acknowledge that engagement was relatively low which
could be due to lack of awareness of the resources or difficulty in finding them. One student
commented that they wish they had known about the resources before finishing the analysis for their
lab project. Our future work will consider how we can increase the visibility of these resources and
with the easing of restrictions, we are also planning to develop some face-to-face workshops such
as an R taster session.
____________________________________________________________________________
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Prior to the Coivd-19 pandemic student attendance and interaction during stage 1 seminars (small
group teaching; 20-25 students) was decreasing with student feedback indicating this resulted from
feelings that seminars frequently recapitulated lecture material but added nothing new. With
increasing evidence that motivating students through interest and engagement has a positive effect
on their learning and achievement (Altermann et al, 2016), we set out to increase the attractiveness
of seminars by including ‘real-life’ data to supplement learning and enhance engagement. Two stage
2 physiological sciences students were recruited to analyse physiological data (including heart rate,
ECG, blood pressure, O2 saturation, haematocrit, lung function, VO2 max, blood lactate
concentration and cognitive function (tests and mood charts)) collected by stage 1 students from a
group of volunteers trekking to Everest Base Camp. The students had to analyse and evaluate the
large data sets generated. Based on their experience of stage 1 physiology teaching they identified
the cardiovascular and respiratory data as being of greatest interest with potential for use in seminar
material. On identifying an abnormal ECG in one volunteer trekker they concluded that this would
be of interest for stage 1 students to analyse and interpret within a seminar. As expected, their
analysis of the oxygen saturation data showed marked decreases with increasing altitude when
trekkers were ascending to basecamp. In addition, the less marked decrease in O 2 saturation in
Sherpas (high altitude dwellers) compared with trekkers (lowlanders) was identified as of interest
for explaining acclimatisation. The seminar material developed by the stage 2 students was trialled
with a sample group of students who had recently completed stage 1. They reported that they found
this material more stimulating than the existing. They cited the use of real-life data as enhancing
their data analysis and interpretation skills, and promoting further investigation of the underlying
physiological mechanisms. Disruption to teaching during the Covid pandemic has delayed roll out
of the material to the full cohort, however it is expected that they will also find this material more
engaging.
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Experimental practice is considered important for the acquisition of knowledge and skills in
physiology. However, the usefulness of animal experimentation in physiology courses remains
controversial. Our objective was to design and implement a practical work (PW) for MSc students
allowing them to develop their conceptual and experimental skills through practical activities on an
animal model of pathology used in research.
The group consisted of 16 1st year Master students in Health Biology. PW was done in one day
using training room and animal facilities of the Faculty of Biology. PW theme was the in vivo and ex
vivo functional and structural exploration of the cardiorespiratory system in pulmonary hypertension.
The animal model, provided by a research laboratory, consisted in hypoxic Wistar rats maintained
in hypobaric chamber compared to normoxic ones. One animal was studied by one pair of students.
Experiments were done on anesthetized rats by IP injection of ketamine (10mg/100g) and xylazine
(1mg/100g) in non-recovery procedure, followed by euthanasia and isolated tissue exploration. At
the end of the session, data obtained on each rat were pooled for statistical comparison. Each pair
of students wrote a scientific report of their experimentation. Before PW, students attended the
French legal formation on animal experiments and theoretical courses on the cardiorespiratory
system and statistics. They also received tutorial videos and documents and had on PW day a short
oral presentation of the sequence and objectives. Students were trained and evaluated on good
laboratory practice including the following skills: in vivo anesthesia monitoring, trachea
catheterization, spirometry data acquisition, ex vivo organ isolation, pulmonary artery cannulation
and vascular resistance measurements on isolated lung, statistical analysis and data interpretation,
and scientific report writing. Skill acquisition was evaluated by 2 supervisors during PW, and through
the scientific report. An anonymous graded with open comments survey was submitted to students
to analyze how they evaluated the PW organization, their skills acquisition, and the usefulness of
animal experimentation.
The supervisors validated the acquisition of the listed skills for all students. 10/16 students
responded to the feedback survey. 90% of them found the PW organization and supervision well
done, and 90% found the PW useful to acquire scientific skills. Overall, 80% of the student found
the practical session interesting. When asked if replacing this PW with a virtual one would be
interesting, 70% answered negatively. Additionally, students commented that PW was very
important for them to understand and memorize their lectures and was not present enough in their
course.
We conclude that PW using real animal models in a research scenario has a specific pedagogical
value, and was so perceived by MSc students, for the acquisition of conceptual and experimental
skills critical in physiology.
____________________________________________________________________________
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Introduction
Many physiologists and research scientists view their discipline as ‘’neutral’’ and devoid of any sociopolitical and historical contexts, referred to as “scientific elitism’’. This became evident during the
Covid-19 pandemic where scientific facts mattered less in terms of shaping public opinion. Thus,
there is a gap in the instruction of physiologists and research scientists to be better trained to operate
within the ‘’post-truth’’ world. A unique Features of Science module was therefore conceptualized
and introduced as part of a BSc (Hons) one-year postgraduate degree program.
Methods
The module curriculum was constructed by the lecturer (in line with several design principles) and
the course content covered over eight 90-minute sessions with BSc (Hons) students (n=16; Division
of Medical Physiology, Stellenbosch University, South Africa). Design principles rooted in authentic,
self-reflective, and transformative learning theories were employed to enable a transformative
teaching and learning experience. The module provided insights into the scientific process and
knowledge production, its applications, and also focused on the role of socio-politico-cultural and
neoliberal economic factors in this instance. Student assessments included the completion of selfreflective journals, group presentations and an essay on a related, open-ended question. Student
feedback was assessed by completion of an anonymous survey and a thematic-type analysis
(anonymous) of their self-reflective journals. In addition, pre- and post-module tests were completed
(without any preparation and advanced studying) to evaluate whether the students displayed any
improved insights regarding their understanding of concepts discussed in classes.
Results
Feedback indicated that students found the subject content interesting and relevant, and that the
safe and brave spaces allowed for different viewpoints to be freely expressed. The Socratic-type
discussions in classes were well received and students indicated that it added considerable value
to their learning experience. They also felt that the module enhanced their understanding of the
complexity of the scientific process, while raising their awareness of humanity, empathy, and social
justice. The self-reflective journals also showed that the group presentations were a success and
enjoyed by the students. The evaluation of the pre- and post-module tests revealed a significant
improvement in student performances and retention of topics discussed in class.
Conclusion
Our findings indicate that the Features of Science module can be successfully implemented within
the Physiology higher education context and in other STEM environments, and that it may assist to
produce science graduates that are well equipped and trained to handle (and lead) some of the
contemporary, societal challenges facing humanity.
____________________________________________________________________________
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Students studying in the School of Biomedical, Nutritional and Sports Sciences at Newcastle
University (400 students/academic year across five degree programmes) have reported feelings of
isolation and resultant disengagement from their course due to the cohort size and limited
opportunities to work together over longer periods. To address this, alongside raising awareness of
research design and data interpretation, we recruited stage 1 students to a physiology-based
research project investigating the effect of altitude on key physiological parameters in a group of
people trekking to Everest base camp. Student volunteers collected data from the trekkers before
and after the trek, monitoring the effects of training, altitude simulation, and post-trek recovery, while
trekkers and accompanying Sherpas used portable devices to collect data during the trek (full study
period six months, trek duration twelve days). The students researched methods to measure blood
oxygen saturation, heart and respiratory rates, collect ECG data, and assess cognition. They
devised a programme of testing; data were collected from three volunteers for the entire period,
while additional data were obtained from a further ten volunteers during the trek period. The data
were analysed by the student volunteers and by two stage 2 physiological sciences students
completing summer vacation studentships. The students found that their results aligned with
predicted altitude effects on heart rate, respiratory rate and oxygen saturation for all volunteers, but
with greater changes in trekkers compared with Sherpas. The physiology underpinning all
observations, including some apparently aberrant ECG traces, was discussed and explanations
sought by the students. They produced infographics on results and background information which
has been used in engagement activities including Physiology Friday and for teaching purposes.
Students involved in the project reported that they learned new skills in data analysis and in research
planning, and that they gained an insight into how scientific projects work. It was cited as ‘a great
way to learn’ and to ‘actively recap on lectures’. In terms of sense of community, they stated the
project gave them feelings of ‘belonging’ and being ‘part of a group’, of ‘being useful’ and ‘part of
something bigger than just me’. They also felt that they would be more comfortable approaching
staff for help, that they felt ‘more included in the faculty’ and that it was ‘less scary’ to interact with
other students. Asked if they would like to be involved in similar projects again, all students strongly
agreed saying that ‘you only become better through projects such as this’. In conclusion,
engagement in the project led to enhanced practical skills for stage 1 students and empowered their
learning through increased confidence.
____________________________________________________________________________
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A 04-10
Student engagement with assessment feedback: Reviewing feedback from multiple
markers.
C. Tweedy, C. Haigh, D. Lewis, R. Norman
University of Leeds, Faculty of Biological Sciences, Leeds, UK
Feedback on assessments can cause headaches for both students and academics alike. Students
persistently score feedback lower on the National Student Survey (NSS) compared with other parts
of their education; and markers see repetition of the same mistakes, despite feedback being given
to address these issues. Ensuring consistent feedback is provided on large courses can often be
challenging when feedback is completed by multiple markers, which can then impacts student
engagement with feedback. In the School of Biomedical Sciences at the University of Leeds a
template approach was adopted as a guide for markers on the amount of feedback to provide and
directions on what the comments should address. In this study, a 1-hour student focus group was
conducted to review student engagement with this feedback and their views on what feedback
should look like. Students were briefed with the purpose of the study and consent was collected
before the start of the focus groups. The study design received ethical approval from the faculty
ethical review board.
Despite a template for markers, there was still a wide range of feedback provided. This resulted in
feedback receiving a range of different scores from student rating how useful they thought the
comments were. Students generally agreed that the balance between positive feedback on what
they have done well and points highlighting where they have gone wrong (negative) was OK.
Although comments made by level 4 student suggested they valued more positive comments
compared to level 6 students. When students were asked if they viewed their feedback more than
once, students stated that they would not return to feedback given for essays, due to comments
being topic specific and difficult to use in feedforward actions. However, they would view feedback
again given on assignment such as lab reports when writing their next assignment, although
students would only return to comments left in the general feedback box and not to the specific
comments left in-text. There was a general agreement that use of a marking rubric was useful, but
this was not always completed by all markers. Overall, it was evident that feedback is not a one size
fits all model, and it may be difficult to ever strike a balance where all students are happy due to the
emotive ties around assessments and assessment stress.
For the next academic year, there is a plan to run a level 4 reflective session that will introduce
students to reflection and instructs students on how to create an action plan from feedback [1]. This
aims to help students make the most of feedback that is given with additional aims of identifying
language barriers in feedback early in their educational journey and encouraging students to be
critiques of their own work.
References
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A 04-12
Use of infographics to develop and assess students’ communication skills – a comparison
between two institutions.
M. U. Woloszynowska-Fraser1, D. Scott2
1
Keele University, School of Life Science, Newcastle-under-Lyme, UK
2
University of Aberdeen, School of Medicine, Medical Sciences & Nutrition, Aberdeen, UK
We have previously introduced the use of infographics to replace a poster-based undergraduate
physiology project assessment (Scott & Jenkinson, 2020). VanderMolen and Spivey (2017) reported
that their learners displayed enhanced research skills, communication, and approach to learning
when their students undertook an infographic-based assignment. Here we compare the results when
two different cohorts of students in two different UK higher education institutions produced their own
infographics to communicate physiology-related research topics. Our aim was to understand
whether this assessment methodology could be successfully used with different student groups and
instructors and compare student attainment during such assignments. We also report the reflections
of educators who assessed these infographic posters.
Both institutions introduced the concept of infographics to their students, provided example
resources and grading rubrics to their students, and explained why this form of authentic
assessment would have use for their future employability. Cohort A were first year students (n = 88)
studying neuroscience who could choose one of ten neuroscience-related topics to communicate
via an infographic poster, but also had the option to come up with their own topic. They had 6 weeks
to prepare their work and submit it. Cohort B were third year students (n = 38) studying an integrative
physiology course and had free choice to research any physiological topic they liked. Cohort B had
10 weeks to complete their infographic. This infographic poster assignment formed 10% of the final
course grade for both cohorts. Students could use any free software they liked to create their
infographics. There was no communication between either cohort or their educators whilst these
assignments were running.
Cohort A’s average grade was 68%, whilst Cohort B’s average was 72%. Student free text feedback
indicated the science was not the hard part of the assignment, but time management was. Students
enjoyed working independently and used a variety of free software to achieve their goals.
Staff across both institutions reflected that students demonstrated creativity, innovation, originality,
and were able to distil complex topics into more accessible forms. These projects could be
undertaken whether a student was studying face-to-face, online or in hybrid mode. Staff commented
that it would be harder to detect plagiarism of images and that strict application of grading rubrics
was essential to ensure parity of assessment. Topic choice could make it harder to link the
assessment explicitly with intended learning outcomes, and topic complexity could influence the
effectiveness of the infographic produced.
We conclude that infographics are an effective way to encourage creativity and investigation by
students, irrespective of academic stage or institution.
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A 04-13
SciComm Summer: A Novel Project to Boost Student Employability and Skill Development
H. J. Stevenson-Cocks, V. Armstrong
Newcastle University, School of Biomedical, Nutritional and Sport Sciences, Newcastle upon
Tyne, UK
In the biomedical and related sciences (including physiological sciences) at Newcastle University,
we consistently see approximately 20 students secure highly competitive placement years between
stages 2 and 3 each year, thanks in large part to the wealth of employability-boosting extracurricular
activities that enhance their CV. However, throughout the COVID pandemic, such opportunities
were few and far between, and particularly inaccessible for international or shielding students, or
those with caring responsibilities. With a view to provide an equal opportunity to enhance student
employability and skill development amongst first year students, we developed a 3-week summer
research project centred around communicating science to an array of audiences; with
communication skills being highly desired by placement year providers and graduate employers
alike.
The project centred on a selection of recently published articles that had been featured by Newcastle
University's Press Office, with students having to communicate related science in a range of formats.
Application to the project was open to all first-year biomedical and related sciences students by CV
and cover letter to academic staff. 26 applications were received and accepted of which 24
successfully completed the project. Students were split into groups with each assigned a different
research paper, then completed an individual literature review (pitched at an academic audience),
an oral presentation (~16-year old audience) and a group poster presentation (for each other, in a
conference-style session). Skill support sessions were delivered by academic staff in the School
and other contributors across the University.
To evaluate the project, self-assessment skill surveys (via SurveyMonkey, and matched to
Newcastle University's Graduate Framework) were circulated before and after the project. Students
reported an increase across 12 of 14 skills, while 1 remained at the same rating and 1 negligibly
decreased. Furthermore, 73% of students wanting to secure competitive placement years after
stage 2 have now done so. Student feedback generally was overwhelmingly positive.
The project successfully upskilled students, and has applicability beyond the biosciences,
internationally and across disciplines as a route to boost employability and skill development in
student cohorts.
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Decolonising the Curriculum 101: A Beginner's Guide
N. Freestone
Kingston University, School of Life Sciences, Pharmacy and Chemistry, Kingston-upon-Thames,
UK
This work could not have been done without the engagement and enthusiasm of the wonderful,
ethnically diverse student body at Kingston University, London
Introduction
Within the prevailing UK contexts of the Black Lives Matter, Me Too and Rhodes Must Fall
movements, issues around Equality, Diversity and Inclusivity have much more emphasis in UK
Higher Education institutions (HEIs) currently than heretofore. A particular aspect of HE teaching
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scrutinised within this lens is the concept of “decolonising the curriculum”. This is taken to mean that
given the increasingly diverse student cohorts entering into UK HEIs the content of degree
programmes should reflect more adequately the audiences for whom they are intended. However,
existing programmes focus almost exclusively on Eurocentric paradigms. Furthermore, academic
members of staff may not feel sufficiently qualified in these politically contested areas to engage
meaningfully with these discourses. Thus, we are in a time when questioning of the previous
assumptions of what is and isn’t suitable to be taught in UK HEIs is a “live” issue engendering many
theoretical and political debates, not just in our own institutions but in society more generally. As an
example of the kind of exposure UK students are getting to this topic, the National Union of Students
(NUS) has produced a film entitled “Why is my curriculum white?” (2019). Consequently, UK HEIs
are having to respond to demands such as those being put by the NUS. Bioscience disciplines such
as physiology will not be immune to these prevailing political and sociological currents.
Methods
With this in mind, this project sought to produce a student-generated and accessible resource
highlighting the contribution of black and ethnic minority bioscientists in an infographic Case Study
format. The need for such a resource was underlined by the results of a small, pilot survey of
students.
Results
Students firstly identified the importance of an appreciation of diversity within the curriculum (93%
of students surveyed) but then reported that they felt that their cultural and ethnic diversity was not
valued by the university (53% of students surveyed). Even more worrying 60% of the students did
not see themselves represented in any way in their curriculum. Consequently 90% of students felt
that it was matter of urgency that the university acted to "decolonise the curriculum".
Conclusion
Bearing this in mind it seems timely that this project represents the first tentative steps to producing
a "low stakes" way of incorporating cultural and ethnic diversity into the biosciences curriculum. It is
hoped that this can be developed into a resource that can be widely used by academic colleagues
across UK HEIs.
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A 04-16
Strategies for optimising student success within and outside the curriculum
N. Freestone
Kingston University (KU), School of Life Sciences, Pharmacy and Chemistry, Kingston-uponThames, UK
Introduction
The Pharmaceutical Science degrees at Kingston University (KU) are a popular choice for many
students from a BAME background. The degrees are very broad-based with an emphasis on the
cultivation of laboratory skills. Students enrolling on these programmes often do so after having
failed to enter the competitive MPharm Pharmacy programme and with the intention of doing well
enough in their first year to transfer to the Pharmacy degree. This can be a challenging route to take
and unfortunately few students make the grades to transfer. Consequently, the Pharmaceutical
Science team is confronted with second year students who are doubly disappointed (having failed
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twice to get onto Pharmacy), uncertain about what the Pharmaceutical Science degree can do for
them and what career opportunities exist for them upon graduation.
A number of interventions that seek to engender a real learning community amongst the students
have been developed to improve the student experience.
Methods
This has involved the provision of additional opportunities for personal development and
extracurricular activities (often paid) and initiated degree pathways that emphasise science careers
outside the laboratory.
Results
A peer mentoring intervention yielded very positive results, providing tangible benefits for difficult to
reach student groups such as BTEC students and commuting students. Students who engaged in
the scheme had significantly better progression rates to the second year of the degree than nonengaged students (97.6 % versus 75 %). Furthermore, engaged students were more likely to
progress after successful re-assessment and less likely to withdraw or fail.
By identifying and filling a gap in the provision of undergraduate education in the UK, in the area of
Regulatory Affairs (ensuring regulatory standards of drug and other therapeutic products for human
use), we developed the UK’s first undergraduate module in Regulatory Affairs. This enabled the
conferment of a degree that is currently unique amongst UK Higher Education Institutions – the
BSc (Hons) in Pharmaceutical Science with Regulatory Affairs. Development of this cognate area
has enabled students to expand their employment horizons, maximise their potential in science
outside of the experimental laboratory and research environment and learn new transferable skills,
especially in terms of critical analysis and evaluation.
Conclusion
Over the last few years the UK's National Student Survey (NSS) ‘Overall Satisfaction’ scores on this
programme have reached in excess of 90%; making it probably the highest ranking such course in
the country. Equally, employment outcomes for the students exiting this programme are better than
sector averages, with 78% of alumni gaining graduate level jobs after graduation and 98% of
graduates in total gaining a job of some kind. Other interventions to optimise the student learning
exeprience will be discussed.
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A 04-17
Application of an objective structured practical examination of a strength and conditioning
program in an ecological valid environment.
D. Ball1, D. Sutton1, C. Roberts2, G. Kerr2
1
University of Aberdeen, Institute of Education in Healthcare and Medical Sciences, Aberdeen,
UK
2
University of Aberdeen, Directorate of People, Aberdeen, UK

based on strength and conditioning and was designed to assess the competencies of students
supervising a client in a ecological valid environment
Methods
A total of 43 students were enrolled onto the course from a range of degree programs. Each student
had completed 5-hours of timetabled practical strength and conditioning teaching. Prior to the
assessment students were provided access to an online recording highlighting correct technique
and common errors in exercise execution. The assessment was conducted with 5 members of staff
and assistance from qualified S&C students. Students performance was recorded using 41 separate
criteria [2] that assessed both lifting technique and client interaction.
Results
From a maximum of 47 marks that could be attained, the class average mark was 38, which equated
to a common assessment grade A4 and the total time required to complete the activity for the class
was 5 hours. The OSPE also included assessment for covid mitigation and was assessed on
whether candidates followed covid rules/guidance, such as equipment cleaning before and after use
and hand sanitisation prior to and after the OSPE and whether social distancing was maintained,
where appropriate. Student feedback on the course was obtained using a course feedback form and
was completed by 35% (15 of 43) of the course cohort. From these students 65-70% strongly rated
the teaching as effective, and highly rated the practical element and the OSPE. Those that provided
feedback strongly agreed that the course made them feel more confident for future assessments.
Conclusion
The application of the OSPE format of assessment is an appropriate and time efficient method to
assess practical skills. However, the use of OSPE requires detailed planning prior to the assessment
day both to identify the marking criteria and the time requirement for each station. The OSPE
provided the assessment team with specific marking criteria that encompassed the key skill
competencies to ensure safe and effective practice.
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The authors acknowledge the support from Dr A Lionikas, Dr M Scholz, Mr M Callow and Ms E
Varley in delivering this assessment.
Introduction
The development of the objective structured practical examinations (OSPE) stems from the
objective structured clinical examination that was first described by Harden et al [1]. Objective
structured examinations are designed to assess a range of competencies that range from patient
interaction through to data interpretation and are conducted within a single examination consisting
of several test stations. The current project was employed in an undergraduate course that was
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A 04-18
The Capstone Experience: Better preparing learners for the 21st Century workplace
D. I. Lewis1, S. C. Calaghan1, J. H. Edwards1, S. Jones2,3, R. Norman1, M. Payne4, A. R. Pickles1,
A. J. Smith1, C. Haigh1
1
University of Leeds, School of Biomedical Sciences, Leeds, UK
2
York St John University, Teaching & Learning Enhancement, York, UK
3
Institute of Biomedical Science, London, UK
4
University of Sunderland, Faculty of Health Sciences & Wellbeing, Sunderland, UK
The Authors gratefully acknowledge their colleagues and learners within the School of Biomedical
Sciences who have contribributed to creation and delivery of this course
Recognising that increasing numbers of our students were not going into careers in research, we
introduced capstone experiences, with their focus on personal and professional development, into
our Physiology and other Biomedical Sciences programmes 1. Our aim, to better prepare our
learners, through their projects, for the diversity of careers they go on to.
We have progressively developed a portfolio of opportunities, retaining traditional research projects
for those going onto careers in research, whilst introducing industry-focused capstones for those
seeking to use their science outside of research, and social justice capstones for those seeking
opportunities in the Community, all in the same course2.
We continue to develop our intervention. To better replicate the workplace the majority are teambased, enabling learners to develop the skills and attributes that can only come from team working.
We give them ownership of their learning and experiences by requiring them to fulfil capstone briefs
rather than undertake defined projects. We have broadened our assessment tools, introducing
options that replicate workplace tasks, and giving learners the choice of assessment. Leaners are
increasingly interested in social justice so we introduced Grand Challenges capstones where they
create evidence-driven reports as to how their discipline can provide solutions to a UN SDG in the
Global South. In 2022-23, these will become transnational educational opportunities.
Capstones are academically equivalent to traditional research projects, with no significant difference
in learner attainment between both (2021: mean module mark ± SD, traditional vs capstones =
70.7±6% vs 71.4±5%, p=0.47, Student’s t-test). In 2021-22, 24% selected capstones as their first
choice, a huge cultural shift given we are a research-intensive Institution.
Our work has had significant impact within our university, nationally and internationally. The
University of Leeds now requires all programmes to provide a portfolio of capstone opportunities.
The Covid pandemic, with restricted access to research facilities, massively accelerated the
implementation of capstones into Bioscience programmes globally. Recognising the benefits to
learners, most are retaining capstones and expanding their portfolios. Our support resources have
had 15,000 views from over 50 Countries1,4. Ninety-two percent of 2021 UK Bioscience graduates
we surveyed want the option to undertake a capstone in their programme.
This study has highlighted the potential of capstones to provide an inspirational, transformative and
translational educational experience, but also the demand for these experiences from learners. It is
the start of a global educational journey as educators recognise the potential of capstones and
introduce them into their programmes2. To facilitate this, we have created a global Community of
Practice and invite educators who wish to be part of this inspirational educational initiative to join us.
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University-for-All: A funded educational programme that helps both students and staff.
G. Stewart
University College Dublin, Biology & Environmental Science, Dublin, Ireland
This work was part of the University-for-All programme funded by University College Dublin and
the Higher Education Authority (HEA) Ireland.
The educational sector faces the requirement to better cater for the diverse population of students
with learning difficulties now attending university. This challenge is compounded by the fact that
overall student numbers continue to rise. How can we meet this combination of challenges?
University College Dublin has recently attempted to answer this problem by introducing the
University-for-All programme - an educational scheme in which academic staff receive small
amounts of funding to facilitate them improving the provision in their teaching for students who face
additional learning difficulties.
An example project funded under this scheme was entitled “Considerate Slides – A small step in the
right direction”. In this study, improvements were made to the accessibility of all the lecture slides
on two early-stage undergraduate modules, in biology and zoology, consisting of ~400 students in
total. With ~35 hours work, successful changes were made to 20 sets of lecture slides – as signified
by a perfect 100% score on the ALLY software tool. Feedback was then obtained from students on
both modules, including specific questions regarding the slides. This considerable additional
workload was enabled by the funding being used to employ a part-time research assistant to cover
laboratory supervision tasks, which would have otherwise had to have been undertaken by the
academic staff member.
In conclusion, this programme had two key achievements – namely (i) improving the slide
accessibility for a large cohort of students, and (ii) incentivising academic staff to make educational
improvements at a time when they face ever increasing teaching workloads.
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Presenting a Student-Driven Educational Video on YouTube: Choosing Between
Engagement with Music or Learning with Boredom
H. J. Witchel
Brighton and Sussex Medical School, Department of Neuroscience, Brighton, UK
I gratefully acknowledge the four students whose ideas, artwork and animations formed the basis
of this video: Patrick Tano, Niamh Reidy, Laura Somers and Melissa Bowen, as well as the
Physiological Society for a David Jordan Teaching Award that funded the professional expansion
of the video. I also acknowledge the BSMS Student Selected Component programme (Module
307) for creating the initial funding and opportunity, as well as Jean Trend, the actress who acted
as if she had heart failure.
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Introduction
Many students, when they have a conceptual question, often use online videos to answer their
questions, rather than engaging directly with their instructors. There are risks and benefits of using
uncurated online resources to allow students of different ages to withdraw into self-directed learning
[Guy & Witchel, 2022]. Do students who choose their own educational resources serve their own
best interests?
Methods
The author led a small class of medical students on making educational videos that resulted in a
video on the pathophysiology of heart failure. Based on a David Jordan Teaching Award from the
Physiological Society (UK), the video was expanded by a professional animator. That video was
released on YouTube in two formats: one with background music, and the other without background
music [1]. There were no other differences between the two videos, and the videos included the
URLs to each other in their descriptions, so any student who preferred a video with or without music
could easily find the matching video with or without music. The music was an upbeat instrumental
(i.e., non-vocal) piece that was made specifically for backing videos and is not generally known to
the public. After a soft launch of the two videos simultaneously, the author monitored the hit rate of
the two videos for past three years.
Results
The music-backed video has always had more hits, initially starting at 3X more, but now has received
8X as many hits (see Figure 1). Not surprisingly, given the far greater number of hits, the musiccontaining video has a few likes (9 likes, 0 dislikes) whereas the music-free video has none. The
music-containing video has only one comment, which is, “Music is distracting. Nice content all the
same :)” Given that the two videos plainly cross-refer to each other, what prevents students from
seeking and playing the music-free version?
Conclusion
We can only speculate that the music is indeed distracting, so that it is harder to learn the material
with the music in the background, but that students prefer (because they emotionally respond
strongly to) upbeat music, even for a video that plainly has no purpose except for educating students
on the pathophysiology of heart failure.
Video Hits on YouTube:
With vs Without Music
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the Online Teaching Practice of Medical Physiology During COVID-19 Pandemic: Does
Gender Has a Role?
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Introduction
The coronavirus has hit the world and has led to substantial changes in all aspects of life. One of
the important affected aspects is the teaching and learning process. Most of the learning authorities
including King Abdulaziz University, Rabigh branch have shifted to distant and online learning to
avoid social contact and spreading the viral infection. Creating an interesting and interactive
environment via online learning became necessary to attract the students’ attention and sharing in
the online sessions was, therefore, crucial.
Methods
crossword puzzles were created using an online tool. A questionnaire that assesses the satisfaction
of the students regarding the application of the online puzzle was built and medical education
experts did the content validity. Lectures were given online via the blackboard ultra collaborate
system followed by a brief session for solving the crossword puzzle. students were given five
minutes to think and prepare their answers and then they solve the puzzle via the chat window and
the teacher corrects them. The questionnaire was sent to students in a google form. Statistical
analysis was followed using SPSS software
Results
the study population was 37 students (37.8% females & 62.8% males). There was no significant
gender difference in the student's response to all questions, p>0.05. 75.7% Strongly agreed that
games are an interesting and enthusiastic method in physiology education. 78.4% Strongly agreed
that games are an effective tool of communication between the teacher and students. 70.3%
Strongly agreed that the crossword puzzle is an interesting interactive online educational tool. 64.9%
Strongly agreed that puzzles helped to memorize the definitions and terminologies in physiology.
78.4% Strongly agreed that crossword puzzle was a good addition to the educational practice of
physiology.
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Conclusion
The crossword puzzle is considered a good way for an interesting, interactive online educational
practice. The presence of no gender difference in the students' satisfaction regarding this tool casts
light on the importance of interactive, joyful, and creative teaching practice particularly during the
stigmata of epidemics.
Graphical Abstract of the
procedures and main results
This figure demonstrates
the three stages of our
research; preparation,
application, and results
analysis.
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Introduction
The world has changed rapidly since the emergence of the COVID-19 pandemic, and the education
community has not been immune to these changes. With abrupt school closings and a rapid
transition to online teaching and learning, the educational technologies have been stretched to their
limits and pedagogic approaches blossomed. As the world strives to reestablish nor- malcy, it will
be under the influence of the long-lasting impact of the pandemic. This manuscript provides
recommendations for the online conversion of curricula in health sciences programs. Strategic
guidelines are emerging for building on these changes to enhance teaching and learning in the
current pandemic era.
Methods
literature review
Results
COVID-19 pandemic has transformed societies across the globe in a short time, restricting mobility
by government-imposed lockdowns. Almost all institutions have been affected by this, and rapidly
converted to online delivery. While such rapid conversion has challenged educators and students,
it also has revealed several strengths, weaknesses, and threats to our educational programs.
Among the strengths, current technologies can support large-scale online education. Most
educators and students were adaptable and resilient in their pursuit of teaching and learning. As the
world strives to re-establish normally, it will be under the influence of the long-lasting impact of the
pandemic. This project provides recommendations for the online conversion of anatomical sciences
curricula in health sciences programs. It recommended that the design and implementation of online
anatomical sciences curricula start with the selection of an effective curriculum design and be guided
by learning theories, and successful past experiences in digital anatomy curricula. Although faculty
could decide whether the online experience should be asynchronous, synchronous, or hybrid, an
online hybrid anatomy curriculum was viewed as the most effective method because it incorporates
the synchronous and asynchronous components of the course.
Conclusion
Faculty need to construct a continuous feedback loop by creating an online learning environment.
For anatomical sciences, a complete digital conversion poses an added challenge due to the visual
nature of the subject and a significant reliance on hands-on laboratory activities that ensure
complete visuospatial understanding of the body. This guideline provides evidence-based
pedagogical strategies for designing online anatomical sciences curricula for maximum
engagement.
____________________________________________________________________________
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Let’s PREPARE together to ARRIVE in better shape: how to plan animal experiments
A. J. Smith
Norecopa, Ås, Norway
Few physiologists are experts in laboratory animal science – and vice versa. But expertise from both
disciplines is needed if the data from an animal experiment are to be valid, reproducible and
translatable. The enormous potential for variation within and between animals, and from the effects
of environmental factors, must be discussed from the earliest possible stage, so that ways to
manage this can be found.
Scientists are usually well aware of reporting guidelines, such as ARRIVE (Percie du Sert, 2020),
since these are often endorsed by the journals where they hope to publish. However, a report (like
a burnt cake) cannot be improved by a better description. We need to start the work of quality
assurance in the kitchen, by optimalisation of the recipe and baking conditions. The dialogue
between scientists and the animal facility must begin early. There will be a host of practical issues
(never mentioned in publications) which can affect the outcome – examples will be given.
Based on our experiences in managing accredited animal facilities and supervising research, we
have published the PREPARE guidelines for planning studies which may involve the use of animals
or animal material. PREPARE (2018) consists of a checklist, currently available in nearly 30
languages, and a website (PREPARE, 2022) with more information on each of the topics on the
checklist. The website contains links to the latest guidelines and scientific papers from all over the
world and is continually updated. PREPARE is designed to be a friendly aide memoire to encourage
collaboration between scientists and animal facility staff, from day 1 of planning.
In our experience, early collaboration often reveals practical issues which, if unresolved, can
seriously affect the validity of a study. Collaboration also ensures that health & safety issues are
addressed, and that the responsibility for all phases of the study, including data collection, and their
associated costs are clarified, avoiding misunderstandings which in the worst case can prevent
publication if they have been overseen.
Physiologists and laboratory animal specialists should meet more often to discuss animal research.
We hope that PREPARE will encourage better cooperation between these specialities. This is a
win-win situation, giving
Better science
Improved animal welfare
•
A safer working environment
•
•
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The pelvic area — a central hypogastric area for abdominal palpation for human pelvic
organs
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Introduction
The pelvic area is a central hypogastric area which is conformed with the pelvic inlet for abdominal
palpation to reduce overlapping of the non-pelvic area and is sensitive and specific in diagnosing
female abdominal emergencies (Figure 1).1,2
Methods
By classifying the abdominal area as inside or outside the pelvic area, abdominal pain can be located
inside or outside the pelvic cavity, thereby distinguishing pelvic diseases from non-pelvic diseases.
When the examiner divides the patient’s pelvic area along the pelvic ring using his/her hand on the
patient’s contralateral abdomen (Ou MC manipulation), there can be a reduced pain zone under the
hand and alleviate pain in the non-diseased area which is called Ou MC decrescendo phenomenon
(Figure 2).2-5 It allows patients with poor perception of tenderness or abdominal pain with guarding
to easily recognize pelvic or non-pelvic pain.
Results
Studies showed that partitioning the pelvic area which conforms with pelvic cavity inlet can reduce
confusing pelvic and non-pelvic diseases when using traditional four quadrants or nine regions
method.1-3
Conclusion
Pelvic area can present the physiological and pathological function anatomically for pelvic cavity
organs and is more sensitive and specific than traditional four quadrants and nine regions methods
for abdominal palpation for differentiation between pelvic and non-pelvic diseases.
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Fig. 1
The pelvic area (Ou MC
area) traces along the
pelvic ring, containing
most of the pelvic organs.
Thus, this trapezoid
isolated anatomical
functional area is more
closely related to the
functions of the organs in
the pelvic cavity than the
traditional hypogastric
region. The square
hypogastric region may
involve parts of non-pelvic
organs, as its shape does
not conform to the pelvic
inlet.1,2

Fig. 2
The examiner puts the hand
on the patient’s
contralateral side abdomen
for 5 seconds or more or
repeats the procedure. It
can produce a pain-reduced
area under the hand (Ou MC
decrescendo phenomenon) and
alleviate the pain in the
non-diseased area, which
allows patients with
abdominal pain and
guarding, or poor
perception of tenderness to
easily recognize pelvic or
non-pelvic pain.2-5
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Introduction
One of the most effective means of encouraging learning is to provide students with regular
evaluations of their knowledge, usually in the form of either summative or formative assessments.
Such assessments, when supplied with appropriate feedback, enable students to apply their
knowledge, gauge their understanding of particular topics and identify areas of weakness. However,
as it remains unclear if students have a preference for summative over formative evaluations, or
vice versa, the current study sought to address this question. Specifically, we surveyed first year
graduate entry to medicine (GEM) students at University College Cork for their preference of either
summative individual evaluations in physiology for a certain percentage of marks (with general
feedback on test performance provided afterwards), or for formative low/no stakes questions
individually or in a group, with immediate feedback from the questioner.
Methods
The study was conducted over two academic years (2018-19 & 2019-20), with two consecutive first
year GEM classes, and collected data relating to the first two semesters of the programme. In
semester 1, students each sat five separate summative 20 question evaluations on computers, with
each test worth 0.2% of their final end of semester physiology mark (i.e. 1% in total), with feedback
on the questions provided at a later date. In the second semester, students sat four entirely formative
evaluations, either individually or in collaborative groups, using the cloud-based student response
system, Socrative. At the end of the study period, 137 students (66 male, 71 female; 83.5% of total
GEM 1 cohort) completed, or partially completed, an anonymised survey collecting information on
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both student demographics and their views on the summative and formative evaluations performed
in semesters 1 and 2
Results
Our survey revealed that students found both forms of evaluation roughly equally useful both for
providing feedback about their understanding of physiology material (89.4% strongly agreed (SA)
or agreed (A) for summative (n=132) vs 90.1% SA or A for formative (n=131) and identifying deficits
in their physiology knowledge (77.3% SA or A summative (n=132) vs 85.9% SA or A, formative
(n=128)). However, a significantly larger number of students indicated that they felt that the
summative evaluations provided a greater motivation to study and keep up with taught material than
the formative evaluations (76.5% SA or A (n=132), summative vs 64.8% SA or A, formative (n=130);
p=0.006, unpaired t-test). In spite of this finding however, more students favoured formative (38.3%)
over the summative (28.1%) evaluations given a choice between the two.
Conclusion
Our findings indicate that pre-clinical GEM students value both summative and formative evaluation
roughly equally to facilitate their learning and understanding of physiology, although for slightly
differing reasons.
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Insulin-like growth factor binding protein 7 reduces glucose stimulated insulin secretion
and downregulates key beta cell transcription factors
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Introduction
Cystic fibrosis (CF) is one of the most prevalent genetic diseases in the world and is caused by lossof-function mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene. The
most common non-pulmonary complication of CF is cystic fibrosis-related diabetes mellitus (CFRD),
characterised by impaired insulin secretion. In a ferret CFTR-KO model, the secretome from
pancreatic ductal epithelium showed an upregulation of transforming growth factor β1 (TGFβ1) (1).
In the same study TGFβ1 stimulated an increased expression of insulin-like growth factor binding
protein 7 (IGFBP7) in the surrounding pancreatic stromal cells. IGFBP7 can bind insulin with high
affinity and interact with the insulin receptor and IGF receptors (2, 3). The aim of this project is to
investigate if IGFBP7 affects β-cell physiology and insulin secretion.
Methods
EndoC-βH1 cells were used in glucose stimulated insulin secretion (GSIS) experiments. In acute
IGFBP7 treatment, the GSIS assay buffer was supplemented with 100 nM IGFBP7. C-peptide was
measured with ELISA as a proxy for secreted insulin and the results were normalised to total protein
(ng/mg prot/h). In long-term treatment, cells were cultured 72 h with 100 nM IGFBP7 prior to GSIS,
and secreted insulin was normalised to total insulin (%/h). Gene expression after long-term
treatment was assessed with RT-qPCR. RNA from EndoC-βH1 cells, 4 passages, and primary
human islets from 4 donors was prepared using the TruSeq library kit and sequenced on an Illumina
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platform. Transcripts were quantified with Salmon v. 0.14 and results were processed using the
DESeq2 tool, reported as normalised counts. For GSIS and RT-qPCR data, statistical analysis was
done using paired T-test.
Results
In acute treatment experiments, IGFBP7 reduced the secretion of C-peptide at 20 mM glucose
stimulation (CTRL 111 ng/mg prot/h vs. IGFBP7 90 ng/mg prot/h, n=5, P=0.018). A similar effect
was observed with long-term treatment of IGFBP7 (CTRL 5.2 %/h vs. IGFBP7 4.0 %/h, n=4,
P=0.0085). Long-term treatment with IGFBP7 did not significantly change total insulin content of
EndoC-βH1 cells. In long-term treatment, there was a decreased expression of genes important for
β-cell function such as PDX1, NKX6-1, PAX4, FOXO1 (n=4, P<0.05). We saw a reduction of VAMP2
(n=4, P<0.05). In RNA sequencing data, there was similar expression of potential IGFBP7 binding
receptor genes INSR, IGF1R, IGF2R as with TGFBR1 and KCNJ11, in EndoC-βH1 cells and
primary human islets. However, the expression of IGFBP7 was almost 50 times higher in primary
human islets in comparison to EndoC-βH1 cells.
Conclusion
Taken together, our experiments show that IGFBP7 causes reduced insulin secretion from the
EndoC-βH1 cell line and decreases the expression of key β-cell genes. In the wider context of cystic
fibrosis, we hypothesize that IGFBP7 may have a role as an intra-pancreatic mediator in the
pathophysiology of CFRD.
References
[1]
Rotti PG, Evans IA, Zhang Y, Liang B, Cunicelli N, O'Malley Y, et al.
Lack of CFTR alters the ferret pancreatic ductal epithelial secretome and
cellular proteome: Implications for exocrine/endocrine signaling. J Cyst
Fibros. 2021.
[2]
Yamanaka Y, Wilson EM, Rosenfeld RG, Oh Y. Inhibition of insulin
receptor activation by insulin-like growth factor binding proteins. J Biol
Chem. 1997;272(49):30729-34.
[3]
Artico LL, Laranjeira ABA, Campos LW, Corrêa JR, Zenatti PP,
Carvalheira JBC, et al. Physiologic IGFBP7 levels prolong IGF1R activation in
acute lymphoblastic leukemia. Blood Adv. 2021;5(18):3633-46.
____________________________________________________________________________
A 05-02
Investigating levels of gut permeability markers in blood from patients with severe asthma
across body mass index (BMI)
C. Parenti1, A. M. Murphy1, N. Lad1, P. G. McTernan1, C. P. Nelson1, G. R. Sharpe1, C. Barber2,3,
R. Abadalkareem2, A. Azim2,3, R. Kurukulaaratchy2,4, H.M. Haitchi2,4, N. C. Williams1
1
Nottingham Trent University, School of science and Technology, Nottingham, UK
2
University of Southampton, Academic Unit of Clinical and Experimental Sciences, Southampton,
UK
3
University Hospital Southampton NHS Foundation Trust, National Institute for Health Research
(NIHR), Southampton, UK
4
University of Southampton, Institute for Life Sciences, Southampton, UK
I would like to thank the WATCH cohort study team and the University of Southampton for
providing samples, data and insight on this research study.

426

I would like to thank DTA3/COFUND MARIE SKLODOWSKA-CURIE PhD Fellowship for funding
my PhD.
Introduction
The human gut microbiota is an emerging contributor to asthma severity which may be worsened
by obesity1. It appears weight gain changes gut microbiota composition and may increase intestinal
permeability, leading to gram-negative bacterial fragments, named lipopolysaccharides (LPS)
entering the circulation2. This increase in LPS may exacerbate the systemic inflammatory response
in patients with asthma and obesity. However, it is currently unclear whether intestinal permeability
biomarkers (IPBs) are directly influenced by weight gain and influence severe asthma. This study
therefore examined the relationship of IPBs on asthma severity and weight gain, to determine the
potential of the intestinal barrier as a target for future adjunct dietary therapy.
Methods
Fasted blood was collected from patients with severe asthma from the Wessex AsThma CoHort
(WATCH) (REC#: 14/WW/1226) (women: n=69; age: 46.42±14.60yrs; BMI: 32.34±7.48Kg/m 2; men:
n=29; age: 52.72 ±16.08yrs; BMI: 29.16±5.69Kg/m 2; all on high dose inhaled corticosteroids).
Circulating LBP, calprotectin and inflammatory markers were assessed by ELISA. Patients
completed the Asthma Control Questionnaire-6 (ACQ-6), and scores were used to assess the
relationship between gut permeability markers, asthma control, and BMI.
Results
Circulating levels of LBP and calprotectin were greater in obese patients with severe asthma
(BMI:>30;LBP:17.06±8.35µg/mL; calprotectin: 996.14±659.30ng/mL compared with lean patients
with severe asthma (BMI: 18.5-24.9; LBP: 11.36±4.27µg/mL; calprotectin: 541.77±357.93 ng/mL;
P<0.001 P<0.01. Circulating LBP levels were greater in patients with poorly controlled asthma
(ACQ-6 score ≥1.5) compared to well controlled asthma patients (LBP: 15.10±7.88 µg/mL vs
10.95±4.50µg/mL; P=0.0279). Furthermore, irrespective of asthma control, LBP was increased in
obese patients (LBP: 17.06±8.35µg/mL) compared with either overweight (LPB: 11.83±6.68 µg/ml)
or lean patients (11.36±4.27µg/ml; P=0.0004). Significant positive correlations were identified
between increasing levels of LBP with asthma-related cytokines granzyme A (P< 0.05); granzyme
B (P<0.05); and CCL4 (P<0.05). Increasing levels of calprotectin were also positively correlated with
granzyme A (P<0.005). Concentrations of LBP and calprotectin were not influenced by gender or
age.
Conclusion
In summary, increased concentrations of gut permeability biomarkers were associated with poorer
asthma control, increased body weight, and increasing inflammatory markers of asthma. These
data therefore suggest that assessment of systemic LBP and calprotectin levels in subjects with
asthma and obesity may offer insight into disease severity. Furthermore, the role of these intestinal
permeability markers suggests that the intestinal barrier could be the target of future dietary
interventions to improve disease management.
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Introduction
High-Fructose Corn Syrup (HFCS), a fructose and glucose containing sweetener widely used in
modern types of fat-enriched diets, has been associated with the development and progression of
Non-Alcoholic Fatty Liver Disease (NAFLD). Recent evidence indicates a tight association of HFCS
consumption with the development of fatty liver; nevertheless, the precise mechanisms by which
fructose in the form of HFCS influences hepatic metabolism remain unidentified. In the present study
we focused on the characterization of the additive impact of HFCS on NAFLD physiology under
obese conditions, specifically aiming to identify the potential metabolic mechanisms that could
regulate the HFCS-induced exaggeration of NAFLD in obesity.
Methods
C57Bl6 male mice were fed a normal diet (ND) or a high-fat diet (HFD) or a HFD supplemented with
HFCS55 (HFD-HFCS) for 20 weeks. At the end of the experiment, mice were anesthetized by
ketamine, blood was collected and upon systemic perfusion with phosphate-buffered saline (PBS)
the liver tissues were collected. Histological and biochemical characterization were performed in
hepatic tissues and blood respectively. Additionally, hepatic proteomic and lipidomic analyses were
conducted to determine pathway/process enrichments and regulatory networks responsible for the
presence of liver steatosis. These results were further evaluated with enzymatic assays, which
focused on specific mitochondrial functions.
Results
Mice subjected to HFD-HFCS displayed comparable obesity with HFD mice but showed significantly
greater hepatic lipid deposition. In the HFD-HFCS hepatic proteome, all de novo lipogenesis (DNL)
enzymes were increased as compared to HFD group. Moreover, their proteomic/lipidomic signature
revealed activation of oxidative phosphorylation (OXPHOS) and TCA cycle, suggesting
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mitochondrial oxidative networks as candidate mediators of steatosis deterioration in HFD-HFCS
livers.
Conclusion
The presence of excessive hepatic steatosis in HFD-HFCS mice compared to HFD mice is attributed
to increased DNL, implying a strong induction of hepatic mitochondrial dysfunction by HFCS.
____________________________________________________________________________

significantly increased (p<0.05) in HFD fed mice compared to CD, and TRF significantly
downregulated Tgfβ1 expression.
Conclusion
Time-restricted feeding synchronizes circadian rhythm in the liver, adipose tissue, and skeletal
muscle and reduces weight gain, insulin resistance and adipose tissue fibrosis in mice fed with high
fat diet. The reduction in adipose tissue fibrosis may be due to downregulation of Rev-Erbα.
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Introduction
Obesity is a major risk factor for cardiometabolic diseases and characterized by adipocyte
hypertrophy and hyperplasia triggering inflammation, and fibrosis. Fibrosis is the accumulation of
extracellular matrix (ECM) proteins such as fibronectin and collagen, which prevents dynamical
remodeling of the tissues [1]. Feeding and fasting drives daily rhythm and regulates nutrient
homeostasis. The circadian oscillator components regulate activities of neuroendocrine, signaling,
and metabolic pathways [2]. Perturbation of circadian oscillator components results in obesity,
diabetes, and inflammation [3]. Time-restricted feeding (TRF) has been shown to reduce obesity,
type-2 diabetes, and inflammation in animal and humans [4]. We hypothesize that time-restricted
feeding reduces weight gain and fibrosis markers by synchronizing circadian rhythm in mice fed with
high fat diet.
Methods
Male mice (C57bl6) were fed either TRF or ad libitum with high fat (HFD, 60% Kcal fat) or control
diet (CD, 10% Kcal Fat) for 12 weeks. Zeitgeber time 0 (ZT0) was designated as light-on time and
ZT12 as lights-off time. Under TRF mice were allowed to eat for 10 hours between ZT15-ZT24. Body
weight and food intake were measured on every second day, and glucose tolerance tests were
performed after 8 and 12 weeks of feeding. Fasting plasma lipids were measured after 14 weeks of
feeding and tissue samples were collected at ZT0.5 for gene and protein expression. Gene
expression was performed by real-time PCR and one-way ANOVA was used for analysis of
statistical significance between the groups.
Results
TRF significantly (p<0.0001) decreased body weight gain in HFD fed mice compared to ad libitum,
while no significant change in CD despite similar caloric intake. TRF significantly improved (p<0.05)
insulin sensitivity and reduced plasma lipids in mice fed with HFD. HFD feeding significantly (p<0.05)
reduced Bmal1 expression in skeletal muscle, liver, and adipose tissue (AT) and increased RevErbα expression in AT compared to CD fed mice. It has been demonstrated that Bmal1-/- mice
display increased fat deposition, plasma lipids, and disrupted glucose homeostasis [5]. TRF
significantly (p<0.05) induced Bmal1 in AT and skeletal muscle and repressed Rev-Erbα expression
in AT and liver of HFD fed mice. Furthermore, HFD feeding significantly increased expression
of ECM like fibronectin (2X), collagen1α1 and collagen6α1 (3X) in AT compared to CD fed mice
and TRF significantly (p<0.05) reduced their expression. In addition, Tgfβ1 expression in AT was
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Introduction: Endometriosis is a benign chronic gynaecological disorder with the presence of
endometrium-like tissue outside the uterus. It affects 10% of the reproductive age group of women
(1). The symptoms include infertility 30 – 50% (2), and dysmenorrhea (40 – 60%). Thus,
endometriosis is a global burden with a wide range of symptomatology and causes difficulty for the
women who suffer from the disease. But still, the pathogenesis of the disease is not explored well
and is yet to be understood better. The presence of fetal Y-chromosome microchimerism in
endometriosis is first reported by Lebovic et al, using the FISH (Fluorescence In-Situ Hybridization)
technique (3). With a similar technique, conflicting results have been reported. The detection probes
used for Y-specific chromosomes are Yp11.1 – q11.1-Alpha Satellite DNA and Yq12 Satellite III
DNA (4). The genomic evidence of Y-chromosome microchimerism is evaluated using microarray
expression followed by RNA-seq and quantitative RT-PCR experiments and further validation by
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quantitative PCR of target inserts for selected targets. This study reported the presence of 21 noncoding, and 33 protein-coding genes present in the Male Specific region of Y-chromosome (MSY)
in ovarian endometriosis (5). Genomic studies are reported in the literature but proteomics from Ychromosome genes in ovarian endometriosis has not been reported. So, we aimed to evaluate
protein expressions of EIF1aY, NLGN4Y, and ZFY in the eutopic endometrium of ovarian
endometriosis.
Methods: The 2 study groups are allotted; Group A (Control) and Group B (Endometriosis). The
tissue samples collected were annotated, processed, and performed western blot for identification
of EIF1aY, ZFY, and NLGN4Y gene expression. The blots were scanned and analyzed using BioRad Pharos FX TM Plus Molecular Imager and NIH Image J software (http://imagej.nih.gov/ij/).
Results: There was a significant increase in the gene expression of EIF1aY in the endometriosis
group when compared to the control group (p < 0.01). The Spearman correlation scores for NLGN4Y
and ZFY are strongly associated (r = 0.617).
Conclusion: The ectopic site promotes the niche and eutopic tissue has an error which enhances
the histogenesis. It appears from the present study that proteins coded from Y-chromosome genes,
namely EIF1aY, NLGN4Y and ZFY are involved in the pathogenesis of ovarian endometriosis, which
could be a potential therapeutic target in future. To the best of our knowledge, this is the first report
suggesting the involvement of Y-microchimerism at the protein level in endometriosis. Further
studies with a larger sample size and different stages and phenotypes of endometriosis may bring
forth a more conclusive knowledge in this regard that seems to promote the histogenesis of
endometriosis at ectopic sites.
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Introduction: Healthy individuals show a high degree of functional connectivity between
physiological organ systems. Assessment of this functional connectivity is commonly utilised in
assessment of patients with life-threatening illnesses. However, current prognostic models are
isolationist and simplistic e.g., QSOFA; sepsis, MELD (Model for End Stage Liver Disease);
cirrhosis. Integrated physiological states may be best interpreted in terms of the magnitude and
direction of interactions between seemingly independent functional entities, which is the central
tenet of network physiology. Mapping the functional connectivity for each individual patient has been
challenging due to the lack of suitable analytical methods for assessment of physiological networks.
In this study we used network analysis to assess organ systems connectivity of individual patients
hospitalised with cirrhosis based on their routine laboratory and clinical variables.
Methods: This is a substudy of the ATTIRE trial; a prospective, interventional, multicentre,
randomized trial conducted in the U.K between 2016 and 2019 to assess whether albumin
administration prevent infection in chronic liver failure. Baseline serum bilirubin, albumin, sodium,
creatinine, C-reactive protein and white cell count, international normalised ratio, heart rate, diastolic
and systolic blood pressure, and mean arterial pressure of 413 patients in the standard care arm
followed up for 6 months were used for parenclitic network analysis using a de-novo software.
Parenclitic network analysis involves measuring the deviation of each individual patient from the
existing network of physiological interactions in a reference population. These deviations were used
to map the physiological network of individual patients.
Results: Survivors showed higher network connectivity compared to non-survivors (figure) with
significant difference in parenclitic network indices. C-Reactive protein _white cell count deviation
(HR, 95%CI; 1.076, 1.020 – 1.136), mean centrality (HR, 95%CI; 1.066, 1.013 - 1.121), shortest
path length (HR, 95%CI; 1.092, 1.024 – 1.165), and diameter (HR, 95%CI; 1.019, 1.002 – 1.036)
predicted 6-month survival independent of age, gender, and severity of cirrhosis. Further, combining
parenclitic network indices with improves predictive value by ~9% (Area Under ROC Curve from
0.621 to 0.675; p <0.001).
Conclusion: Network analysis using routine clinical data provides novel insights into the
pathophysiology of cirrhosis independent of the existing MELD score and addition of network indices
significantly improved MELD’s prognostic value. Parenclitic network analysis of routine clinical
variables may provide valuable insight into the organ-system disconnections driving mortality in
patients with hospitalised cirrhosis or other complex diseases.
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recruitment of additional cofactors may also play a role. The aim of this study was to identify new
interaction partners of the MR and investigate their effect on MR signalling.
Correlation network map
Figure. Correlation network
maps of the groups (6-month
non-survivors vs survivors)
based on Pearson’s
correlation weighted
by Bonferroni-corrected
significant level (p =
0.00091). Bilirubin, Bil;
Albumin, Alb; Sodium, Na;
Creatinine, Cr; C-Reactive
protein, CRP; white cell
count, WCC; international
normalised ratio, INR;
heart rate, HR; diastolic
blood pressure, DAB;
systolic blood pressure,
SBP; and mean arterial
pressure; MAP.
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Introduction
The mineralocorticoid receptor (MR) is a ligand controlled nuclear receptor, known for the regulation
of sodium and water homeostasis and blood pressure. Furthermore, many experimental and clinical
trials showed that the MR plays an important role in cardiovascular diseases. On cellular level, these
processes are mediated by inflammation, fibrosis, hypertrophy and endothelial dysfunction. The shift
from physiological to pathological MR effects is not completely understood and therefore a point
many studies focus on. Changes in the micromilieu during aging or in a pathological status can lead
to posttranslational modifications of the MR, independent of the aldosterone concentration. The
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Methods & Results
MR-associated proteins were analyzed by mass spectrometry. Poly(ADP-ribose) [PAR] polymerase
1 (PARP1), an enzyme that modifies various nuclear proteins by PARylation and is involved in stress
response, DNA repair and replication, was identified as an MR-associated protein. Coimmunoprecipitation and proximity ligation assays confirmed the interaction between MR and
PARP1. The DNA-binding domain of MR was identified as the domain interacting with PARP1.
PARP1 modifies the MR by PARylation. Subsequently, the effect of PARP1 on MR expression and
on signalling regarding the glucocorticoid response element (GRE) and NF-κB response element
were studied. Reporter gene assays, Western Blots, qPCR and PARP inhibitors (Olaparib) were
utilized to study the cellular effects of PARP1 on MR activity. Olaparib dose-dependently inhibited
Aldosterone-induced GRE activity in HEK293 cells transiently transfected with MR. In contrast, GRE
activity of endogenous glucocorticoid receptor (GR) stimulated by Dexamethasone was not
attenuated by Olaparib. Olaparib was also able to modulate the effect Aldosterone has on NF-κB
activity induced by cytokines, suggesting additional pathological relevance. Western Blots could
show that the addition of Olaparib does not lead to a decreased MR and GR expression.
Conclusion
PARP1 was identified as an interaction partner and coregulator of MR function that modulates MR
activity at GRE and NF-κB elements. Future studies will evaluate the pathophysiological
consequences and molecular mechanisms of this interaction.
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Introduction
In seasonal environments, rodents face widely differing early life demands depending date of birth.
This has led to neuroendocrine programming mechanisms starting in utero to establish seasonally
appropriate development in the juvenile period. Transplacental actions of maternal melatonin during
late gestation set the initial trajectory for neonatal development of the neuroendocrine system 1,2.
Thereafter, changing photoperiod exposure in the juvenile period leads to history-dependent
modulation of the developmental trajectory. Previously we have shown that photoperiodic
programming depends on melatonin action in the pars tuberalis, in turn regulating conversion of
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thyroid hormone (TH) from inactive T4 to active T3 in TSH-sensitive tanycytes in the hypothalamus1.
Here, we have characterised the effects of photoperiod-dependent changes in hypothalamic TH on
the transcriptomic profile of the developing hypothalamic ependymal zone.
Methods
Male Siberian hamsters (Phodopus sungorus) were raised from conception to weaning (post natal
day 21) on either short (8-h / 24-h) or long (16-h light / 24-h) photoperiods (SP, LP). Thereafter, half
of each group were placed on an intermediate photoperiod (14-h light / 24-h, IP) while the remainder
continued on their gestational photoperiods. This produced two groups on a steady SP or LP
developmental trajectories, and two groups experiencing opposite developmental trajectory shifts
post-weaning. The efficacy of these manipulations was assessed by body and testis mass, and
measurement of thyroid hormone deiodinase gene expression. At 50 days of age the ependymal
zone of the hypothalamus was isolated by LASER capture microdissection and subjected to Illumina
RNAseq. Reads were mapped to a newly annotated Nanopore long read reference assembly of the
P. sungorus genome.
Results
Gene expression in the hypothalamic ependymal zone is profoundly affected by gestational and
post-weaning photoperiod. Animals raised continuously on SP showed a markedly higher
expression of neural-differentiation markers and reduced expression of mature tanycyte markers
than animals raised on LP. While overall gene expression profiles were less divergent between the
IP treatment groups, hierarchical clustering revealed a subset of genes for which maximal
divergence was seen between these two trajectory shift groups. Ontology analysis revealed a strong
enrichment (FDR < 10-7) for developmental regulatory processes, linking photoperiodic change in
the post-weaning period to structural remodelling of the ependymal zone.
Conclusion
Tanycytes are remarkably sensitive to photoperiod during late gestation and the neonatal period.
This leads to seasonally appropriate function in neighbouring hypothalamic regions governing
energy homeostasis, somatic and reproductive development. Relay of hormonal and nutrient
feedback signals, and neuro- / glio-genesis-mediated control of hypothalamic cell populations are
both involved.
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DIO2/DIO3 ratio in the
tanycytes lining the 3rd
ventricle after birth
A ratio of DIO2 and DIO3
gene expression from
insitu hybridisation of
the 3rd ventricle of the
hypothalamus was
calculated. The balance of
these enzymes drives the
conversion of T4 to active
T3, reflecting the local
thyroid hormone
environment. Data are
presented as a mean value
with the standard error of
the mean (SEM). SP =
short photoperiod (8 hours
light 16 hours dark), LP =
long photoperiod (16L:8D),
SP-IP = SP until weaning
(P24) and switched to
14L:10D, LP-IP= LP until
weaning (P24) then
14L:10D.
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Heatmap of ependymal zone
gene expression under
different photoperiods
A subset of genes
differentially expressed
(FDR <0.001) across the
treatment groups clustered
by unsupervised clustering.
Clusters 2 and 5 are
specifically associated
with developmental
processes and cluster 1
contains mature tanycyte
markers.
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Introduction
Pulmonary hypertension (PH) is a progressive lung vascular disease characterized pulmonary
macro- and microvasculature remodelling. Smooth muscle cells form the walls of arteries and
proximal arterioles while pericytes cover the endothelium of precapillary arterioles and capillaries,
providing structural support and regulating microvascular tone (1). Abnormal high rates of pericyte
proliferation, coupled with increased glycolytic metabolism, contribute to PH (2). Platelet-derived
growth factor-BB (PDGF-BB) stimulates such alterations. Conversely, C-type natriuretic peptide
(CNP) is an endothelial hormone contributing to the maintenance of vascular homeostasis (3).
Moreover, its role in regulating cell metabolism is emerging. We studied the effect of CNP- guanylyl
cyclase B (GC-B) receptor signalling (3), on the proliferative and metabolic switch of PH pericytes.
Results
In cultured human lung pericytes from “healthy” donors (“controls”) and patients with PH (1), CNP
(0.1-100 nM) markedly and similarly increased intracellular cGMP levels (radioimmunoassay).
These cGMP responses were not altered by PDGF-BB pretreatment. Membrane GC-B levels were
similar in both control and PH pericytes (immunoblotting). These findings demonstrate functional
CNP/GC-B/cGMP signalling in lung pericytes. Upon PDGF-BB stimulation, PH pericytes
showed higher rates of proliferation and glycolysis in comparison to controls (BrdU incorporation
and seahorse assays). These effects were significantly attenuated by CNP. Mass spectrometrybased metabolomic analyses of control pericytes revealed an upregulation of glycolytic
intermediates in response to PDGF-BB, which was prevented by CNP. Concordantly, CNP
prevented the PDGF-BB-induced elevation of glucose uptake, measured by glucose uptake assay.
Interestingly, whereas in control pericytes CNP consistently reduced PDGF-BB-stimulated glucose
uptake, the responses of PH pericytes were heterogenous, with “responders” and “non-responders”.
To dissect the underlying mechanisms, the expression levels of various components of the glycolytic
pathway as well as of their well-known regulator hypoxia-inducible factor 1 alpha (HIF-1α) were
analysed. PDGF-BB markedly upregulated membrane glucose transporter 1 (GLUT1) and nuclear
HIF-1α levels, and CNP significantly prevented these alterations in both control and PH pericytes.
Conclusions
Taken together, CNP attenuates both the PDGF-BB-induced hyperproliferation and high
glycolysisratesof human PH lung pericytes. Such inhibitory actions of CNP are partly mediated by
inhibition of HIF-1α-dependent GLUT1 induction. This reduces cellular glucose uptake and glycolytic
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flux. To further characterize these findings and the heterogeneous response of PH pericytes to CNP,
we are studying the downstream signalling pathways involved in CNP/GC-B mediated HIF-1α and
GLUT1 regulation. Understanding the signalling pathways of CNP in pericytes may unravel novel
targets for therapies of PH.
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Introduction
Carnosine (β -alanyl-L-histidine) is a multifunctional dipeptide that exists in high concentrations in
vertebrate skeletal muscle (1). Our recent meta-analysis suggested that supplementation with
carnosine, or its rate-limiting precursor β-alanine, reduces fasting glucose and HbA1c in humans
and rodents (2). Treatment with carnosine also decreases toxic reactive carbonyl species (RCS) in
C2C12 and healthy human skeletal muscle (HSkM) cells under glucolipotoxic conditions, leading to
an increase in insulin-stimulated glucose uptake (3,4)—these mechanisms have not been described
in type-2 diabetic HSkM. The aim of this study was to investigate the effects of carnosine and βalanine on cellular respiration, glucose uptake, and RCS-adducted proteins in type-2 diabetic HSkM
cells.
Methods
HSkM myoblasts from healthy (male, 20y, BMI 21 kg.m2) and type-2 diabetic donors (male, 68y,
BMI 33 kg.m2) were purchased (Lonza, Switzerland), and differentiated to myotubes. Cells were
then treated with 10mM carnosine, 10mM β-alanine, or vehicle (control) for 4-days with DMEM:F12 or glucolipotoxic DMEM:F-12 (containing 200µM palmitic and oleic acid). Cell viability was
measured using the alamarBlueTM reagent (ThermoFisher, UK) and by counting viable/non-viable
cells. Cellular respiration was measured using a Seahorse XFe24 Analyser and XF Cell Mito Stress
Test reagents (Seahorse Bioscience Inc., USA). Glucose uptake was measured using a
bioluminescent assay based on the detection of 2DG6P (Promega, UK). Expression of metabolic
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proteins (GLO1, LDHA, PGC-1α, SIRT1, SIRT3) and presence of RCS-adducted proteins
(methylglyoxal; MGO) were measured via Western blotting SDS-PAGE and normalised to β-actin
as per published recommendations (5). Data for aggregated means of independent experiments are
presented as mean ± SE; analyses were performed using GraphPad Prism v9.1.0 (GraphPad
Software, USA).
Results
Type-2 diabetic HSkM cells showed significantly reduced ATP-linked and maximal respiration
compared with healthy HSkM cells (p=.016 and p=.005; Figures 1A, 1B). These indices were not
affected by treatment, but 10mM carnosine increased total O2 consumption area-under-the-curve in
type-2 diabetic HSkM (p=.035; Figure 1C). Treatment with 10mM carnosine also increased insulinstimulated glucose uptake compared with control (p=.047; Figure 2A). MGO-adducted proteins
increased by 47% following insulin stimulation (p=0.002); treatment with 10 mM carnosine
attenuated the increase to 9.7% (p=.011; Figure 2B, 2C). There was no effect of treatment on cell
viability or expression of other proteins.
Conclusion
Type-2 diabetic HSkM cells treated with 10 mM carnosine show a recovery of insulin-stimulated
glucose uptake, which is associated with reduced formation of insulin-stimulated MGO-adducted
proteins. These findings suggest that the beneficial effects of carnosine on glycaemic control may
be explained by its RCS-scavenging actions in human skeletal muscle.
Figure 1
Figure 1. (A) ATP-linked
and (B) maximal respiration
of differentiated HSkM
cells. LHC; lean healthy
control, T2DM; type-2
diabetes mellitus, GLT;
glucolipotoxic media. (C)
total O2 consumption areaunder-the-curve for all
phases of the assay (n=3
individual replicates).
Measurements recorded using
a Seahorse XFe24 Analyser
and XF Cell Mito Stress
Test reagents (Seahorse
Bioscience Inc., USA). Data
analysed using one-way
ANOVAs with Tukey’s posthoc test for multiple
comparisons. *p<0.05,
**p<0.01.
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Figure 2
Figure 2. (A) Glucose
uptake in type-2 diabetic
HSkM cells; (B) fold-change
in basal and insulinstimulated MGO-adducted
proteins; (C)
representative western blot
showing MGO-adducted
proteins. β-ala, β-alanine;
Car; carnosine, Con;
control, INS, insulinstimulated; MGO;
methylglyoxal, T2DM; type-2
diabetes mellitus.
Measurements recorded using
(A) bioluminescent glucose
uptake assay (n=4
individual replicates); (B)
western blotting SDS-PAGE
(n=3 individual
replicates). Data analysed
using one-way ANOVAs with
Tukey’s post-hoc test for
multiple comparisons.
*p<0.05, **p<0.01.
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We have previously described a syndrome of primary aldosteronism, seizures and neurological
abnormalities (PASNA) in patients with de novo germline mutations in the CACNA1D gene(1).
CACNA1D encodes the voltage-gated calcium channel alpha-subunit CaV1.3, which, amongst other
organs, is expressed in the aldosterone-producing adrenal zona glomerulosa, pancreas and the
brain. The Ile770Met mutation has been found in PASNA syndrome but also as a somatic mutation
in aldosterone-producing adenomas. Its voltage-dependence of activation and inactivation are
shifted towards more negative potentials, and its inactivation is slower compared with wild-type (WT)
channels(1). These effects were predicted to cause increased calcium influx.
To create an animal model to investigate the pathophysiology and potentially the treatment of
PASNA syndrome, we introduced the corresponding mutation Ile772Met into the murine Cacna1d
gene, using CRISPR/Cas9. Knock-in (KI) mice could only be bred via in-vitro fertilization and showed
an increased mortality during the first weeks of life. Those mice that reached the adult age were
significantly lighter than their WT littermates. Behavioral testing revealed multiple abnormalities,
including shorter durations on the rod in rotarod experiments, significant problems in nest
construction and pronounced hyperlocomotion. These deficits resemble previously described
alterations of the dopaminergic system(2). However, we did not observe major changes in KI brain
morphology. Injection of Ketamine/Xylazine i.p. for anesthesia elicited tonic-clonic seizures in almost
all KI mice. Serum aldosterone levels and aldosterone/renin ratios (indicative of primary
aldosteronism) were increased in vivo. Accordingly, zona glomerulosa cells displayed higher
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intracellular calcium concentrations (main signal for aldosterone production) in acute slice
preparations. Incubation of adrenal slices with the L-type calcium channel antagonist isradipine
lowered intracellular calcium concentrations to levels similar to untreated WT cells. Treatment of KI
mice with a sustained-release form of isradipine per os resulted in slight improvements of the
durations spent on the rotarod and of aldosterone levels relative to untreated animals. In summary,
we have established a model system that reflects many of the aspects of PASNA syndrome.
Furthermore, we provide emerging evidence that pharmacological treatment with L-type antagonists
may improve neurologic and endocrine symptoms in PASNA syndrome.
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Introduction
Irritable bowel syndrome (IBS) is a common gastrointestinal disorder, and early-life stress plays an
important role in its pathophysiology. Oxytocin, which is an anxiolytic hormone, was shown to
decrease visceral hypersensitivity in IBS. Similarly, estrogen has anxiolytic effects and decreases
visceral hypersensitivity, while oxytocinergic neurons express estrogen-receptor (ER) -β. It was
aimed to investigate whether the effects of estrogen on visceral hypersensitivity are dependent on
oxytocin receptors.
Methods
Maternal Separation(MS) was applied to Sprague Dawley male pups (n=44) between postnatal 212 days for 180 minutes each day, while pups in the control group(n=8) were not separated from
their mothers. Then on postnatal 60th day of MS-groups, water avoidance stress for 30 min was
applied to induce the IBS model. Between postnatal 56-63 days, IBS rats were injected
subcutaneously with either saline, estradiol (E2; 1 mg/kg/day) or ER-β agonist (DPN; 1 mg/kg/day),
while in the other 3 groups oxytocin receptor antagonist (atosiban; 0.5 mg/kg) was added to saline,
E2, or DPN. On the last 3 days of treatments, holeboard test was performed to evaluate anxiety,
while hot-plate (somatic) and visceromotor reflex (VMR) tests were done to evaluate pain
thresholds. Rats were decapitated on 64th day, brain and colon tissues were collected for measuring
myeloperoxidase activity, malondialdehyde and glutathione levels. One-way ANOVA and Student ttest were used for statistical analysis.
Results
The lower intrarectal distension volume in VMR of saline-treated IBS group as compared to control
group showed visceral hyperalgesia (p<0.001), while this hyperalgesic response has disappeared
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with E2 or DPN treatment (p<0.05). On the other hand, a similar visceral hyperalgesic response was
observed when atosiban was added to E2 or DPN (p<0.01). Perception of somatic pain in the IBS
groups was similar, while myeloperoxidase activity, malondialdehyde and glutathione levels in colon
and brain tissues were not different among experimental groups. Elevated anxiety in saline-treated
IBS group was decreased with DPN treatment (p<0.05), but atosiban treatment reversed the
inhibitory effect of DPN on anxiety.
Conclusion
Inhibition of IBS-induced visceral hypersensitivity by activating non-selective ER and ER-β, and the
abolishment of this inhibitory effect by the blockade of oxytocin receptors suggest that the antihyperalgesic and anxiolytic effects of estrogen are mediated via oxytocin receptors.
References
[1]
Xu, S., Qin, B., Shi, A., (2018). Oxytocin inhibited stress induced
visceral hypersensitivity, enteric glial cells activation, and release of
proinflammatory cytokines in maternal separated rats. European journal of
pharmacology, 818, 578–584.
[2]
Xu, S., Wang, X., Zhao, J.,(2020). GPER-mediated, oestrogen-dependent
visceral hypersensitivity in stressed rats is associated with mast cell
tryptase and histamine expression. Fundamental & clinical pharmacology, 34(4),
433–443.
[3]
Suzuki, S., & Handa, R. J. (2005). Estrogen receptor-beta, but not
estrogen receptor-alpha, is expressed in prolactin neurons of the female rat
paraventricular and supraoptic nuclei: comparison with other neuropeptides. The
Journal of comparative neurology, 484(1), 28–42.
____________________________________________________________________________
A 05-14
Short chain fatty acids as mediators of airway inflammation induced by endotoxin and
asprosin
N. Lad1, A. M. Murphy1, C. Parenti2, N. C. Williams2, C. P. Nelson1, G. R. Sharpe2, P. G.
McTernan1
1
Nottingham Trent University, Department of Biosciences, Nottingham, UK
2
Nottingham Trent University, SHAPE Research Centre, Nottingham, UK
The authors would like to thank Nottingham Trent University for funding this research project.
Introduction
Asthma is a chronic inflammatory disease of the airways, which may be exacerbated by weight gain
in obesity (1). The source of this inflammation may arise internally, due to pro-inflammatory
adipokines such as asprosin, or through increased gut permeability, which allows pro-inflammatory
endotoxin from gram-negative bacteria to cross into the bloodstream (2). Both asprosin and
endotoxin are elevated in metabolic diseases which share a similar inflammatory profile with asthma
(3,4). Current treatments for asthma only relieve symptoms rather than targeting inflammation at the
source. Therefore, the use of an internally derived anti-inflammatory agent may be a potential
treatment to target this inflammation at the source. Short chain fatty acids (SCFAs) are produced
from the metabolism of dietary substrates (e.g. prebiotics) by the gut microbiota, which appear to
provide anti-inflammatory health benefits. This study aims to determine the role of SCFAs (acetate,
butyrate, and propionate) on endotoxin- and asprosin-induced inflammation in airway cells.
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Methods
Human airway epithelial cells (BEAS2B-R1) were pre-treated with a mixture of SCFAs (2mM
acetate, 0.25mM butyrate, 0.25mM propionate) for 24hrs, then treated with 100ng/mL endotoxin
(lipopolysaccharide; LPS) or 10ng/mL asprosin for 6, 12 and 24hrs to induce inflammation. Protein
and gene expression of inflammatory markers in the nuclear factor kappa-light-chain-enhancer of
activated B cells (NFκB) pathway were measured by western blot (n=6) and RT-qPCR (n=6).
Results
In airway epithelial cells, SCFAs were able to reduce LPS-induced inflammation, through reduction
of NFκB gene expression (↓74%, 12hrs, p<0.05) and inhibitor of nuclear factor kappa-B kinase
subunit beta (IKKβ) protein expression (↓60%, 24hrs, p<0.001). SCFAs also reduced asprosininduced inflammation in airway epithelial cells, by reducing NFκB gene (↓54%, 24hrs, p<0.05) and
protein expression (↓55%, 12hrs, p<0.001), IKKβ protein expression (↓49%, 24hrs, p<0.01), and
gene expression of pro-inflammatory interleukin-8 (IL-8;↓57%, 12hrs, p<0.01). Furthermore, SCFAs
alone reduced asprosin gene expression (↓72%, 12hrs, p<0.05).
Conclusion
These findings suggest that SCFAs have the capacity to mitigate endotoxin and asprosin induced
inflammation in airway epithelial cells. Taken together, these data suggest that increasing SCFA
production through dietary interventions (e.g. prebiotics) may provide a novel management tool to
relieve cellular inflammation in airway cells and potentially relieve asthma symptoms in patients.
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are hormones that bind to Glucocorticoid receptors (GR) to act as crucial determinants of cellular
integrity and inflammatory status. Excessive PARP1 and GR activities exert antagonistic effects on
metabolism – however, knowledge of their influence on the endocrine sensitive tissue, skeletal
muscle, remains limited. Given their mutual roles in metabolism and inflammation, we sought to
unravel PARP1 mediated ADPR influence on skeletal muscle phenotype and response to GC
mediated transcriptional response.
Methods
Pharmacological inhibition (PJ34 (10µM) or BYK204165 (10µM)) of PARP1 or siRNA
targeted silencing concomitant with Dexamethasone (Dex) mediated GR activation were performed
in Murine muscle myoblasts (C2C12s) during early stage myogenesis – lysates were harvested at
the myogenic endpoint and assessed for differentially expressed target genes and proteins using
RNAseq and unbiased LC-MS. Subsequent functional impacts were determined using
overrepresentation and functional profiling analysis with g:GOst. Myogenic markers such as MyoD,
MYOG, TNNI1, and also, ADPR were assessed at protein level. At chromatin level, transcriptional
regulation between PARP1 and GR was also assessed to further understand short and long-term
impacts of PARP1 over GC response.
Results
PARP1 and ADPR display dynamics during myogenesis (measured by immunoblotting p<0.001,
n=6). Early stage PARP1 inhibition had no impacts on myotube formation, while Dex treatment
significantly reduced ADPR levels and enhanced myotube development. LC-MS of myotube
lysates treated with BYK204165 during early stage myogenesis revealed 180 significantly
differential abundant proteins compared to vehicle treated groups (n=6). Further functional profiling
revealed these proteins were overrepresented to pathways governing muscle development (FDR
8.99-08), contraction (FDR 9.47-08) and metabolism (FDR 2.93-06). Lysates subjected to PJ34
treatment during early stage myogenesis also revealed overrepresentation of functions pertaining
to metabolism and chromatin organization. Chromatin immunoprecipitation of Dex-treated
myoblasts revealed shifts in PARP1 (30-fold enrichment ±3.2SEM) and GR (24-fold enrichment
±6.6SEM) binding. RNAseq of siRNA-PARP1 myoblasts (n=6) did not impact expression and
activation of GR target genes (FKBP5, Hif3a & HSD11B1) while subsequently downregulating GC
response genes (TRIM72, Mcm9 & RYR1). Significant changes were also identified in cytoskeletal
tubulin genes and those key to muscle differentiation (ANKRD1, KLF5 & MYC).
Conclusion
PARP1 plays an important role in regulation of muscle health and GC response. These findings may
allow modulation of PARP1 to become an avenue to better protect individual tissues from negative
effects of excess steroid hormone exposure.
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Introduction
Poly (ADP-ribose) polymerase 1 (PARP1) is a NAD+ consuming enzyme that generates ADPRibose (ADPR) for maintenance of cellular homeostasis and genome integrity. Glucocorticoids (GC)
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Introduction
The sarco(endo)plasmic reticulum Ca2+ ATPase (SERCA) pump is responsible for the transport of
Ca2+ from the cytosol into the sarcoplasmic reticulum at the expense of ATP, making it a regulator
of both muscle relaxation and muscle-based energy expenditure [1]. Neurogranin (Ng) is a small
protein that negatively regulates calcineurin signaling [2]. Calcineurin is Ca2+/calmodulin dependent
phosphatase that promotes the oxidative fibre type in skeletal muscle and regulates muscle-based
energy expenditure [3]. A recent study has shown that calcineurin activation reduces SERCA Ca 2+
transport efficiency, ultimately raising energy expenditure [4]. Since the biomedical view of obesity
states that it arises as an imbalance between energy intake and expenditure which favours the
former, we questioned whether heterozygous Ng deletion (Ng+/-) would reduce SERCA efficiency
and increase energy expenditure in female mice fed a high-fat diet (HFD).
Methods
Young (3–4-month-old) female wild type (WT) and Ng+/- mice were fed a HFD for 12 weeks with
their metabolic profile being analyzed using metabolic cages and DXA scanning, while soleus
SERCA efficiency was measured using SERCA specific Ca2+ uptake and ATPase activity assays
as previously described [5].
Results
Ng+/-mice showed significantly less cage ambulation compared to WT mice but this did not lead to
any added weight gain nor changes in daily energy expenditure despite a similar level of food intake.
Corresponding well with this, we observed significant reductions in SERCA’s apparent coupling ratio
which was associated with significant reductions in phospholamban content.
Conclusions
Thus, our results show that Ng regulates SERCA pump efficiency, and future studies should further
investigate the potential cellular mechanisms.
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Introduction
SPREDs are a family of MAPK-signaling pathway inhibitors, which play an important role in
regulation of cell proliferation and differentiation. Consequently, SPRED loss-of-function mutations
lead to an upregulation of the Ras/MAPK pathway, causative for rare RASopathy diseases affecting
development and growth. Consistently, SPRED2-/- mice show retarded growth, cerebral ventricular
dilatation, epilepsy, increased tau and ERK phosphorylation, and altered autophagy markers in brain
and heart. Until now, a small series of de novo mutations in the human SPRED2 gene were
identified. To test if these mutations in the resulting altered SPRED2 proteins influence autophagic
flux, we investigated the effect of ten de novo mutations on the LC3-II/I ratio in comparison to the
wild-type form.
Methods
To test our hypothesis, we inserted the following mutations via site directed mutagenesis into an
expression plasmid: S26F (Mut1), R63* (Mut2), Y81* (Mut3), L100P (Mut4), G125Vfs*95 (MutX),
S250Pfs*27 (Mut5), R313G (Mut6), R323P (Mut7), L381Hfs*95 (Mut8), L387Pfs*90 (Mut9). After
transfection into HEK cells, we examined expression and function of the different mutations. We
used three different treatments: A) untreated, B) starvation for six hours (autophagy inducer) and C)
hydroxychloroquine treatment (HCQ) for six hours (autophagy inhibitor). We used Western blots to
quantify LC3-II and –I and calculated the LC3-II/I ratios as read-out for the autophagic rate. For each
treatment, we compared every mutation to both full-length (FLSPR2) and mock-transfected (mock)
cells. Additionally, we performed immunoprecipitation (IP) to test if selected mutants lose their ability
to interact with LC3.
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Results
We found numerous differences in the amount of LC3-II/I conversion after different treatments. In
untreated cells LC3-II/I conversion was decreased with Mut2 and increased with Mut7 compared to
FLSPR2 (Fig. 1A). After HCQ treatment, Mut2, 3 and 6 showed an increase in LC3-II/I conversion
compared to FLSPR2 and Mut3 and 6 showed a decrease compared to mock cells (Fig. 1B). After
starvation, Mut7 and 8 had an increased LC3-II/I conversion compared to FLSPR2 (Fig. 1C). In the
group of mock cells, we saw a decrease in Mut6 and an increase in Mut7 (Fig. 1C). The IP showed
an interaction between FLSPR2 and LC3 but not with Mut8, which has a point mutation in the LC3
interacting LIR-domain. Further, we saw that truncated Mut2, X and 5 do not interact with LC3 (Fig.
2A). The interaction of LC3 and the autophagy adaptor NBR1 was not affected (Fig. 2B, C).
Conclusion
Seven out of ten investigated mutations in SPRED2 influenced the LC3-II/I ratio in our experimental
setting. The conversion from LC3-I to -II is a well-established measurement for the autophagic flux.
Therefore, our data reveal that depending on the site and type of mutation within the SPRED2
protein the autophagic flux is altered, which might affect the clinical picture of these newfound
RASopathies.
LC3-II/I conversion ratio
Figure 1. LC3-II/I
conversion ratio of the ten
inserted point mutations
compared to FLSPR2 and
mock-transfected HEK cells.
A) Untreated. B) Treated
for six hours with
Hydroxychloroquine (HCQ).
C) Starved for six hours.
Quantification of Western
blots by ImageJ. (each
mutation n = 12 ± 2,
FLSPR2a n = 12 ± 2, mocktransfected n = 12 ± 2; *p
< 0.05, without * indicates
no significances; MannWhitney U-Test).
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Immunoprecipitation with
lysates of co-transfected
HEK cells
Figure 2. IP with lysates
of co-transfected HEK cells
with indicated variants and
with FLAG/DDK-tagged LC3.
Subsequent
immunoprecipitation (IP)
with anti-FLAG. Western
blot (WB) analysis with (A)
anti-SPRED2, (B) anti-NBR1
and (C) anti-LC3 A/B. As
input and WB positive
controls, lysates of fulllength SPRED2 cotransfected cells were used
(Input FL(+)). WB with
anti-LC3 served as positive
control for the IP with
anti-FLAG (C).
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Introduction
The growth hormone (GH)/insulin-like growth factor (IGF) axis plays an essential role in human
growth and energy homeostasis. The major mediator of GH action is IGF-1 produced by the liver,
which circulates in ternary complex with IGF-binding proteins. Plasma pregnancy-associated protein
A2 (PAPPA2) is a protease that cleaves IGF-binding protein (IGFBP)-3, IGFBP-5. The free IGF-1
can activate its receptor in target tissues to initiate two pathways of proliferative and anabolic
signaling.
Methods
The present study aimed to determine the effects of daily administration (from PND5 to PND35) of
recombinant murine PAPPA2 (rm), compared to rmGH and rmIGF-1, using saline administration
(sham) as a reference group; on mouse liver in homozygous knock-out (ko/ko) mice for PAPPA2 of
both sexes. The expression of genes involved in the GH/IGF-1 axis, including hormonal receptors
and IGF-1 binding protein was evaluated in the liver of both Pappa2ko/ko and wild-type
(Pappa2wt/wt) mice. Total protein and phosphorylation activity of main kinases involved in
glucogenogenesis and lipogenesis was also evaluated in the liver of these animals.
Results
Hormonal treatment with rmPAPPA2, as well as rmGh and rmIGF1, decreased the gene expression
of GH and IGF-1 receptors in the liver, as well as gene expression of the binding proteins IGFBP5,
IGF-ALS, and the PAPPA2 inhibitor STC1, in a treatment-, sex- and genotype-dependent manner
(mainly in Pappa2ko/ko females). However, the increase in IGF-1 gene expression observed in the
liver was only dependent on treatment. The hormonal treatment also decreased phosphorylation on
PI3K, Akt, mTOR, ERK2, STAT5, together with an increase of AMPKα phosphorylation as
determined by western blot, in a treatment- and sex-dependent manner. We suggest that changes
in the activity of these kinases may lead to a modification in the metabolism of both glucose and
lipids in the liver.
Conclusion
In summary, daily administration of rmPAPPA2 from PND5 to PND35 produces changes in the
activation of anabolic pathways in the liver of Pappa2ko/ko mice with respect to Pappa2wt/wt mice
or sham Pappa2ko/ko mice.
____________________________________________________________________________
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Introduction
Adrenocortical carcinoma (ACC) is a rare malignancy of the adrenal gland. Despite its rareness
there are still no curative treatment options for patients in advanced ACC stages leading to an overall
5-year-survival rate below 50%. Around two thirds of ACC are associated with adrenal hormone
excess, especially hypercortisolism, and this is seen as a negative prognostic factor for patient
survival. By analyzing the ACC-cohort of the Cancer Genome Atlas, we identified that the mRNA
stabilizing Protein Embryonic-Lethal-Abnormal-Vision-Like RNA Binding Protein 1 (ELAVL1) is
highly expressed in this kind of tumor and correlates negatively with the survival of ACC-patients.
Although high expression of ELAVL1 is unfavorable, information regarding the functional role of
ELAVL1 in ACC tumorigenesis is missing.
Methods
We knocked out (KO) ELAVL1 in the ACC cell line NCI-H295R via CRISPR/Cas9. KO was confirmed
by Sanger-Sequencing at DNA level and via immunofluorescence and Western blot at protein level.
To analyze transcriptome changes in the KO-cells Next Generation RNA Sequencing (NGS) was
performed. Characterization of the cell function was performed by soft agar colony forming assays
and steroid hormone concentration in cell culture supernatants was measured via mass
spectrometry.
Results
We successfully induced ELAVL1 KO in NCI-H295R cells. The results from the NGS analysis
showed 6926 differentially expressed genes in the KO cells. 3468 genes presented a higher
expression, while 3458 genes were lower expressed after an ELAVL1-KO. Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analyses of the NGS data revealed 29 upregulated genes
associated with aldosterone synthesis and a downregulation of 87 genes that have been described
to be associated with pathways in cancer. Furthermore, we saw a decreased ability of colony forming
in ELAVL1-KO cells compared to the control cells, leading to the suggestion of a less malignant
phenotype. Taking a closer look at steroid synthesis, a downregulation of the genes CYP17A1
(log2FoldChange = -1,43) and CYP11B1 (log2FoldChange = -4,46) and an upregulation of the
genes CYP21A2 (log2FoldChange = 1,87) and CYP11B2 (log2FoldChange = 3,77) was seen.
These changes point to an inhibition of androgen and glucocorticoid synthesis and increase in
mineralocorticoid synthesis, that we could also confirm by the steroid measurements in cell culture
supernatants.
Conclusion
The results of this study show that ELAVL1 influences the expression of around 7000 genes in NCIH295R. Deregulation of genes in steroid synthesis leads to an inhibition of cortisol synthesis, making
ELAVL1 a possible target for therapy of hypercortisolism in ACC patients. Furthermore, NGS data
and data from soft agar colony forming assays suggests that ELAVL1 could also present a potential
therapeutic target in ACC.
____________________________________________________________________________
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Introduction
(Pro)insulin, being the major translated product of pancreatic beta cells requires the assistance of
chaperones such as glucose-regulated protein (GRP) 94 in the endoplasmic reticulum (ER) to attain
the native, mature state before secretion. Failure to do so due to a defect in GRP94 activity leads to
proinsulin mishandling and consequently degradation by intermediate proteasomes.
Here we investigated if proinsulin mishandling stimulates activation of inflammatory pathways and
modulation of major compatibility complex (MHC) class-I bound peptide repertoire.
Methods
Using rat insulinoma cell line, INS-1E, we knocked out (KO) GRP94 using CRISPR Cas9 system or
stimulated INS-1E cells with proinflammatory cytokines interleukin (IL) 1-beta (15 pg/ml for 24
hours), interferon-gamma (IFNγ @ 10 ng/ml for 24 hours) or treated with GRP94 inhibitor (GRP94i)
PU-WS13 (20 µM). To evaluate inflammatory pathways activation, nucleotide-binding domain and
leucine-rich repeat-containing protein 1 (NLRP1), IL-1beta and nuclear factor of kappa light
polypeptide gene enhancer in B-cells inhibitor alpha (IκB) expression were assessed through
Western blotting. The cells under tested conditions were subjected to flow cytometry to assess
RT1.A (rat major histocompatibility complex class I) expression followed by high-performance liquid
chromatography (HPLC) and finally liquid chromatography coupled with tandem mass spectrometry
(LC-MS/MS).
Results
We found increased NLRP1 expression in GRP94 KO cells along with increased IL-1beta secretion
and decreased IκB content compared to relevant control. An increased RT1.A expression was
observed in beta cells with GRP94 KO as was expected in the case of cytokines treatment. The total
RT1.A bound peptidome was increased qualitatively in treated conditions compared to the control
group. Interestingly, GRP94 KO cells shared significant peptidome with the cytokines stimulated
group including the peptides derived from proinsulin.

455

Conclusion
Our results support the notion that proinsulin mishandling due to defective GRP94 activity/KO
provokes inflammatory pathways activation as well as modulates the MHC I-bound peptidome
including peptides derived from proinsulin, potentially setting the stage for T-cell activation for an
immune attack against beta cells.
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Introduction
Enhanced physical activity has long been recognized as a treatment for obesity resulting in weight
loss. Yet another method that has gained attention for its health benefits is the intermittent fasting
(IF) regimen. Both physical activity and IF are also associated with improvements in mental health,
including combating mental illnesses such as depression and improving memory. However, the
mechanisms involved in mitigating mental and physical fatigue while on these regimens have not
been assessed in the obese population.
Methods
Thirty-five male Sprague Dawley rats at 7-weeks of age were subjected to diet-induced obesity by
feeding a high-fat diet (HFD) or a standard diet (SD) for 8 weeks, after which behavioral testing was
performed for an additional two weeks. Behavioral tests included the assessment of physical fatigue
using 8 trials of open field paradigm and 4 trials of novel object recognition (NOR) testing to assess
mental fatigue. Upon completion of the behavioral tests, rats from the HFD-fed (now considered
obese) and SD-fed groups were subjected to IF (18-hour daily fast, 6-hour daily feeding), voluntary
wheel running (VWR; rodent paradigm for physical activity), or control conditions for 3 weeks. After
the 3 weeks, rats underwent the same 2-week behavioral testing as previously mentioned.
Results
As expected, weight gain was significantly higher in the obese group than in SD-fed rats (p<0.0001),
and the obese group traveled slower and less distance compared to the SD-fed animals (p<0.05).
The weight gain was less in the SD group undergoing IF compared to both VWR and controls
(p<0.05), whereas the HFD group had decreased weight gain compared to VWR rats but not the
control group (p<0.05). IF resulted in elevated blood ketone levels in the SD group compared to
controls (p<0.05) while causing an increase in the HFD group than both VWR and control rats
(p<0.01). IF resulted in a greater distance traveled during open-field testing when compared to VWR
and controls in both SD and HFD-fed groups (p<0.05), indirectly indicating an increased resistance
to physical fatigue. VWR decreased distance traveled, mean speed, and line crossings compared
to IF and controls (p<0.05) in the SD-fed rats, suggesting physical fatigue. Mental fatigue was not
detected during NOR testing in any of the groups tested. Correlation analysis found that elevated
ketone levels were associated with improved physical activity (p<0.00001) and decreased
recognition memory during NOR (p<0.01)
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Conclusion
These results suggest that IF is more effective than VWR in both HFD and SD-fed rats in lowering
weight gain and physical fatigue. Given the correlation between elevated ketone levels and
improved physical activity, this study demonstrates that ketones may play a role in establishing the
reported physical benefits.
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phosphodiesterases. We used a custom-made analysis pipeline for cell segmentation and extract
[Ca2+]c traces [3]. Distilled events from the traces correspond to z-scores of at least 4 (p < 0.0001).
Results.
Our results show that neither direct nor indirect stimulation of the cAMP pathway could elicit regular
[Ca2+]c oscillations at sub-stimulatory (6 mM) glucose levels (Fig. 1). In contrast, [Ca2+]c oscillations
show changes when we stimulate the cAMP pathway(s) at stimulatory (8 mM) glucose levels (Fig.
2). During stimulation of the cAMP pathway in 8 mM glucose, we observed a switch between fast
oscillations and compound events with increased halfwidths. With increasing concentration of
caffeine stimulation (1 uM up to 10 mM) the events get progressively longer. It should be noted, that
we first observed prolongation of oscillations already at 10 uM caffeine. Immediate application of
saturating concentration of caffeine (10 mM) on top of the plateau oscillations stimulated with 8 mM
glucose lead to an instantaneous switch between the two oscillation patterns. Block of [Ca 2+]c
oscillations by epinephrine could be reversed by activation of the cAMP pathway.
Conclusion
Based on our findings, we conclude that the cAMP pathway(s) are able to modulate [Ca 2+]c
oscillations in pancreatic slices in situ. We suggest to use different compounds than caffeine to
investigate the role in internal Ca2+ stores in beta cell activity. Considered that cAMP alters [Ca2+]c
it might enhance insulin secretion. However, deeper investigation of phosphorylation sites and
similar mechanisms seem to be required.

Unwanted stimulation of cAMP-pathway(s) can modulate [Ca2+]c oscillations during
investigation of intracellular calcium dynamics
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Introduction
Cytosolic [Ca2+]c oscillations are connected to insulin release in pancreatic beta cells. Evidence
shows that Ca2+ stores, like the endoplasmic reticulum (ER), play an important role [1]. However,
the importance of the ryanodine receptor (RyR), transporting Ca2+ from the ER to the cytosol,
remains largely unexplored. Due to the size, RyRs are prone to post-translational modifications like
phosphorylation. In this study we investigated how off-target caffeine stimulation through the cAMP
pathway affects [Ca2+]c oscillations in pancreatic beta cells in situ.
Methods
For our experiments, we used the pancreatic tissue slices to provide an environment as
physiological as possible [2]. Briefly explained, we used male C57BL/6J mice at the age of 10-20
weeks. After killing the mice, we injected low-melting point agarose in the common bile duct and
prepared slices of 140 um thickness. To visualize cytosolic Ca 2+ changes we used a low-affinity
fluorescent reporter Calbryte-520. We imaged the slices using a confocal microscope with a 20x
immersion objective at a frequency of 20 Hz and stimulated the cAMP-dependent pathway(s) either
direct by applying cAMP analogues (8-Br-cAMP) or indirect by using caffeine as blocker of
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Application of caffeine
during plateau phase
prolonged [Ca2+]c
oscillations
A: Number of events per
minute during stimulation.
B: Representative traces
showing [Ca2+]c oscillations
over time. Gray lines
indicate the time of change
in our perfusion system;
compounds need around 2
minutes to reach the slice.
Events at ≥ 5mM caffeine
become prolonged.
C: Box-plot of the event
half-widths between the
different conditions.
Overall, the events tend to
become shorter.
D: Hexbin plot of the
detected events. Emphasized
regions determine the
events taken into account
for comparison between the
conditions. Note, there is
a population of events in
the domain of 20-40s.

Stimulation with caffeine
at sub-stimulatory glucose
(6 mM) does not elicit
[Ca2+]c oscillations
A: Number of events per
minute during each
condition. There is no
comparable amount of events
in caffeine at substimulatory glucose levels
compared to stimulatory
glucose (8 mM) conditions.
B: Representative traces
showing [Ca2+]c oscillations
over time. Gray lines
indicate the time of change
in our perfusion system;
compounds need approx. 2
minutes to reach the slice.
C: Box-plot of the event
half-widths between the
different conditions.
D: Hexbin plot of the
detected events. Emphasized
regions determine the
events taken into account
for comparison between the
conditions.
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Introduction
A novel strategy for the treatment of obesity and overweight is urgently needed. Glucagon-like
peptide-1 (GLP-1), an incretin hormone, is secreted from enteroendocrine L-cells in response to
food ingestion. GLP-1 plays a critical role in appetite regulation, however, it has a very short halflife, and L-cells are highly expressed in the distal intestine. Hence, a novel delivery system of
nutrients to the distal part of the gastrointestinal (GI) tract, could be a potential approach to prolong
GLP-1 release and therefore reduce the food intake. Porous silicon (PSi) particles and α-Linolenic
acid (αLA) were selected as carrier material and a model nutritional compound, respectively. The
aim of this study was to investigate the effects of αLA loaded PSi particles on in vitro and in vivo
GLP-1 secretion and the food intake of mice.
Methods
In vitro GLP-1 secretion with PSi particles with or without αLA was studied in enteroendocrine STC1 cells. Samples were incubated in KREBS buffer at 37 °C for 2 h and collected supernatant were
added to the pre-seeded STC-1 cells with 0.25% DPP4 inhibitor. The secreted GLP-1
concentrations were measured by ELISA kit. To evaluate the effect of αLA loaded PSi particles on
plasma GLP-1 levels, the DPP4 inhibitor was orally administered to C57/BL6 male mice to avoid
inactivation of GLP-1. Samples were orally dosed and blood samples were collected at predetermined time points from the saphenous vein. The plasma GLP-1 levels were measured by
ELISA kits. The effect of αLA loaded PSi particles on the food intake and metabolic performance in
mice were measured by an automated system (PhenoMaster®). For the acute study (single dose)
the mice were orally gavaged with αLA loaded PSi or empty particles suspended in water containing
2% DMSO and 0.5% CMC along with positive and negative controls at 1 h before the lights off. For
the chronic study, the mice were treated for 7 consecutive days of the above treatments.
Results
αLA loaded PSi significantly increased GLP-1 secretion from STC-1 cells. Orally administered αLA
loaded PSi prolonged and increased the plasma GLP-1 concentrations compared to control at 3 and
4 h after dosing (Figure 1). In addition, αLA loaded PSi significantly reduced the area under the
curve of 24 h food intake, while empty PSi did not. The data from the repeated dose study is currently
analyzed.
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Conclusion
We have demonstrated that delivering nutritional compounds to the distal part of the GI tract
increased and prolonged the plasma GLP-1 levels, and thus inhibited the food intake of mice. Our
results suggest that nutrients-loaded PSi particles could be used for appetite management via
stimulating the gut peptides’ secretion.
Figure 1. αLA loaded PSi
particles increased plasma
active GLP-1 concentration
in mice.
Active plasma GLP-1
concentration after oral
administration of control,
glucose (3 g/kg), αLinolenic Acid (αLA) 200
mg/kg, empty PSi, or αLA
loaded PSi in fasted mice.
*Significant difference at
P < 0.05 by mixed-effects
model followed by Dunnett’s
multiple comparisons
test. The values represent
the mean ± SEM for n = 6
(glucose and empty PSi), n
= 7 (control and αLA loaded
PSi), and n = 8 (αLA).

____________________________________________________________________________
A 05-24
Establishing a toolbox to study pancreatic stellate cell-derived matrix production
R. Schleinhege, A. Schwab, Z. Pethö
University of Münster, Institute of Physiology II, Münster, Germany
RS is supported by a scholarship from the Medizinerkolleg (MedK) Münster.
Introduction
Fibrosis is a characteristic feature of pancreatic pathologies such as chronic pancreatitis and
pancreatic ductal adenocarcinoma (PDAC). In PDAC, fibrosis is associated with enhanced tumor
cell invasion, and it hampers therapeutical drug delivery. Pancreatic fibrosis is caused by pancreatic
stellate cells (PSCs). When activated, PSCs secrete a dense extracellular matrix. However, it is yet
not well understood how changes in the microenvironment affect this matrix production. Thus, we
aimed to get more insights into the mechanisms of fibrosis formation by developing an in vitro
toolbox for PSC-derived matrices.
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Methods
We induced matrix formation in vitro using the human PSC cell line PS-1. Matrix synthesis was
optimized by culturing PS-1 cells with vitamin C and TGF-β1. PSC-derived matrices were visualized
and quantified with both Sirius Red-based and fluorescent imaging techniques. Besides applying
conventional immunofluorescence, we stained the matrix with CNA35-tdTomato, a fluorescently
labeled bacteria-derived collagen adhesion protein. CNA35 specifically recognizes the collagen
triple helix and binds to fibril-forming collagens such as type I and III. The composition of the cellderived matrix was analyzed using mass spectroscopy. To assess the physiological nature of the
matrix, we tested whether pancreatic cancer cells interact with the matrix by performing migration
experiments with the human cell line Panc-1. We also aimed to further approach the mechanistic
role of vitamin C in matrix formation and thus performed Ca2+ imaging in PSCs.
Results
We established a staining-based matrix quantification assay to track the development of matrix
production over time and to optimize the culturing conditions for matrix synthesis. Supplementing
the culture medium either with vitamin C (284 µM) or TGF-β1 (10 ng/ml) approximately doubles
matrix production of PS-1 cells within seven days. Combined both stimulants act synergistically and
lead to a six-fold increase. Mass spectroscopy analysis revealed that the matrix produced by
stimulated PS-1 cells is composed of multiple collagens, proteoglycans and glycoproteins. Using
different staining and imaging techniques we found that the structure of the in vitro matrix builds up
a complex, three-dimensional network. Pancreatic cancer cells migrate on this cell-derived matrix in
a highly persistent manner, which is in contrast to the random migratory behavior on an artificially
reconstituted matrix. Finally, mechanistic studies on the role of vitamin C in matrix formation
disclosed that vitamin C induces a Ca2+ influx into PSCs in a dose-dependent manner. This Ca2+
influx is partly mediated by Orai1.
Conclusion
In conclusion, we established a powerful in vitro toolbox for PSC-derived matrices to tackle various
questions regarding pancreatic fibrosis.
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Introduction
Asprosin is an adipokine secreted from white adipose tissue and thought to affect energy
metabolism. Asprosin has been associated with obesity since it increases appetite. We aimed to
investigate the effects of asprosin administration on body weight, food-water consumption and
hormones involved in energy metabolism in rats.
Methods
In this study, 24 male Sprague-Dawley rats were divided into two groups as control and asprosin
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(n=12). Asprosin (500 ng/kg) and saline (1ml/kg) were injected intraperitoneally daily for
approximately ten weeks from the 21st postpartum day onwards. Food-water consumption and
weight changes of all animals were daily monitored and recorded. At the end of the study, serum
leptin, ghrelin, insulin, TSH, growth hormone and corticosterone levels were analyzed by ELISA. In
addition, lipid profile (LDL, HDL and triglyceride levels) was analyzed by an autoanalyzer. The
student's t-test was used for statistical analysis.
Results
It was observed that there was an increase in food, water consumption and weight of male rats in
the asprosin group compared to the controls. However, these changes were not significantly
different. No significant difference was observed in serum leptin, ghrelin, insulin, TSH, or GH levels
in the asprosin group compared to the control values. However, a significant increase was detected
in corticosterone levels (p<0.05). In the lipid profile, LDL levels were significantly lower in the
asprosin group (p<0.05).
Conclusion
The long-term asprosin administration had no significant effects on food intake or weight gain,
despite the fact that there was a considerable reduction in LDL levels. This suggests that it may
have a beneficial influence on the lipid profile.
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Introduction
Obesity management has been a challenge for decades highlighting the need to discover novel
approaches leading to more effective interventions. Adrenergic signaling, via b2 and b3-receptors,
in white (WAT) and brown (BAT) adipose tissues promotes lipolysis and glucose uptake being key
in BAT to activate thermogenesis (1). Recently, dopamine signaling was also shown to contribute
to these effects (2). However, during obesity the effect of catecholamines on adipose tissue is
blunted (3), an effect recently ascribed to the downregulation of beta3-adrenergic receptors and
associated with increased inflammation (3). The carotid bodies (CB), classically described as O2
sensors, are also metabolic sensors involved in energy homeostasis (4). Its dysfunction is key in the
development of dysmetabolic states (4). Moreover, we found that the CB regulates both WAT and
BAT (5) through the modulation of catecholaminergic activity. Herein, we tested that obesity is
associated with decreased catecholaminergic signaling in the WAT and BAT and investigated the
effects of CB modulation on these mechanisms.
Methods
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Male Wistar rats were assigned to a HF group (60% fat diet) or an aged-matched control group fed
with a standard diet (NC). After 10 weeks, half of the groups were submitted to bilateral carotid sinus
nerve (CSN) resection, the CB sensitive nerve, or to a sham procedure. Afterwards animals were
followed for more 9 weeks and, at a terminal experiment, WAT and BAT depots were collected and
kept at -80ºC for western blot analysis of proteins from catecholaminergic system, as well as
inflammatory markers and to measure catecholamines by HPLC. Experiments followed the
2010/63/EU European Union Directive and were approved by NMS Ethics Committee and
Portuguese Authority for Animal Health. Differences between means were calculated using OneWay ANOVA and considered significantly different for p<0.05.
Results
HF diet decreased significantly by 58.6% norepinephrine (NE), 60% epinephrine (Epi) and 70%
dopamine (DA) levels in the WAT (NC animals: NE=0.7±0.04; Epi=0.05±0.07; DA=0.10±0.02
pmol/mg tissue). In WAT, HF diet did not change D2R or b3R but decreased D1R levels by 33.5%
(p<0.05), an effect not changed by CSN resection, and increased b2R by 26% (p<0.05), an effect
abolished in CSN-resected animals. In BAT, HF diet or CSN resection did not change D1R and D2R
levels, but HF diet decreased b3R levels by 19.9% (p<0.05), an effect abolished in CSN-resected
animals. HF diet or CSN resection did not alter IL1bR and IL6R levels in BAT, but in WAT HF diet
increased IL1bR levels by 67% (p<0.05), an effect attenuated in HF-CSN resected animals.
Conclusion
HF diet differentially alters catecholaminergic signaling in WAT and BAT, with major roles for D1R
and b2R on WAT and b3R on BAT. CSN resection restored adrenergic signaling in WAT and BAT
and attenuated inflammation, unraveling a new mechanism to overcome catecholamines resistance
in obesity.
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Introduction
Cellular metabolism is controlled by the biologically active triiodothyronine (T3) that modulates the
expression of genes to enhance mitochondrial metabolic function. Since Ca2+ ions are necessary
for mitochondrial metabolic activity by triggering the activity of dehydrogenases of the tricarboxylic
acid cycle and, thus, boosting mitochondrial respiration, we investigated whether Ca2+ ions are
involved in T3’s impact on cellular metabolism.
Methods
To understand the effect of T3 on intracellular signaling, we analyzed Ca 2+, ATP, and reactive
oxygen species (ROS) levels using organelle-targeted fluorescent biosensors, determined
expression levels of Ca2+ handling proteins, and performed mitochondrial respiration assays.
Results
Live-cell imaging revealed that T3 boosts a mitochondrial Ca2+ uptake route through the
mitochondrial Ca2+ uniporter (MCU) that gets modulated by uncoupling protein 2 (UCP2) and protein
arginine methyltransferase 1 (PRMT1). In line with these results, expression analysis revealed an
upregulation of UCP2 that facilitates this specific mode of mitochondrial Ca 2+ uptake. The thereby
enhanced mitochondrial Ca2+ uptake was found to be essential for increased mitochondrial ATP
production and elevated mitochondrial respiration rates after T3 treatment. Besides, the increase in
mitochondrial Ca2+ and ATP levels correlated with enhanced ROS production in mitochondria.
Conclusion
Consequently, we assume that facilitating a specific UCP2- and PRMT1-modulated mitochondrial
Ca2+ uptake route via MCU is essential to convey the impact of thyroid hormones on mitochondrial
ATP and ROS production.
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Aldosterone is produced in the zona glomerulosa of the adrenal gland. It is vital for the ion
homeostasis and the maintenance of the volume of the extracellular fluids, as it induces in the distal
nephron secretion of K+ and reabsorption of Na+, which in turn, increases the water reabsorption.
When in excess, aldosterone cause hypertension, being described as the most common cause of
secondary hypertension in humans. In the zona glomerulosa, the aldosterone producing cells have
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hyperpolarized plasma membranes, in what TASK-3 potassium channel is proposed to play an
important role. In addition, TASK-3 knockout mice have salt-sensitive arterial hypertension, denoting
an impairment in the regulation of aldosterone secretion. Because aldosterone-induced changes in
plasma Na+ and K+ can result in changes in plasma osmolality and extracellular volume, we
investigated whether altered osmolality in turn modulates aldosterone secretion and whether this is
affected in TASK-3 knockout mice.
Mouse adrenal glands were perfused ex-vivo, and aldosterone secretion was stimulated with K+ and
angiotensin-II at different osmolalities (270, 290 and 320 mOsm/kg), achieved by modifying the NaCl
concentration of a Ringer’s solution. Aldosterone in the perfusate was determined via ELISA.
Intracellular calcium measurements of zona glomerulosa cells were performed on fresh adrenal
gland slices using Fura-2-AM fluorescent dye.
Osmolality of the perfusate directly affected the aldosterone secretion of isolated perfused adrenal
glands from WT mice stimulated with high potassium or angiotensin II. At physiological K +
concentrations, aldosterone secretion was inhibited by high osmolality, while the low osmolality
seemed to enhance it. Similarly, high osmolality greatly suppressed aldosterone secretion at all
angiotensin II concentrations tested. However, at high and potentially life-threatening K+
concentrations, high osmolality did not suppress aldosterone secretion.
Interestingly, adrenal glands from TASK-3 knockout mice presented little response to changes in
angiotensin II concentration and their aldosterone secretion was not modulated by osmolality in a
normal manner.
Taken together, the secretion of aldosterone induced by angiotensin-II was strongly modulated by
plasma Na+. This regulation would prevent aldosterone from stimulating retention of Na+ when Na+
is not in deficit or potentiate its retention by enhancing the aldosterone secretion when there is Na+
depletion. TASK-3 channels seem to participate in this osmosensing mechanism, which gets
disrupted when the channel is not present in the zona glomerulosa. These data indicate that the
mouse adrenal gland is an intrinsically osmo-sensitive organ. Future studies are needed to
determine whether defects in osmosensitivity are associated with forms of hyperaldosteronism and
hypertension in humans.
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Introduction
The prevalence of obesity is constantly increasing, however, the medical problem is mainly the
obesity-associated metabolic syndrome (MetS). There are gender differences not only in the
individual components of MetS but also in its prevalence, which changes during life age
dependently. The cause of these gender differences is still unknown. In the adipose tissue of obese
people, inflammation is systematically formed that could be caused by extracellular DNA (ecDNA).
Obese patients show higher plasma concentrations of circulating ecDNA, which in turn can stimulate
neutrophils to produce the neutrophil extracellular traps (NETs). However, the role of NETs and
ecDNA in the pathogenesis of MetS is still unclear.
Aim
The present study aimed to describe sex differences in components of MetS, circulating ecDNA
concentrations, and production of NETs in the animal model of MetS induced by long-term
consumption of western-style cafeteria diet (CAF) in mice.
Methods
Adult female and male mice were fed a CAF diet and a control diet for 22 weeks. The body weight
and food consumption of mice were measured weekly. Throughout the experiment, mice underwent
morphometric and body composition measurements, and an oral glucose tolerance test. The
locomotor activity of mice was analyzed in the open field test. In peripheral blood, besides MetSrelated biochemical markers, the concentration of circulating ecDNA, DNase activity, and production
of NETs was measured.
Results
Long-term consumption of a CAF diet led to higher body weight in both female (60%) and male
(66%) mice compared to controls. CAF males had a 6% longer naso-anal distance, a 20% greater
BMI, and a 13% greater waist circumference compared to CAF females. Consumption of a CAF diet
resulted in hyperglycemia and insulin resistance, with CAF males showing a 3-fold higher rate of
insulin resistance compared to CAF females. CAF females and CAF males had a higher relative fat
weight compared to control animals, with CAF males having 76% more brown adipose tissue than
CAF females. CAF males showed adipocyte hypertrophy and liver steatosis. In both sexes, longterm consumption of the CAF diet led to higher plasma concentrations of cholesterol in comparison
to controls (p<0.001). Circulating concentrations of ALT were 40% higher in CAF males compared
to control males. CAF males showed higher cholesterol and ALT concentrations than CAF females.
CAF diet did not affect ecDNA concentrations and NETs formation.
Conclusion
Our results indicate sex differences in components of MetS, but not in ecDNA concentration and
NETs formation. In contrast to previously described sex differences in this model, we have used 6month-old mice that might be clinically more relevant. As in the current literature, data on plasma
ecDNA concentration, DNase activity, and NETs production in animal models of MetS are lacking,
additional experiments are needed to monitor their dynamic changes during MetS development.
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Introduction
Metabolic syndrome (MS) is a bunch of risk factors for cardiovascular disease and type 2 diabetes.
These risk factors are mostly induced by high-carbohydrate high-fat diet (HCHFD) and sedentary
lifestyle. The initiation of these risk factors is linked to chronic low-grade inflammation. We
have shown that ursolic acid (UA) prevents HCHFD-induced metabolic parameters, but
the mechanism involved, especially in obesity-related inflammation, has not been identified. This
study investigated the mechanism by which dietary UA supplementation prevents obesity-related
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metabolic dysfunction and the corresponding inflammatory response in male wistar rats fed with
HCHFD.
Methods
Twenty male Wistar rats, 8-9 weeks old, weighing 120 - 170 grams and randomly divided into 4
groups (n =5) were used. Group I received normal diet (ND) and distilled water (DW); group II
received ND and UA; group III received HCHFD and DW; group IV received HCHFD and UA.
HCHFD was formulated in house and augmented with 20% fructose in drinking water. The animals
were fed their respective diets daily for 20 weeks. A dose of 250 mg/kg body weight of UA was
adopted and administered orally starting 12 weeks after initiation of the HCHFD for a further 8
weeks. Body weight, BMI and fasting blood glucose (FBG) were measured every four weeks and
percentage increase was determined. Oral glucose tolerance test (OGTT) was performed and area
under the curve (AUC) was determined. 75 mg/kg body weight of ketamine and 5 mg/kg body weight
of diazepam injected i.p. was used as anaesthesia. Blood samples were obtained for serum insulin,
lipid profile and TNF-α assessment. Insulin resistance was determined using the homeostatic model
assessment for insulin resistance (HOMA-IR). Adipose tissue PPAR-γ mRNA level was evaluated
using real-time polymerase chain reaction technique.
Results
HCHFD+UA-fed animals had a significantly (P<0.05; n = 5) lower BMI (34.78±0.30) and FBG
(17.26±1.97) increase compared to the HCHFD+DW group (50.0±0.69) and (39.68±2.32)
respectively. In HCHFD+DW group, HOMA-IR (36.72±0.53) and AUC (5008.90±22.91) were higher
(P<0.05; n = 5) compared to (23.0±0.34) and (4066.70±19.87) respectively in the HCHFD+UA
group. There were significant decreases (P<0.05; n = 5) in serum insulin (95.64±0.48); cholesterol
(105.62±1.84); triglyceride (83.38±1.19) and LDL-C (54.74±1.03) in HCHFD+UA group compared
respectively to (123.76±0.95); (126.18±1.70); (118.18±1.25) and (72.86±1.05) in the HCHFD+DW
group, while HDL-C (78.86±0.97) was significantly increased (P<0.05; n = 5) in the HCHFD+UA
group compared to HCHFD+DW group (36.12±1.91). UA significantly decreased (P<0.05; n = 5)
serum TNF-α (98.14±0.41) vs (221.50±0.37). Adipose tissue PPAR-γ mRNA level was significantly
more expressed (P<0.05; n = 5) by UA.
Conclusion
UA supplementation prevented obesity-related metabolic dysfunction and inflammation through
increased expression of PPAR-γ in male wistar rats fed with HCHFD for 20 weeks.
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Introduction
Gamma-aminobutyric acid (GABA) functions as an essential inhibitory neurotransmitter in the
central nervous system. Additionally, GABA is present in the blood where it can mediate multiple
beneficial effects on islet beta cells [1], [2] and exert a suppressive effect on immune cells [3], [4].
Accordingly, GABA is an interesting candidate to investigate for its role in type-1 diabetes (T1D).
Since the glucose levels in the blood vary in diabetes, we decided to examine the effects of
increasing concentrations of glucose on the GABA inhibition of CD4+ cells from T1D patients.
Methods
Isolated CD4+ T cells from T1D patients (n=14) were cultured for 72 hours in four concentrations of
glucose; 2.8, 5.6, 10, and 16.7 mM, in the presence and absence of GABA (500 nM). The
proliferation was assessed using MTT assay and the cell culture supernatants were collected for
analysis of cytokines’ secretion using the multiplex proximity extension assay (PEA) and enzymelinked immunoassay (ELISA).
Results
In anti-CD3 stimulated CD4+ T cells, GABA (500 nM) inhibited proliferation and inhibited (n = 30) or
promoted (n = 23) secretion of inflammatory-related cytokines in a glucose concentration- and celltype manner; responder or non-responder donors. Our results demonstrate reduced effects of
GABA treatment as the extracellular concentration of glucose was raised. The secretion levels of
IFNγ and IL-10 were down-regulated at 2.8 and 5.6 mM glucose but up-regulated at 16.7 mM
glucose from the same donor.
Conclusion
Our study provides new insights into the interplay between GABA and glucose metabolism and
identifies them as key molecules participating in modulating inflammation and immunometabolism.
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Introduction
The major cell types in pancreatic islets are α-, β- and δ-cells expressing glucagon (GCG), insulin
(INS) and somatostatin (SST) transcripts, respectively. However, existing of more subtypes of cells
within islets is getting increasing evidence. Such cells express more than one hormone transcript
thus demonstrating so-called mixed identity. Human pancreatic islets release various
neurotransmitters including γ-aminobutyric acid (GABA)1,2. The functional properties of human islet
GABAA receptors were recently characterized in detail3. The aim of the present study was to figure
out if there is a correlation between characteristics of GABAA receptor-mediated currents and levels
of relative gene expression in mixed-identity cells in intact human pancreatic islets.
Materials, Methods and Results
Human pancreatic islets were generously provided by the Nordic Network for Clinical Islet
Transplantation. All procedures were approved by the regional ethics committee in Uppsala
(Sweden). Experiments were performed in accordance with the Swedish and European legislation;
informed consent was obtained from donors or their relatives. Combining a single-cell RT-PCR with
the whole-cell patch-clamp technique, we identified cells expressing dual (GCG/INS, GCG/SST,
INS/SST) and triple (GCG/INS/SST) hormone transcripts and patterns of GABAA receptor-mediated
currents from respective cells. The majority of mixed-identity cell types was α/β subpopulation (cells
expressing both transcripts, GCG and INS). It was possible to group it further to α- and β-like
subgroups according to the functional properties of GABAA receptor-mediated currents and relative
GCG/INS expression ratio4.
Conclusion
A clear correlation between GABAA receptor-mediated currents and the relative gene expression in
mixed-identity cells in intact human pancreatic islets was revealed. The β-like cells had lower
GCG/INS expression ratio than in α-like cells, and at the same time significantly higher frequency of
GABAA receptor openings than in α-like cells. Thus, the combination of GABAA receptor activity and
relative expression of the hormone transcripts can predict the phenotype of the mixed-identity cells.
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Projection-specific hierarchical organisation among midbrain dopamine neurons via
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N. Hammer, J. Roeper
Goethe University, Institute of Neurophysiology, Frankfurt, Germany
Most midbrain dopamine (DA) neurons are inhibited by activation of somato-dendritic D2autoreceptors (D2R) (Lacey et al., 1987). The presence of synaptic D2R signalling between preand postsynaptic DA neurons was demonstrated in midbrain slices in vitro (Beckstead et al., 2004).
In addition, spontaneous D2R-mediated IPSCs were recorded in DA neurons showing functional
dendro-dendritic vesicular DA release between midbrain DA neurons (Gantz et al., 2013). Our
previous studies reported different D2R and GIRK2 expression levels in midbrain DA neurons
projecting to distinct target areas (Lammel et al., 2008), but the functional contribution of synaptic
and extrasynaptic D2R signaling within and across these DA subpopulations is currently unknown.
Therefore, we recorded electrically evoked, D2R-mediated, sulpiride-sensitive, slow inhibitory
postsynaptic currents (eIPSCs) in retrogradely identified DA neurons in vitro. We observed
significant differences in peak D2R-sIPSC amplitudes between DA neurons projecting lateral shell
of nucleus accumbens (lNAcc), dorsomedial striatum (DMS) and dorsolateral striatum (DLS). Mean
eIPSC amplitudes of lNAcc-projecting DA neurons displayed much larger currents compared to DA
neurons projecting to the dorsal striatum (lNAcc: 27.1±2.5pA, n=21; DMS: 16.3±1.4pA, n = 23; DLS:
12.5±1.3pA, n=18).
Using a viral approach we optogenetically stimulated presynaptic DA neurons projecting to DLS
while recording optically-evoked, sulpiride-sensitive D2-IPSC (oIPSC) in DA neurons projecting to
lNAcc (lNAccDLS:14.9±3.7pA, n=13). When reversing pre- and postsynaptic DA neurons, little to no
oIPSCs were recorded (DLSlNAcc:3.6±1.4pA, n=9). These results suggest a lateral-to-medial
hierarchical organisation of D2R-inhibition among distinct DA subpopulations.
____________________________________________________________________________
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Presynaptic CaV2.2 (N-type) voltage-gated calcium channels convey nociception via the spinal cord
by bridging the electrical signals of nociceptors and the chemical signals contacting ascending
neurons. Noxious stimuli induce membrane depolarization, causing CaV2.2-activation, calcium
influx and neurotransmitter release. Simultaneously, CaV2.2 are subject to pain-modulatory
feedback. Neurotransmitters and neuromodulators activate presynaptic G-protein-coupled
receptors (GPCRs), resulting in Gβγ-inhibition of CaV2.2 channel voltage-dependent activation – the
channels convert from a willing to a reluctant state. Despite the importance of Gβγ-inhibition, its
molecular mechanism is unknown. Thus, we optically dissected the molecular events underlying
CaV2.2 activation in willing and reluctant states, i.e., in the absence or presence of Gβγ.
CaV2.2 are intricate molecules composed of a central calcium-conducting pore, surrounded by four
voltage-sensing domains (VSD I-IV). While the VSDs are known regulators of CaV2.2 activation, the
role of each homologous, but non-identical, VSD is unknown. To optically dissect the role of each
VSD, we studied heterologously expressed CaV2.2 using voltage-clamp fluorometry, to
simultaneously: i) control the membrane potential ii) record ionic conductance and iii) optically track
voltage-sensor activation.
We found that VSDI and VSDIV have a half-activation potential (V50) of 3.9 and -5.9 mV, similar to
pore opening (-1.5 mV), while VSD III activates with a remarkably negative V50 of -62.8 mV. VSD II
activation remains to be resolved. Gβγ converted channels from willing to reluctant by shifting pore
opening by 24 mV. Intriguingly, preliminary experiments showed that G βγ also shifted VSDI
activation by 17 mV. This suggests that (at least) VSDI has a prominent role in G βγ-inhibition.
In conclusion, our first-time optical dissection of the CaV2.2 channel voltage-sensing apparatus
revealed that VSD-activation is asymmetrical, indicating a difference in regulatory role in pore
opening. Furthermore, Gβγ-inhibition involves at least VSDI. These findings provide new information
about molecular events underlying CaV2.2 function and regulation, which control synaptic
transmission in nociceptive pathways.
Gβγ-inhibition of Cav2.2
(N-type) voltage-gated
calcium channels
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Presynaptic ATP concentration decreases during physiological-like activity at a central
synapse
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Neurotransmitter release imposes a high metabolic burden on neurons. ATP is needed to sustain
the vesicle cycle and to restore the ionic gradients challenged by action potentials. Recent findings
in cultured hippocampal neurons indicate that during synaptic transmission ATP production
increases to compensate ATP consumption. However, the relevance of these findings in a more
physiological context is still poorly understood. Aiming to assess presynaptic ATP dynamics
quantitatively, and under more physiological conditions, we performed high-resolution
measurements of presynaptic ATP concentration at cerebellar mossy fiber to granule cell synapses
in acute brain slices of mice at near-physiological temperatures. This synapse can sustain a broad
range of firing frequencies between 1 and 1000 Hz including sustained firing at a few hundred
Hz in vivo. We simultaneously measured the presynaptic ATP levels with a Förster resonance
energy transfer (FRET) ATP-sensor ATeam1.03(YEMK) and excitatory postsynaptic currents
(EPSC) at granule cells during electrical stimulation of single mossy fiber axons. We found that the
basal ATP concentration of cerebellar mossy fiber boutons is approximately 2.1 ± 0.1 mM consistent
with previous reports. Synaptic transmission at a frequency of 100 Hz for 5 and 15 s decreased the
ATP concentration by 0.19 ± 0.03 and 0.22 ± 0.04 mM, respectively (n = 16 and 7). The maximal
rate of decrease of ATP concentration was 25 µM/s. Pharmacological interference with ATP
production strongly accelerated the decrease of the ATP concentration. These data indicate an
activity-dependent ATP production, which, however, could not fully compensate the ATP production
during this high-frequency transmission. Synaptic transmission at a lower frequency of 20 Hz for 30
s, resembling a weak physiological activity at this synapse, also decreased the ATP concentration
by 0.20 ± 0.07 mM (n = 8). Our data thus indicate that the presynaptic ATP concentration is stabilized
by activity-dependent ATP production but can nevertheless slightly decrease during physiologicallike neuronal activity at a central synapse.
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Introduction
The neuropeptide Galanin has pleiotropic functions ranging from influencing the release of
hormones and neuropeptides in hypothalamus, control of the release of neurotransmitters in
hippocampus, of food intake, of sleep and of stress resilience [1, 2]. After topical application of
Galanin on cortex, brain excitability decreased: lower amplitudes and velocities of cortical spreading
depolarization (CSD), the reduction of numbers of propagating CSD and increase of the application
time of KCl to ignite a CSD (increase in threshold) [3]. Here, we investigated the effects of blockade
of the Galanin receptors 1-3 on CSD and neuronal excitability represented in parameters of the
electroencephalographic activity.
Methods
In spontaneously breathing anesthetized adult rats (sodium thiopentone, 100 mg/kg, i.p.) we
recorded the electrocorticogram with arrays of glass microelectrodes in two brain areas (treated and
untreated) at cortical depths of 400 and 1200 µm that were separated by a wall made from dental
acrylic. CSD was induced by KCl microinjection. CSD-related direct current (DC) potential shifts,
changes in extracellular potassium concentration and in regional cerebral blood flow were
continuously monitored. We applied either M40, a preferential Galanin receptor 1 (GalR1)
antagonist, at 3 nM, or the Galanin receptor 2 (GalR2) antagonist M871 at 3 nM, or the Galanin
receptor 3 (GalR3) antagonist SNAP 37889 at 30 nM for 2 h as pretreatment, followed by 2 h
application of Galanin at 100 nM, or in co-application with Galanin at 100 nM for 4h. Brain slices
from untreated rats were stained for Galanin and GalR1/2/3 localization.
Results
Galanin is expressed by all cortical neurons. The three GalRs were stained in cortical neurons with
a different pattern (GalR1 in 50% neurons of layer IV/V; GalR2 and GalR3 in all neurons). M40, the
antagonist acting preferentially at GalR1, prevented all Galanin effects on CSD, amplitudes and
propagation velocity did not change during protocol. However, M40 may also act on GalR2 and
GalR3 though we used a concentration preferentially acting on GalR1. The GalR2-specific
antagonist M871 prevented the Galanin effects on CSD amplitude and on threshold of CSD
elicitation both in pretreatment and in coapplication protocols, but not the effects on CSD velocity.
Blockade of GalR3 by SNAP 37889 prevented the effects of Galanin on CSD amplitude, but Galanin
still increased the threshold of CSD elicitation and slowed CSD propagation.
Conclusion
The formation and propagation of CSD can be influenced by Galanin through all three GalRs,
preferentially via GalR2 and GalR3. Both GalR2 and GalR3 determine the Galanin effect on CSD
amplitudes whereas the Galanin effect on CSD threshold is mediated by GalR3 but not by GalR2.
The decay in velocity by Galanin is only prevented if all three GalRs are blocked by M40. Thus all
three GalRs have a functional role for the homeostatic actions of Galanin in cerebral cortex.
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Projection-selective effect of Ivabradine on pacemaking in midbrain dopamine neurons
with defined axonal targets
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Hyperpolarization-activated cyclic nucleotide-gated cation (HCN) channels are prominent in
midbrain dopamine (DA) neurons. Previous studies reported significant differences in HCN channel
expression patterns and functional properties across defined DA subpopulations (Franz et al., 2000;
Neuhoff et al., 2002) including those with distinct axonal projections (Lammel et al., 2008; Lerner et
al., 2015). As the subpopulation-specific functional contribution of HCN channels is still unclear
among mature DA SN neurons, we combined retrograde tracing of either dorsolateral-striatum
(DLS) or dorsomedial-striatum (DMS) with in vitro patch-clamp recordings of synaptically isolated
neurons. Using whole-cell voltage clamp, we observed significantly larger current amplitudes for
DLS-projecting compared to DMS-projecting DA SN neurons (DLS: 848.9 ± 256.0 pA (n = 32); DMS:
345.6 ± 138.6 pA (n = 25)). To define the role of HCN channels in pacemaking, we recorded DLSand DMS-projecting DA SN neurons in perforated patch and bath-applied 100 µM Ivabradine. To
our surprise, Ivabradine did not alter pacemaking frequency or regularity in DLS-projecting neurons
(pre: 5.31 Hz, CV 5.6%; during: 4.71 Hz, CV 6.72%; post: 4.89 Hz, CV 6.61% (n = 10)) while
effectively inhibiting HCN channels. In contrast, pacemaker rate and precision were significantly
reduced (approx. 25%) by Ivabradine in DMS-projecting DA SN neurons (pre: 4.02 Hz, CV 9.9%;
during: 3.03 Hz, CV 24.15%; post: 3.91 Hz, CV 10.35% (n = 12)). We are currently studying offtarget effects (Peters et al., 2021) and fast homeostatic pacemaker dynamics (Amendola et al.,
2012) of two DA SN populations to better understand the projection-selective pacemaker effect of
Ivabradine.
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P2X receptors are trimeric ligand-controlled ion channels that belong to the group of purinergic
receptors. They open in response to the binding of ATP at their extracellular side. Seven subunit
isoforms have been identified that are involved in a variety of physiological processes, including
cardiac rhythmicity and contractility, inflammation, and the generation of pain.
Our previously synthesized fluorescent ATP derivative, 2-[DY-547P1]-AET-ATP (Sattler et al., 2020,
JNC) has been used to study activation in rat P2X2 receptors. In this study we used a novel
fluorescent ATP with a modified linker (X) instead of the previously used ethyl-linker to couple the
fluorophore DY-547P1 to the 2-position of the adenine ring of ATP (2-[DY-547P1]-AXT-ATP). This
ligand is a full agonist with respect to ATP that reports the degree of binding by bright fluorescence
at the human P2X2 receptor.
The EC50 value of 2-[DY-547P1]-AXT-ATP (fATP) is approximately one magnitude higher than that
of ATP. This novel compound bears great potential to study the relation between binding and gating
by confocal patch-clamp fluorometry. This will allow us to substantiate Markovian gating schemes
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differentiating between constants for the binding of each subunit and the contribution of each
liganded subunit to channel activation.
Binding of fATP to human
P2X2 receptors
HEK293 cells stably
expressing human P2X2
receptors.
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Introduction
Microphthalmia-associated transcription factor (Mitf) plays a critical role in the development and
cellular function of the retinal pigment epithelium (RPE). Mitf mutations can serve as mouse models
of retinal dysfunctions. The purpose of this research was to analyze the retinal function and
morphology of mice with various mutations in the Mitf gene.
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Methods
The following Mitf mutant mice were used in the study: Mitfmi-vga9/+, MitfMi-wh/+. C5BL/6J was used
as a control mouse.All mice were 2-3 months old. Electroretinograms (ERGs) were collected under
both dark- and light-adapted conditions according to the protocols, along with fundus images and
optical coherence tomography (OCT) from anesthetized mice. The ERG dark-adapted b- and cwaves were analyzed, and a mathematical model of the Naka Rushton (NR) equation was used to
analyze the dark-adapted b-wave amplitude. Light-adapted b-wave was analyzed. OCT was
performed to visualize and analyze retinal morphology.
Results
NR analysis showed that b-wave amplitude was significantly higher in Mitfmi-vga9/+(619.0 ± 42.1 µV,
636.2 ± 48.4 µV, 763.8 ± 48.1 µV; p<0.05) compared to wild type mice at 0.5, 1.0, and 10 cd⋅sec/m2
respectively (Figure 1). Interestingly, the analysis of the retinal layers revealed that the total retina
and choroid thickness were thicker in MitfMi-wh/+ (290.8 ± 11.0 µm, 82.9 ± 8.2 µm; p<0.05) compared
to control mice respectively, whereas the thickness of the inner retina was lesser in Mitfmi-vga9/+(91.5
± 0.8 µm; p<0.05) compared to control mice (Figure 2).
Conclusion
This study suggests that Mitf affects retinal function, especially rod responses. Profound
hypopigmentation was found in MitfMi-wh/+ indicating that Mitf affects RPE pigmentation. Additionally,
the increased thickness of the total retina and choroid in MitfMi-wh/+ suggests that we might have a
new mouse model of human Pachychoroid disease.
Figure 1. Dark-adapted bwave analysis by NR
equation.
N=6 per group. Mean ±
S.E. *p<0.05 versus wild
type. Statistical analysis:
one-way ANOVA, Bonferroni
t-test corrected.

Figure 2. Retinal layer
analysis from OCT images.
TR=total retina, IR=inner
retina, OR=outer retina,
POS=photoreceptors,
Ch=choroid.
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Pre- and postsynaptic forms of long-term potentiation (LTP) are candidate synaptic mechanisms
underlying learning and memory. A classical form of presynaptic LTP, referred to as synaptic
redistribution, has been described for layer 5 pyramidal neurons. However, how this apparent
increase in the release probability relates to recent advances in the understanding of priming of
synaptic vesicles remains unclear. We therefore performed whole-cell recordings from layer 5
pyramidal neurons in acute cortical slices of rats in combination with extracellular stimulation of local
excitatory inputs and analyzed the presynaptic function before and after the induction of LTP. LTP
increased the EPSC amplitude by a median factor of 1.5 in half of the synapses. In these responder
synapses, LTP increased synaptic depression during high-frequency transmission and slowed the
recovery from depression by adding a second slow component to the time course of recovery.
Analysis with a recently established two-step vesicle priming model indicates an increase in the
number of fully-primed vesicles that recover slowly following stimulation. To further test this
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hypothesis, we pharmacologically stimulated the cyclic adenosine monophosphate (cAMP) and
diacylglycerol (DAG) pathways, which are both known to promote synaptic vesicle priming. Both
pharmacological manipulations indeed mimicked all features of electrically-induced LTP. Comparing
presynaptic plasticity at various synapses revealed a general correlation that stronger synapses
recover slower from synaptic depression, indicating that fully-primed vesicles rely on a slowly
maturating release machinery. Our data show that LTP at layer 5 pyramidal neurons increases the
synaptic strength primarilyby enlarging a subpool of fully-primed slowly-recovering vesicles.
____________________________________________________________________________
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Biochemical properties of secreted protein 1 (SEP1), a new interaction partner specific of
ASIC1a
F. Weiss, S. Gründer, D. Wiemuth
RWTH Aachen, Institute of Physiology, Aachen, Germany
Acid-Sensing Ion Channel 1a (ASIC1a) is a proton-gated cation channel expressed in the central
nervous system. It plays a role in various physiological and neuropathological processes like
synaptic transmission, stroke and multiple sclerosis. Little is known about putative interaction
partners of ASIC1a. We identified a potential binding partner (SEP1) by using a knock-out controlled
proteomics screen. Almost nothing is known about SEP1, therefore we aimed to examine key
biochemical features of the protein. We expressed SEP1 and ASIC1a in HEK ASIC1 knock-out cells
and found that SEP1 is secreted in its complex glycosylated state and that all five putative
glycosylation sites are indeed glycosylated. Interestingly, SEP1 significantly increases the amount
of complex glycosylated ASIC1a (p = 0,0013; 99% CI [0,1443; 0,5214], n = 3, Welch’s Test). A SEP1
mutant of its putative active site does not increase complex glycosylation of ASIC1a nor is it secreted
(n = 3). Taken together our results suggest that SEP1 may play an important role in maturation of
glycosylation of ASIC1a and might therefore increase trimerization or trafficking of ASIC1a. Based
on our findings we hypothesize that SEP1 plays an important role in numerous ASIC1-dependent
physiological and pathophysiological processes, many of which need further investigation.
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Function investigation of GABA and Glutamate re-uptake transporters EAAT3 and GAT1
using SSM-based electrophysiology
R. Zerlotti, M. Barthmes, A. Bazzone, C. George, N. Fertig, A. Obergrussberger
Nanion Technologies GmbH, Munich, Germany
Introduction
GAT1 (SLC6A1) and EAAT3 (SLC1A1) are secondary active neurotransmitter transporters coupled
to the ion gradients established by the NaK-ATPase. Both are expressed in neurons and play a
major role in the depletion of neurotransmitters GABA and glutamate from the synaptic cleft, thereby
taking part in termination of synaptic transmission, maintaining the ambient extracellular
neurotransmitter concentration and neurotransmitter recycling through reuptake. GAT1 is linked to
epilepsy, schizophrenia, anxiety and ADHD. Subtype specific inhibition of EAAT3 is assumed to be
beneficial during phases of insufficient energy supply by preventing reversal glutamate transport.
Therefore, screening compounds to find inhibitors of these transporters is of high pharmacological
interest. However, there are few methods suitable for resolution of small transporter currents, in
particular such providing necessary throughput for compound testing.
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Methods
SSM-based electrophysiology is an emerging technique extending the range of applications in
electrophysiology. The method allows adsorption of any membranes - native, cell culture-derived or
organellar - to a lipid coated sensor (solid supported membrane, SSM). The large sensor of 3 mm
in diameter generates a 1000-fold or higher amplification compared to conventional patch clamp.
These two features render the method ideal for electrogenic transporters and channels which are
difficult to access by other electrophysiological methods due to their low current amplitude or bad
accessibility. Additionally, this method is scalable and can be automated.
Results
Here we established and evaluated new assay formats for functional investigation of GAT1 and
EAAT3 activity, as well as identification and characterization of their inhibitors. We used purified
plasma membrane vesicles from CHO cells expressing GAT1 of EAAT3, which where immobilized
on a solid supported membrane-based sensor system. Activity was triggered by application of GABA
and glutamate, respectively. The charging of the vesicles caused by the electrogenic transport was
measured. The EAAT3 assay was transferred to a high throughput system in 96-well format. Using
this system, we determined the Km of glutamate to be 99 µM and of GABA to be 80 µM. We
investigated six inhibitors of EAAT3 and report similar or lower IC50s compared to the literature, thus
demonstrating the sensitivity of our assay system (e.g. HIP-B: 3.3 ± 1.4 µM, MPCD: 7.2 ± 1.5 µM,
PDC: 1.9 ± 0.4 µM). Furthermore, we were able to detect Cl- and GABA-induced currents in GAT1
that are not observable with conventional electrophysiology.
Conclusion
In this study we evaluated the properties of SSM-based electrophysiology and conclude that it is not
only a valuable tool for pharmacological approaches due to robust current responses with a good
signal-to-noise ratio and a high throughput, but it is also an intriguing approach for investigation of
mechanistic research questions.
Schematic diagram of SSMbased electrophysiology
SSM (solid supported
membrane)-based
electrophysiology can
resolve small currents as
they are generated by SLC
transporters like EAAT3 and
GAT1. A sensor is coated
with the membrane or cells.
Changes in the membrane
potential caused by
electrogenic transport
events can be detected on
the sensor.
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GAT1 transport measured
using SSM-based
electrophysiology
Representative recording of
GAT1 activity using
different GABA
concentrations and parental
CHO cells as control (left)
and the apparent GABA
affinity for GAT1
calculated using increasing
concentration of GABA
(right).
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Interleukin-6, a pro-inflammatory cytokine that may contribute to hippocampal dysfunction
in dystrophin-deficient mdx mice.
K. A. Stephenson, M. B. Vaughan, C. M. Denley, M. G. Rae, D. O'Malley
University College Cork, Department of Physiology, College of Medicine and Health, Cork, Ireland
Duchenne Muscular Dystrophy (DMD) is a neuromuscular disorder arising when a mutation causes
loss of the structural protein, dystrophin. Absence of dystrophin from myocytes leads to progressive
immobility, chronic inflammation and premature death. However, the role of dystrophin as a
mechano-transducing signalling molecule is unnecessary in non-contracting cells such as neurons,
where it may facilitate effective synaptic transmission. Specific brain regions, including the
hippocampus, which is the site of memory acquisition, expresses dystrophin and therefore, loss of
this protein may underlie hippocampal-related deficits in cognitive function that are common in
individuals with DMD. In this project, we sought to determine if loss of dystrophin contributed to
changes in hippocampal function. We also explored the role of the pro-inflammatory cytokine,
interleukin (IL)-6 in the pathophysiological process underlying reported learning deficits.
Using extracellular electrophysiology, the molecular correlate of memory formation, long-term
potentiation (LTP) was compared in dystrophin-containing wildtype and dystrophic mdx mice. At a
cellular level we examined expression of dystrophin in cultured hippocampal neurons using
immunofluorescence and confocal microscopy and investigated the functional effects of loss of this
protein using calcium imaging.
LTP was suppressed in mdx (n = 6) as compared to wildtype (n = 9, p = 0.01) hippocampal slices.
Consistent with previous reports that IL-6 can disrupt LTP, we found that exposure to IL-6 (1nM, >2
hours) resulted in suppression of LTP in wildtype slices (n = 5, p = 0.01), such that potentiation was
now comparable to that of mdx slices. In dystrophin-expressing mdx cultured neurons, IL-6 altered
synaptic connectivity in developing hippocampal networks, resulting in increased expression of
synaptic IL-6 receptors (p >0.001) and clustering of dystrophin (p = 0.035) in hippocampal
processes. In the absence of dystrophin, IL-6 receptor expression located at synapses was also
increased in mdx hippocampal processes (p=0.046), and this may impact on neuronal networks, as
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functionally, we observed increased spontaneous excitability in mdx cultures as compared to
wildtype
cultures
(p<0.001).
Suppressed hippocampal LTP in the absence of dystrophin, supports an important functional role
for this synaptically-expressed protein. Interestingly, this observation can be mimicked by exposing
wildtype hippocampal slices to IL-6, a pro-inflammatory cytokine that can cross the blood brain
barrier, and is elevated in dystrophinopathies. Culture medium supplemented with IL-6 stimulated
synaptogenesis in wildtype neurons, a finding that was also observed in mdx cultures under
standard culture conditions. Functionally, mdx cultures exhibited neuronal hyperexcitability. Thus,
elevated IL-6, as a consequence of chronic peripheral inflammation, may contribute to cognitive
dysfunction associated with loss of hippocampal dystrophin.
____________________________________________________________________________
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Projections of GABA/glycine co-transmitting neurons in the respiratory network
A. Harb, B. Vafadari, C. Tacke, S. Hülsmann
Georg-August University, Department for Anesthesiology, Göttingen, Germany

The pre-Bötzinger complex (preBötC) is a bilateral neuronal network in the ventral medulla
responsible for respiratory rhythm generation and control of inspiration. Although the preBötC can
generate respiratory activity itself, its interaction with neighboring regions, like the rostral Bötzinger
complex (BötC) plays an important role in control of breathing behavior. To investigate the
glycinergic interconnection between BötC and preBötC, we used sagittal brainstem slices from
neonatal mice expressing, in a Cre-dependent manner, channelrhodopsin-2 (ChR2) under the
control of the glycine transporter 2 (GlyT2). Inhibitory neurons in the BötC were stimulated using an
UGA‑42 Firefly laser point illumination system (470 nm; 6.6 µm laser point diameter half-with) with
short light pulses (up to 10 ms). This type of stimulation lead to single action potentials, which peak
8.3 ± 0.1 ms (mean ± SEM; n=3) after the light is turned on. Whole-cell voltage clamp recordings
from preBötC neurons revealed that stimulation of individual BötC-glycinergic neurons lead to mixed
GABA- and glycinergic postsynaptic currents. Although varying from presynaptic to presynaptic cell,
the contribution of the median GABA receptor-mediated component was 30.69 ± 6.55 % (n=8 post
synaptic neurons). Taken together, our data support the concept of a large population of
GABA/glycine co-transmitting neurons (GGCNs) in the Bötzinger Complex. Moreover, our method
will allow a detailed mapping of the distribution of GGCNs in different regions of the respiratory
network.
____________________________________________________________________________
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Neuropathic pain alleviation in a high fat-fed rodent model of diabetes through Angiotensin
II type 1 receptor antagonism
L. D. Hardowar1, M. Sheavyn1, P. G. McTernan1, D. O. Bates2, R. P. Hulse1,2
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2
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Neuropathic pain is a complication of diabetes experienced by 50% of patients, reducing quality of
life significantly [3]. Heightened pain perception arises from neuronal hyperexcitability of the nervous
system (NS), following hyperglycaemia. Despite medical interventions targeting neuronal firing to
alleviate pain, long-term use of painkillers is often ineffective with short windows of relief [1]. In
models of neurodegeneration, neuronal hypersensitivity has been linked to vascular disruption
reducing oxygen and nutrient delivery, as implied in Alzheimer’s disease and stroke [4]. Models of
disease have suggested spinal cord (SC) level microvasculature blood flow cessation greatly
influencing pain perception [5]. Pericytes, positioned on small capillaries, demonstrate contractile
abilities within the NS to modulate blood perfusion of nervous tissue [2]. Our preliminary work
supports angiotensin II (ANGII) type 1 receptor (AT1) activation acting as a fundamental modulatory
component of vasoconstriction in pericytes. This study aims to determine whether Losartan (LOS),
an AT1 receptor antagonist, alleviates hypersensitivity development in 60% high fat diet (HFD) fed
diabetic mice, preventing pericyte-led vasoconstriction in the SC. Initial studies demonstrated that
isolated pericytes from mice SC (n=6, post-natal day 7) in high glucose (50mM/L) conditions treated
with ANGII increased in calcium response (*P<0.024, t-test), during the Fluor-4 direct calcium assay,
supporting pericyte contractile ability in hyperglycaemic environments. Subsequently, calcium
activity significantly reduced with post-LOS (n=4, 10µM) dosing alongside ANGII (n=4, 100nM)
(**p<0.004,t-test). Follow up in vivo studies included the development of diabetes in rodents via a
7-week feed on 60% HFD to C57/Bl mice (n=16, mixed sex) (tail vein glucose reading from baselineweek to week-7, *p<0.01, t-test). Painful neuropathy was confirmed in diabetic mice via a significant
increase (****p<0.0001, two-way ANOVA) in hind paw withdrawal response to thermal tests
(Hargreaves) vs. chow diet fed C57/Bl mice (lean, n=11, mixed sex). Vascular integrity analysis
revealed a reduced number of CD31+ capillary branches via immunofluorescence in SC tissue from
HFD fed diabetic mice (n=6) compared to lean mice (*p<0.02, t-test). Moreover, there was increased
NG2+pericyte localisation at regressed CD31+vessel edges in HFD fed-diabetic mice vs. lean
(*0.03, t-test) suggesting an involvement in capillary breakdown. Intraperitoneal LOS (20mg/kg)
delivery to 60% HFD fed-diabetic mice (n=5) resulted in reduced painful withdrawal response to
Hargreaves testing post-dose vs. vehicle treated HFD fed-diabetic mice (n=8) (****P<0.0001, twoway ANOVA). These studies indicate LOS-induced AT1 inhibition in SC pericyte activation,
highlighting an alternative use of the anti-hypertensive drug, Losartan, for nociceptive behavioural
hypersensitivity in neuropathic mice of HFD-induced diabetes.
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Tannic acid is a modulator of acid-sensing ion channel (ASIC) 3
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Acid-sensing ion channel 3 (ASIC3) characteristically responds to mild extracellular acidification with
a transient current followed by a small sustained current. ASIC3 is primarily expressed in sensory
neurons and plays an important role in pain perception, especially inflammatory pain induced by
acid (1,2). Thus, it is a promising target for analgesics. Tannic acid (TA), a gallotannin that can be
found in gallnuts, has been shown to have beneficial biological activities and also has biomedical
applications (3,4). TA can modulate several ion channels expressed in nociceptive neurons, but
nothing is known about the interaction with acid-sensing ion channels (5). Here, we describe the
effect of TA on ASIC3 currents and identify potential mechanisms.
Whole-cell patch-clamp experiments were performed on HEK cells with a knock-out of ASIC1a that
had been transfected with rat ASIC3. TA was either preapplied for 60 s at the standard conditioning
pH of 7.4, coapplied at the activating pH of 6.0 or pre- and coapplied (sustained application). For
each data given, the number of replicates was ≥5. Numerical data are presented as mean ±SEM.
Sustained application of 50 µM TA reduced or even abolished the transient peak current and
increased the sustained current of ASIC3. Upon returning to pH 7.4, a second peak occured, and
the subsequent leak current was increased. These changes of the current were also reproduced
with isolated pre- or coapplication, although the effect of isolated coapplication on the peak was
attenuated and isolated preapplication did not evoke the second peak. Preapplication of TA inhibited
the peak current with an IC50 of 4.7 ±0.8 µM. After wash-out of TA, the peak current recovered
slowly and partially before reaching a steady state. Moreover, TA shifted the activation curve of
ASIC3 to lower pH values. In contrast, the steady-state desensitization was not influenced, but TA
induced large sustained currents at low conditioning pH, which were reversibly inhibited by the
canonical ASIC blocker amiloride (20 µM). Interestingly, when applied during the sustained current
at pH 7, 10 µM TA reduced, while 0.5 µM TA potentiated the sustained current.
Sustained application of pentagalloylglucose (PGG) that mimics the central structure of TA induced
almost the same changes of the ASIC3 current, while the second peak was missing. In contrast,
gallic
acid
(GA)
had
no
effect
on
the
current.
Our results show that TA modulates ASIC3 in a complex manner. With a large molecular structure
and the capability of inhibiting several ion channels, TA most probably interacts with ASIC3 through
a membrane mediated mechanism impairing conformational changes of the channel. However, TA
also has paradoxical effects on the sustained current, suggesting that it interacts with ASIC3 through
multiple mechanisms.
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these phenotypes. Additionally, HFHSu animals spent 62% less time in the novel arm in the y-maze
test vs the NC group (p<0.05) and enter less times in the novel arm. CSN denervation in HFHSu
animals increases the time animals spent in the novel arm by 128% (p<0.05). In the block test,
HFHSu animals sniff less time the novel block by 52% vs NC animals (p<0.05), and CSN resection
did not modify this effect. HFHSu animals do not show differences in advanced glycated endproducts (AGEs) levels in the prefrontal cortex vs NC animals, however, AGEs levels were increased
by 32.7% (p<0.05) in the hippocampus. Prediabetes animals’ vs NC animals also exhibited at the:
1) prefrontal cortex increased levels of alpha-synuclein (20.1%, p<0.05), amyloid precursor protein
(APP, 29.8%, p<0.05) and Tau (24.9%, p<0.05); 2) hippocampus increased levels of (alphasynuclein (23.9%, p<0.05), APP (30.3%, p<0.05) and Tau (13.2%). These effects were prevented
by CSN resection.
Conclusion
The ablation of CBs activity may prevent dysmetabolism-induced neurodegenerative processes
through the improvement in peripheral metabolic function.
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Introduction
Type 2 diabetes (T2D) is an important risk factor for neurodegenerative disorders, having insulin
signaling impairment a key role in these neurodegenerative processes [1]. The carotid bodies (CBs),
peripheral chemoreceptors classically defined as O2 sensors, are also involved in energy and
glucose homeostasis being its dysfunction involved in the development of dysmetabolic states [2,3].
In fact, the abolishment of CBs activity, via the resection or neuromodulation of its sensitive nerve,
the carotid sinus nerve (CSN), prevents and reverses dysmetabolic features in prediabetes and T2D
animal models [3,4,5]. Altogether, we hypothesize that the abolishment of CBs activity, via the
resection of CSN, can ameliorate the neurodegenerative processes associated with dysmetabolism.
Methods
Male Wistar rats with 10 weeks of age were fed a high fat-high sucrose (HFHSu) diet (60% lipid-rich
diet plus 35% sucrose in drinking water), or a normal chow diet (NC). Fourteen weeks post-diet,
animals were randomly divided and submitted to CSN ablation or sham surgery and followed for
more 7 weeks. Insulin sensitivity and glucose tolerance were evaluated together with behavioral
tests: open field, y maze, and block test throughout the diet protocol. After sacrifice, the
hippocampus and prefrontal cortex were collected for analysis of synaptic and neurodegenerative
markers, and insulin pathway-related proteins. Experiments followed the 2010/63/EU Directive and
were approved by the NMS Ethics Committee and the Portuguese Authority for Animal Health.
Significance between the means was calculated by one-way ANOVA with multiple comparison tests.
Differences were considered significant at p<0.05.
Results
HFHSu animals exhibited insulin resistance and glucose intolerance, and CSN resection reversed

487

A 06-19
Hypoxia exacerbates ferroptosis in retinal pigment epithelium cells by promoting the
Fenton reaction
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Introduction
Age-related macular degeneration (AMD) is the major cause of blinding among elderly people in
industrial countries. Although there are still many uncertainties regarding the pathophysiology of
AMD, oxidative stress and hypoxia in the retinal pigment epithelium (RPE) have long been
considered major risk factors leading to photoreceptor degeneration in the macula. Dry AMD is the
most common type of AMD; however, no convincing treatment is available to date. Thus, to promote
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prevention and to develop novel treatment strategies against dry AMD, it is necessary to identify the
pathophysiological pathways in which oxidative stress and hypoxia are involved. For this purpose,
we developed a dry AMD cell culture model to investigate the interplay between oxidative stress
and hypoxia on the molecular level. We focused on hypoxia-inducible factors (HIF) 1α and 2α, the
oxygen-labile α-subunits of HIF-1 and HIF-2, which represent key regulators of cellular adaptation
to hypoxic conditions.
Methods/Results
In order to resemble dry AMD conditions in cell culture, we treated a human RPE cell line (ARPE19) with sodium iodate (SI), an oxidative stress agent, together with dimethyloxalylglycine (DMOG),
which leads to stabilization of HIF-α subunits, i.e. upregulated HIF signaling. We found that HIF
stabilization by DMOG aggravated oxidative stress-induced cell death by SI. Using several cell
death pathway inhibitors, an Annexin V apoptosis/necrosis assay, and a lipid peroxidation assay,
we could identify ferroptosis as the main cell death mechanism. Ferroptosis is a type of regulated
non-apoptotic cell death involving lipid peroxidation. Lipid peroxidation is triggered by hydroxyl
radicals, which can be generated by the Fenton reaction where H2O2 and iron serve as substrates.
ARPE-19 cells treated with DMOG+SI had upregulated superoxide dismutase (SOD) activity and
SOD2 protein levels. Despite of the antioxidant role of SODs, siRNA-induced SOD2 knockdown
reduced cell death levels, clearly providing evidence for SOD-driven H2O2 production fostering the
Fenton reaction. In addition, iron transporters as well as intracellular iron levels were also
upregulated upon treatment with DMOG+SI, determined by Western Blot and flow cytometry,
respectively. While chelation of Fe3+ with Deferoxamine Mesylate did not affect cell death, chelation
of Fe2+ by 2,2′-Bipyridyl completely rescued cells. Interestingly, siRNA-induced knockdown of HIF1α and HIF-2α revealed that SI-treated cells were rescued by HIF-1α knockdown but cell death was
aggravated by HIF-2α knockdown, suggesting that HIF-1 and HIF-2 play differential roles in
ferroptosis regulation.
Conclusion
Taken together, our study provides a novel link between oxidative stress, hypoxia, and iron
metabolism in AMD. Since we were able to resemble characteristic features of dry AMD in RPE
cells, our cell culture model is suitable for high-throughput screening of new treatment approaches
against dry AMD.
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Hippocampal GABAergic transmission is modified by insulin in wild-type and Alzheimer’s
disease model mice
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Introduction
The hippocampus is known to play a critical role in learning and memory formation, and it is one of
the earliest affected brain areas in Alzheimer’s disease (AD). The γ-aminobutyric acid (GABA)ergic
transmission regulates neuronal activity via synaptic and extrasynaptic GABAA receptors, which can
be modulated by endogenous and exogenous substances. In this study, we aim to examine the
effect of metabolic hormone insulin on GABA-activated currents in hippocampal neurons in both
wild-type and AD model tg-APPSwe mice.
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Methods
We used the whole-cell patch-clamp technique to record GABA-activated currents in hippocampal
neurons (both dentate gyrus granule cells and CA3 pyramidal cells) of acute brain slices, from wildtype and tg-APPSwe mice at different ages, in the presence or absence of insulin [1].
Results
We found that in wild-type mice (8-10 weeks old), insulin (1nM) increased the total spontaneous
inhibitory postsynaptic current (sIPSC) density in dentate gyrus granule cells from both dorsal and
ventral hippocampus, as well as the extrasynaptic current density in dorsal CA3 pyramidal cells.
Insulin also increased miniature IPSC (mIPSC) frequency in dentate gyrus granule cells and dorsal
CA3 pyramidal cells. In 5-6 months old wild-type and tg-APPSwe mice, insulin modulated neither
the total sIPSC density nor extrasynaptic current density. However, in dentate gyrus granule cells
from 5-6 months old tg-APPSwe mice, the total sIPSC density was significantly decreased as
compared to wild-type mice and increased by insulin treatment. The extrasynaptic current density
was increased intg-APPSwe mice (5-6 and 10-12 months old) as compared with wild-type
littermates, but only decreased by insulin in 10-12 months old tg-APPSwe mice.
Conclusion
Taken together, these findings suggest that insulin differentially modulates GABA-activated
neurotransmission in the hippocampus, depending on neuronal type, subtype of neuronal inhibition,
age and disease model.
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In vivo microglial microdomain Ca2+ signaling in male and female midlife mice
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Like many non-excitable cells, microglia, the main immune cells of the brain, rely on intracellular
Ca2+ signaling for controlling their sensor and effector functions and communicating with the
microenvironment. Our previous data revealed that the pattern of this Ca2+ signaling changes
throughout life, undergoing the first aging-dependent switch already at midlife [1, 2]. Here, we
provide a detailed in vivo characterization of the spatiotemporal microglial Ca2+ signaling patterns
in the cortex of midlife mice. We analyze separately somatic and process Ca 2+ signals in a sexspecific way.
Layer I motor cortex microglia of 9-11 months old C57BL6 mice (anesthetized by 0.8-1% isoflurane)
was single-cell electroporated by a mixture of a Ca2+ indicator Oregon Green BAPTA-1 and Alexa
Fluor 594. Spontaneous microglial Ca2+ signaling (green channel) and morphology (red channel)
were monitored simultaneously using ratiometric imaging in 4D (XYZT).
As expected for midlife microglia [1, 2], the fraction of spontaneously active cells/ processes was
high (70-80% showed at least 1 Ca2+ transient in 15 min), with no difference between the sexes. At
subcellular resolution, however, the patterns of Ca2+ transients differed significantly between males
and females, with males showing a significantly higher fraction of “somatic only” transients. Of note,
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we have never observed global Ca2+ transients, involving cell somata and all processes. This
suggests that under physiological conditions microglial Ca2+ transients compartmentalize in
subcellular microdomains. According to our data, 45-49% of such microdomains cover just
processes, and some 16.13% in males and 33.33% in females (significantly different between the
sexes, Chi-Square test, post hoc z-test) cover somata and some processes. Whereas the
frequencies of somatic and process Ca2+ transients were similar in males, the frequency of Ca2+
transients in female processes was significantly higher than in the soma (p<0.05; two-way ANOVA,
Tukey’s post hoc test). Areas under the curve (AUCs), reflecting the total Ca 2+ load, were
significantly higher in the female compared to the male somata (p=0.01, Mann-Whitney test).
Compared to somatic Ca2+ transients, the process transients had significantly larger amplitude in
both males and females, and had significantly larger AUCs in males only (two-way ANOVA, Tukey’s
post hoc test, p<0.05). The durations of Ca2+ transients (measured as T-half) were similar in all
groups tested.
In conclusion, in vivo spatiotemporal patterns of activity in midlife microglia differ between the sexes.
Whereas males show a higher fraction of soma-limited transients with small AUCs, the fraction of
the soma-limited transients in females is significantly lower but their AUCs are larger. In both sexes,
the majority of Ca2+ transients involve microglial processes. Compared to somatic Ca2+ signals,
those in the processes have larger amplitudes and AUCs in both sexes and a higher frequency in
females.
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Introduction
Previous data indicated that nerve fibers carrying the capsaicin receptor TRPV1 are necessary to
transduce brief heat pulses in humans. It was also suggested that non-TRPV1 heat transduction
requires longer tonic stimuli and higher intensities (1). Here, we investigated laser induced heat pain
thresholds in rats lacking the TRPV1 receptor with two different laser settings.
Methods
A heat pain test using laser-heat stimulation was used to determine radiant heat pain threshold of
both hind paws of TRPV1-/- rats (Envigo, Netherlands) and age-matched wildtype Sprague Dawley
(WT SD) rats. Animals were placed on a quartz glass plate and tested using method of limits. An
average of 5 supra- and subthreshold stimuli as indicated by nociceptive behavioral responses
(licking, paw withdrawal) were normalized.
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Two different lasers were used for stimulation: A focused diode laser stimulator (S+K) of 1475 nm
(diameter 10 µm; SK9-2001; Schäfter+Kirchhoff, Germany) was used to apply laser pulses with inand decreasing laser intensities (stimulus duration: 200 ms) to male WT SD rats (n=9) and TRPV1/- rats of both sexes (male: n=7, female: n=10). An infrared laser stimulator (MRC) of 1470 nm (max.
diameter 50 µm; MRC Systems GmbH, Germany) was used to apply laser pulses with in- and
decreasing stimulus duration (laser intensity: 1200 mW) to male wildtype and TRPV1-/- rats (n=7
each). In both lasers, an integrated pilot laser of 635 nm (S+K) / 650 nm (MRC) was used for
focusing.
Data are given as mean of both paws ± SEM. One way ANOVA and Mann Whitney U test were
used for statistical comparison. Effect sizes were determined using Cohen’s d.
Results
Higher laser intensities were necessary to elicit nociceptive behavior in TRPV1-/- rats with laser
pulses of 200 ms (WT: 33 ± 2.5 mW, male TRPV1-/-: 70 ± 4.2 mW, female TRPV1-/-: 70 ± 5.3 mW;
male TRPV1-/- vs. WT p<0.0001, d=3.9; female TRPV1-/- vs. WT p<0.0001, d=2.8; male TRPV1-/vs. female TRPV1-/- p>0.99, d=0). Higher pulse durations were required to elicit behavioral
responses in TRPV1-/- rats with laser pulses of 1200 mW (WT: 14 ± 4.3 ms, TRPV1-/-: 45 ± 12 ms;
TRPV1-/- vs. WT p=0.03, d=1.3).
Comparing the required pulse energy (duration x intensity) between the two lasers, no significant
difference was seen in WT rats (S+K: 6.5 ± 0.5 mJ, MRC: 13 ± 4.1 mJ; p=0.54, d=0.8). However, in
TRPV1-/- rats a significantly higher laser pulse energy was required to elicit a behavioral response
with the MRC laser applying pulses of 1200 mW with varying pulse durations (S+K: 14 ± 0.9 mJ,
MRC: 41 ± 11 mJ; p=0.01, d=1.3).
Conclusion
These results indicate that higher laser pulse energy and higher pulse duration are required for nonTRPV1 mediated heat transduction. These data support the hypothesis that TRPV1 in heat
detection indicates a threat of possible damage at intensities well below actual tissue damage, while
non-TRPV1 mediated heat detection might be indicative for higher intense noxious heat stimuli.
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Regulation of THIK-1 K+ channels by intracellular signalling
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THIK-1 is a member of the K2P family of K+ channels and widely expressed in ZNS but its
physiological functions are large unknown with the exception of microglia cells where THIK-1
activation was shown to be involved in microglial immune surveillance und inflammatory cytokine
release. The mechanisms that regulate THIK-1 channels, however, are poorly understood. We
recently discovered that THIK-1 channels are strongly activated by phosphoinositides and longchain fatty acid–CoA esters. Notably, microglial activation in responses to inflammatory stimuli has
been reported to promote the production of PIP2 and, thus, possibly linked the microglial activation
to the activation of THIK-1 in microglia. An alternative mechanism of NLRP3 inflammasome
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activation is mediated by the activation of caspase-8. By electrophysiologic investigation of THIK-1
channels in HEK293 cells we aimed to elucidate the PIP2-mediated activation.Here, we show that
the PIP2-mediated activation of THIK-1 is abolished by truncation of its C-terminus at the proteolytic
caspase-8 site. Pharmacologic activation of phospholipase C (PLC) by m3M3FBS and consequently
the cleavage of PIP2 to DAG and InsP3 leads to the inhibition of THIK-1 channels that is also
suppressed by the truncation of the C-terminus. As the application of DAG analogue 1,2-dioctanoylsn-glycerol (DiC8) also inhibited THIK-1 channels we wished to distinguish between the inhibition of
THIK-1 channels mediated by the depletion of PIP2 and by the formation of DAG, respectively.
Neither the co-expression of enzymes involved in the formation of PIP2 (PIP5 kinase) nor those
involved in the PIP2 degradation (different PIP phosphatases) had an effect on THIK-1 channels.
Surprisingly, the activation of co-expressed G protein coupled receptors of the Gq family did not
inhibit THIK-1 channels though these receptors signal through the activation of PLC. In contrary, the
activation of various Gq receptors led to a transient activation of THIK-1 channels. A possible direct
activation of THIK-1 channels by the binding of Gβγ subunits to the C-terminus of THIK-1 could be
ruled out as the elimination of a previously described C-terminal binding site had no effect on Gq
receptor mediated activation. Instead, the Gβγ subunits may activate the channels by binding to the
N-terminus of THIK-1.
The modulation of THIK-1 channels by intracellular signal cascades is complex. The direct activation
of THIK-1 channels by PIP2 may need tissues where high PIP2 concentrations are achieved.
Cleavage of endogenous PIP2 in HEK293 cells leads to a channel inhibition probably due to the
formation of DAG. Through the Gq receptor activation modulation of THIK-1 channels is dominated
by the binding of Gβγ subunits at the N-terminus of THIK-1 channels.
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Here, we use chemical cross-linking combined with tandem mass spectrometry (XL-MS) to derive
distance restraints and drive docking simulations of the protein complex. Hot-spot residues in
CaVβ/F-actin interaction surface are later identified by Computational Alanine Scanning (CAS).
XL-MS experiments using the DSSO and DSBU crosslinkers allowed us to identify 10 interactive
pairs across the CaVβ2 and F-actin contact surface, which were in turn employed as constraints to
build a CaVβ/F-actin model. The resulting XL-MS guided computational model shows that CaVβ2
and CaVβ4 share a highly similar binding mode to F-actin, in line with the high sequence
conservation among CaVβ subunits. Moreover, electrostatic potential calculations show a high
charge complementarity across the CaVβ/F-actin interaction surface, suggesting a significant
electrostatic contribution to the binding and consistent with the observed salt concentration
dependency of the interaction. The experimental validation of the XL-MS guided model was
accomplished by substituting the CAS predicted hot-spot residues for alanine in CaVβ4 and
assessing the effect of the point mutations on the association of the mutant proteins with actin
filaments by in vitro cosedimentation assays.
In conclusion, our studies provide the first model of CaVβ/F-actin complex and paves the way for
intervening synaptic transmission and understanding the physiological roles of this interaction in
vivo.
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The β-subunit of voltage-gated calcium channels (CaVβ) is a major regulator of the biophysical
properties and surface expression of calcium channels (CaVs). Four CaVβ isoforms have been
described exhibiting different relative abundance across tissues, being Ca Vβ type two (CaVβ2) and
type 4 (CaVβ4) the main isoforms present in cardiac tissue and brain, respectively (1-3). In
hippocampal neurons, CaVβ4 associates directly with actin filaments (F-actin) and increases the
size of the readily-releasable pool of synaptic vesicles in a channel function independent manner
(4). However, the lack of information on the CaVβ/F-actin interaction surface had hampered our
understanding of how this protein-protein interaction modulates synaptic transmission.
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P2X4 and P2X7 receptors are cation channels expressed in immune cells. They are activated by
binding ATP released from damaged and inflamed tissue and are involved in inflammation and pain
sensation. Whether P2X4 and P2X7 receptors assemble exclusively as homotrimers or also as
P2X4-P2X7 heterotrimers is controversial.
To clarify this, we cloned concatamers encoding heterotrimers of P2X4 and/or P2X7 subunits in
permutated arrangement. We expressed these concatamers in X. laevis oocytes and investigated
their function by recording ATP-induced whole cell currents using two-electrode voltage clamp.
We found that heterotrimeric P2X4-P2X7 concatamers have ATP binding site affinities intermediate
between those of non-concatenated P2X4 and P2X7 receptors, which have high and low ATP
affinity, respectively. The pKd values for ATP depended on the order of the P2X4 and P2X7 subunits
in the heterotrimer. The whole-cell currents of non-concatenated P2X4 receptors showed an
inactivating phenotype, whereas non-concatenated P2X7 receptors showed slowly increasing
currents upon longer ATP applications of several seconds. Heterotrimeric concatamers showed
current kinetics in between the P2X4 and P2X7 phenotype, also depending on the P2X4-P2X7
subunit order. The whole cell kinetics remained unchanged during repeated ATP application
indicating the existence of stable concatamers. Furthermore we characterized the binding behavior
of the theoretically three possible binding pockets via whole cell current measurement at different
ATP concentrations. First, using specific blockers and single point mutations. Second, in general,
by modeling the current-response curves via an adapted Hill function.
We conclude that P2X4 and P2X7 heterotrimers are functional, with their ATP concentration
dependence and current kinetics depending on the specific order of the individual P2X4-P2X7
subunits.
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accumulation via TRPV4-induced hyperactivation of NKCC1
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Introduction
A range of neurological pathologies may lead to secondary hydrocephalus. Treatment has largely
been limited to surgical cerebrospinal fluid (CSF) diversion, as specific and efficient pharmacological
options are lacking, partly due to the elusive molecular nature of the CSF secretion apparatus and
its regulatory properties in physiology and pathophysiology.
Methods
CSF obtained from patients with subarachnoid hemorrhage (SAH) and rats with experimentally
inflicted intraventricular hemorrhage (IVH) was analyzed for lysophosphatidic acid (LPA) by alphaLISA. We employed the in vivo rat model to determine the effect of LPA on ventricular size and
brain water content, and to reveal the effect of activation and inhibition of the transient receptor
potential vanilloid 4 (TRPV4) ion channel on intracranial pressure and CSF secretion rate. LPAmediated modulation of TRPV4 was determined with electrophysiology and an ex vivo radio-isotope
assay was employed to determine the effect of these modulators on choroid plexus transport.
Results
Elevated levels of LPA were observed in CSF obtained from patients with subarachnoid hemorrhage
(SAH) or from rats with experimentally-inflicted intraventricular hemorrhage (IVH). Intraventricular
administration of LPA caused elevated brain water content and ventriculomegaly in experimental
rats, via its action as an agonist of the choroidal transient receptor potential vanilloid 4 (TRPV4)
channel. TRPV4 was revealed as a novel regulator of ICP in experimental rats via its ability to
modulate the CSF secretion rate through its direct activation of the Na +/K+/2Cl- cotransporter
(NKCC1) implicated in CSF secretion.
Conclusion
Together, our data reveal that a serum lipid present in brain pathologies with hemorrhagic events
promotes CSF hypersecretion and ensuing brain water accumulation via its direct action on TRPV4
and its downstream regulation of NKCC1. TRPV4 may therefore be a promising future
pharmacological target for pathologies involving brain water accumulation.
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A molecular coupling between a
brain hemorrhage and
ventricular enlargement
The serum lipid
lysophosphatidic acid
enters the ventricular system
during a hemorrhagic event,
acts directly on the
Ca2+ permeable ion channel
Transient Receptor Potential
Vanilloid 4 (TRPV4), and thus
serves as a novel lipid agonist
of this choroidal ion channel.
Activation of TRPV4 causes the
co-transporter Na+/K+/2Cl(NKCC1) hyperactivity
underlying the TRPV4-mediated
elevated cerebrospinal fluid
secretion rate seemingly
contributing to the ensuing
ventriculomegaly signifying
posthemorrhagic hydrocephalus.
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Computational investigation of the gating charge in a voltage-gated sodium channel at
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Voltage-gated sodium (Nav) channels are responsible for the depolarizing phase of the action
potential with essential roles in fast electrical signalling, including signal propagation from the
periphery to the central nervous system. Membrane depolarization triggers opening of Nav channels
via activation of their voltage-sensing domains (VSD), whose conformational changes lead to
opening of the sodium-conducting pore. The electric field across the membrane acts on a series of
positively charged residues and induces their translocation across the membrane, which in turn
triggers conformational changes of the pore region. The voltage dependence of the activation
process can be described in terms of the gating charge that macroscopically links energetics of VSD
activation to the transmembrane voltage. Although this concept is widely used in experimental
studies, the molecular underpinnings of the gating charge in Nav channels are not fully understood.
Here, we used molecular dynamics simulations of a prototypical sodium channel, NavAb, whose
resting- and active-state structures have been recently determined [1], to gain atomic-level insights
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into
the
coupling
between
transmembrane
voltage
and
VSD
activation.
Our computational analysis indicates that experimentally resolved structures of NavAb are unlikely
to represent the end states of the activation-deactivation cycle, since the gating charge associated
with the transition between the active- and resting-state structures is significantly lower than the
gating charge obtained by electrophysiological recordings. Furthermore, using g_elpot, a recently
developed tool for quantifying electrostatics in biomolecules from molecular simulations [2], we
identified regions in the VSD, where the electrostatic potential changes significantly during the
activation. Notably, these regions encompass relatively immobile charged residues, whose positions
are largely independent of the VSD state. As a result, these residues contribute noticeably to the
observed gating charge, in contrast to the common view that the gating charge is primarily
associated with the translocation of charged residues across the membrane. In conclusion, our
results provide an atomic-level description of the gating charge associated with the activation of
NavAb, and provide a general framework to interpret mutation-induced effects on the voltage
sensitivity in Nav channels.
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Neurons exhibit great heterogeneity in their physiological, anatomical and molecular properties even
within established cell types. Detailed neuron taxonomies based on gene expression in human
cortical layer 2-3 identified several pyramidal neuron subtypes. We investigated to what extent this
diversity is reflected on the physiological level, how intrinsic heterogeneity of pyramidal neurons is
associated with anatomical and synaptic diversity, and to what extent intrinsic and synaptic
heterogeneity arise from interindividual difference.
We performed patch-clamp recordings of more than 1000 layer 2-3 pyramidal neurons and more
than 1300 monosynaptic connections from the human temporal cortex as well as biocytin filling and
post-hoc anatomical reconstruction of stained neurons. In resected tissue from 22 patients
undergoing temporal pole surgery, up to ten neurons were recorded simultaneously, and we
analyzed cellular electrophysiological and synaptic properties from up to 130 pyramidal neurons per
individual patient.
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We found large heterogeneity of pyramidal neuron cellular physiology. Hierarchical clustering of the
high dimensional parameter space revealed distinct clusters of functionally similar neurons (e-types)
which were present across individual patients. Scholl analysis of fully reconstructed neurons
revealed differences in dendritic length between some e-types, and recurrent connectivity as well
as synaptic properties were partially related to pre- or postsynaptic e-type. Linear Mixed Models
further revealed severalfold larger intrapatient variability of intrinsic and synaptic properties as
opposed to variability between patients.
Our results suggest large functional heterogeneity of pyramidal neuron cellular and synaptic
properties, encompassing a generic organizational principle of cellular properties that is shared
among individuals and associated with synaptic microcircuit organization and computations. Large
intraindividual heterogeneity has important implications for computational capacity and for the
design of studies relating intrinsic or synaptic function to differences between patients.
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Trappc9 deficiency in mice recapitulates human disorder of microcephaly and obesity,
which is associated with lipid droplet abnormalities in neurons.
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Transport Protein Particle Complex Subunit 9 (Trappc9) is a TRAPPII complex subunit that acts as
a tethering factor in intracellular trafficking processes (1). Trappc9 also functions as a GEF to activate
Rab18, a protein that regulates lipid droplet (LD) metabolism(2). It is known that Rab18 interacts with
Plin2 and ACSL3 around LDs(3). Lipids are vital for the nervous system, and LD abnormalities have
been associated with various neuropathologies(4). Homozygous TRAPPC9 mutations in humans
cause microcephaly, intellectual impairment and obesity. White matter abnormalities, cerebellar
atrophy, and a thinned corpus callosum have all been reported in patients with this condition(5).
Currently, the mechanism of Trappc9 involvement in these phenotypes has not been fully
understood.
Trappc9 knockout (KO) mice are used to characterise LDs in primary neuron cultures and the
general phenotype in brain development and weight regulation. These mice did not show a
significant change in neonatal brain and body weights. However, a reduction of brain weight was
observed in KO mice at weaning age (male: WT 0.396±0.008g, KO 0.366±0.011g, p ≤0.05 and
female: WT 0.398±0.004g, KO 0.375±0.004g, p ≤0.001, N: 45) and in adulthood (male: WT
0.456±0.003g, KO 0.416±0.003g, p ≤0.0001 and female: WT 0.467±0.005g, KO 0.415±0.004g, p
≤0.0001, N: 52) (Figure 1). Furthermore, KO mice on chow diet showed a gradual increase in body
weight, which was more significant in females at 9 months (male: WT 37.59±0.82g, KO 40.84±1.22g,
p=0.05 and female: WT 28.28±0.65g, KO 36.46±1.12g, p ≤0.0001, N: 52). RNAscope analysis of
adult mouse brain sections showed expression of Trappc9 in the cerebral cortex, hippocampus and
hypothalamus (Figure 2). Analysis of primary neural culture followed with 200 µM oleic acid +0.5%
bovine serum albumin treatment showing abnormalities of lipid droplets number and size in KO cells.
Preliminary findings indicate that these accumulations were accompanied by mis-localisation of
Plin2 around LDs. Neuronal viability in response to LDs accumulation was assessed in vitro and
showed no difference between genotypes. Data were analysed with t.test and represented in
mean±SEM.
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Our data showed that Trappc9 loss in mice results in postnatal-onset microcephaly and increased
obesity, mimicking human illness symptoms. These findings could be linked to a malfunction of lipid
droplet homeostasis. Further investigation is warranted to understand the role of Trappc9 and lipid
droplets in neural cell functions.
Figure1: Analysis of brain
weight change in Trappc9 KO
mice.
Weight of brain at age of
newborn, weaning (1 month
old) and adult (9 months
old). There is a reduction
of brain weight in KO mice
at weaning and adult age.
Data are represented in
mean ± SEM. p.value *<0.05,
***<0.001 and ****<0.0001.

Figure2: Trappc9 expression
in brain regions.
In situ hybridisation (
RNAscope) of Trappc9 (pink
signal ) in different brain
regions of WT mice. DG:
dentate gyrus, PVH:
paraventricular nucleus in
hypothalamus. Scale bar:
100µm.
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An in vivo patch-clamp study of K-ATP Channels in dopamine midbrain neurons
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We have recently established deep in vivo patch-clamp recordings of dopamine (DA) midbrain
neurons in mice (Otomo et al. 2020). We now apply this approach to study the functional role of
ATP-sensitive potassium (K-ATP) channels. We have previously demonstrated that the expression
of K-ATP channels in DA neurons in the medial substantia nigra (SN) are required for in vivo burst
firing and in turn for novelty-induced exploratory behavior (Schiemann et al. 2012). However, the
moment-to-moment contribution of K-ATP channels to ongoing in vivo activity of DA neurons has
not yet been explored. To address this question, we added 100 µM of the K-ATP channel blocker
tolbutamide to the internal pipette solution to inhibit these channels selectively in the target cell in
vivo. Previous control experiments comparing electrical in vivo activity in on-cell and whole-cell
mode demonstrated stable firing pattern and gave no evidence that in vivo whole-cell patching per
sealtered intrinsic K-ATP channel activity (Otomo et al. 2020). When dialyzing tolbutamide into DA
SN neurons the minimal voltage of the interspike intervals (ISIs) significantly depolarized after 3 min
of wash-in compared to the first minute of recording (n = 21). In n = 5 cells oscillatory rebound firing
was significantly altered by KATP-blockade resulting in less deep hyperpolarization-events
compared to the first minute of recording and control. This preliminary data set suggests that in SN
as well as VTA DA neurons K-ATP channels are continuously open and shape ongoing electrical
activity. Similar to previously reported for pancreatic alpha-cells (Göpel et al. 2000) open K-ATP
channels in some DA neurons might be necessary for action potential firing.
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Introduction
The CaV1 and CaV2 families of voltage-dependent calcium channels (VDCC) play a crucial role in
neurotransmitter release, excitation-contraction and many other cellular processes. Comprised of
the membrane pore-forming α1, intracellular β and extracellular α2δ subunits, these channels have
been targets for pharmacological intervention for decades. Physiological functions of CaV channels
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are attenuated by either constitutively or transiently bounds proteins in the cellular environment. The
RGK (Rad, Gem, Rem, and Rem2) G-protein family potently inhibits CaV1 and CaV2 function in
heterologous expression systems. RGK proteins bind to CaVβ and inhibit channel localization and
activity by forming a ternary complex with CaVα1.
Methods
We produced in-vitro transcribed RNA and injected them in Xenopus oocytes. We employed twoelectrode voltage clamp (TEVC) approach to gather current-voltage relationship (I-V) curves for
analyses.
Results
Both Gem and Rad showed no nucleotide dependency on its inhibitory function on Ca V2.2. Our
results demonstrated that structural determinants in Gem, crucial for channel inhibition, lies within
222-296 amino acid region containing both- partial G-domain and C-terminus. We furthered our
mapping efforts and prepared various chimeras of Drosophila melanogaster (Dm) RGK sequences
fused to CaVβ and showed that 22 residues in RGK2t and RGK3L C-terminal imparted complete
CaV2.2 inhibition. Point mutations in the DmRGK C-terminus, conserved also in mammalian RGK
proteins, abrogated the CaV2.2 inhibition to a significant extent.
Conclusion
Although evolutionarily distant from mammals, RGK homologs from Drosophila could potently inhibit
mammalian CaV2.2 channel likely due to conserved C-terminus. We conclude from our results that,
in Gem, G-domain and C-terminus could inhibit the CaV2.2 channel independently when coexpressed with channel subunits. Gem requires both partial G-domain and C-tail to impart complete
inhibition while C-tail of DmRGK constructs was enough to inhibit CaV2.2 channels in oocytes. The
functional RGK C-terminus might comprise a 'hot region' with clustered hotspots that may play a
vital role in both CaV channel interaction and plasma membrane anchoring.
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High fat diet alters microvascular blood flow in distal peripheral nerves in male mice
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Introduction
Diabetic peripheral neuropathy (DPN) is a common microvascular complication of type 2 diabetes
and pre-diabetes. The role of nerve blood flow in onset and development of DPN has been debated,
with opposing evidence showing either increase or decrease in nerve’s blood flow in DPN, while
some studies showed no change. Many of these measurements have been conducted in proximal
locations of peripheral nerves at the level of larger blood vessels, as methodological limitations have
previously not allowed to measure blood flow of distal portions of peripheral nerves at microvascular
level – where symptoms of DPN first appear.
Methods
We set out to investigate capillary blood flow in distal sural nerves using a mouse model where
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obesity and diabetes were induced by feeding a high fat diet (HFD) for 25 weeks. Blood flow was
studied using in vivo two photon laser scanning microscopy under isoflurane anaesthesia (1.5-2%).
Due to the ascribed microvascular nature of DPN, we hypothesized that HFD mice will have reduced
capillary blood flow in distal sural nerves at rest and due to microvascular dysfunction will not be
able to respond to electrical stimulation by increase in blood flow to the same degree as Control
mice.
Results
After 25 weeks on HFD mice had higher body mass and non-fasting blood glucose, and lower nerve
conduction velocities (NCV) compared to Control mice (n=10 per group, data presented as
means±SE. Body mass: Control 34.2±0.8g, HFD 49.1±1.0g; Blood glucose: Control 7.2±0.4mmol/L,
HFD 8.3±0.3 mmol/L; motor NCV: Control 43.9±2.1m/s, HFD 38.2±1.4m/s; sensory NCV Control
22.5±0.7m/s, HFD 19.8±1.0m/s), consistent with obesity, diabetes and DPN. Perivascular fat
surrounding distal sural nerve was increased in HFD mice, but distal sural nerve vessel diameter
was the same as in Control mice (l.sq. mean±SE: 6.2±0.3μm). Contrary to our hypothesis distal
sural nerve blood flow, measured by counting the number of red blood cells (RBC) per second, was
similar in Control and HFD groups at rest (l.sq. mean±SE: 28±4 cells/s). RBC velocity at rest was
also similar between the two groups (l.sq. mean±SE: 2.0±0.3 mm/s). However, 20 minutes of
electrical stimulation at the ankle increased RBC velocity over resting levels in HFD mice to 2.4±0.3
mm/s but not in Control mice. Instead, the linear density of RBCs increased from 16±4 cells/mm to
29±6m cells/mm in Control mice.
Conclusion
It remains to be investigated whether this neurovascular coupling mechanism is characteristic of the
HFD animal model, or whether it represents a progression towards insufficient flow-metabolism
coupling during nerve activation.
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Introduction
The kallikrein-kinin system (KKS) is involved in several physiological and pathophysiological
cascades in the brain. Several mediators of the kallikrein-kinin system (KKS) have been identified
to be critical contributors to Multiple sclerosis (MS) pathogenesis and potent direct modulators of
neurological functions (Göbel et al., 2016). In this context high levels of plasma prekallikrein (PK)
could be observed in active central nervous system (CNS) lesions of MS patients (Göbel et al.,
2019). MS is by far one of the most commonly occurring demyelinating neuroinflammatory diseases
of young adults. This demyelinating disease is driven by a T-cell mediated attack where T-cells
migrate across the disturbed blood brain barrier (BBB) leading to damaged myelin sheaths and
oligodendrocytes in form of an autoimmune attack, resulting in impaired electrical signal
transduction, neurodegeneration and eventually permanent neurological deficits (Antel et al., 2012).
Methods
In our study we investigated the effect of kallikrein on central neurons by using electrophysiological,
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histological and gene expression techniques. To analyze the impact of kallikrein on the action
potential firing of cortical and thalamic neurons, patch clamp recordings were performed in
C57BL/6J mice. Therefore, current steps (1 s) were injected (from -260 pA to 440 pA in 20 pA steps)
from the resting membrane potential and the action potential firing pattern was recorded and
analyzed.
Results
While kallikrein significantly decreases the action potential firing in the auditory cortex (A1) in layer
4, it significantly increases the action potential firing in the ventrobasal complex of the thalamus
(VB). When neurons were challenged with 140 pA depolarizing current, pyramidal cells in the A1
generated 55% less action potentials after adding kallikrein. In contrast, for the same step
depolarization induced an increase of around 320% in action potential firing in VB. Importantly, the
protease inhibitor aprotinin blocks the effect of kallikrein in both analyzed brain regions. Therefore,
our findings point to regionally specific effects of kallikrein on neuronal firing in the thalamocortical
system.
Conclusion
As the role of the KKS in normal physiology and disease is still far from being understood, future
studies have to identify the signaling pathways underlying the differential kallikrein effects in
thalamus and cortex. Eventually a better understanding of the KKS may help to realize novel
therapeutic approaches in MS injury treatment.
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Neurodegenerative diseases are associated with increased redox stress, often linked to aberrant
production of reactive species like nitric oxide (NO)1. NO can compromise TPI function via 3Nitrotyrosination so enhancing glycation signalling, neuroinflammation, and neurodegeneration. The
resulting physiological mechanisms of dysfunction are not well understood. This work uses
Drosophila melanogaster to identify impacts of altered TPI activity on neuronal physiology linking
aberrant TPI function and redox stress to synaptic deficits at the glutamatergic Drosophila
neuromuscular junction (NMJ).
Drosophila were kept at standard conditions (12h light cycle, 25°C). TPI mutant expressing
Drosophila (wstd1 contain hTPIM81T provided by Prof. Ganetzky)2 were used as a disease model cf
W1118 (wild-type control). Electrophysiological recordings in two-electrode voltage-clamp were
taken from muscle 6/7 in segments A2/3 of third instar larvae fillets in HL-3 buffer (1.5mM Ca2+).
Evoked and spontaneous excitatory junctional currents (e/sEJCs) were recorded, alongside 60Hz
train stimulations and recovery protocols to investigate synaptic vesicle depletion and subsequent
recovery. Confocal images of NMJs labelled with Alexa Fluor 488 anti-HRP and Alexa Fluor 546
goat–anti mouse BRP (labelling neuronal tissue and active zone protein bruchpilot (BRP)) were
taken on a Zeiss LSM 880 confocal microscope. Data is expressed as mean±SEM (n=no. of
muscles). Student’s t-test was used to test differences, p<0.05 being significant.
Average sEJC amplitudes were -0.8±0.1nA and -0.6±0.1nA (p>0.05), at a frequency of 1.29 ±0.18
and 0.83±0.08Hz (p<0.05) in W1118 and wstd1 (n=14,13). Average eEJC amplitudes in W1118 and
wstd1 were -95.9±5.7nA and -99.1±3.5nA (p>0.05, n=13 each).
Wstd1 showed slightly enhanced vesicle depletion at 60Hz stimulation (950ms), plateau amplitudes
reducing to 35% of initial values vs 53% in W1118, tau values were 202±64ms vs 286±70ms for
W1118 (p>0.05, n=4 each). Subsequent eEJC recovery times were significantly reduced in wstd1
(tau W1118: 4773±391ms, wstd1: 13353±3436ms, p<0.05, n=4 each).
Calcium dependency of evoked release (0.25-3mM) was unaltered in wstd1 larvae. Preliminary
confocal imaging studies revealed reduced NMJ sizes in wstd1 (HRP area of maximally projected
confocal sections: W1118: 1005±94, wstd1: 549±65 (n=2, 6) p<0.05). Wstd1 flies showed reduced
longevity, median values of 30 vs 52 days in W1118
Our data suggests that the wstd1 phenotype is in part due to altered vesicle dynamics, possibly in
vesicle pool organisation of the presynaptic neuron or endo/exocytosis, thus expanding our
knowledge of TPI involvement in pathology3. Supressed TPI activity enhances protein glycation and
redox stress potentially responsible for our findings and presenting a target for therapies. Future
studies will examine the physiological impact of redox stress, focusing on the link between NOmediated post-translational modifications and TPI function.
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Cancer therapy with doxorubicin (DOX) leads to several complications, being cognitive impairment
and anxiety disorders widely common. They dramatically deteriorate patients’ quality of life by
interfering with the control of different cognitive domains, changing various aspects of memory,
emotion, and executive function. Despite the large number of studies addressing chemobrain
physiological consequences, is not yet known the individual contribution of DOX treatment and
cancer by themselves on the observed effects, since these adverse effects may be caused by
cancer itself, cancer therapy, or both. Thus, to understand DOX action on behavioral disturbances
upon cumulative treatment, we evaluated the extension of doxorubicin effects due to various
therapeutic doses on cognitive decline, anxiety, locomotor activity and cardiovascular function.
In a healthy animal model, adult and female Wistar rats (with normal weight) were DOX-treated for
4 weeks: LDOX (n=8; low dose, 2mg/kg/week), IDOX (n=8; intermediate dose, 4mg/kg/week),
HDOX (n=8; high dose, 5mg/kg/week) and control (n=5; NaCl 0,9% saline solution; 1ml/Kg/week).
Behavioral tests of anxiety, locomotion, and exploration - open field test (OFT), elevated plus maze
(EPM) and cognition performance (Y-maze) were accomplished. At the end of the protocol, animals
were anaesthetized and blood pressure (BP), electrocardiogram, heart rate (HR) and respiratory
frequency (RF) were recorded. Baroreflex gain was calculated.
Overall, our results showed that the three DOX dosages induced anxiety-like behavior and
locomotor activity impairments. Moreover, DOX treatment, independent of the dosage, induced
hypolocomotion which was accompanied by hypoactivity. In addition, HDOX dosage caused shortterm memory impairment (HDOX: 16.7±6.2%; CTL: 37.9±3.3%, p<0.03). All these behavioral
changes were accompanied by a significant change in physiological parameters, such as
hypotension (LDOX: 128±4mmHg, p<0.04; IDOX: 90±10mmHg, p<0.01; HDOX: 76±12mmHg,
p<0.0004; CTL: 129±3mmHg), bradycardia (LDOX: 381±18bpm, p<0.04; IDOX: 288±22bpm,
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p<0.004; HDOX: 296±35bpm, p<0.02; CTL: 379±22bpm) and an increase in the baroreflex
sensitivity (LDOX: 0.45±0.08bpm2/mmHg; CTL: 0.95±0.23bpm2/mmHg, p<0.03) to compensate the
significant decrease in BP levels.
These findings suggest that there is a gradation of the adverse effects according to the dosage, with
the highest DOX dosage causing the most deleterious effects on the behavioral and physiological
parameters evaluated. The neural mechanisms that can be affected by DOX are also involved in
cognitive modulation by short-lasting changes in BP and baroreceptor activation. Although further
studies are needed to assess the effect of cancer itself on the etiology of the behavioral impairment,
these results support the hypothesis that doxorubicin itself contributes to the etiology of cognitive
symptomatology in humans, also named “chemobrain”.
____________________________________________________________________________

index (the number of times the test tooth passed through the center of the test device) increased
significantly in the asprosin-administered group compared to the control group (p˂0.05)(Fig 2).
Conclusion
The findings show that chronic administration of asprosin increases the sexual motivation of female
rats toward male rats. This suggests that long-term asprosin treatment may have a curative effect
on sexual dysfunction.
Fig 1.
Partner preference
apparatus.
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Introduction
In female rats, partner preference and active investigation parameters are used to investigate and
quantify sexual motivation. These tests measure partner preference (sexually active male or
stimulating woman) and female sexual interest over time (1,2). It is recognized that adipose tissue
is an endocrine organ and a fat reserve. The effects of adipokines secreted by adipose tissue on
endocrine functions are currently being studied, and the implications of asprosin on sexual
motivation are unknown. The purpose of this study is to determine the effects of asprosin on the
sexual motivation of female rats.
Methods
Twenty-four female Sprague-Dawley rats weighing 35 ± 2 g, 21 days old, were used and randomly
divided into two groups as control and asprosin groups (n=12). Asprosin and saline were
administered intraperitoneally at 500 ng/kg and 1 ml/kg to asprosin and control groups, respectively,
at 14.00 every day for eight weeks. At the eighth week of the treatments, tests of partner preference
and active investigation were performed simultaneously. The test female in estrous phase was
allowed to move freely in the apparatus for 10 min. When all four paws of the test female were within
the 12,7 cm area adjacent to the barrier separating the test female from the sexual or social stimulus,
this animal was considered to spend time near either the male or the female (Fig 1)(3). The active
investigation was scored when the test female engaged in sniffing, licking, chewing or climbing the
barriers separating the animals (3). The student's t-test was used for statistics.
Results
When the asprosin administered group was compared with the control group, the time spent with
female rats did not change (p>0.05), while the application of asprosin significantly increased the
time close to the male (p˂0.05) and male preference ratio (p˂0.05)(Fig 1). However, the rate of male
investigation preference increased significantly with asprosin treatment (p˂0.05)(Fig 1). The activity
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Fig 2.
Male preference ratios
(TWM/TST) (A) and active
investigation times of the
sexual/social stimulus for
each group (B) and
activity index (the number
of times the test tooth
passed through the center
of the test device) (C)
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substantia nigra in awake and freely moving mice
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The Dihydropyridine (DHP)-sensitive L-Type calcium channels Cav1.3 and Cav1.2 serve various
physiological functions e.g. acceleration of pacemaking in the heart or tonus control in arterial
vessels. Furthermore, these channels are also expressed in the dopamine (DA) system, more
specifically in the DA neurons in the substantia nigra (SN). Also, clinical long-term use of the DHP
isradipine (ISR) as antihypertensives has been shown to lower the risk of Parkinson disease.
Previous work from our group demonstrated that Cav1.3 channels function as linear full-range
amplifiers of firing rates (FR) selectively in lateral DA SN neurons projecting to the dorsolateral
striatum. In addition, this FR amplifier function of Cav1.3 channels is dampened by clinically relevant
concentrations of isradipine, both in vitro in acute brain slices and in vivo in anesthetized mice (Shin
et al., 2022, Science Advances).
To extend our study further to awake freely moving mice, we performed in vivo extracellular
electrophysiological recordings after chronically implanting a bundle of 7 stereotrodes into the lateral
SN (C57BL/6N (N=4); isoflurane (1-2%) anesthesia). We compared the firing activity of
pharmacologically identified DA SN neurons (in average 51 % inhibition of mean firing rates after
Quinpirole i.p.) during open-field exploration before and after 15 minutes post intraperitoneal
administration of ISR (3mg/kg).
In comparison to our in vivo experiments in anaesthetized mice, where the baseline mean firing rate
of juxtacellularly labelled and identified DA neurons in the lateral SN was reduced by ca. 27% after
isradipine, we observed very similar results in pharmacologically identified DA neuron in the lateral
SN (ca. 31% inhibition; n=23; N=4) of awake and freely moving mice.
Our results confirm that Cav1.3 channels act as linear amplifiers of firing rates in lateral SN DA
neurons and that this function can be targeted by DHPs in clinically relevant concentrations in awake
animals.
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Introduction
Neural plasticity, the cellular correlate of learning and memory formation, declines progressively with
age. The molecular mechanisms underlying this decline are not well understood. Sensory input and

509

neural excitation regulate organismal ageing processes and control lifespan, but how they drive the
ageing of cognitive function and plasticity remains obscure.
Results
We investigate the mechanisms driving the age-related decline of cognitive plasticityin
Caenorhabditis elegans nematodes. C. elegans regulates O2 homeostasis by avoiding both high
and hypoxic oxygen environments. This behaviour shows experience-dependent plasticity: previous
exposure to different [O2] environments reprogrammes the behaviour of young adults. We found
that middle-aged (7 day old) adults retain the strong behavioural avoidance to high oxygen, but
completely lose the ability to adapt to changed O2 conditions. Intriguingly, this decline of plasticity
depends on chronic exposure to [O2]: only animals acclimated at 21% O2 lose plasticity when they
get older, while those kept at lower O2 levels retained plasticity. In vivo functional neuronal
imagingshowed that retention or loss ofexperience-dependent plasticity with age is encoded in the
activity of four O2-sensing neurons. We found that the loss of plasticity with age is governed not by
environmental stress caused by high O2, but by the long-term activity state of these neurons.
Chronically high activity of the O2-sensing neurons accelerates the decline of experience-dependent
plasticity with age both at the neuronal and behavioural level. In contrast, reduced activity of the
neurons retains their plasticity with age.
Gene expression profiling of the O2-sensing neurons in young and ageing animals showed that
neuronal activity alters age-related changes in transcription of genes that modulate Ca2+
homeostasis, pointing to their role in mediating the decline of neuronal plasticity. Knockdown
experiments showed that low activity neurons require the K+-dependent Na+/Ca2+ (NCKX)
exchanger to remove intracellular Ca2+ in order to sustain plasticity with age. By contrast, the decline
of plasticity at high neuronal activity acts through calmodulin and the scaffold protein Kidins220 (also
known as ARMS). All three proteins are involved in regulating neural Ca2+ homeostasis. Our results
suggest that the control of Ca2+ homeostasis determines whether behavioural plasticity is retained
or lost in aged animals.
Conclusion
Taken together, control of Ca2+ homeostasis is a critical intermediary between neuronal activity
state and neuronal ageing. Sustained high neural activity alters the neuronal ageing trajectory by
chronically elevating intracellular [Ca2+]. The resulting overactivation of calmodulin promotes a
gradual decline of plasticity in the ageing brain. Thereby, cellular resources are likely redirected
away from sustaining neuronal plasticity and towards maintaining and supporting persistently high
excitation.
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Activation of Ca2+-sensing receptors causes depolarisation in human induced pluripotent
stem cell-derived neurons via inhibition of Kv7 channels
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Introduction:
Voltage-gated potassium channel type 7 (Kv7) is known to stabilise the resting membrane potential
(RMP) of sensory neurons and its dysfunction is associated with neuronal hyperexcitability, e.g.
seizures and pain (1). Calcium (Ca2+)-sensing receptors (CaSRs) are G-protein coupled receptors
that detect and transduce changes of extracellular cations including Ca2+ ([Ca2+]o) into augmented
neuronal excitability; this mechanism remains unexplored (2). We showed that CaSR activation
depolarised Chinese hamster ovary cells stably expressing Kv7.2/7.3 channels due to inhibition of
Kv7 current via Gi/o-protein signalling pathway (3). In this study, we aim to solidify the concept and
verify the discovered mechanism using a neuronal model.
Methods:
Human embryonic kidney cells 293 stably expressing CaSRs (HEK-CaSR) and human induced
pluripotent stem cells (hiPSC)-derived neurons were investigated using patch-clamp
electrophysiology. HD33n1 hiPSCs were differentiated into sensory-like neurons using a previously
developed protocol (4). Voltage and current recordings were performed using a conventional wholecell patch-clamp method (4, 5). 5mM [Ca2+]o, a CaSR orthosteric agonist, and NPS-R568, a CaSR
positive allosteric modulator, were used to pharmacologically investigate CaSR function. Retigabine,
a Kv7 channel opener, was used for functional identification of neuronal Kv7 channels. Data are
presented as mean ± SEM. Statistical comparisons of the means were performed using Student’s
t-tests; differences were considered significant at p<0.05.
Results:
In HEK-CaSR that did not express Kv7 channels, RMP was -20.4±1.9mV (n=11); 5mM [Ca2+]o
significantly depolarised HEK-CaSR by 3.8±0.6mV (n=11) whereas 10μM NPS-R568 had no
significant effect (n=10). In HEK-CaSR transiently transfected with KCNQ2/3 plasmid, RMP was 39.8±1.3mV (n=11); functional expression of Kv7 channels was verified with 10μM retigabine, which
significantly shifted RMP to -56.3±3.1mV (n=11). 5mM [Ca2+]o and 10μM NPS-R568 significantly
depolarised HEK-CaSR expressing Kv7 channels by 6.3±0.8mV (n=9) and 2.7±0.8mV (n=10),
respectively.
RMP of HD33n1 hiPSC-derived neurons was -46.5±4.4mV (n=10). 5mM [Ca2+]o insignificantly
depolarised while 10μM NPS-R568 significantly depolarised HD33n1 hiPSC-derived neurons by
7.0±1.2mV (n=10).
Conclusion:
We confirmed the functional crosstalk between CaSRs and Kv7.2/7.3 channels and that CaSRmediated depolarisation is evident in sensory-like neurons, supporting the role of CaSRs as
regulators of neuronal excitability. Some inconsistency between 5mM [Ca2+]o and NPS-R568 effects
could be explained by complex and nonspecific actions of [Ca2+]o.
Activation of CaSRs, coupled to Gi/o-protein, inhibits protein kinase A-dependent Kv7 channel
phosphorylation. This causes potassium current reduction, leading to neuronal depolarisation. Thus,
CaSRs may serve as a novel pharmacological target to alleviate hyperexcitability disorders of the
nervous system.
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Introduction
Breathing is a behavior that requires complex patterns of neuronal activity, driving respiratory
muscles contraction. The region in the ventrolateral medulla, which is the kernel of the respiratory
rhythm generation is the pre-Bötzinger Complex (preBötC). The glutamatergic neurons in the
preBötC are crucial for respiratory rhythm generation and inhibitory interaction between other
brainstem regions (i.e. Bötzinger complex) and the preBötC causes the breathing phases. Here, we
are interested in characterizing the function of inhibitory neurons within the respiratory network by
in vivo electrophysiology and optogenetic techniques.
Methods
In order to produce transgenic mice expressing Channelrhodopsin-2 in inhibitory neurons, we
crossbred mice expressing Cre-recombinase under the control of the glycine transporter 2 promoter
(Tg(Slc6a5icre)121Veul with 129S-Gt(ROSA)26Sortm32(CAG-COP4*H134R/EYFP)Hze/J mice. Animal
experiments, were performed in compliance with the guidelines for the welfare of experimental
animals issued by the European Communities Council Directive (2010/63/EU), German Protection
of Animals Act and approved by the Animal Welfare Commission of University Medical Center
Göttingen, and the state authorities (LAVES). The C57BL/6 mice received Carprofen (5 mg/kg) for
analgesia (subcutaneous). Afterwards they were injected by Ketamine (200 mg/kg) / Medetomidine
(0.5 mg/kg), and Lidocaine (16 mg/kg) (intraperitoneal). The breathing was recorded by the piezo
sensor located underneath the animal.
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For simultaneous patch clamp recording and optogenetic activation, we used a special glass pipette
holder (Optopatcher). Juxtacellular recordings were performed using borosilicate capillaries. The
Optopatcher was connected to a 450-460nm high-power LED. The tip of the capillary was coated
with black nail polish that limits the Optogenetic activation to the recorded neuron. Using stereotaxic
technique to navigate the recording electrode by the robot stereotaxic instrument, we searched for
respiratory rhythmic neurons. Cycle triggered averaging revealed that glycinergic neurons were
among the population of inspiratory preBötC-neurons.
Results
According to this set of in vivo electrophysiology experiments, in the preBötC, we found 15 neurons
that were phase logged to the inspiration. 9 neurons out of these 15 inspiratory neurons (60%) were
identified as inhibitory by the occurrence of Juxtacellular action potentials upon illumination.
Conclusion
Respiratory neurons mapping in terms of their neurotransmitter-type can be done by our method.
Additionally, according to our data, juxtacellular recordings and identification of respiratory neurons
optogenetically using the single automated stereotaxic arm is feasible by the optopatcher pipette
holder. Finally, the larger implication of these findings is identification of the active inspiratory
neurons and post insiratory/expiratory neurons in the pre Bötzinger area as well as Bötzinger area.
____________________________________________________________________________
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Introduction
Autism spectrum disorders (ASD) affect more boys than girls pointing to possible involvement of sex
hormones in its etiopathogenesis. Androgens are formed by two ways, the classic frontdoor pathway
and also alternative backdoor pathway. The aim of our study was to analyse hormones involved in
the classical and alternative pathways of androgen production in boys with ASD and neurotypical
controls (CTRL).
Methods
A total number of 62 prepubertal boys diagnosed with ASD (4.4±1.1) and 24 neurotypical controls
(4.29±0.95) were enrolled. The diagnosis of ASD was performed using the ADOS-2 and ADI-R
scales. Steroid hormones were analysed in plasma using gas chromatography/mass spectrometry.
Results
We observed significantly lower concentrations of pregnenolone sulphate (p=0.04) and
progesterone (p=0.007) in individuals with ASD compared to CTRL. We did not observe any
significant difference between the groups within the hormones of frontdoor pathway including
testosterone (p=0.7) or androstenedione (p=0.629), but we observed a trend towards lower
concentrations of several hormones such as dehydroepiandrosterone (DHEA, p=0.088), DHEA
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sulphate (p=0.12), and androstenediol (p=0.056) in individuals with ASD. Significantly lower
concentration of several consecutive hormones involved in the alternative pathway like conjugated
epipregnanolone (p=0.048); and sulfates of androsterone (p=0.008), epiandrosterone (p=0.012), 3b
etiocholanediol (p=0.004) or a trend toward a lower concentration of isopregnanolone sulfate
(p=0.087), 3b-eticholanediol sulfate (p=0.071) or etiocholanediol (p=0.133) was observed in ASD
individuals compared to CTRL neurotypical individuals. No significant difference between the
analysed groups was observed in the concentration of dihydrotestosterone (p=0.446).
Conclusion
We observed differences in consecutive hormones in a particular part of the steroidogenesis
pathway. Alternative pathway of androgen production may indicate a possible mechanism for the
etiopathogenesis of ASD. The findings need to be verified in other groups of ASD individuals, in
both sexes during puberty and adulthood. An analysis of maternal amniotic fluid in individuals who
have suffered from ASD in the future would also be beneficial.
____________________________________________________________________________
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Enzymatic vitamin A2 production enables red-shifted optogenetics
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Optogenetics is a technology using light sensitive proteins to control signaling pathways and
physiological processes in cells and organs and has been applied in neuroscience, cardiac and
many other research projects. The common optogenetic actuators are sensible to blue and green
light but red-light activation would allow better tissue penetration and less phototoxicity. Cyp27c1 is
a recently deorphanized enzyme (1) that converts vitamin A1, the chromophore in photoreceptors,
to vitamin A2 and thereby red-shifts their spectral sensitivity for near-infrared vision in some aquatic
species.
Here, we investigated the ability of Cyp27c1-generated vitamin A2 to induce a shift in spectral
sensitivity of the two optogenetic proteins Channelrhodopsin (ChR2) and its red-shifted version
ReaChR by measuring photocurrents at different wavelengths with patch clamp technique in
HEK293 cells. Vitamin A2 incubation (25 µM) shifted the sensitivity of half-maximal currents (λ50%)
to longer wavelengths by +8.7 nm for ChR2 and by +16.7 nm for ReaChR. In order to proof
functionality of Cyp27c1 in an in vitro system, we expressed Cyp27c1-GFP in HEK293 cells. As
expected of a cytochrome P450 enzyme we found mitochondrial localization of Cyp27c1. HPLC
analysis showed conversion of vitamin A1 to vitamin A2 by Cyp27c1. Importantly, the λ 50% of ChR2
photocurrents was red-shifted from 532.4 ± 0.7 nm to 548.5 ± 1.5 nm (shift by +16.1 nm) when
Cyp27c1 was expressed. Accordingly, photocurrents at 550 nm were ~ 2-fold larger with Cyp27c1
expression. Similarly, Cyp27c1 shifted the λ50% of ReaChR photocurrents from 628.2 ± 0.8 to 645.9
± 2.9 nm (shift by +17.7 nm) and photocurrents at 650 nm were ~2.7-fold larger (all values mean ±
s.e.m., n ≥10).Because vitamin A2 incubation is not a realistic option for in vivo applications and
expression of Cyp27c1 leads to a similar, even slightly better red-shift in spectral sensitivity, we
propose co-expression of this enzyme as a novel strategy adding to red-shifted optogenetics in vivo.
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Human iPSC-derived neurons have large presynaptic action potentials
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The amplitude and the duration of presynaptic action potentials critically control neurotransmitter
release. The properties of presynaptic action potentials remain poorly understood because
measurements with high temporal resolution are technically challenging. Presynaptic action
potentials have so far only been measured at a limited number of vertebrate but not human neurons.
We therefore performed patch-clamp recordings from presynaptic boutons of cultured neurogenin2induced human iPSC-derived neurons. We first measured basic morphological, molecular, and
functional parameters of the soma, axon, and synapses after 3 to 9 weeks of cultivation in four
different established media. Surprisingly, the medium had little impact on the studied parameters.
On the morphological level, cell size continuously increased and the proportion of cells with more
than one axon initial segment decreased from approximately 1/3 to 1/10 during maturation from 3
to 9 weeks. On the molecular level, the amount of tau protein in the axon strongly increased. On the
functional level, the resting membrane potential decreased and plateaued after 6 weeks. Somatic
action potentials were reliably elicited, with decreasing width and increasing frequency throughout
maturation. Spontaneous and evoked postsynaptic excitatory currents occurred more reliably in
cells older than 6 weeks. High-frequency synaptic transmission between 6 to 9 weeks old cells
exhibited comparable little short-term depression up to a frequency of 100 Hz. Finally, we performed
current-clamp recordings with high temporal resolution from axons of 6 to 9 weeks old neurons. The
presynaptic action potentials had large amplitudes of approximately 100 mV and short durations of
0.5 ms at 37°C. These parameters are similar to presynaptic action potentials of cortical pyramidal
neurons in mature mice and argue, together with the high-fidelity synaptic transmission, for wellmatured presynaptic mechanisms in the here-studied 6 to 9 weeks old human neurons. Our results
establish iPSC-derived cells as a model for high-resolution biophysical analyses of presynaptic
function of human neurons.
____________________________________________________________________________
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Introduction
Neuropathic pain (NP) affects ~8% of the European population.1 Orofacial NP (ONP) presents with
greater intensity and emotional response when compared to other neuropathies outside of the
trigeminal system and demonstrates a poorer response to pharmacological management. 2,3
To date there is no in vitro validated disease relevant hiPSC-derived neuronal model for ONP, this
study aims to show proof of concept for the inflammatory initial phases of such a model. A disease
relevant in vitro hiPSC-derived neuronal model for ONP will provide opportunities for the exploration
of pathogenesis and therapeutic intervention for both ONP and other NP conditions.
Methods
Model development: Trigeminal ganglia (TG) neurons from 10-week-old Wistar rats were isolated
and cultured in vitro for 1-7 days4 to develop a trigeminal control (TG-C), sensory neuronal model.
Healthy hiPSC line (HD33n1) were differentiated using a patented method
(PCT/GB2014/0530644,5) to produce a control hiPSC sensory-like neuronal model (hiPSC-C).
To develop TG ONP (TG-ONP) and hiPSC ONP models (hiPSC-ONP) a proportion of TG-C and
hiPSC-C neurons were suspended in a media supplemented with messengers released
endogenously in the initial inflammatory phase of ONP (1μM bradykinin, 1μM noradrenaline, 10μM
ATP and 1μM substance P) for 2-7 days and 3-14 days, respectively.
Patch-clamp electrophysiology: Macroscopic transmembrane currents and membrane potential
were recorded using the voltage- and current-clamp conventional whole-cell technique, respectively.
Results
TG-ONP and hiPSC-ONP neurons demonstrate similar trends: around 2-fold significant increase
between mean half-activation and half-inhibition voltages (Va50 – Vi50) for voltage-gated sodium
(Na+) current in TG-ONP vs. TG-C and hiPSC-ONP vs. hiPSC-C: 31.0±2.3 mV (n=7) vs.15.6±1.0
mV (n=19) and 9.6±0.7 mV (n=4) vs. 21.4±0.9 mV (n=5), respectively (P < 0.0001). Normalised
conductance (G/Gmax) of Na+ current maxima values were 0.28 TG-C vs. 0.11 TG-ONP and 0.24
in hiPSC-C vs. 0.16 in hiPSC-ONP neurons. Resting membrane potential (RMP) mean values of
hiPSC-ONP (-36.0±1.1 (n=5)) were significantly less negative compared to hiPSC-C (-45.9±1.6 mV
(n=10)), p < 0.05. Whereas half width of the induced action potentials (iAP) in TG-ONP (3.2±0.3 ms
(n=7)) was significantly slower than in TG-C (2.0±0.3 ms (n=19)), p < 0.05.
Conclusion
HiPSC-ONP sensory-like neurons demonstrated augmented neuronal excitability comparable to
that of TG-ONP group when using a largely inflammatory stimulatory media suspension. These data
suggest that attenuated iAP spike characteristics of both TG-ONP and hiPSC-ONP models are
determined by decreased Na+ voltage-gated transmembrane conductance, which could be a
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consequence of nociceptive-associated changes in expression of Na+ channels. Future work will
adjust the media neurons are suspended in over time from inflammatory to neurogenic inflammation.
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including a metabolic switch from oxidative phosphorylation to glycolysis. Albeit protective in the
short-term, chronic stabilization of HIFs is detrimental in most cases. Cigarette smoke is the major
exogenous risk factor for AMD, presumably by inducing oxidative stress in the RPE and the retina.
Furthermore, in non-ocular tissue, cigarette smoke has been shown to induce HIF-stabilization
under normoxia leading to a pseudohypoxic condition.
Methods
In the present study, we aimed to investigate the effects of cigarette smoke on a human RPE cell
line (ARPE-19) with focus on metabolic regulation and HIF signaling. For this purpose, we treated
ARPE-19 cells with cigarette smoke extract (CSE) under normoxic (21% O 2) and hypoxic (1% O2)
conditions and analyzed treatment effects using cell viability assays, Western Blot, quantitative
Real-Time PCR (qRT-PCR), and real-time cell metabolic analysis by the Seahorse Bioanalyzer.
Results
We found that CSE treatment decreased cell viability in a concentration-dependent manner, with no
difference between normoxia and hypoxia. To investigate CSE effects on HIF induction, we
analyzed the α-subunits of the two main HIF isoforms HIF-1 and HIF-2 by Western Blot. While HIF1α protein levels were downregulated by CSE, HIF-2α was unaffected. Most interestingly, analysis
of cell metabolism with the Seahorse Bioanalyzer revealed a decrease in oxidative phosphorylation
as well as glycolysis in CSE-treated cells compared to controls. One major compound of CSE is
nitric oxide (NO). Therefore, we used S-Nitrosoglutathione, a NO donor, to investigate, if NO is
responsible for the observed effects. Treatment of ARPE-19 cells with S-Nitrosoglutathione resulted
in a similar metabolic phenotype as observed in CSE-treated cells, suggesting that NO is
responsible for disruption of metabolic adaptation.
Conclusion
Our results suggest that NO present in CSE reduces ATP production by oxidative phosphorylation
and impedes compensation by glycolysis due to downregulated HIF-1α. Decreased metabolic rate
has already been described in RPE cells from AMD patients, thus the inability to maintain sufficient
ATP production might contribute to the detrimental processes leading to AMD in the long-term.
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Introduction
Age-related macular degeneration (AMD) is the most common blinding disease in the elderly
population living in industrial countries. In AMD, dysfunction and ultimately degeneration of retinal
pigment epithelium (RPE) cells lead to photoreceptor degeneration in the macula. While there are
still many uncertainties regarding the pathophysiology of AMD, oxidative stress and hypoxia in the
RPE are considered major risk factors. Hypoxia leads to an induction of hypoxia-inducible factors
(HIFs), dimeric transcription factors with an oxygen-labile α-subunit and a constitutively expressed
β-subunit. HIF signaling enables cell survival under hypoxic conditions by several mechanisms
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The sympathetic co-transmitter neuropeptide Y (NPY) is a vasoconstrictor, and high serum [NPY] is
linked to impaired recovery of cardiac function and poor prognosis following myocardial infarction
and heart failure (Ajijola et al., 2020; Herring et al., 2019). NPY receptors are Gi/o-coupled, but the
downstream signalling pathways leading to vascular smooth muscle cell (VSMC) contraction remain
poorly understood. Therefore, the present study aimed to investigate the mechanisms of NPYinduced vasoconstriction in rat mesenteric (RMA) and coronary (RCA) arteries. Third order
mesenteric or septal arteries (100-330 μm diameter) from male Wistar rats were used for wire
myography experiments. Myography data are presented as constriction to the maximal [NPY] (300
nM), Emax, normalised as a percentage of the constriction to 45mM K+. For electrophysiology
experiments, arteries were impaled with a microelectrode to measure VSMC membrane potential
(Vm). Electrophysiology data are presented as change in V m (ΔVm) after stimulation with 100 nM
NPY. For Ca2+ imaging experiments, arteries were loaded with Calbryte-520-AM to examine VSMC
Ca2+ events, with data presented as events per second (Hz). Values are expressed as the mean ±
SEM. Unless specified, a two-way ANOVA, with Dunnett multiple comparisons against the control
group, was performed for each [NPY]. NPY (0.1–300 nM) stimulated concentration-dependent
vasoconstriction in both RMA (Emax 71.4±13.5%; EC50 10.7 nM; n=21) and RCA (Emax 74.4±5.2%;
EC50 14.0 nM; n=6). In RMA, this constriction was blocked by BIBO 3304 (1 μM), a NPY Y1 receptor
(Y1R) selective antagonist (2.0±1.1%; n=6; p<0.05 at 30–300 nM NPY). Y1R expression was
detected in the VSMC of both RMA (n=5) and RCA (n=4) via immunohistochemistry. To investigate
signalling downstream of Y1R activation, gallein (100 μM), a selective G-βγ subunit inhibitor,
attenuated NPY-induced vasoconstriction in RMA (5.8±3.3%; n=5; p<0.05 at 30–300 nM) and RCA
(22.7±6.8%; n=5; p<0.05 at 10–300 nM). Furthermore, voltage-gated Ca2+ channels (VGCC)
underlie NPY-mediated vasoconstriction, as nifedipine (1 μM) inhibited constriction of RMA
(9.5±1.6%; n=5; p<0.05 at 30–300 nM) and RCA (6.6±1.6%; n=5; p<0.05 at 10–300 nM). In
electrophysiology experiments, NPY treatment led to concentration-dependent depolarisation of
RMA VSMC (ΔVm 9.5±1.2 mV; n=6), which was absent in the presence gallein (ΔV m -3.0±2.2 mV;
n=5; p<0.05 vs. control, unpaired t-test). This depolarisation could be linked to Ca2+ mobilisation,
as 100 nM NPY stimulated RMA VSMC Ca2+ waves (0.31±0.06 Hz; n=5) and whole-field
synchronised Ca2+ flashes (0.53±0.15 Hz; n=5), which were both completely abolished by pretreatment with gallein (0 Hz for both waves and flashes; n=4). Taken together, the present data
suggest that in the VSMC of RMA and RCA, Y1R activation dissociates the G-βγ subunit, which
initiates Ca2+ mobilisation, membrane depolarisation, and raises VGCC open probability to cause
vasoconstriction.
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Background
The cardiac hormone atrial natriuretic peptide (ANP) stimulates reparative neoangiogenesis through
activation of the endothelial guanylyl cyclase A (GC-A) receptor and its second messenger cyclic
GMP [1]. Besides GC-A, ANP also binds to the natriuretic peptide receptor C (NPR-C), which does
not contain a guanylyl cyclase domain. Controversially discussed studies showed that the NPR-C
receptor internalizes and degrades natriuretic peptides, but also is capable of inducing G-protein
signalling pathways [2]. Studies in cultured endothelial cells suggested that NPR-C participates in
angiogenic events [3]. To further differentiate the participation of GC-A and NPR-C in the angiogenic
response to ANP, we studied human umbilical vein endothelial cells (HUVEC), human cardiac
microvascular endothelial cells (hCMEC) and genetic mouse models with endothelial cell-specific
deletion of either receptor.
Methods and results
Ex vivo: Mice with restricted endothelial (EC) deletions (KO) of GC-A or NPR-C were created by
breeding floxed Npr1 and floxed Npr3 with Tie2-CreTG mice, respectively [1,4]. The aortic ring model
was used to study the effects of ANP on endothelial and pericyte outgrowth. ANP enhanced the
capillary sprouting from cultured aortic rings prepared from control mice. These effects were reduced
in EC GC-A KO but preserved in EC NPR-C KO aortic rings. Notably, immunohistology showed a
marked decrease in endothelial cell and pericyte densities and outgrowth in aortic rings from EC
GC-A KO mice, even under baseline conditions. In vitro: Stimulation with ANP increased cGMP
levels in cultured endothelial cells, showing the expression of GC-A. Furthermore, ANP enhanced
cell proliferation and the phosphorylation of ERK1/2 and FoxO1, molecular pathways responsible
for cellular proliferation. The proliferative effect of ANP was significantly reduced by Rp-8-Br-PETcGMPs, an inhibitor of cGMP-dependent protein kinase I (PKGI). Furthermore, it was mimicked by
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8-Br-cGMP, a cGMP analog, as well as by cANP-4-23, a NPR-C ligand, suggesting that NPR-C also
participates in the effects of ANP on endothelial proliferation, at least in vitro. In vivo: To elucidate
the role of endothelial GC-A versus NPR-C signalling in reparative angiogenesis, mice with
respective endothelial-specific receptor knockout were subjected to experimental hind limb
ischemia. Postischemic reperfusion was unaltered in EC NPR-C KO mice. In contrast, EC GC-A KO
mice showed a significant impairment in blood flow recovery between days 21 and 35 after surgery
(phase of neoangiogenesis). Histology showed a reduced muscular capillary density in the ischemic
legs of EC GC-A KO mice, but not in EC NPR-C KO mice.
Conclusions
These data emphasize the protective role of the endothelial actions of ANP in regenerative
angiogenesis. They indicate that the GC-A receptor may be a target for pharmacological
interventions to treat ischemic cardiovascular disorders.
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Introduction
Polyunsaturated fatty acid (PUFA) metabolites generated by the sequential action of cytochrome
P450 (CYP) and soluble epoxide hydrolase (sEH) enzymes are important modulators of vascular
function and integrity. Given the reported role of the sEH in regulating vascular stability in the retina,
this study aimed to explore the effects of the PUFA metabolites generated by CYP/sEH on pericyteendothelial cell junctions and to characterize the effects of sEH related PUFAs on vessel in the
diabetic heart.
Results
A comparison of wild-type mice and animals with type1 diabetes (Ins2Akita mice), revealed higher
cardiomyocyte expression of the sEH in the diabetic group. The diabetic mice also displayed
characteristics of heart failure with preserved ejection fraction (HFpEF) at the age of 6 months, and
developed heart failure with reduced ejection fraction (HFrEF) by 12 months. Immunohistochemistry
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revealed a significant increase in left ventricular capillary density in 12-month-old Ins2Akita mice
versus their non-diabetic littermates. However, pericyte coverage was markedly reduced in the
diabetic mice. Consistent with the change in sEH expression, fatty acid profiling of the left ventricle
reveled increased levels of sEH-derived PUFA diols, e.g. 12,13-dihydroxy-octadecenoic acid (12,13DiHOME) and 14,15-dihydroxyeicosatrienoic acid (14,15-DHET) in the diabetic group. In vitro
studies with 12,13-DiHOME revealed that it targeted endothelial cell-endothelial cell interactions to
disrupt barrier function and increase permeability. Similarly, 12,13-DiHOME disrupted pericyte–
endothelial cell junctions, and induce on pericyte migration.
Conclusion
Taken together our data indicate that the increase in sEH expression in cardiomyocytes of the
diabetic heart increases the generation of 12,13-DiHOME, which disrupts endothelial cell-pericyte
junctions and contributes to a decrease in vascular pericyte coverage. Studies are ongoing to
determine the consequences of sEH inhibition and overexpression on pericyte coverage and
vascular density in the diabetic heart.
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Background
Ischemic stroke accounts for 63% of all stroke incidences, and despite a significant improvement in
treatment, up to 67% of all patients experience futile recanalization (1) with risk of impaired
neurological outcome. Yet, the mechanism is poorly understood. Pial arteries in the area
surrounding the ischemic core, penumbra, are shown to have increased vascular tone due to
increased intracellular Ca2+-sensitivity in vascular smooth muscle cells (2). Ischemia-reperfusion
decreases Na+,K+-ATPaseactivity (3). Furthermore, the Na+,K+-ATPase abundance is inversely
proportional to Src activation, a tyrosine kinase, which is known to sensitize the contractile
machinery to Ca2+ (4).
Thus, we hypothesize that ischemic stroke reduces Na+,K+-ATPase activity with resultant increased
activity of Src and/or other tyrosine kinases, leading to subsequent Ca2+ sensitization in
cerebrovascular smooth muscle cells which contributes to futile reperfusion due to hypercontractile
penumbral arteries.
Method
Four3-month-old C57BL/6J male mice were exposed to one-hour transient middle cerebral artery
filament occlusion through the left common carotid artery followed by reperfusion. Mice were
isoflurane-anesthetized (3% induction, 1.5–2% maintenance) and intraperitoneally injected with
Temgesic (0.1 mg/kg) 30 min and 6 hours post-operative. Ischemia was confirmed by real-time
cerebral perfusion assessment using Laser Speckle Contrast Imaging. 24 hours after reperfusion,
mice were dislocated cervically. Mouse brains were dissected and fast-frozen for cryo-sectioning.
Nissl staining was used to detect infarct area. Spatial transcriptomics (10X Genomics) of one whole
coronal slice was made.
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Blood flow index for ischemia was estimated in the parenchyma and in three first-order branches of
the middle cerebral arteries of both hemispheres. Infarct size was corrected for edema and
calculated as the percentage of the whole brain. Spatial transcriptomics was analyzed with a singlecell RNA sequencing dataset (5). Cells of interest (Figure 1) were used for average gene expression
analysis of normalized data. Data are presented with mean ± SD.
Results
During the stroke protocol, relative perfusion was decreased by 71.70 ± 0.07% in the middle cerebral
artery branches and by 72.94 ± 0.08% in the parenchyma of the stroke hemisphere compared to
the control. Nissl staining showed an increase in volume of the stroke hemisphere (15.03±6.4%)
compared to the contralateral hemisphere suggesting edema. The stroke area in the cortex layers
and striatum was 8.85 ± 4.18mm2 corresponding to 16.22 ± 8.34%. Quantitative transcriptomics
revealed downregulation of Src kinase, the Na+, K+-ATPase α1, and α2 isoforms in the stroke
hemisphere (Figure 1). In contrast, another non-receptor tyrosine kinase, Fgr, was upregulated.
Conclusion
Data suggest transcriptome downregulation of the Na+,K+-ATPase in the stroke hemisphere
associated with disbalance of tyrosine kinase signaling.

Figure 1: Average gene
expression
Average expression of
normalized genes of
interest distributed by
different brain regions of
control (C) and stroke (S)
hemisphere. Cell types;
Astrocytes (Astro);
Endothelial Cells (Endo);
Microvascular/Perivascular
Macrophages (Micro.PVM);
Smooth Muscle Cells –
Pericytes (SMC.Peri),
Vascular/Leptomengial Cells
(VLMC).
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Free fatty acid receptors (FFAR) are G-Protein coupled receptors expressed in numerous organs.
They modulate a wide range of (patho)physiological processes, e.g. insulin and gut hormone
secretion, lipid accumulation in adipocytes or inflammation. Interestingly, activation of FFAR4
proved to reduce airway tone ex vivo and prevented bronchoconstriction in mouse models of
obstructive lung disease in vivo. As endogenous ligands of FFAR4 omega-3 fatty acids were
identified that are known to have protective effects in cardiovascular diseases. Therefore, we
wondered if activation of FFAR4 may modulate the tone of pulmonary arteries (PAs) and could be
of therapeutic relevance in pulmonary hypertension (PH).
Vascular tone of PAs was determined in isometric force measurements in a wire-myograph. The
FFAR4 agonists compound A (compA) and TUG 891 (TUG) were applied in single dose and dose
response experiments. The impact of FFAR4 activation on small intrapulmonary arteries was
assessed in functional lung slices. Effects on pulmonary arterial pressure were determined in the
isolated perfused lung system of mouse. In all experiments female and male C57BL/6 mice were
used.
In isometric force measurements of mouse PAs pre-incubation with two selective FFAR4 agonists
(compA (10 µM), TUG (10 µM)) induced a right shift of serotonin (5-HT) dose response curves (log
EC50: ‑5.72 ± 0,05 (n=6, compA) vs. ‑6,28 ± 0.05 (n=6, solvent), p<0.001). This right shift was
prevented by the FFAR4 antagonist AH7614 (10 µM, log EC50: -6.07 ± 0.05 (n=6), p<0.01 vs.
compA) but remained unaffected by the FFAR1 antagonist GW1100 (10 µM, log EC50: -5.69 ± 0,04
(n=6), p>0.05 vs. compA). After 5-HT pre-constriction a single dose of compA induced a pronounced
vasorelaxation (55.5 ± 2.4 % (n=6, compA) vs. 5.5 ± 3.4 % (n=6, solvent), p<0.001). This pulmonary
vasorelaxation was dose-dependent (1 µM - 100 µM) reaching 85.0 ± 0.9 % (n=8) at the highest
dose (2.9 ± 3.3 % (n=7, solvent), p<0.001 vs. compA). CompA (10 µM) also induced a prominent
vasorelaxation after 5-HT-induced pre-constriction in functional lung slices (66.0 ± 4.5 % (n=8,
compA) vs. 11.4 ± 3.4 % (n=6, solvent), p<0.001). Finally, it strongly decreased pulmonary arterial
pressure in the isolated perfused lung model of mouse (35.8 ± 3.1 % (n=6, compA) vs. 6.7 ± 2.6 %
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(n=6, solvent), p<0.001). This effect could again be attenuated by the FFAR4 antagonist AH7614
(10 µM, 30.6 ± 4.6 % (n=6, solvent + compA) vs. 17.0 ± 2.6 % (n=6, AH7614 + compA), p<0.05).
In conclusion, our data reveal that FFAR4 activation induces a pronounced pulmonary
vasorelaxation in mouse ex vivo. Future experiments will focus on the downstream signaling
mechanisms in pulmonary arterial smooth muscle cells and a potential therapeutic effect of FFAR4
agonists in PH.
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Background
Migraine is a severe neurological disorder manifested with recurring headache accompanied by
other symptoms. Several epidemiological studies reported a strong association between migraine
with aura and cardiovascular diseases (1). Familial Hemiplegic Migraine type 2 (FHM2) is an
autosomal dominant migraine with aura associated with mutations in the gene encoding the Na,KATPase α2 isoform, including the G301R mutation (2). Mice bearing the G301R mutation phenocopy
several FHM2-relevant disease traits, i.e., FHM2 mouse model (2). A recent study demonstrated
that these FHM2 mice have disturbed cardiac metabolism and reduced cardiac function (3).
Moreover, FHM2 mice are characterized for abnormal cerebrovascular function (4, 5). Importantly,
the Na,K-ATPase α2 isoform plays an important role in the regulation of vascular contractility in a
vascular-bed specific manner.
We hypothesized that reduced expression of the Na,K-ATPase α2 isoform suppresses the
contractility of coronary arteries from FHM2 mouse model and that this may contribute to cardiac
dysfunction in these mice.
Methods
Septal coronary arteries from FHM2 mice (n = 4) and matching wild type (WT) controls (n = 4) were
studied in isometric myograph in a blinded setting. Arterial contractility was assessed as
concentration response curves to a thromboxane A 2 receptor agonist, U46619 and to increasing
concentration of K+ in bath solution. The effect of a specific inhibitor of the Na,K-ATPase, ouabain,
on arterial contraction was tested. Ten µM ouabain specifically inhibits the Na,K-ATPase α2 isoform
without an effect on the α1 isoform (5).
U46619 concentration–response and vascular compliance data were fitted according to a non-linear
regression model using curve fitting in Prism 8 (GraphPad Software). The derived parameters were
compared using an extra sum-of-squares F test. Arterial diameters were compared with unpaired ttest. All data are presented as means ± standard error of the mean, P < 0.05 is considered
statistically significant.
Results
No difference in the resting arterial inner diameter at wall tension corresponding 100mmHg was
seen between arteries from FHM2 (141.6±17.82 µm) and WT (131.4±13.36 µm) mice. Accordingly,
there was also no difference between the passive length-tension curves. Coronary arteries from
FHM2 mice demonstrated reduced contraction to U46619 in comparison with WT (Figure 1). This
was because of reduced maximal response (P = 0.03) with unchanged EC50 (P = 0.75). Pre-
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incubation with ouabain was without any effect on the U46619 contraction. There was no difference
in the contractile response to increasing K+ concentrations in the bath between FHM2 and WT
arteries.
Conclusion
In comparison with WT, coronary arteries in FHM2 mice have reduced contractile response to
agonist stimulation but not to K+-depolarization. This suggests the functional remodeling of FHM2
coronary arteries downstream from the thromboxane A 2 receptor.
U46619 Concentration
Response Curve
Developed wall tensions of
septal coronary arteries
from wild type and FHM2
mice prior to and after
incubation with ouabain.
Wild type mice had greater
maximal responses prior to
and after ouabain
incubation compared to
FHM2 mice, however, there
was no effect of ouabain
in each group on the
maximal contraction to
U46619 (max. response for
wildtype mice before and
after ouabain; 0.97 +/0.12 mN/mm and 1.01 +/0.11 mN/mm vs. max.
response before and after
ouabain for FHM2 mice;
0.63 +/- 0.12 mN/mm and
0.64 +/- 0.14 mN/mm, P <
0.0001).
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Background: Long non-coding RNAs (lncRNAs) can act as regulatory RNAs, which, by altering the
expression of target genes, impact on the cellular phenotype and cardiovascular disease
development. Endothelial lncRNAs and their vascular functions are largely undefined. We identified
LINC00607 as a highly expressed and endothelial-enriched lncRNA, whose function and the mode
of action was investigated here.
Results: Deep-endothelial RNA-Seq and FANTOM5 CAGE revealed that LINC00607 is among the
highest expressed lncRNAs in endothelial cells. LINC00607 was induced in response to hypoxia,
arteriosclerosis regression in non-human primates and also in response to propranolol used to
induce regression of human arteriovenous malformations. siRNA knockdown or CRISPR/Cas9
knockout of LINC00607 attenuated VEGF-A-induced angiogenic sprouting. LINC00607 knockout in
endothelial cells also integrated less into newly formed vascular networks in an in vivo assay in
SCID mice. Overexpression of LINC00607 in CRISPR knockout cells restored normal endothelial
function. RNA- and ATAC-Seq after LINC00607 knockout revealed changes in the transcription of
endothelial gene sets linked to the endothelial phenotype and in chromatin accessibility around
ERG-binding sites. Mechanistically, LINC00607 interacted with the SWI/SNF chromatin remodeling
protein BRG1. CRISPR/Cas9-mediated knockout of BRG1 in HUVEC followed by CUT&RUN
revealed that BRG1 is required to secure a stable chromatin state, mainly on ERG-binding sites.
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Conclusions: LINC00607 is a highly expressed endothelial-specific lncRNA important for vascular
phenotype control. By interacting with the chromatin remodeler BRG1, LINC00607 maintains ERG
target gene transcription.
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Background: Arterialhypertension is a common disease with a known association to depression
and obesity [1,2]. Whether this association is causal and which mechanisms may be involved is still
unknown. Studies in humans and mice suggest that alterations of the CREB-BDNF pathway can
contribute to the development of both, eating disorders and major depressive disorders [3]. Mice
deficient in the CREB-regulated transcription coactivator 1 (Crtc1) have been shown to become
overweight, display depression-related behavior, and to express the Regulator of G-Protein
Signaling 2 (Rgs2), which plays a role in blood pressure homeostasis, at lower levels [4,5]. We
therefore investigated whether Crtc1-deficient mice concomitantly exhibit a hypertensive, insulin
resistant, and depression-like phenotype.
Methods: Analysis of mean arterial blood pressure (MAP), heart rate (HR), and activity was
conducted by radiotelemetric measurements in unrestrained male Crtc1-deficient mice (KO) and
wildtype littermates (WT). Radiotelemetric devices were implanted while using i.p. injection of 120
mg ketamine and 16 mg xylazine per kg bodyweight as anesthesia. Expression of the renal sodiumhydrogen exchanger (NHE3), sodium-chloride cotransporter (NCC), and α-, β-, and γ-subunit of
epithelial sodium channel (ENaC) were quantified by immunoblot analysis to assess possible renal
compensation of salt and water homeostasis. Insulin resistance was determined by the
intraperitoneal glucose tolerance test and depressive-like behavior was assessed by the soiled
bedding preference test. Data are presented as mean±SEM.
Results: Crtc1-deficient mice showed higher MAP while maintaining a normal circadian rhythm
(dark: KO 117±2 mm Hg, WT 107±2 mm Hg, p<0.05; light: KO 102±2 mm Hg, WT 94±2 mm Hg,
p<0.05, 1-way ANOVA, n=8-11). The increase in MAP was most pronounced during the late dark
and the early light phase, when also HR was higher in KO (dark: KO 593±11 bpm, WT 596±7 bpm;
light: KO 529±12 bpm, WT 494±8 bpm, p<0.05, 1-way ANOVA, n=8-11). Activity was not different
between both genotypes at any time. Kidney protein expression of pNHE3/NHE3, pNCC/NCC, αENaC, β-ENaC, and γ-ENaC showed no difference between genotypes (n=10). Glucose tolerance
was significantly impaired in KO (maximum plasma glucose concentrations: KO 423±27 mg/dl, WT
295±27 mg/dl, p<0.0001, 2-way ANOVA, n=9). In the soiled bedding preference test, male KO
exhibited a lack of preference for female-soiled bedding over clean bedding (time sniffing female vs.
clean KO 75.3±11.2 s vs 79.0±11.0 s, WT 119.5±13.5 s vs. 51.5±10.5 s, n=2-3).
Conclusion: Crtc1-deficiency in mice leads to elevated arterial blood pressure, an impaired glucose
tolerance as well as depression-related behavior. Unaltered expression of the major tubular sodium
transport pathways suggests the absence of significant renal compensation. Crtc1 might be a
molecular component of a pathway that connects arterial hypertension, metabolic syndrome, and
depression.
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Introduction
Despite recanalization after ischemic stroke, neurovascular coupling, i.e., local hyperaemic
response to neuronal activity, is impaired in peri-ischemic brain regions. Little is known about
the mechanism underlying this dysfunctional neurovascular coupling.
Methods
Mice implanted with chronic cranial windows were trained for awake head-fixation prior to
experiments. Transient arterial occlusion was induced using single vessel photothrombosis [1].
Cerebral perfusion and neurovascular coupling were assessed by optical coherence tomography
and laser speckle contrast imaging [2].
Results
Middle cerebral artery occlusion induced multiple spreading depression waves associated with
substantial reduction in blood flow in the peri-ischemic cortex (32.7 ± 5.8%, n = 6). More than half
of the capillaries in the peri-ischemic area were no longer perfused after reperfusion (47.3 ± 5.2%,
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n = 6). The remaining perfused capillaries showed increased prevalence of dynamic flow stalling
(0.47 ± 0.09% vs. 5.13 ± 0.55%, P < 0.001, n = 6, one-way ANOVA of baseline vs. 3h after
reperfusion). After reperfusion, whisker stimulation led to reduced neurovascular coupling
responses in the sensory cortex corresponding to the peri-ischemic region (P < 0.01, n = 6, two-way
ANOVA).
Conclusion
Arterial occlusion led to spreading depression waves associated with long-lasting microcirculatory
failure in the peri-ischemic cortex. This reduced capillary capacity may, at least in part, underlie
impaired neurovascular coupling in peri-ischemic brain regions after stroke and reperfusion.
Cerebral ischemia induced
by photothrombosis in awake
mice.
Laser speckle contrast
image of the affected
hemisphere in an awake
mouse at baseline (left)
and during occlusion of the
anterior middle cerebral
artery branch (right). Red
arrows show the focus point
for the laser beam (Ø = 30
μm) used for
photothrombosis.
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TRPC4 channels in intestinal smooth muscles are activated in synergy by M2 and M3 muscarinic
receptors coupled to Gi/o and Gq/11 proteins, respectively, and mediate the depolarizing muscarinic
cation current (mICAT) - the principal regulator of cholinergic excitation-contraction coupling in
gastrointestinal smooth muscles [1]. (‑)‑Englerin A (EA) is a sesquiterpene from the bark of
Phyllanthus engleri, which is a potent agonist of TRPC4/C5 channels [2, 3]. Our study was aimed
at comparing TRPC4 gating properties depending on their mode of activation, e.g. via receptors
and/or G-proteins vs. via the directly acting channel agonist.
Smooth muscle ileal myocytes were enzymatically isolated from three month-old male BALB/c mice
using collagenase type 1A [1]. Whole-cell patch-clamp recordings were carried out using
symmetrical Cs+ solutions (125 mM) with 10 mM BAPTA/4.6 mM CaCl2 mixture in the pipette
solution to 'clamp' [Ca2+]i at 100 nM for mICAT isolation. Three different approaches for the activation
of mICAT were used: 50 μM carbachol (CCh) and 10 nM EA were applied to the bath solution,
whereas 200 µM GTPγS was infused via patch-pipettes. Values are given as means ± S.E.M. P
values refer to one-way ANOVA tests of the three groups followed by Tukey post hoc test. All
reported P values refer to both EA vs. CCh and EA vs. GTPγS comparisons, whereas there were
no significant differences between the CCh and GTPγS groups.
Mean mICAT amplitudes at -40 mV were: ‑724.8±107.8 pA (CCh; n=8), ‑522.7±24.6 pA (GTPγS;
n=10) and ‑2356.1±324.1 pA (EA; n=10). In the case of CCh- or GTPγS-induced currents their
steady-state I-V curves were U-shaped at negative potentials with double rectification around
reversal potential (~0 mV), whereas EA-induced currents showed almost linear I-V curves and no
desensitization. The deactivation kinetics were evaluated using voltage steps from ‑40 to ‑120 mV
for 1.2 s. They were fitted by a single exponential function with mean time constants of 91.81±1.46
ms (CCh; n=11), 88.71±0.76 ms (GTPγS; n=10) and 138.96±10.77 ms (EA; n=10) (P<0.001). The
deactivation index (ratio of conductance at -120 mV to maximal conductance, Gmax) was 0.27±0.04
(CCh; n=5), 0.28±0.07 (GTPγS; n=5) and 0.68±0.03 (EA; n=5) (P<0.001). The rectification index
(ratio of conductance minimum at positive potentials to Gmax) was 0.36±0.01 (CCh; n=5), 0.32±0.02
(GTPγS; n=5) and 0.71±0.04 (EA; n=5) (P<0.001). Thus, voltage dependence of TRPC4 intrinsic
gating (e.g. channel activated by EA) is not as prominent as in the case of receptor/G-proteininduced activation of the channel. This is consistent with the relative paucity of charged amino acid
residues in the S4 transmembrane domain of TRPC4. It is thus possible that TRPC4 voltage
dependence, as well as desensitization arises partly at the level of interaction of activated Gi/o
proteins and/or PI(4,5)P2 with the channel protein.

Objective: Cholesterol is an important membrane constituent and is involved in cell signaling.
Cellular cholesterol is determined by uptake and de novo synthesis. Endothelial cells are capable
of cholesterol metabolism through a pathway that requires the cytochrome P450 reductase (POR)
as well as cyp51 monoxygenase. High circulating cholesterol is linked to cardiovascular diseases.
The role of endogenous cholesterol synthesis for endothelial function, in contrast, is unknown and
was studied here.
Methods & Results: To induce a loss of cholesterol synthesis in endothelial cells, POR and Cyp51
knockout was performed in human umbilical vein endothelial cells (HUVECs) and an endothelialspecific tamoxifen-inducible POR knockout mouse (ecPOR-/-) was generated.
Knockout of POR in HUVEC led to an accumulation of the Cyp51 substrate lanosterol, whereas its
product, desmosterol was reduced. Functionally, this was associated with increased basal and
VEGF-stimulated angiogenic sprouting. Similarly, endothelial sprouting from aortic segments was
increased in ecPOR-/- mice as compared to control mice. Importantly, this effect was also observed
in vivo as retina angiogenesis was increased after endothelial-specific deletion of POR.
Cellular cholesterol levels are sensed by the SREBP2 (sterol regulatory element-binding proteins)
system, and indeed, SREBP2 signaling was increased after deletion of POR in cultured cells as well
as in vivo. Analysis of publicly available SREBP2 CHIP-seq data from statin treated mice show a
high correlation between cholesterol metabolism and NOTCH signaling. RNAseq of whole aorta as
well as isolated aortic endothelial cells revealed a significant decrease in Notch signaling genes
(Notch2, Ep300, Rbpj and Psenen). Functionally, this should lead to increased proliferation and a
tip cell phenotype in ecPOR-/-, as we indeed observed.
Conclusion: Inhibition of the endothelial POR/CYP-axis improves endothelial cell angiogenic
function through an activation of the SREBP2 system and subsequent tip cell specification.
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Introduction
Chronic stress is important risk factors for a variety of psychiatric disorders, however, some subjects
are able to cope with stressful conditions (1). The mechanism behind this ability is poorly
understood. The communication between neuronal tissue and the vasculature, i.e., neurovascular
signaling, is suggested to play a central role in the pathology of stress (2). Neurovascular coupling
ensures rapid and precise delivery of O2 and nutrients to active brain regions. Disturbance in the
neurovascular signaling will have grave effects on brain integrity. We hypothesized that stressinduced neurovascular abnormalities depend on stress susceptibility.

532

Methods
Wistar male rats were exposed to 8 weeks of chronic mild stress with unpredictable stressors and
their hedonic state was assessed using sucrose consumption test (3). Approximately 30% of
stressed rats demonstrated more than 30% reduction in sucrose intake compared with baseline
suggesting an anhedonia-like behavior. Another 30% of rats show less than 10% reduction in the
sucrose consumption, i.e., demonstrating stress-resilient behavior. Rats with sucrose intake
intermediate between these two groups were excluded from the study.
Results
Brain slices on confocal microscope were loaded with Calcium Green dye to assess intracellular
Ca2+ and parenchymal arteriole diameter changes in response to neuronal excitation with electric
field stimulation. Neurons and astrocytes showed similar Ca2+ responses in brain slices from nonstressed, anhedonic, and stress-resilient rats. Parenchymal arterioles in all brain slices showed
vasodilation in response to neuronal excitation. Inhibition of vasodilation with 100 µM BaCl 2
suggests its dependence on inward rectifying K+ channel activation. However, in stress-resilient
rats, this vasodilation was transient and followed by vasoconstriction insensitive to BaCl 2.
Isolated middle cerebral artery segments in isometric myograph were preconstructed with
thromboxane A2 receptor agonist U46619 and relaxed with increasing concentrations of bath K+ (4).
The BaCl2-sensitive relaxations of arteries from non-stressed, anhedonic and stress-resilient rats
were similar in the range between 4 to 15 mM of bath K +, but in arteries from stress-resilient rats
showed reduced relaxation to 20-24 mM of K+. Moreover, arteries from stress-resilient rats showed
potentiated
contractile
response
to
U46619.
Western blot analysis showed a reduced expression of voltage-gated K+ channels, Kv7.4, in the
cerebral arteries from stress-resilient rats. The expression of arterial inward-rectifying K+ channels,
Kir2.1 did not differ between groups.
Conclusion
This study propose that stress-resilient state in rats is associated with increased arterial contractility
caused by reduced hyperpolarizing contribution of Kv7.4 channels. This can lead to altered
neurovascular coupling and suggest a novel potential coping mechanism.
Reduction in
cerebrovascular Kv7.4
channels contributes to
stress adaptation in rats.
Stress-resilient state in
rats is associated with
increased arterial
contractility caused by
reduced hyperpolarizing
contribution of Kv7.4
channels.
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Introduction
HO-1 is an inducible antioxidant enzyme involved in vascular tone, angiogenesis, and control of
redox homeostasis [1]. Systemic Sclerosis (SSc) is a lethal disease characterised by endothelial
dysfunction, fibrosis and cellular calcium [2]. We have recently showed that the expression of HO1 is downregulated in early phases of SSc [3] due in part, to the increased TGF-b signalling which
is characteristic of the disease [4]. The aim of this work was to investigate the physiological role of
HO-1 and the impact of HO-1 downregulation in endothelial function in early phases of SSc.
Methods
Intracellular calcium mobilization was measured in human lung microvascular endothelial cells
(HLMECs) under normoxic (20% O2) and hypoxic (1% O2, 5% CO2 for 24h as an in vitro model of
pulmonary arterial hypertension) conditions by means of Fura-2 AM. Live holographic imaging was
used to assess the effects of HO-1 activity in EC proliferation, migration and motility. Organotypic
angiogenesis assays were performed with human umbilical vein ECs (HUVECs) and either hTERT
immortalised-healthy or -SSc fibroblasts. Human control (HC) and SSc dermal fibroblasts were
obtained from healthy individuals and SSc patients according to the National Research Ethics
Service (NRES) Committee (REC 10/H1306/ 88). Pharmacological inducers (1µM CoPPIX) and
inhibitors (1µM ZnPPIX, and 15µM QC-15, a selective HO-1 inhibitor) of HO-1 were used for
microfluorimetry, migration and angiogenesis experimental approaches.
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Results
Under chronic hypoxia ATP-evoked Ca2+ released from intracellular stores was significantly
reduced (compared to Ca2+ released from intracellular stores under normoxia), an effect which was
almost completely reversed by the selective HO-1 inhibitor (15 µM QC-15). Inhibition of HO-1 (1µM
Zn PPIX) significantly reduced cell proliferation (from 12.6 to 3.6 cell divisions per 60 cells) and
migration (25.2µm to 13.41µm), whilst induction of HO-1 (1µM CoPPIX) did not have an effect in
cell proliferation nor cell migration. In addition, induction of HO-1 promotes endothelial tubule
formation, an effect which is enhanced under hypoxic (HOX) conditions (No tubules in normoxia
(NOR): 1.46-fold; No tubules HOX: 2.03-fold, versus control); whilst inhibition of HO-1 decreases
tubule formation (No tubules NOR: 51% decrease; No tubules HOX: 63% decrease).
Conclusion
Our results suggest that HO-1 plays a role in modulating Ca2+ buffering, EC migration and
angiogenesis and that downregulation of HO-1 in SSc may be linked to the endothelial dysfunction.
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Urofacial syndrome (UFS) is a rare but devastating autosomal recessive disease. Affected females
and males have dyssynergic urinary bladders so that they experience frequent but incomplete
voiding complicated by urosepsis and kidney failure. Biallelic variants in either HPSE2 or LRIG2
cause UFS. We previously described two genetic models: homozygous mutant (HM) Hpse2 or Lrig2
mice. In each, bladder voiding was incomplete, and there were abnormal patterns of nerves in the
bladder body and outflow tract. Moreover, Hpse2 mutant mice displayed aberrant ex vivo bladder
physiology. We hypothesised that a neurogenic defect was present in the outflow tract and the
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bladder body of Lrig2 mutant mice. Accordingly, we aimed to study the physiology of the urethra
and the bladder of Lrig2 mutant mice. Moreover, we studied females and males separately.
Juvenile (between 2 and 3 weeks old) Lrig2 wild type (WT) and HM mice were culled by cervical
dislocation. The outflow and a ring of the bladder body were mounted on a fixed mount myograph.
Outflows contraction to 50mM KCl and phenylephrine, and relaxation to Electric Field Stimulation
(EFS) and sodium nitroprusside were studied. Bladders bodies were submitted to 50mM KCl, EFS
and serial increasing concentrations of carbachol (CCH) to induce contraction.
In males outflows (WT n=6, HM n=6), the response to serial increasing concentrations of
phenylephrine and sodium nitroprusside were not different between the control and mutant mice. In
response to EFS, however, the dilation of HM outflows (13.1±2.5% p<0.05) was decreased
compared with WT controls (25.6±8.1%), emphasising the neurogenic defect in the male mutants.
High concentration of KCl had the same effect on WT and HM male mice but HM bladders reacted
more to CCH (2.1±0.5mN/mg p<0.05) compared with WT tissues (1.2±0.2mN/mg). Mutant bladders
were less reactive to EFS (1.4±0.2mN/mg vs 2.0±0.5mN/mg p<0.05), also consistent with a
neurogenic defect. The pre-contracted outflow of female WT mice (n=7) relaxed (13.3±2.3% at
15Hz) in response to an increased frequency range of EFS. In striking contrast, HM (n=8) outflows
stimulated by EFS displayed contractions (-7.4±1.6% at 15Hz p<0.001) abolished with tetrodotoxin.
There was no difference in responses to sodium nitroprusside suggesting that smooth muscle cells
have the capacity to relax in each genotype. Bladder bodies of female Lrig2 HM contracted less to
KCl (0.3±0.1mN/mg p<0.05) compared with WT bladders (0.9±0.3mN/mg). Moreover, bladders of
HM female mice responded less to EFS (0.6±0.2mN/mg at 15Hz p<0.001) and CCH (1.0±0.1mN/mg
p<0.05) compared with WT tissues (EFS 3.4±0.6mN/mg, CCH 2.1±0.3mN/mg.
In summary, we demonstrated that Lrig2 mutant mice have neurogenic defects in the bladder outflow
tract and body. The physiological bases, however, vary between the sexes. Our observations may
lead to a better understanding of the human disease and also inform drug therapies to enhance
bladder voiding in UFS.
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Background:
The SWI/SNF chromatin remodelling complex is essential for the development and function of the
cardiovascular system. Long non-coding RNAs (lncRNAs) have been demonstrated to play
important roles in endothelial cells by stabilizing the SWI/SNF complex and facilitating its gene
targeting and chromatin remodeling activities. Exactly how lncRNAs regulate the protein
composition and function of the SWI/SNF complex remains largely unknown.
Methods and Results:
We identified endothelial SWI/SNF complex members by immunoprecipitation of the core complex
member BRG1, followed by mass spectrometry (IP-MS). The addition of RNase A or RNase inhibitor
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to cell lysate prior to BRG1 IP identified the complex members that may be dependent on RNA.
Heterogeneous Nuclear Ribonucleoprotein C (hnRNPC) was one such protein pulled down by
BRG1 whose interaction with BRG1 was abolished after treatment with RNase. Removal of cellular
RNAs by RNase A treatment could significantly disrupt the interaction between BRG1 and hnRNPC
as validated with both Western blotting and proximity ligation assay (PLA). Intriguingly,
immunofluorescence (IF) after RNase A treatment showed that hnRNPC translocated from the
nucleus to the cytoplasm, indicating that the nuclear retention of hnRNPC depends on its interaction
with RNAs and potentially BRG1. Functionally, siRNA Knockdown of hnRNPC significantly reduced
the expression of BRG1 and attenuated VEGF-A-induced angiogenic sprouting, proliferation and
scratch-wound migration of HUVEC.
Conclusions:
We have identified HNRNPC as an RNA-dependent member of the SWI/SNF complex. We
hypothesise that nuclear hnRNPC is essential for the maintenance of the SWI/SNF complex and
ultimately endothelial function.
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Smooth muscle protein kinase G (PKG) mediates vasodilation whether activated by the NO/cGMP
signalling pathway or by oxidation of cysteine residues in the PKGIα subunit 1. PKG is also present
in endothelial cells, but its physiological role in the endothelium is less well understood. This study
investigated the function of oxidant-activated PKG in the endothelium of pulmonary arteries, by
comparing endothelium-dependent relaxation in vessels from wild type (WT) mice with vessels from
PKG[C42S]KI mice, which lack the cysteine-based oxidant sensor1.
Pulmonary arteries were isolated from the lungs of WT and PKG[C42S]KI mice, contracted with
30nM U46619 and tension measured using wire myography. Carbachol (100 nM–1 mM), or
theTRPV4 agonist GSK1016709A (3-100 nM), was then applied to evoke endothelium-dependent
relaxation, measured as the % loss of U46619-induced tone. The endothelial surface of fluo-4
loaded arteries was imaged using spinning-disc confocal microscopy to monitor Ca2+ signals in the
absence (pulsars) and presence (sparklets) of 1μM cyclopiazonic acid 2, applied to deplete
endoplasmic reticulum (ER) Ca2+ stores. Measurements are given as mean ± S.E.M. and compared
using two-tailed unpaired t-tests.
Carbachol caused similar relaxation of pulmonary arteries from WT and PKG[C42S] KI mice. WT
vessels reached a maximum relaxation of 38 ± 9% with pEC50 = 5.9 ± 0.1 (n=9), while PKG[C42S]KI
vessels achieved 40 ± 9% relaxation with pEC50 = 5.8 ± 0.1 (n=7). Arteries of both genotypes failed
to relax significantly to carbachol when the endothelium was removed. GSK1016790A was less
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potent in arteries from PKG[C42S]KI mice (pEC50=7.48 ± 0.08, n=10) compared with WT mice
(pEC50=8.0 ± 0.1, n=8; P=0.0005), but evoked a similar maximum relaxation in each case (WT= 91
± 2%; PKG[C42S]KI= 86 ± 3%). Removing the endothelium inhibited relaxation to GSK1016790A in
WT arteries, but not in arteries from PKG[C42S]KI mice.
The frequency of endothelial Ca2+ pulsars increased from 0.6 ± 0.2Hz to 1.5 ± 0.3Hz (n=11,
P=0.016) in WT arteries after applying 10μM carbachol and reached a similar level (1.3±0.4 Hz,
n=7) in PKG[C42S]KI arteries exposed to carbachol. Therefore, muscarinic receptor activation
evoked Ca2+ release from the ER in arteries of both genotypes. In contrast, GSK1016790A (10nM)
was less effective at evoking endothelial sparklets in PKG[C42S]KI arteries compared to WT.
Sparklets were detected at 15 ± 2 sites/5μm2, firing at 0.24 ± 0.02 Hz (n=5) in PKG[C42S]KI arteries
compared with 92 ± 27 sites/5μm2 and 1.5 ± 0.4 Hz (n=5, P=0.02) in WT arteries.
The loss of endothelium-dependent relaxation to GSK1016790A in PKG[C42S]KI arteries, along with
its reduced ability to generate Ca2+ sparklets, indicates that vasodilation mediated by endothelial
TRPV4 channels requires oxidant activation of PKG. In contrast, carbachol stimulated endothelial
ER Ca2+ release to evoke relaxation independently of oxidant activated PKG, suggesting it did not
employ TRPV4 channels.
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Introduction
Seminiferous tubules, the main functional units of the mammalian testis, consist of three cell types
– i.e., Sertoli, germ, and peritubular cells. The latter build the tubule wall and, given their smooth
muscle-like characteristics, mediate luminal sperm transport by peristaltic contractions. However,
the physiological mechanism(s) underlying seminiferous tubule contractions remain unknown. Here,
we investigate the role of ATP as an extracellular communication signal that triggers tubule
contractions in vitro and in vivo.[1]
Methods
We developed a novel ex vivo approach that allows pharmacological treatment and focal stimulus
perfusion in whole-organ preparations that preserve general tissue architecture in a controlled
experimental environment.
Results
When monitoring spontaneous contractions via macroscopic widefield imaging, tubules displayed
steady-state activity for at least 2 hours, providing ample time for drug treatment. Local transient
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ATP perfusion triggered robust tubule movement. By contrast, acute exposure to suramin, a
broadband inhibitor of most purinergic receptors, reduced spontaneous seminiferous tubule
contractions by 45 ± 13% (100 µM, mean ± SD). Effects were dose-dependent with an apparent
IC50 value of ~10 µM.
Conclusion
Ongoing experiments now aim to dissect individual contributions of ionotropic P2X and / or
metabotropic P2Y receptor isoforms. Together, our study provides novel insight into purinergic
control of male reproductive physiology.
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Introduction
The interplay of mechanisms regulating coronary blood flow (CBF) remains incompletely
understood.1 Previous studies in dogs indicated that CBF regulation by KATP-channels, adenosine
and nitric oxide (NO) follows a non-linear redundancy design, and fully accounted for the exerciseinduced coronary vasodilation.2,3 Conversely, in swine these mechanisms appear to regulate CBF
in a linear additive fashion, with considerable exercise-induced vasodilation remaining when all three
mechanisms are inhibited.4 A direct comparison between these studies is hampered by the different
doses and administration routes (intravenous (IV) versus intracoronary (IC)) of drugs inhibiting these
vasodilator mechanisms. For this purpose, we investigated the role of KATP channels, adenosine
and NO in the regulation of CBF in swine using identical drug regimen and routes of adminstration
as previously employed in dogs.
Methods Swine were instrumented for the measurement of heart rate, left ventricular systolic
pressure, and their product (rate pressure product), mean aortic blood pressure (MAP), CBF,
coronary vascular conductance (CVC = CBF/MAP), coronary venous oxygen tension
(cvPO2), myocardial oxygen consumption (MVO2), and systolic segment shortening (%SSS) and
exercised on a motor-driven treadmill, before and after blockade of KATP-channels (glibenclamide,
50 mcg/kg/min IC), and combination of inhibition of NO-synthase (Nw-nitro-L-arginine, NLA, 1.5
mg/kg IC) and adenosine receptors (8-phenyltheophylline, 8PT, 5 mg/kg IV), or their
combination NLA+8PT+glibenclamide.
Results
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In swine, glibenclamide and NLA+8PT each produced reductions cvPO 2, reflecting an increase in
coronary resistance vessel tone (resulting in a reductions of myocardial O2 delivery, forcing an
increase in myocardial O2 extraction thereby leading to reductions in cvPO2, at a given level of
MVO21), both at rest and during exercise (Figure 1). The combination of
NLA+8PT+glibenclamide resulted in a slight further increase in coronary resistance vessel tone
as compared to NLA+8PT, that was however less then the sum of the vasoconstriction by NLA+8PT
and glibenclamide each (Figure 1). Thus, in contrast to the previous observations in dogs2,3 (Figure
1, top panels), the coronary vasoconstrictor effect of glibenclamide in swine was not enhanced in
the presence of NLA+8PT (Figure 1). Moreover, in contrast to the observations in dogs 3 (Figure 2,
top panels), the exercise-induced increases in CBF and CVC were largely maintained in the
presence of NLA+8PT, while the reductions in regional wall motion were better preserved in swine
than in dogs (Figure 2).
Conclusion
These findings show profound species differences in the mechanisms controlling coronary
resistance vessel tone and coronary blood flow.
Regulation of coronary
resistance vessel tone in
dogs and swine
Regional myocardial O2balance in exercising dogs
(2, 3) and swine (present
study) under control
conditions (Control), and
in the presence of either
Glib, NLA+8PT, or
NLA+8PT+Glib, using
identicial doses and routes
of administration in both
species.
*P<0.05 vs Control.
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Integrated control of
coronary resistance vessel
tone and regional wall
motion in dogs and swine
Coronary blood flow (CBF),
coronary vascular
conductance (CVC) and
regional systolic wall
thickening (SWT) or
regional systolic segment
shortening (SSS) in the LAD
region in exercising dogs
(17) and swine (present
study) under control
conditions (Control) and in
the presence of
NLA+8PT+Glib, using
identical doses and
administration routes in
both species.
*P<0.05 vs Control.
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Introduction
Medial vascular calcification is linked to hyperphosphatemia and may contribute to cardiovascular
mortality in chronic kidney disease (CKD) patients. After phosphate exposure, inflammatory
pathways are activated in vascular smooth muscle cells (VSMCs) to develop pro-calcific properties.
The present study investigated the role of leukemia inhibitory factor (LIF), a member of the IL-6
family cytokines, and its signaling network in vascular calcification.
Methods
Experiments were performed in primary human aortic VSMCs, ex vivo mouse aortic rings, in vivo
klotho-hypomorphic (kl/kl) and cholecalciferol mouse models as well as serum samples from CKD
patients and healthy controls.
Results
Vascular LIF expression was increased during calcifying conditions in vitro and in vivo. LIFsupplementation augmented the expression of osteogenic markers and calcification in calcifying
VSMCs, while knockdown of LIF, LIF receptor (LIFR) or its co-receptor GP130 was able to reduce
the osteogenic effects of phosphate on VSMCs. LIF promoted TYK2 as well as STAT1 and STAT3
phosphorylation. The osteogenic effects of LIF were blunted in the presence of soluble LIFR,
considered a LIF antagonist. Furthermore, LIF effects were blunted by soluble GP130 and by
silencing or pharmacological inhibition of each TYK2, STAT1 and STAT3. Moreover, soluble LIFR
or GP130 and TYK2-STATs pathway knockdown or inhibition was able to reduce phosphateinduced osteogenic signaling in VSMCs. Similarly, inhibition of TYK2 blunted phosphate-induced
calcification ex vivo in mouse aortic rings. In mice, aortic calcification and osteogenic marker
expression induced by cholecalciferol were suppressed by pharmacological TYK2 inhibition.
Compared to healthy controls, serum LIFR concentrations were reduced in human CKD patients,
and LIFR inversely correlated with serum calcification propensity.
Conclusion
The pro-calcific effects of LIF identify a critical role of TYK2-dependent signalling during phosphateinduced vascular calcification. Inhibition of this signalling network may be able to interfere with the
progression of vascular calcification during CKD.
____________________________________________________________________________
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Background
Elevated blood pressure (BP) is a major risk factor for cardiovascular mortality. Genome-wide
association studies (GWAS) have identified genes contributing to the polygenic nature of BP. A
meta-analysis of Exome chip genotypes from over 300,000 individuals identified a rare missense
single nucleotide variant, rs61760904, associated with a relatively large effect on systolic BP (SBP)
[1]. This variant mapped to the RRAS gene encoding the small GTPase R-Ras, previously
associated with cardiovascular mechanisms such as angiogenesis [2]. This is the first study to
investigate the potential role of R-Ras in BP control using the Rras-DEL415 knockout (KO) mouse
model.
Methods
Experiments were conducted in accordance with the Guide for the Care and Use of Laboratory
Animals published by the British Home Office regulations and the National Institutes of Health. Mice
aged 8 weeks (young) or 10-12 months (aged) were anaesthetised with isofluorane inhalation (5%
induction, 1.5% maintenance) prior to implantation of PA-C10 radiotelemetry probes (DSI, USA) for
continuous BP measurement. Data was analysed using a two-way ANOVA with Sidak’s post hoc
test, stated as mean±SD. Young mice were sacrificed, aortae harvested and used immediately for
organ bath or frozen for protein extraction for phosphoproteomics (Cancer Research UK Barts
Centre Mass Spectrometry (MS) Facility). Phosphopeptides were enriched with TiO 2 enrichment
and detected with liquid chromatography tandem MS. Phosphopeptide identification was automated
using Mascot Daemon 2.8.0 (Matrix Science Ltd) software and the SwissProt Database
(SwissProt_2021_02.fasta), and quantified using Pescal software (PESCAL2018v01c). Significant
differences in log2 fold change (Log2FC) were determined using the unequal variances t-test. KEGG
pathway enrichment analysis was carried out in R (v4.2.0) with R/Bioconductor (v3.15).
Results
No BP phenotype was observed with radiotelemetry in young KO mice, however aged mice have
elevated diurnal SBP (Day, wild-type (WT) = 117.8 mmHg±6.50, KO = 127.5 mmHg±6.62, p=0.027,
Night, WT = 129.6 mmHg±8.80, KO = 139.3 mmHg±6.83, p=0.028, n = 7–9). Young R-Ras KO
mouse aortae exhibit the same vasodilatory and contractile response as WT in organ bath studies.
Phosphoproteomic analysis of young WT and R-Ras KO mice aortae revealed 702 differentially
phosphorylated sites (p<0.05, Log2FC±2). 62 sites map to genes with GWAS associations with BP
traits or hypertension, including Tns2, Bag6 and Pde3a. KEGG pathway enrichment analysis found
significant enrichment of BP related pathways including “vascular smooth muscle contraction” and
“cAMP signalling”.
Conclusion
Our data suggests R-Ras plays a role in BP control mechanisms. Altered phosphosignalling in
aortae of younger mice, but no BP phenotype, indicates the impact of R-Ras KO may be masked
by compensatory mechanisms with significant differences in BP becoming apparent in the aged
mouse model.
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Introduction
Recombinant human ACE2 increases the circulating levels of angiotensin-(1-5) [Ang-(1-5)], a
peptide thus far regarded as biologically inactive. Since ACE2 is a central component of the
protective RAS, we hypothesized that Ang-(1-5) is a new biologically active peptide within this
hormonal system.
Objective
To investigate biological activity and signaling mechanisms of Ang-(1-5).
Methods
In order to show a biological effect and to test whether Ang-(1-5) signals through the AT2-receptor
(AT2R), nitric oxide (NO) release was measured by DAF-FM fluorescence in AT2R transfected
(AT2R-CHO) or non-transfected (NT-CHO) CHO cells, treated with Ang-(1-5) or C21 (AT2R agonist,
positive control) (0.1nM to 10µM) for 15 minutes. Vehicle (cell media) treated cells served as
negative control. To investigate Ang-(1-5) signaling patterns, human aortic endothelial cells (HAEC)
were treated with vehicle or Ang-(1-5) (1µM) for 1, 3, 5 or 20 minutes. Proteins were harvested,
digested and labeled with TMTpro-16plex. Phosphopeptide enrichment was carried out by TiO2.
Samples were subjected to LC-MS/MS analysis and the resulting mass spectra were searched
against the human SwissProt database.
Results
Ang-(1-5) induced a concentration-dependent increase in NO production in AT2-CHO cells
(Emax: 65.60 ± 14.02%), thus proving its biological activity. Ang-(1-5) had 69% higher efficacy than
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the established AT2R agonist C21 (Emax: 38.76 ± 10.24%). Ang-(1-5) seems to signal through the
AT2R, because effects on NO release were absent in NT-CHO cells. Treatment of HAEC with Ang(1-5) significantly modified the phosphorylation status of 831 proteins at 1799 residues. The majority
of residues (1079) were dephosphorylated while 729 residues were phosphorylated. Changes in
protein phosphorylation in response to Ang-(1-5) occurred at all investigated time points, most of
them after 20 minutes. Functional bioinformatic analysis revealed a cluster of proteins involved in
cell cycle and cell division regulation.
Conclusion
This study provides evidence that Ang-(1-5) is an endogenous AT2R agonist with high efficacy
towards the AT2R. The early signaling phosphorylation pattern resembles those of other protective
RAS agonists, such as C21 and Ang-(1-7).
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Introduction
Mounting evidence suggests that cerebral microcirculatory dysfunction is key to Alzheimer’s disease
(AD). Despite reduced cerebral blood flow (CBF) being an early pathogenic marker of AD, the
underlying mechanisms behind this defect are currently unknown. Here we aimed to determine if
changes to vascular ion channels contribute to altered vascular function in a mouse model of AD.
Methods
The APP23 mouse model has a seven-fold increase in amyloid precursor protein, leading to
substantial amyloid-β (Aβ) plaque accumulation within the brain, as is described in AD patients.
During this study we used a range of physiological techniques; pressure myography,
electrophysiology and confocal microscopy, to investigate in depth, vascular ion channel function
within the cerebral microvasculature of these mice. We further investigated whether application of
Aβ1-40 to wild-type (C57) mice, could mimic the AD phenotype seen in the APP23 model.
Results
We show that attenuation of large conductance calcium–activated potassium (BK) channel function
in this model, due to a reduced frequency of calcium sparks, is responsible for hypercontracted
cerebral arteries. This would account for the reduction in cerebral blood flow described in AD.
Further investigation showed that wild-type vessels exposed to the Aβ 1-40 peptide for 30 minutes
exhibited contraction due to significantly reduced BK channel function. Acute exposure to Aβ 1-40
resulted in an increase in calcium waves. Both a decrease in calcium sparks (as seen in the APP23
model) and an increase in calcium waves (as seen with the Aβ 1-40 peptide) results in contraction of
cerebral arteries and a subsequent reduction of CBF.
Conclusion
The data directs future research into preventative strategies that may restore microvasculature
function via restoration of functional vascular calcium signals. This would dilate cerebral arteries and
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increase blood flow in order to promote a healthy brain environment and limit disease progression
in AD patients.
____________________________________________________________________________
A 07-23
Foxo3a prevents hypoxia-induced pulmonary hypertension by downregulating the Wnt3a/βcatenin pathway
A. Knirsch1,2, L. Li1, Z. Jin1, Z. Mayer3, S. Holdenrieder3, L. Zelarayan4,5, D. Kracun1, A. Petry1, A.
Görlach1,6
1
German Heart Center Munich, Experimental and Molecular Pediatric Cardiology, Munich,
Germany
2
German Center for Cardiovascular Research (DZHK), Partner site Munich Heart Alliance,
Munich, Germany
3
German Heart Center Munich, Institute of Laboratory Medicine, Munich, Germany
4
University Medical Center Göttingen, Institute of Phamacology and Toxicology, Göttingen,
Germany
5
German Center for Cardiovascular Research (DZHK), Partner site Göttingen, Göttingen,
Germany
6
Technical University Munich, School of Medicine, Munich, Germany
I wish to show my appreciation to the whole team, helping me finalizing this project and lending a
hand when needed.
Introduction
The longevity factor Foxo3a has been shown to be sensitive to reactive oxygen species (ROS) and
to promote pulmonary vascular remodeling [1], thus contributing to fibrosis in idiopathic familial
pulmonary hypertension [2]. Foxo3a has also been shown to be upregulated by hypoxia in cardiac
endothelial cells [3] and to prevent cardiac hypertrophy [4]. However, the role of Foxo3a in the
cardiovascular response to chronic hypoxia is not known.
Material and Results
Foxo3a protein levels and nuclear translocation were increased in rat H9C2 cardiomyoblasts
(1.4±0.2 fc vs Nx*, n=3) and in human microvascular endothelial cells(2.5±0.6 fc vs Nx*, n=3)
exposed to hypoxia (1% oxygen) as well as in the hearts of wildtype (WT) mice exposed to 10%
oxygen for 3 weeks (4.48±1.56 fc vs Nx*, n=3) to induce pulmonary hypertension (PH). PH was
characterized by right ventricular hypertrophy shown by increased Fulton index (0.28±0.04 vs
0.2±0.03*, n=13), cardiomyocyte hypertrophy determined by wheat germ agglutinin staining
(12.7±0.9 µm vs 9.1±0.4 µm*, n=5), an increase in right ventricular pressure (RVP) (26.2±3.9 mmHg
vs 19±2.7 mmHg*, n=8) as determined by hemodynamic measurements using a tip catheter under
5% isoflurane anesthesia, and pulmonary vascular remodeling characterized by an enhanced
number of small muscularized pulmonary vessels (52.2±17.3% vs 26.8±12.1%*, n=6). Exposure of
Foxo3a-/- mice to chronic hypoxia exacerbated right ventricular hypertrophy (Fulton index 0.33±0.1
vs 0.28±0.04*, n=7), cardiomyocte hypertrophy (15.3±1.6 vs 12.7±0.1*, n=6) and pulmonary
vascular remodeling (70.7±5.8% vs 52.2±17.3%*, n=6) while RVP was not further elevated
compared to hypoxic WT mice (25.6±3.2mmHg*, n=8). Cardiac microRNA (n=3) and mRNA (n=3)
sequencing revealed an overrepresentation of cardiovascular and hypertensive diseases related to
genes and miRNAs modulated by hypoxia and Foxo3a including Wnt/β-catenin signaling. Indeed,
β-catenin was downregulated in the right ventricle (RV) from hypoxic WT mice (0.2±0.1 fc vs Nx*,
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n=3) but upregulated in the RV from hypoxic Foxo3a-/- mice (4.5±0.2 fc vs 0.2±0.1 fc*, n=3). (fc: fold
change, values ± SD, Student t-test,*p<0.05)
Conclusion
Since β-catenin has been suggested to modulate the severeness of PH [5] our data indicate that
Foxo3a could counteract the development of hypoxia-induced PH by downregulating β-catenin.
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Introduction
Extracellular matrix (ECM) provides mechanical support to the arterial wall. In hypertension, the
vascular wall is subjected to increased circumferential stress affecting ECM homeostasis. It is
currently unclear whether current anti-hypertensive medications target the ECM.
Aim
We hypothesized that the ECM remained altered in patients receiving standard-of-care antihypertensive medication. We aimed to elucidate protein changes in the vascular ECM of resistance
arteries in treated patients with essential hypertension by performing deep proteomic profiling of the
arteries.
Methods
Subcutaneous resistance arteries were isolated from 15 treated patients with essential hypertension
and 16 healthy normotensive controls that were matched on gender, age and body mass index.
Resistance arteries from normotensive and hypertensive subgroups (n=5 each) were subjected to
protein isolation and digestion, and analyzed by mass spectrometry using data-independent
acquisition (DIA).
Results
The patients had significantly higher aortic pulse wave velocity compared to normotensive controls,
while no difference was observed in resistance artery media-to-lumen ratio. The proteomic approach
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led to the identification of >4000 quantified proteins in the arterial samples, of which 283 proteins
were significantly different between the two groups. Enrichment analysis revealed Extracellular
matrix and Protein digestion and absorption as the two predominant pathways associated with the
hypertensive patients. Detailed analysis of ECM proteins showed differential expression levels of
several collagens.
Conclusion
Our study identifies critical changes in the vascular ECM that likely drive increased arterial stiffness,
which persist despite treatment with anti-hypertensive medication. Overall, this study highlights the
unmet therapeutic need to develop novel treatments for hypertension that can target the remodeled
ECM.
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Introduction: The beta-secretase, BACE1, is infamous for its contribution to Aβ peptide production
and consequent development of Alzheimer’s disease. We have shown that increased endothelial
BACE1 expression is observed in individuals with type 2 diabetes (T2D). Endothelial dysfunction is
a key risk factor cause for cardiovascular disease in individuals with T2D. Here we aimed to
determine the effect of manipulating BACE1 activity on endothelial function and vascular pathology.
Methods and Results: Endothelial cell function was examined using a fibrin-gel angiogenesis
assay and eNOS signalling measurements. Human umbilical vein endothelial cells (HUVECs)
treated with a potent and sleective BACE1 inhibitor (M-3, 250nM for 24 hours) had increased
sprouting (17% ± 3, P < 0.001, N = 10) and phosphorylation of eNOS (83% ± 22, P < 0.05, N = 10)
compared to untreated cells; whereas those transfected to over-express BACE1 had decreased
sprouting and signalling (-77% ± 11, P<0.01, N = 5).
A 4-week treatment of M-3, (10mg/kg/day) in 12 week western-diet fed APOE-knockout mice
increased in vivo dermal microvascular reactivity (40% ± 3, P < 0.001) and reduced atherosclerotic
plaque development (-65% ± 5, P < 0.01). Finally, using an organ bath we could show that shortterm (1hr) BACE1 inhibitor treatment of freshly isolated aortic rings enhanced vasoactive responses
to Acetylcholine and Phenylephrine.
Conclusions: Taken together we show that elevated BACE1 drives endothelial dysfunction,
especially in the setting of type 2 diabetes. Inhibition of BACE1 restores endothelial cell function
leading to improved vascular health. Suggesting that BACE1 inhibitors, in clinical trials for
Alzheimer’s disease, could re-purposed for an innovative therapy for T2D associated vascular comorbidities.
____________________________________________________________________________
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Introduction
The renin-angiotensin-aldosterone system (RAAS) plays a major role in the cardiovascular system,
including blood pressure regulation. The principal mediator of is angiotensin II (AngII), which is
known to act through two receptors, type 1 (AT1R) and type 2 (AT2R). AT1R has been thoroughly
studied and acts to stimulate vasoconstriction, however, the role of AT2R in responses to AngII
remains undefined. We investigated whether AT2Rs and/or nitric oxide (NO) influence AngIImediated vasoconstriction in rat small mesenteric arteries (RMA).
Methods
Third order mesenteric arteries (200-300 µm) were isolated from male Wistar rats. Receptor
expression was assessed using whole RMAs imaged en face for immunolabel. Vasoconstriction in
response to AngII (10 pM – 10 nM) was measured using wire myography in the presence of either
AT1R, AT2R or NO synthase (NOS) blockade with losartan (1 µM), PD123319 (1 µM) or L-NAME
(100 µM), respectively. Responses are presented as percentage of 45 mM K + vasoconstriction. All
data are shown as the mean ± SEM, and subjected to two-way ANOVA with repeated measures
(Greisser-Greenhouse correction) and Bonferroni multiple comparisons.
Results
Expression of AT1R was found within both vascular endothelial (VEC) and smooth muscle cells
(VSMC), whereas AT2R was restricted to VECs. AngII stimulated concentration-dependent
vasoconstriction in RMA (Emax 48.2 ± 6.6%; EC50 7.8 nM; n=28). Block of AT1R abolished
vasoconstriction to AngII (Emax 1.0 ± 0.3%, p<0.05; n=14). In contrast, AT2R block augmented
vasoconstriction to AngII (Emax 102.6 ± 23.6%; EC50 1.7 nM; n=6). The influence of the endothelium
was investigated in denuded arteries, where AngII vasoconstriction was markedly augmented (E max
194.2 ± 25.6% p<0.05; EC50 1.7 nM; n=8), and was now not further increased during block of AT2Rs
(Emax 135.9 ± 12.9%; EC50 1.2 nM; n=5). Similarly, block of NOS with L-NAME augmented
contraction to AngII (to that seen in denuded arteries; E max 178.6 ± 23.2% p<0.05; EC50 2.5 nM;
n=21), and block with L-NAME was not further increased during block of AT2Rs (E max 194.4 ±
29.2%; EC50 0.8 nM; n=6), effectively removing the influence of the endothelium.
Conclusion
Together these results demonstrate that both VEC AT1R and AT2R suppress VSM AT1R-mediated
vasoconstriction by releasing NO from the endothelium.
____________________________________________________________________________
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Introduction
The endothelium is the single layer of cells lining all blood vessels and acts as a central control hub
to regulate multiple cardiovascular functions in response to hundreds of physiological stimuli. The
endothelium controls vascular contractility, hemostasis, and inflammation and regulate the
exchange of oxygen, nutrients, and waste products between circulating blood and tissue. To control
each function, the endothelium must process numerous requests from multiple sources. A welldeveloped but poorly understood communication system operates between cells to integrate
multiple lines of information and coordinate endothelial responses. In this study, the nature of the
communication network has been addressed using single-cell Ca2+ imaging across thousands of
endothelial cells in intact blood vessels.
Methods
All experiments used 2nd or 3rd order mesenteric arteries from male rats (Sprague Dawley; 8-12
weeks old) euthanized by Schedule 1 procedures (Animals [Scientific Procedures] Act 1986, UK).
Isolated arteries were opened longitudinally, pinned to the Sylgard base of a custom microscope
imaging chamber, and the endothelium loaded with a fluorescent calcium (Ca 2+) indicator (Cal520/AM). Acetylcholine and histamine-evoked Ca2+ signalling was assessed by fluorescence
microscopy and custom-built analysis software written in the Python 2.7 programming language.
Cell activities were analysed using cross-correlation and compared to a stochastic model to
determine network connections.
Results
Acetylcholine (ACh)- and histamine-evoked Ca2+ signals in the endothelium revealed highly
correlated activities in scattered cell clusters. ACh and histamine sensitive cell clusters were
spatially distributed with minimal overlap between agonist specific sensing cells (33.9 ± 2.8% of cells
that responded to ACh responded to histamine; 28.8 ± 6.3% of cells that responded to histamine
responded to ACh). The Ca2+ signal evoked in active cells were highly correlated and strongly
correlated cells were closer to each other than weakly correlated cells. Network communication links
between cells sensitive to each agonist exhibited unexpectedly short path lengths. Additionally, a
small number of cells expressed a high degree of connectivity to other active cells.
Conclusion
Our results reveal that cells in the endothelium are structured for signalling in a functionally more
efficient way than currently appreciated. Cells in the endothelium do not act individually or as a
uniform collective to sense various stimuli. Instead, they work together in a cooperative manner to
provide small specific elements of the overall information available. The connectivity distribution,
high clustering and short path length we observed is characteristic of a scale-free, small-world
network. This type of network arrangement accounts for the robust and stable endothelial
communication system that is resistant to attack and damage that facilitates rapid information
transfer.
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Network Parameters
A) Topologies of a regular,
small-world, and random
network with the shortest
path length between the
same two nodes indicated
(red line). (B) Clustering
coefficient for the blue
node. (C) Illustration of
the structural and
functional network of
endothelial cells. (D)
Pseudo calcium responses.
(E) The network parameters
of the pink cell are
indicated. (F) Schematic
representation of random
and scale-free networks,
with degree distribution
for each node indicated.
Random networks contain no
hubs (nodes with high
connectivity). Scale-free
networks have a power-law
degree distribution with
hubs.
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Introduction
Endothelial cells (ECs) line the inner surface of blood vessels. They are constantly exposed to
biochemical and mechanical stimuli arising from blood stream, which can be sensed by
mechanosensors such as the endothelial glycocalyx (eGC) and mechanosensitive ion channels. Of
note, changes in EC nanomechanics can be linked to disturbed nitric oxide (NO) -production, a
hallmark of endothelial dysfunction. One potential key player is the ion channel Piezo1, a
mechanosensitive nonspecific cation-channel, permeable for Na+, K+ and mostly Ca2+. Within this
project, we aimed to elucidate the role of Piezo1 on endothelial nanomechanics and vascular
inflammation.
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Methods
Therefore, primary human ECs (HUVEC) were stimulated with the Piezo1 agonist Yoda1 (0.5 µM).
TNFa (1 ng/ml) was used to induce in vitro vascular inflammation. With the Atomic Force
Microscopy, we analyzed the nanomechanics of eGC to quantify TNFa induced damage and
possible effects of Piezo1 activation. We additionally quantified adhesion forces between human
monocyte and ECs under inflammatory conditions (TNFa) and Piezo1 activation (Yoda1). The total
number of adherent monocytes was counted via wash-away-assay with CD14-labeled human
monocytes. The effects of Piezo1 absence on the nanomechanical properties will be studied using
CRISPR-Cas9 induced Piezo1 knockout in ECs.
Results
TNFa-induced inflammation and activation of ECs led to a damage of eGC and therefore to a
decrease of eGC height (control 116.1 +/- 4.0 nm vs. TNFa 83.8 +/- 2.6 nm). Simultaneous activation
of Piezo1 using Yoda1 abolished the negative effect of TNFa on eGC damage (height: 122.8 +/- 3.6
nm). The measurements of eGC nanomechanics could be confirmed by wheat germ agglutinin
(WGA) staining. Analyzing the cell-cell adhesion, TNFa led to an increase of adhesion forces
between monocytes and ECs (Δ + 132.3 +/- 8.8 %), whereas a simultaneous activation of Piezo1
by Yoda1 prevented this effect of TNFa. We could also show that TNFaincreased the number of
adhered monocytes to ECs (Δ + 73.8 +/- 3.8 %).
Conclusion
Based on our findings we postulate that Piezo1 (i) is a major regulator of endothelial nanomechanics
and (ii) its activity has positive effects on eGC and improves the vasoprotective function of the EC
surface. Here, the anti-inflammatory effect of Piezo1 activation in ECs was underscored by a
decreased monocyte adhesion after TNFa treatment. In conclusion we could demonstrate the
vasoprotective and anti-inflammatory impacts of active Piezo1.
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Background and Aim
Endothelial nitric oxide (NO) synthase (eNOS) is responsible for the production of NO, an autacoid
that regulates vascular tone and endothelial cell homeostasis. The effect of NO can be attributed to
its interaction with heme-containing proteins, such as soluble guanylyl cyclase, or to its reaction with
cysteines, a process referred to as S-nitrosation. Several studies have reported that eNOS can be
detected in the nucleus and this study set out to determine its nuclear interaction partners.
Methods and Results
Stimulation of primary human endothelial cells with vascular endothelial growth factor (VEGF; 50
ng/ml, 10 minutes) induced the nuclear translocation of eNOS. Once in the nucleus eNOS
associated with 81 proteins (immunoprecipitation and proteomics), most of which have been
reported to be S-nitrosated. One such protein was double-stranded RNA-specific adenosine
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deaminase (ADAR1), an enzyme involved in the deamination of adenosine to inosine in doublestranded RNA (dsRNA), leading to decreased dsRNA stability. Interestingly, the knockdown of
eNOS in primary endothelial cells (shRNA) was associated with an increase in dsRNA levels
(immunofluorescence). Moreover, the overexpression of the wild-type eNOS or a gain-of-function
mutant (eNOS-Y657F) in HEK cells decreased dsRNA content, which was elevated in cells
expressing a catalytically inactive eNOS mutant (eNOS-Y657D). Nuclear eNOS was also associated
with core components of paraspeckles, specialized nuclear compartments involved in the regulation
of gene expression. Indeed, the shRNA-mediated knockdown of eNOS in primary human endothelial
cells profoundly affected the expression of >4k genes.
Conclusion
These results demonstrate that eNOS and NO signalling (S-nitrosation) modulate nuclear processes
that are essential for the regulation of endothelial gene expression.
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Introduction:
The endothelial glycocalyx (eGC) provides a vasoprotective barrier. Among others, the
nanomechanical properties of the eGC determine endothelial function and dysfunction in that it
mediates the release of vasoactive substances such as nitric oxide (NO). In cardiovascular
diseases, such as acute myocardial infarction (AMI), increased serum levels of the proinflammatory
anaphylatoxins C3a and C5a, key molecules of the complement system, lead to endothelial
dysfunction. The underlying link between complement activation and deterioration of the eGC is
unknown. Thus, the present study investigates the effects of C3a and C5a and their receptors on
the eGC structure and function in AMI, as well as specific receptor-antagonists as a possible
therapeutic approach.
Methods:
Monolayers of human umbilical vein endothelial cells (HUVEC) were exposed to anaphylatoxins
(C3a: 250 ng/ml; C5a: 50 ng/ml) and their specific complement receptor-antagonists (C3aR-A: SB
290157; C5aR1-A: PMX53) for 24h. Nanomechanical properties were quantified using atomic force
microscope (AFM)-based nanoindentation. Monocyte-adhesion was quantified via wash-awayassay and AFM-based CellHesion-method. Serum samples of patients (N=60) with first onset of
AMI, as well as age and gender matched controls, were collected and concentrations of C3a and
C5a were quantified via ELISA. Serum samples of the uppermost quartile were pooled and used for
stimulation of HUVEC (10% for 24h). Again, receptor-antagonists were employed, and all
experiments described above were implemented again.
Results:
Stimulation with anaphylatoxins led to reduction of height of eGC by 24 % (C3a) and 29 % (C5a)
compared to control (p < 0,0001). Additional stimulation with complement receptor-antagonist led to
a significant increase of eGC-height compared to sole stimulation with anaphylatoxins. Monocyte
wash-away and CellHesion-measurements showed an increase of adhesion-forces after stimulation
with C3a and C5a (p < 0,0001). Receptor-antagonists had no effects on monocyte adhesion.
Stimulation with AMI serum caused a decrease of eGC-height by 21 % (C3a) and 14 % (C5a) (p <
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0,0001). In both cases, additional stimulation with receptor-antagonists had no significant effects.
Monocyte-adhesion measurements showed same results: Anaphylatoxins led to significantly
increased monocyte-adhesion, which could neither be prevented by application of receptorantagonist C3aR-A nor C5aR1-A.
Conclusion:
Our data identify the eGC and their nanomechanical properties as an important target of
anaphylatoxins. We conclude that AMI-induced damage of the eGC is mediated by the
C3a:C3aR/C5a:C5aR1-axis. The unregulated overshooting complement activation can induce
shedding of eGC which causes an activated, proinflammatory and procoagulant endothelial
surface.Thus, anaphylatoxins or their receptors could be important mediators of AMI-induced
endothelial damage and dysfunction and might represent important therapeutic targets.
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for pulse-wave-velocity based applications
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Objective: The pulse-wave-velocity, inter alia used for cuff-less, continuous blood pressure
measurement, is commonly detected by measuring the time delay between a defined point in an
ECG (R-wave) and the arrival of the peripheral pulse wave (e.g., oxygen saturation sensor). The
period between electrical stimulation of (ECG) and actual blood ejection from the heart is called the
pre-ejection period (PEP). This study aims at characterizing the PEP under mental and physical
stress and determining its implications for pulse-wave-velocity detection and other possible use
cases.
Methods: We measured the PEP in 71 young and healthy adults at rest, under mental (TSST) and
physical stress (bike ergometer) via impedance-cardiography.
Results: The PEP is highly dependent on mental and physical load. It is correlated with indicators
of sympathetic strain such as heart rate, Heather index, or systolic blood pressure (p < 0.001). At
rest, the PEP shows a high interindividual variability but small intraindividual variability (mean 104.5
ms, SD: 4.5 ms). Mental stress modulates the PEP by 16% (mean 90.0 ms) while high physical
stress cuts the PEP in half (mean 53.9 ms). The PEP does correlate differently with heart rate under
differing circumstances (rest: R2 0.06, mental stress: R2 0.29, physical stress: R2 0.65), indicating a
synchronization of PEP and heart with increasing load. Subsequently, using PEP and heart rate
enables the discrimination of rest, mental and physical strain with a positive predictive value of 93%.
Conclusion: The PEP is a highly variable parameter which is of paramount importance for ECGbased pulse-wave-velocity determination because of its high relative and absolute decrease under
stress. Large interindividual variability at rest and changing correlation with heart rate prohibit PEP
approximation and demand direct and continuous PEP measurement for any pulse-wave-velocitybased system. The unique behaviour of the PEP under increasing stress might open up exciting
possibilities to be explored in the future.
____________________________________________________________________________
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Introduction
High blood flow and low vascular resistance within the placental vasculature are key determinants
for normal fetal growth. Maternal hypertension affects up to 10% of pregnancies and represents one
of the major causes of maternal and perinatal morbidity and mortality. Treatment of severe
hypertension is essential to prevent major maternal complications during pregnancy. First line
antihypertensive medications recommended in pregnancy include the competitive alpha/betaadrenergic receptor antagonist, labetalol, and the alpha2-adrenergic receptor agonist, methyldopa.
Potential adverse fetal outcomes associated with the clinical use of these medications raise safety
concerns. Here, we hypothesised that labetalol and methyldopa cause vasoconstriction of isolated
human placental chorionic plate arteries (CPAs).
Methods
CPAs (<500µm diameter) were dissected from biopsies of uncomplicated term placentas (N=8-10).
Using wire myography, concentration-dependent effects of labetalol and methyldopa (10-8-10-4M)
were tested on CPAs pre-constricted with an EC80 dose of U-46619. Sensitivity was evaluated as
the molar concentration of labetalol and methyldopa causing 50% of the maximal effect (Emax).
Primary endothelial (ECs) and smooth muscle (SMCs) cells were isolated from CPAs, and
expression of adrenergic receptors was determined by immunofluorescence.
Results
Labetalol and methyldopa significantly increased constriction of CPAs in a dose-dependent manner
(P<0.05 and P<0.0001, respectively; Figure1 A and B). CPAs were more sensitive to methyldopa
than labetalol (P<0.05; sensitivity, 13.5 ± 3.8 vs 4.6 ± 1.4 μM, labetalol vs methyldopa, respectively;
Figure1 C), whereas Emax was not different between the two drugs (P=0.637; 115.5 ± 4 vs 113.0 ±
3%, labetalol vs methyldopa, respectively; Figure1 D). Adrenergic receptor subtypes alpha1-A,
alpha1-B, beta1 and beta2 were expressed in ECs, whereas SMCs expressed alpha1-A, beta1 and
beta2.
Conclusion
Labetalol and methyldopa increase constriction of CPAs. Detection of adrenergic receptors in the
placental vasculature suggests that labetalol and methyldopa may increase CPA vascular
resistance through activation/deactivation of different adrenergic receptor subtypes. Whilst labetalol
and methyldopa may have beneficial maternal effects, in vivo placental transfer may significantly
reduce oxygen and nutrient delivery to the fetus, by promoting vasoconstriction in the fetoplacental
circulation. Further study is needed to determine the role of adrenergic receptors on placental

555

vascular resistance and to identify whether actions of labetalol and methyldopa in the placental
vasculature are associated with reduced fetal growth.
Figure 1: Effects of
labetalol and methyldopa on
human placental chorionic
plate arteries.
Data were analysed by twoway ANOVA (A, *P<0.05. B,
****P<0.0001; Sidak's
multiple comparisons test,
**P<0.01) or t-test (C,
*P<0.05. D, P=0.637) and
are presented as MEAN ±
SEM.
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Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease associated with increased
cardiovascular risk. Macro- and microvascular endothelial dysfunction (ED) contribute to the
development of cardiovascular disease in RA; however, literature is still scarce about the
mechanisms underlying ED in RA. Disturbances in shear rate (SR) pattern, with decrease in
anterograde (SR+) and increase in retrograde (SR-) and oscillatory SR (OSR), have been associated
with ED and atherosclerosis; however, no study has assessed SR patterns in RA. Therefore, the
present study investigated endothelial function and SR patterns in women with RA.
Methods
For this, 83 post-menopausal women with RA (62±8 yrs) and 11 age-, and comorbidity-matched
non-RA controls (CON; 61±7 yrs) attended to the laboratory for clinical evaluation, and for the
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measurement of endothelial function using the flow-mediated dilation test (FMD). Brachial artery
FMD was evaluated using a high-resolution ultrasound with the participants in the supine position.
Longitudinal B-mode ultrasound images of the brachial artery and simultaneous pulse-waved
Doppler blood flow velocity (60° insonation angle) were obtained during 1 min at baseline. Then, a
forearm cuff was inflated to 200 mmHg for 5 min, which was followed by 3 min of post-occlusion
hyperaemia. FMD% was used as an index of macrovascular endothelial function and was calculated
as the % change of the vessel diameter during post-occlusion hyperaemia in relation to baseline
vessel diameter. Microvascular function was assessed through the area under the curve of the blood
flow velocity across the 3 min of post-occlusion reactive hyperaemia (VRH). Finally, SR+ and SRwere obtained using the average of positive and negative blood flow velocity data points,
respectively. OSR index was determined as OSR = SR-/SR+ + SR-. Vascular parameters were
compared between RA and CON using a Student T Test. Associations between FMD%, VRH and
SR pattern were tested using partial correlation analysis controlling for age and body mass index
(p<0.05).
Results
FMD%, VRH, and SR+ were reduced in RA in comparison with CON (FMD%=4.1±3.2 vs. 6.6±3.9%,
p=0.02; VRH=2925±1436 vs. 6770±2632 cm, p=0.01; SR+=257±101 vs. 517±302 s-1, p=0.02).
Additionally, in the RA participants VRH was positively associated with SR+ (r=0.52, p<0.01) and
negatively associated with OSR (r=-0.38; p=0.01) (Figure 1).
Conclusion
In conclusion, RA is associated with impairment in endothelial function in macro- and
microvasculature, and this is paralleled by changes in SR pattern with decreased anterograde SR.
The associations between disturbed SR and microvascular dysfunction provide important
physiological information related to the cardiovascular pathophysiology in RA.
Figure 1
Associations between VRHauc
(i.e., microvascular
function) and anterograde
shear rate (SR+) (panel a);
and between VRHauc and
oscillatory shear rate
(OSR) (panel b).
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Syndecan-1 benefits recovery of the endothelial glycocalyx after acute myocardial
infarction
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Endothelial cells (EC) are located at the innermost layer of the blood vessels and represent an
important responsive hub to various signals from the blood stream. The endothelial glycocalyx
(eGC) and the underlying endothelial cortex (CTX) provide a first vasoprotective barrier against
vascular damage and their mechanical properties are vital for endothelial function. Transmembrane
Syndecan-1 (Syn-1), a core unit of the eGC, can transmit extracellular signals into the cell and
directly associates with the CTX. Both layers are mechanically dynamic and can adapt to altered
environmental conditions. Of note, changes in the EC nanomechanics (e.g. stiffness and thickness)
are known to alter the bioavailability of nitric oxide. Disturbance of eGC can be associated with
cardiovascular events such as ischemia and reperfusion injury (I/R). The present study investigates
the effects of artificial Syn-1 as one of the core elements of the eGC and its potential for endothelial
recovery after cardiac I/R injury.
To test this hypothesis, we stimulated primary human EC (HUVECs) with serum derived from
patients after acute myocardial infarction (AMI). Blood samples were directly taken from patients
admitted to hospital in the event of acute coronary syndrome. Using Atomic Force Microscopy-based
nanoindentation measurements and immunofluorescence stainings (IF), we quantified the
mechanical properties and structure of the EC surface after serum treatment (10 %; 24h). Preincubation with artificial Syn-1 was applied to recover the serum-induced eGC / CTX damage. In
addition, aorta preparations derived from a validated mouse model for myocardial infarction were
employed to quantify the effects ex vivo.
Stimulation of EC with AMI-serum increases the CTX stiffness by +44 % (control vs AMI). In parallel
the eGC stiffness and height were reduced by -14 % and -56 % respectively, indicating severe
damage of the EC surface during myocardial infarction. Pre-treatment with Syn-1 led to effective
recovery of I/R injured EC. Also in the mouse myocardial infarction model, Syn-1-treatment
attenuates damage of aortic EC. CTX stiffness was decreased (AMI w/o Syn-1 vs +Syn-1: 1.4 ± 0.1
vs 1.3 ± 0.1 pN/nm) whereas eGC height was increased by 7 % (AMI w/o Syn-1 vs +Syn-1: 109 ±
15.1 vs 117 ± 17.8 nm). IF stainings of cortical actin (Phalloidin-TRITC) and eGC (WGA) confirmed
these results. Furthermore, in vivo treatment with Syn-1 led to a reduced left-ventricular infarction
size (46.8% vs 40.3%) and reduced cardiac troponin-t release by 48% compared to untreated mice.
Artificial Syn-1 can be used to restore and/or prevent endothelial damage and to improve the
nanomechanical properties of the endothelium in vitro. Furthermore, the in vivo treatment with Syn1led to mitigated cardiomyocyte damage after I/R injury. We conclude that Syn-1-based therapy could
be a promising approach to improve and restore endothelial function and cardiovascular damage
during acute myocardial infarction.
____________________________________________________________________________
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Endothelial dysfunction and arterial stiffness were respectively 51.72% and 25.6% among type 2
diabetic subjects. At the same time, the elevated risk of vasculopathy was higher in diabetic subjects
carrying the genotype ε2ε4 (57.89%).
Conclusion
we found a difference in APOE allele frequencies and genotype distributions with a total absence of
ε2ε2 and ε4ε4 genotypes in a sample of Senegalese women. APOE gene polymorphism might play
a role in plasma lipid levels and the risk of diabetes and its vascular complications. Understanding
the polymorphism of APOE would support the prevention of type 2 diabetes and its micro-angiopathy
complications.
____________________________________________________________________________
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Calcineurin is a serine-/threonine phosphatase modulating the activity of transcription factors like
CREB and NFaT and thereby influencing cardiac hypertrophy. Previously, we showed that in male
mice, calcineurin mediates the rise in systolic blood pressure after chronic infusion of angiotensin II
(AngII) by vascular remodeling. In female mice the effect of AngII on blood pressure was attenuated.
Our aim now was to explore the role of calcineurin for the acute vascular response to stimuli in
female and male mice under basal conditions and after chronic AngII-stress.
We used a global knockout mouse model of the catalytic β-subunit of calcineurin (KO) [1]. AngII was
applied chronically to WT and KO adult male and female mice by osmotic minipumps for 28 days
(500 ng/kg/min). Pumps were implanted under isoflurane anesthesia (2% in 100% O2, 1 L/min).
Functionality of aortae and mesenteric arteries was assessed by wire and pressure myography.
Vessels were treated with rising concentrations of the α1-adrenergic receptor agonist
phenylephrine, the acetylcholin receptor agonist carbachol (endothelium-derived vasodilation) or the
NO donor SNAP (endothelium-independent vasodilation). When comparing WT to KO male mice,
we found a more pronounced basal vasoconstriction by phenylephrine in aorta of KO mice than in
WT mice. In mesenteric arteries no differences were found. After long-term AngII-treatment, aorta
and mesenteric arteries from male WT mice showed a reduced carbachol-induced vasodilation
suggesting an endothelial dysfunction in comparison to respective KO mice. Interestingly, SNAPinduced vasodilation was not altered between male WT and KO mice after long-term AngIItreatment. In female mice the same increased basal response to phenylephrine was found in aorta
of KO mice as in male mice. In mesenteric arteries the basal response to SNAP was increased in
female mice, suggesting an altered vascular muscle cell function. After chronic AngII-infusion and
in contrast to male mice, female mice showed no endothelial dysfunction in aorta or mesenteric
arteries. To assess the underlying molecular mechanisms for the differences in vessel reagibility in
male and female mice, RNA-Seq of aorta was performed. Ingenuity pathway analysis of differentially
expressed genes in aorta after long-term AngII-treatment revealed transcription factors like NRF2
or SNAIL as putative upstream regulators differentially controlled by AngII in male and female mice.
Our results suggest that calcineurin under basal conditions reduces the phenylephrine response in
male and female mice and mediates endothelial dysfunction after long-term AngII-application in
male but not in female mice. As possible mediators we identified transcription factors like NRF2 and
SNAIL. Taken together, inhibition of calcineurin seems to be beneficial for preventing endothelial

Introduction
the occurrence of type 2 diabetes and its vascular complications is complex and multifactorial. Lipid
metabolism disorders would be among the components responsible for the risk of occurrence of
type 2 diabetes and its vascular complications. Apolipoprotein E is a multifunctional protein that
plays an important role in lipid metabolism.
We studied allele frequencies, genotype distributions, the relationship between APOE gene
polymorphisms and lipid parameters, the risk of occurrence of type 2 diabetes, and its microangiopathy complications in the sub-clinical state.
Methods
110 healthy women (mean age=49.8years±8.1) and 121 type 2 diabetic women with or without
vascular complications (mean age=51.4years±6.3). Inclusions criteria were: ≥18years old, having
stopped taking anti-lipid drugs for at least three months. Subjects with other diseases, pregnant and
breastfeeding women were excluded. All procedures were conducted following the standards of the
Helsinki declaration, approved by the Ethics Committee of the University UCAD in Senegal.
Lipid parameters were analyzed from the fasting serum; LDL cholesterol and No-HDL-Cholesterol
levels were calculated. APOE genotypes were identified by PCR-RFLP-based analysis. Arterial
stiffness was studied using a pOpmetre® (Axelife SAS France) which evaluates the pulse wave
velocity from the hand to the foot (ft-PWV). Endothelial dysfunction was studied using an
EndoPAT2000® (Itamar-Israel) which measures endothelium-dependent vasodilation by
determining the reactive hyperemic index (RHI).
Results
frequencies and distribution of APOE alleles (ε) and genotypes (εε) in all subjects were:
ε3:46.3%>ε2:44.4%>ε4:9.3% and ε2/ε3:72>ε3/ε4:9.5%>ε2/ε4:9.1%>ε3/ε3:8.7%; X²=71, p<0.0001
and the allelic variation=45%. In control, compared to the ε3ε3 genotype, carriers of the ε3ε4
genotype had a significantly higher rate of total cholesterol (p=0.03) and No-HDL-cholesterol
(p=0.02). Univariate analysis showed that theε4 allele increases the LDL-cholesterol rate (OR=3.06
[1.16-8.22] 95% CI; p=0.02).
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dysfunction and hypertension in male mice whereas female mice are protected from AngII-induced
changes independent of the genotype.
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Introduction
Chronic cerebral inflammation is thought to be a mechanism by which hypertension causes small
vessel disease of the brain, leading to dementia. Mouse studies have demonstrated enhanced small
resistance artery constriction and neurovascular uncoupling in hypertension. We wished to examine
whether acute exposure to the predominant inflammatory driver in hypertension, interleukin-1β (IL1β) could account for this dual vascular deficit.
Methods
Pressure myography of freshly isolated mouse posterior cerebellar pial arteries was used to assess
contributions of the inwardly rectifying K+ 2.1 (KIR2.1) channel to vasodilation. In order to assess
neurovascular coupling from a vascular perspective, we adopted a recently described approach: the
Capillary to Parenchymal Arteriole (CaPA) preparation. In the CaPA preparation, penetrating
arterioles (<40µms) with attached capillary branches are isolated and pressurised. The capillary
branch and arteriole are independently stimulated via a micropipette and arteriole diameter is
recorded. This approach enables the retrograde hyperpolarising signal from the KIR2.1 channel,
which propagates against the flow of blood in the brain, to be assessed both in terms of the extent
of arteriole vasodilation and the speed of communication (video).
In order to assess the effects of perivascular inflammation on cerebrovascular function, we
incubated (in culture medium) small pial arteries with IL-1β for 24 hours prior to study on a pressure
myograph rig. KIR2.1 function was assessed using 10mM exogenous K +. Cerebral arterioles with
attached capillaries were incubated with IL-1β (in culture medium) for 2 hours prior to CaPA study.
We then examined the capillary-to-arteriole signalling mechanism via application of 10mM K+ to the
capillary. We also assessed arteriole tone and reaction to directly applied K+, NS309 and U46619.
Results
Preliminary data suggests that sub-acute incubation with exogenous IL-1β had no effect on the
degree of pressure induced constriction of either pial arteries or arterioles. CaPA preparation
showed that the KIR2.1 capillary-to-arteriolar signalling was preserved as well as arteriole responses
to direct K+, NS309 and U46619 following IL-1β exposure.
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Conclusion
Whilst chronic cerebral inflammation in the setting of hypertension results in cerebrovascular
deficits, sub-acute exposure with IL-1β does not appear to significantly impair cerebral
microvascular function. Precisely how chronic exposure to inflammation in hypertension induces
neurovascular uncoupling is the subject of ongoing investigation.
Capillary-to-arteriole
preparation set up
Chamber set up of a
capillary-to-arteriole
preparation experiment.
Parenchymal arterioles with
intact, functional
capillary branches are
cannulated and pressurised
to physiological pressures.
Arteriole lumen diameters
are recorded in order to
examine pressure induced
constriction and how
vasoactive substances
released at either the
capillary or arteriole
level differentially affect
arteriole diameter.
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Introduction
Pulmonary hypertension (PH) is a life-threatening condition which is characterised by increased
pressure in pulmonary vessels. Patients with PH develop right sided heart failure within several
years of diagnosis and this disease is resistant to treatment with pressure lowering medicaments.
Recently it has been shown that elevated systemic pressure in animal models can be attenuated by
a diet rich in soluble fibres, where high-fibre diet (HFiD) and their metabolites – short chain fatty
acids (SCFAs) reduce inflammation and adverse cardiovascular remodelling. However, the effect
of HFiD in the pulmonary circulation is unknown.
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Methods
C57bl6 mice (8-12 weeks old) of both sexes were fed with Low (LFiD, 0% of inulin) or High (17% of
inulin) Fibre diet five weeks prior to and three weeks during hypoxic exposure (10% oxygen). Then
animals were euthanised with sodium pentobarbital (70 mg/kg i.p.) and isolated lung perfusion
system was used to measure resistance in pulmonary vessels. To measure right ventricular systolic
pressure (RVSP) mice were anesthetised with urethane (1 g/kg i.p.). Post-mortem analysis of the
right ventricle (RV) and the lungs was performed using Liquid chromatography – mass spectrometry
tandem method. Flow cytometry was used to assess myeloid subsets in the lungs of normoxic and
hypoxic animals. Nanopore 16s sequencing was performed to investigate the impact of HFiD on gut
microbiome.
Results
Soluble fibre changed gut microbiome increasing relative abundance of SCFAs producing bacteria
and reducing bacteria associated with inflammation and hypertension. After three weeks of hypoxia
mice had elevated RVSP, pulmonary vascular resistance and haematocrit compared to normoxic
animals. Body weight of mice fed with LFiD did not differ from mice fed with LFiD. HFiD reduced
RVSP, vascular resistance in hypoxic but not in normoxic animals. Selective inhibition of Rho-kinase
in pulmonary vessels and histological analysis revealed that HFiD did not affect vascular tonus but
reduced the degree of pulmonary vessel muscularisation. Proteomics analysis revealed that HFiD
changed lung and RV proteome. Pathways analysis of lungs proteome showed down-regulation of
inflammatory, G2M transition and Wnt-signalling pathways after HFiD treatment. These pathways
play an important role in pulmonary vascular remodelling. Protective action of soluble fibre was
accompanied by reduced proportion of non-classical monocytes (Ly6C-) and CD11c+ non
granulocyte cells in the lungs.
Conclusion
Soluble fibre changed gut microbiome composition and demonstrated beneficial effects in HPH.
HFiD attenuated RVSP reducing pulmonary vascular resistance. Immune cell composition and lung
proteome were also significantly affected by HFiD. Potentially supplementation with HFiD can
decelerate the progression of pulmonary hypertension in human patients.
HPRA project authorisation number: AE18982_P177
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Introduction
In brain, the pericytes enwrapping the microvasculature are major contributors of the blood-brain
barrier (BBB) homeostasis. Loss of pericyte coverage is observed in aging and the resulting
disruption of the BBB might trigger the onset of neurodegenerative diseases. However,
measurement of pericyte coverage is often manual, time-consuming and hence restricted to a few
regions of interest. Further, controversy in the field arose due to methodology discrepancy between

563

teams. Here, we provide an automated method for fast and accurate pericyte coverage analysis of
entire brain regions.
Methods
We used FIJI to create Vas-o-Matic, a macro for accurate pericyte coverage measurement in relation
to vessel diameter. Vas-o-Matic segments the image into portions which are processed
independently to quantify structure metrics along the vascular tree. We compared Vas-o-Matic
performance to conventional manual analysis by a human expert on brain slices from young and
aged mice.
Results
Vas-o-Matic dramatically reduced the time spent on measures from the images and allowed
diameter-wise analysis of pericyte loss. Power of the analysis was also greatly increased due to
thousands of individual measures on whole brain structures. Complementary analyses of the
degradation of the vascular basement membrane and of the loss of astrocyte endfeet coverage
provided the proof of principle that Vas-o-Matic can be used beyond pericyte coverage and for any
component of the BBB.
Conclusion
Vas-o-Matic is a robust and fast method for the analysis of the fine structure of the brain
microvasculature.
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Introduction
The Prompt Adaptive Hemodynamical Response (PAHR) has been identified as a component of
cardiovascular homeostasis [1]. It confirms that adaptive responses to acute changes of local
perfusion, no matter their intensity, do not exist per se. To recognize the mechanism behind
perfusion flowmotion we modulated perfusion signals recorded after massage of one limb in healthy
human (different age) participants. The effect of age on PAHR was also evaluated.
Methods
The study involved 56 participants (50.0% female) selected after informed consent. These were
divided into Young (n=34; 19.8 ± 1.6 y/o) and Aged (n=22; 52.6 ± 6.2 y/o). The protocol consisted
of registering the perfusion increase evoked by a 5min low-intensity massage (phase II) of one lower
limb compared with baseline (phase I) and recovery (phase III). Perfusion was measured by laser
Doppler flowmetry (LDF) in both feet and decomposed in their spectral components - cardiac,
respiratory, myogenic, sympathetic, endothelial (Endo-NOD and Endo-NOI)- by the Wavelet
transform (WT). Statistical analysis was performed in jamovi version 2.2.5. and a 5% significance
level adopted.
Results
Massage significantly increased perfusion in both limbs confirming the presence of PAHR. Further,
PAHR evoked by the massage seems to be essentially similar in both groups. For youngsters an
asymmetry was noticed in the cardiac and respiratory components from baseline to recovery
(p<0.001). In the aged group no significant differences were found for any components in both limbs
evolving in the same way along the protocol.
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In the test foot of the younger, a positive correlation was found between the percentage difference
phase II-I for cardiac and respiratory components, which was kept across the experimental protocol.
Here the myogenic component was significantly associated with both cardiac and respiratory
components (p=0.002 and p=004). This association was not present In the Aged group. The
evolution of endothelial components was associated differently in each group: in the Young group,
endothelial components were associated with the cardiac component, although with different
directions; in the Aged group, the endothelial components were positively associated with the
sympathetic and myogenic components.
Conclusion
Although apparently similar in both groups, WT analysis of LDF curves suggests that their
mechanisms differ. Cardiac and respiratory components seem to be predominant but different
intensities are clear. Probably, the mechanical and sensory receptors activated by massage may
evoke different intensity spinal-supraspinal responses, apparently more intense and wider in the
younger group. The effector response seems to result from both somatic and autonomous outflow
but the final result – perfusion recovery - seems to be the same. This suggests that PAHR might be
used as an endpoint with clinical relevance to characterize in vivo vascular physiology.
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The ductus arteriosus (DA) is an oxygen-sensitive embryonic blood vessel present in all developing
amniotes. The DA connects the pulmonary artery to the aorta and shunts blood away from the
nonfunctioning lungs and toward the fetal respiratory organ. The permanent closure of this vessel
upon birth or hatch is necessary to establish proper blood circulation in the neonate. Failure of this
vessel to close results in a congenital heart defect known as patent ductus arteriosus
(PDA). Smooth muscle contraction, such as in the DA, is governed by myosin light chain kinase
(MLCK) stimulating increased cross-bridge cycling and through increases in actin polymerization.
The Rac GTPase pathway increases contractile strength in smooth muscle cells by activating Arp2/3
leading to increased actin polymerization. In this study, we investigated the role of the Rac GTPase
pathway on closure of DA in late-term chicken (Gallus gallus) embryos. Late-term chicken embryos
were euthanized using Isoflurane inhalation followed by removal of the proximal portion of the left
ductus arteriosus. Using a wire myograph, the DA were maintained in physiological saline solution
(PSS) and exposed to KCl and 25% oxygen to ensure vessel responsiveness and establish baseline
tension before being exposed to inhibitors of the Rac GTPase pathway. Exposure to the Rac
GTPase inhibitor EHT 1864 (10 uM) blocked the ability of vessels to contract in response to 25%
oxygen. Similarly, inhibition of the Arp2/3 complex with CK666 (100 uM) reduced the ability of the
vessel to respond to oxygen. In smooth muscle cells, p-21 activated kinase (PAK) is also activated
by Rac leading to contraction. However, inhibition of the p-21 activated kinase pathway with IPA3
(10 uM), does not appear to affect closure of the avian DA. These findings suggest that the Rac
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GTPase-Arp2/3 pathway plays a role in closure of the chicken DA during development by potentially
increasing actin polymerization.
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Introduction
There is strong evidence that the omega-3 polyunsaturated fatty acids docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA) have vasodilatory effects. Omega-3s reduce blood pressure in
hypertensive patients through vasodilation, which is in part controlled by increased membrane
conductance to potassium. Previous work in our lab identified that these effects are largely
independent of NO or BKCa. Several types of potassium channel have been proposed to mediate in
omega-3-mediated vascular relaxation, including ATP-sensitive potassium channels (KATP). The
major vascular isoform of KATP channels is composed of Kir6.1/SUR2B subunits, and is a common
target of several vasodilators. The effects of K ATP activators are probably due to the activation of
the Kir6.1/SUR2B subtype, as inducible knock out of the Kir6.1 subunit results in hypertensive
animals that are insensitive to vasodilator drugs. This study aimed to verify whether omega 3mediated vasodilation involved the opening of vascular KATP channels with the composition
SUR2B/Kir6.1.
Methods
We used a knockout mouse model of the vascular smooth muscle cell pore subunit of K ATP, Kir6.1
(1). 8-10 week old male BL6 mice were anaesthetised using isofluorane, followed by decapitation.
The aorta a 3rd order mesenteric artery was mounted on a wire myograph and constricted with 1030 nM U46619, a TP agonist. Concentration response curves to physiologically relevant
concentrations (100 nM to 30 μM) of DHA and EPA were performed, with or without the KATP blocker
PNU-37883A (3 µM). We used two-way ANOVA multiple comparisons followed by Bonferroni’s posttest to test significance. We used patch clamping in wild-type native smooth muscle cells and in
stable cell lines expressing the SUR2B/Kir6.1 subtype. We recorded outward, voltage-sensitive
potassium currents with a voltage clamp at -75 mV, in whole-cell configuration. We tested
significance with Kruskal-Wallis test and Dunn’s multiple comparisons correction. All data is
presented as mean ± SEM, and a p value of less than 0.05 was considered statistically significant.
Results
Relaxation to DHA and EPA was sensitive to blockade of KATP with PNU-37883A. Relaxations were
unaffected by Kir6.1 knockout but were still inhibited by PNU-37883A, indicating that the action of
PNU-37883A on DHA and EPA may not reflect inhibition of K ATP. In native aortic smooth muscle
cells DHA failed to evoke KATP currents, as was the case in stable cell lines expressing the
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SUR2B/Kir6.1 subtype. However, the application of openers of KATP channels resulted in increased
current densities which was reverted by PNU-37882A.
Conclusion
We conclude that DHA and EPA cause vasodilation in mouse aorta and mesenteric arteries and.
Relaxations in vehicle and blocker-treated arteries from knockout mice indicate that the
vascular smooth muscle cell KATP subtype is unlikely to be involved in the relaxation response to
omega-3s, results confirmed by patch clamp experiments.
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Introduction
The incidence of acute ischemic stroke (AIS) in Denmark has exceeded 10,000/year [1]. Early
neurological deterioration is a complication to ischemic stroke leading to poor patient outcomes.
Hemodynamic abnormalities are likely to play a role in early neurological deterioration [2]. A bedside
evaluation of cerebral hemodynamic parameters during AIS is therefore of predictive and
therapeutic value. Changes in blood flow in the stroke-affected (i.e., ipsilateral) hemisphere can only
be compared to either arbitrary normal values or blood flow in the contralateral, stroke-free
hemisphere, because a baseline scan (i.e. before the ischemic insult) is inaccessible. However, the
latter approach does not take hemodynamic changes in the contralateral hemisphere into account,
which may induce diaschisis and may be a result of circulating humoral and inflammatory factors
[3].
Laser Speckle Contrast Imaging (LSCI) is a novel optical imaging technique with high spatiotemporal resolution [4]. This allows for estimation of real-time blood flow dynamics and vessel
diameter, and enables simultaneous assessment of blood flow in the stroke-affected and strokefree hemispheres in preclinical animal models.
We hypothesize that AIS and reperfusion affects cerebral blood flow in the unaffected hemisphere
and aim to assess the contributing hemodynamic parameters using LSCI.
Methods
Ischemic stroke with subsequent reperfusion was induced in two C57BL/6J mice using the transient
middle cerebral artery occlusion (tMCAO) method. Mice were anesthetized using isoflurane (3% for
induction, 1.5-2% for maintenance). Skin and connective tissue were removed to expose the intact
skull for imaging. First, with a ligature left-sided common carotid artery occlusion (CCAO) was
performed. Secondly, a silicone coated nylon filament was advanced through the left internal carotid
artery to occlude the left middle cerebral artery from the luminal side. The filament was removed
after 30 minutes to allow reperfusion. Cerebral perfusion before, during and after tMCAO was
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assessed using LSCI. Relative blood flow changes in brain regions were compared to the matching
baseline values and presented as mean ± standard error of the mean (Figure 1 and 2).
Results
CCAO (Figure 2) induced a greater reduction in the average blood flow of the ipsilateral hemisphere
(56 ± 13 %) compared to the contralateral hemisphere (25 ± 2 %). tMCAO further reduced blood
flow in the ipsilateral hemisphere (71 ± 8 %) and, to a lesser extent, in the contralateral hemisphere
compared to baseline (15 ± 20 %). Immediately after reperfusion, both the ipsilateral and
contralateral hemisphere still had reduced blood flow compared to baseline (72 ± 12 % and 21 ± 31
%).
Conclusion
Ischemic stroke and reperfusion differentially affect cerebral blood flow in both hemispheres,
suggesting an interplay between hemodynamic factors in the two hemispheres.
Laser Speckle Contrast
Imaging of hemispheres
before, during and after
stroke.
Figure 1: Laser Speckle
Contrast Imaging of both
hemispheres at baseline
and after every
intervention, common
carotid artery occlusion
(CCAO), transient middle
cerebral artery occlusion
(tMCAO) and reperfusion.
White dashed box
represents stroke-affected
side of the ipsilateral
hemisphere during tMCAO.
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Hemisphere blood flow
relative to baseline
Figure 2: Average blood
flow index of each whole
hemisphere compared to
their baseline average.
Common carotid artery
occlusion (CCAO), transient
middle cerebral artery
occlusion (tMCAO).
Ipsilateral hemisphere is
the stroke-affected
hemisphere. Imaging was
done immediately after each
respective intervention.
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Background:
Long noncoding RNAs (lncRNA) provide an additional layer of molecular control in pathways crucial
for vascular development and cardiovascular disease. We set out to identify novel endothelial
lncRNAs that could be exploited to treat vascular disease.
Methods and Results:
We identified the endothelial cell-specific long noncoding RNA (lncRNA) PCAT19, which contributes
to the endothelial proliferation-quiescence switch and acts as a safeguard for the endothelial
genome during quiescence. PCAT19 was upregulated with endothelial cell confluence and
quiescence. Knockdown of PCAT19 promoted endothelial proliferation and angiogenic sprouting.
Conversely, PCAT19 overexpression reduced endothelial proliferative capacity and angiogenic
sprouting. Using a cardiac organoid model system, we observed a markedly denser vascular
network after the removal of PCAT19. RNA-sequencing after PCAT19 knockdown revealed multiple
differentially regulated cell cycle genes. An antisense-oligonucleotide pulldown of PCAT19 followed
by mass spectrometry identified multiple DNA damage response and cell cycle-related proteins as
PCAT19 interaction partners; among them was the full DNA replication protein A complex. PCAT19
knockdown was found to sensitise DNA to damage, as measured by heightened p53 and γH2AX
levels as well as a positive TUNEL signal and longer comet tail olive moments. Mechanistically,
PCAT19 limited the phosphorylation of RPA2 on the serine 33 (S33) residue by inhibiting RPA2
interaction with the ATR kinase.
Conclusions:
In healthy vessels, endothelial cells maintain a stable, differentiated and growth-arrested phenotype.
Upon injury, a rapid phenotypic switch facilitates proliferation to restore tissue perfusion. PCAT19
was identified as a highly enriched endothelial lncRNA that acts as a dynamic guardian of the
endothelial genome, promotes cellular longevity and facilitates rapid switching to proliferation.
Therapeutic targeting of PCAT19 could potentially alter the course of vascular disease development
and progression by modulating endothelial growth and angiogenic sprouting.
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Objective
Corepressor proteins negatively regulate gene expression by chromatin compaction. Altering the
gene expression profile could be used as strategy to switch the endothelial phenotype from a
quiescent to a pro-angiogenic state. Here we hypothesised that by specifically targeting endothelial
corepressor proteins, the endothelial angiogenic function can be improved. To study this, we
characterized the function of nuclear repressor complexes in human umbilical vein endothelial cells
(HUVEC) as well as in organ culture of mouse aortic tissue.
Results
RNAseq revealed that NCoR1, SMRT and REST are the most highly expressed corepressors in
HUVECs. Importantly, targeted knockdown of NCoR1, but not of SMRT or REST increased the
angiogenic capacity of endothelial cells as determined by tube formation and spheroid outgrowth
assay. Interestingly, these effects were independent of VEGF signalling as the VEGFR inhibitor
KRN633 did not block the NCoR1-siRNA-induced sprouting effect. In contrast, DLL4-activated
Notch signalling abolished siNCoR1-evoked sprouting. The underlying mechanism was explored by
RNA-Seq. NCoR1 depletion significantly upregulated the expression of angiogenesis-associated
genes, especially tip cell genes, including ESM1, DLL4 and NOTCH4. Confrontation assays
comparing cells with and without NCoR1-deficiency revealed that loss of NCoR1 promoted a tip-cell
position during spheroid sprouting. Interestingly, a proximity ligation assay identified NCoR1 as a
direct binding partner of the Notch-signaling related transcription factor RBPJk. In keeping with this
observation, Notch activity increased after NCoR1 depletion as determined by luciferase assays.
Conclusion
NCoR1 is an interesting target to improve the endothelial angiogenic response.
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Sex differences in the neural regulation of mouse urethral smooth muscle contractility
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field stimulation (EFS) at various frequencies (30 sec duration, 1, 2, 5, 10, 20, 50 Hz) to examine
the contractile responses of intact male and female proximal USM rings from wild-type mice. We
found that there was no significant difference in the level of basal tone between male and female
USM. However, in the majority of female USM tissues (n=14), EFS (in the absence of any drugs)
initiated relaxation that was not dependent on the EFS frequency. In contrast, in male USM, a
biphasic response was observed at lower frequencies (1, 2, 5 Hz), consisting of an initial (1-5 sec)
relaxation followed by an excitatory contraction that lasted for the remainder of the stimulus (n=27).
At EFS frequencies >5Hz excitatory responses were observed, the amplitude of which increased in
a frequency-dependent manner. To minimize effects of endogenous prostaglandins, which could
modify contractile responses, we applied indomethacin (10mM). In female tissues indomethacin
significantly enhanced the EFS-induced relaxations at all frequencies, without affecting basal tone
(n=14). In males, indomethacin slightly reduced basal tone and EFS-induced excitatory responses
(n=27). All EFS-induced responses, in both male and female USM, (in the presence of
indomethacin) were blocked by tetrodotoxin (TTX, 1mM, n=6), showing they were neurogenic. In
the presence of the nitric oxide (NO) synthase inhibitor, L-NNA (100mM), EFS-induced relaxations
of female USM were abolished and converted to small excitatory responses (n=14). In contrast, LNNA converted all male biphasic effects from EFS into purely excitatory responses and significantly
increased the amplitude of contractile responses (n=24). In conclusion, we found that male and
female USM are differentially regulated by nerves. Elucidating the exact neural pathways
responsible for these differences may provide insight into how best to selectively target and treat
male and female incontinence symptoms.
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Urethral smooth muscle (USM) generates tone during bladder filling, preventing discharge of urine
from the bladder to the exterior (Keane & O'Sullivan, 2000). USM contractility is modulated by
inhibitory nitrergic and excitatory adrenergic neurotransmitters, which control the opening and
closure of the internal urethral sphincter respectively (de Groat et al., 2015). Defects in USM can
lead to urinary incontinence symptoms, although the origin of such defects can vary between sexes.
In males, urethral obstruction is the leading cause of incontinence, whereas in females a loss of
USM contractility is more prevalent (DeLancey et al., 2008; Delancey, 2010; Wyndaele & Hashim,
2017). This suggests that USM is deferentially regulated in males and females. In this study, we
hypothesized that differences in male vs female USM contractility could be due to disparities in the
neural regulation of these tissues. We performed isometric tension recording and applied electrical
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Contraction of the vas deferens in humans [1] and rodents [2,3] is predominantly mediated by
release of adenosine triphosphate (ATP) and noradrenaline from sympathetic nerves. Stimulation
of sympathetic nerves in the vas deferens of many species leads to biphasic contractions comprised
of an initial, transient component mediated by P2X1 receptors (P2X1R), followed by a slower
developing, sustained component mediated by α 1-adrenoceptors (α1-ARs). However, in some
species it has been found that blockers of α1-ARs and P2X1R, reduced the amplitude of both
components. This has been partly explained by the phenomena of postjunctional synergism,
whereby activation of either receptor potentiates the contractile responses initiated by activation of
the other. The mechanisms underlying this process are unclear, however it has been suggested that
potentiation of purinergic responses in guinea-pigs vas deferens by the α1-ARs agonist,
phenylephrine (PE) may involve protein kinase C (PKC) [4,5]. Therefore, the purpose of this study
was to investigate the contribution of PKC to potentiation of purinergic responses in the murine vas
deferens by PE. All procedures were carried out in accordance with European Union Directive
2010/63/EU with the approval of Dundalk Institute of Technology Animal Care and Use Committee.
C57BL/6 wild-type male mice (10-16 weeks) were sacrified by intraperitoneal injection of sodium
pentobarbital (100mg.kg-1). Isometric tension recordings were made on segments (10-15 mm in
length) of murine vasa deferens were dissected. Electric field stimulation (EFS, 4Hz, 1s duration,
100s interval) was used to stimulate sympathetic nerve-mediated contractions of the vas deferens.
Contractions were measured by calculating area under the curve (mN.s).
The amplitude of EFS-evoked contractions was reduced by ~70% in the presence of either the α 1AR antagonist, prazosin (100 nM) (Fig 1A&B) or the P2X1R desensitising agonist, α,β-meATP (10
μM) (Fig 1C&D), consistent with the phenomena of post-junctional synergism. Exogenous
application of ATP (1 μM) induced transient contractions that were reproducible at 1 hr intervals and
PE (3 μM) enhanced the amplitude of these responses by 323%. In contrast, application of the PKC
activator, PDBu (1 μM) potentiated ATP-evoked contractions by 64%. The PKC inhibitor
GF109203X reduced the stimulatory effects of PDBu on ATP responses by 77%, but only reduced
those induced by PE by 40% (Figs 2A&B and 2C&D, respectively). These data indicate that
purinergic contractions of murine vas deferens were augmented by activation of α1-ARs, consistent
with a model of postjunctional synergism but that other pathways, in addition to activation of PKC,
underlie these effects.
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Figure 1. Inhibition of α1ARs and P2X1Rs reduces the
amplitude of EFS-evoked
contractions.
(A) Representative tension
recording illustrating the
effect of prazosin (100 nM)
on EFS-evoked contractions
of murine vas deferens. (B)
Summary bar chart showing
the mean amplitude of EFSinduced contractions before
and during the presence of
prazosin (paired t-test;
****p<0.0001; n=14, N=11).
(C) Representative tension
trace showing the effect of
α,β-meATP (10 µM) on EFSevoked contractions of
murine vas deferens. (D)
Summary bar chart showing
the mean amplitude of EFSinduced contractions in
control and α,β-meATP
(paired t-test;
****p<0.0001; n=14, N=9).
Values are mean ± SEM.
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Figure 2. GF109203X reduces
the PDBu stimulatory
effects, but not PE, on
ATP-evoked contractions.
(A) Representative tension
recording showing effects
of GF109203X (1 µM) on ATPinduced contractions,
before and during the
presence of PDBu (1 μM).
(B) Summary bar chart
plotting mean area of ATP
responses in control, PDBu
and PDBu + GF109203X (1way
ANOVA; *p<0.05; n=7, N=3).
(C) Representative tension
recording showing effects
of GF109203X (1 µM) on ATPinduced contractions before
and during the presence of
PE (3 μM). (D) Summary bar
chart plotting mean area of
ATP responses in control,
PE and PE + GF109203X (1way
ANOVA; *p<0.05, ***p<0.001;
n=9, N=7). Values are mean
± SEM.
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Introduction
Pacemaking at the sino-atrial node (SAN) is highly Ca2+-sensitive and driven by a coupled system
of Ca2+ and membrane ‘clocks’. Acidic Ca2+ stores make a significant contribution to basal Ca2+
transient amplitude and β-adrenergic responses in contractile cardiac myocytes 1,2, requiring TPC2
Ca2+ release channels3 at lysosome-SR membrane contact sites4. We have investigated whether
endolysosomal Ca2+ signalling plays a role in SAN pacemaker function.
Methods
All experiments complied with the United Kingdom Home Office Guide on the Operation of Animal
(Scientific Procedures) Act of 1986. Spontaneously-beating right atrial preparations with intact SAN
were dissected from CD1, NCRL, Tpcn2-/-, C57BL/6 or CD38-/- mice3,5. For dose-response curves
(0.1–1000 nM isoprenaline, ISO), spontaneous beating rate was measured by force transducer and
log[agonist] vs. response curves fit by least-squares regression (GraphPad Prism v9). Guinea pig
SAN myocytes were isolated by enzymatic digestion for Ca2+ transient imaging (Fluo-5F-AM). All
experiments were carried out at 36°C in modified Tyrode’s solution equilibrated with 95% O 2/5%
CO2. Data are presented as mean±SEM or mean (95% CI).
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Results
Abrogation of NAADP-mediated endolysosomal Ca2+ signalling by either genetic (Tpcn2-/-) or
pharmacological (500µM BZ-194) intervention significantly reduced SAN beating rate increase to
cumulative ISO doses in spontaneously-beating right atrial preparations. NCRL wild-type mice
exhibited a maximum response of 76% (69 to 83%, n=9), which was significantly blunted to 52%
(42 to 62%, n=9) in Tpcn2-/- (P<0.05, F-test). Similarly, NAADP inhibitor BZ-194 reduced the
maximum response to ISO in CD1 preparations to 67% (63 to 72%, n=5), from 82% (74 to 91%,
DMSO controls, n=5, P<0.05, F-test). There was no significant impact of Tpcn2-/- or BZ-194 on basal
beating rate.
Voltage dye mapping (Di-4-ANBDQPQ) of intact murine SAN was used to investigate the
requirement for NAADP synthesis in SAN responses. In preparations from wild type C57BL/6 the
beating rate increase to 10nM ISO was 46.3±3.7% (n=6). This was significantly reduced in the
presence of Bafilomycin-A1 (Baf, 5µM), to abolish acidic store Ca2+ loading (to 25.7±2.3%, n=6,
P<0.05, ANOVA with Tukey’s). Intact SAN preparations lacking the enzyme responsible for NAADP
synthesis (CD385), however, had a blunted rate increase to ISO (26.5±2.1%, n=6), which was not
affected by Baf (27±2% increase, n=6, P=0.66, ANOVA with Tukey’s).
Observations were maintained at the single cell level. In controls, 3nM ISO caused a 74±8% rate
increase (n=4) in spontaneously-beating isolated guinea pig SAN myocytes. In the presence of Baf
(100nM), this was reduced to 45±8% (n=4, P<0.05, T-test).
Conclusion
This is the first study to investigate the role of lysosomal Ca2+ in cardiac pacemaker physiology. Our
data support the hypothesis that NAADP-mediated Ca2+ signalling plays a significant role in
pacemaker modulation in the cardiac SAN.
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Introduction
Trabecular myocardium makes up most of the ventricular wall of the human embryo. A process of
compaction in the foetal period presumably changes ventricular wall morphology by converting
ostensibly weaker trabecular myocardium into stronger compact myocardium.
Methods & Results
Using developmental series of embryonic and foetal human, mouse and chicken, we show
ventricular morphogenesis is driven by differential rates of positive growth of trabecular and compact
layers rather than a process of compaction. In mouse, foetal cardiomyocytes are relative weak, but
adult cardiomyocytes from the trabecular and compact layer show equally large force generating
capacity. In foetal and adult humans, trabecular and compact myocardium are not different in
abundance of immunohistochemically detected vascular, mitochondrial and sarcomeric proteins.
Similar findings are made in human excessive trabeculation, a congenital malformation.
Conclusion
In conclusion, trabecular and compact myocardium are equally equipped for force production and
their proportions are determined by differential growth rates rather than by compaction.
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Introduction:
The muscle protein titin is the largest protein known. A single molecule spans a half-sarcomere from
the Z-disc to the M-line over a distance of ~1µm. Titin is the intracellular mediator of muscle passive
stiffness. By modifying its elastic properties, titin plays a role in the muscle’s adaption to mechanical
stress. Cardiac protein homeostasis is dependent on a fine-tuned balance of synthesis and
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degradation and is mandatory for proper cell function. The constant mechanical strain on titin
requires well-controlled protein quality control, the exact mechanisms of which have not yet been
fully elucidated. Via pharmacological inhibition of contractile function, we induced an increased
turnover of the titin filament and analysed the involvement of the ubiquitin-proteasome system and
autophagy.
Methods:
Hearts were obtained from embryos (gestational day 18) of pregnant adult Wistar rats. Adult animals
were anesthetised with ketamine/xylazin (100 and 10 mg/kg body weight), embryos were removed
by C-section and embryos as well as the adult animal were euthanized by decapitation.
Spontaneous beating of embryonic cardiomyocytes was blocked by adding KCl (35 mM) or
Blebbistatin (21nM) for up to 17 days. Titin T2/T1 and titin/myosin ratio was analysed by 2.5% SDSPAGE. Protein levels of proteasomal and autophagy associated proteins and titin ubiquitination level
were determined by Western blot using specific antibodies . Immunofluorescent stainings were
performed using antibodies targeting titin epitopes from the Z-disc, the I-band and the M-line.
Multiple comparisons were performed using one-way ANOVA (p<0.05).
Results:
Contractile arrest resulted in significantly elevated titin turnover demonstrated by an increase of titin
degradation product T2 (KCL d7/d9: +127 ± 28% (n=11)/+97 ±24% (n=9)). Cell arrest further led to
preferred degradation of titin over other sarcomeric proteins demonstrated by a decreased titin to
myosin ratio (KCL d7/d9: -40 ±10% (n=9)/-19 ±11% (n=5)). The autophagy associated protein LC3
was increased in KCL-arrested cells (d3/d11: +253 ±95% (n=5)/+50 ± 22% (n=5)), while p62 showed
increased levels in Blebbistatin-arrested cells (d3/d7: +81 ± 50% (n=5[MK1] )/+89 ±24% (n=8)).
Protein level of the proteasomal subunit PSMA2 (d4/7/9: + 38 ± 8%/+77 ± 14%/ + 73 ± 16% (all
n=9)) as well as K48- (d4/7/9: + 199 ± 18% (n=8)/+175 ± 23%(n=8)/ + 247 ± 23% (n=6)) and K63dependent titin ubiquitination (d4/7/9: + 298 ± 38% (n=6)/+54 ± 21% (n=8)/ + 300 ± 43% (n=6)) was
significantly increased in KCl treated cells. Immunofluorescence stainings indicated sequential
degradation of the titin filament, degradation of the Z1Z2 domain occurred first.
Conclusion:
Titin ubiquitination and turnover was induced in embryonic rat cardiomyocytes by pharmacological
inhibition of contractile function, potentially based on altered proteasomal and/or autophagosomal
activity. Furthermore, data indicate a sequential degradation of the titin filament.
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Introduction
Revascularization therapies are essential for treatment of acute coronary syndrome. Yet, besides
rescuing affected myocardium from damage, reperfusion also inflicts additional injury, accounting
for up to 50% of the final infarct size (1). The most likely culprit is excessive production of reactive
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oxygen species, primarily superoxide anion, and finding means to reduce this reperfusion-induced
burst of radicals is of great clinical importance.
A first-line medication for treatment of type II diabetes - metformin, besides reducing hyperglycemia,
also exerts pleiotropic cardioprotective effects against the reperfusion injury (2). Although its
mechanism of action is still not completely known, metformin was found to partially inhibit
mitochondrial complex I (CI) and activate AMP-activated protein kinase, considered to be the key
cardioprotective event. However, all studies have been performed in animal or cell culture models.
Here, we investigated acute metformin effects on mitochondrial respiratory chain and superoxide
production in human myocardium.
Methods
Samples of left ventricular tissue (~5 mg) were obtained by needle biopsy from patients undergoing
CABG surgery. They were homogenized in a respiration buffer and transferred into experimental
vessels (Oroboros). Respiration was recorded as oxygen consumption rate using Clark-type
electrode, in the presence of CI and CII substrates (pyruvate/malate/glutamate and succinate,
respectively), and stimulated by ADP. Simultaneously, superoxide production was evaluated with
Amplex Red detection system, using the appropriate fluorescent attachment. Recordings from each
patient were performed in the presence of metformin (1mM) or control.
Results
Mitochondrial respiration driven by CI substrates was partially inhibited by metformin over the course
of 60 minutes (Figure 1). On the other hand, no effect of metformin was observed on CII-linked
respiration (51.9±6.6 pmolO2/s/mg vs. 46.7±11.8).
Since some CI inhibitors increase superoxide production under conditions of ADP-stimulated
electron flux, we measured if metformin produces this effect. However, no difference between
control and treated samples was found.
During cardiac ischemia/reperfusion, high protonmotive force and succinate accumulation occur in
mitochondria, forcing the electrons to flux in reverse towards CI. These conditions produce large
amounts of superoxide, also detected in vitro. The quantities of oxygen radicals were significantly
diminished when heart tissue was treated with metformin (Figure 3).
Conclusion
We demonstrate that metformin partly inhibits complex I, while not affecting complex II in human
cardiac mitochondria. This inhibition of CI is associated with significantly decreased oxygen radical
production during reverse electron flux, recognized as the greatest contributor to the reperfusioninduced injury (3). These effects of metformin could explain its cardioprotective effects in human
heart.
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Metformin partially
inhibits mitochondrial
complex I and decreases
superoxide production
Figure 1. A. Mitochondrial
respiration rate driven by
complex I (CI) substrates
(pyruvate 5 mM, malate 0.5
mM, glutamate 5 mM) during
three timepoints without
(Control) and in the
presence of 1 mM metformin.
* P<0.05 vs. 0 min. B.
Mitochondrial respiration
rate driven by complex II
(CII) in the presence of
succinate (10 mM) and
rotenone (0.5 microM). C.
Mitochondrial production of
H2O2 during reverse
electron flux to complex I.
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Effects of glucose-dependent insulinotropic polypeptide receptor antagonist treatment on
infarct size in acute myocardial infarction.
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Background:
Acute myocardial infarction is usually caused by a thrombotic occlusion of a large epicardial
coronary artery.Glucose-dependent insulinotropic polypeptide has previously been studied because
of its insulinotropic and insulinomimetic properties. Furthermore, studies have shown that knockout
of glucose-dependent insulinotropic polypeptide receptors (GIPR) results in reduced infarct size,
improved cardiac function and improved survival.
Objectives:
This study sought to investigate whether treatment with a GIPR antagonist can reduce myocardial
infarct size and have an impact on mitochondrial metabolism.
Methods:
Pigs were randomized to receive either a GIPR receptor antagonist (n = 9) or vehicle (n = 7)
treatment 5 days prior to induction of acute myocardial infarction. Anaesthesia included propofol 15
mg/kg/h and fentanyl 5 ug/kg/h. The acute myocardial infarction was induced in a closed chest
model with an occlusion time of 60 minutes and subsequent reperfusion for 120 minutes. The
occlusion was performed by percutaneous intervention with a balloon catheter placed between the
first and second diagonal branch of the left anterior descending coronary artery. Right before the
animals were euthanized the chest was opened and punch biopsies were taken from the infarcted
area, border zone and remote area for mitochondrial analysis. The area at risk and infarct size were
assessed with Evans Blue and triphenyltetrazolium chloride, respectively.
Results:
Treatment with the GIPR antagonist had no effect on infarct size 72.0±4.6% vs. 76.4±2.5% of area
at risk (mean±SEM, p=0.23). Likewise, the area of risk was comparable between the treated and
the vehicle group 30.6±1.3% vs. 31.4±1.6% of left ventricle (mean±SEM, p=0.74). A decreased
mitochondrial oxidative phosphorylation capacity was demonstrated in infarcted area compared to
remote area in both the treated group 5.7 ±1.1 O2 flux vs. 31.5±4.4 O2 fluxpmol*mg-1*s1(mean±SEM, p=0.01), and the vehicle group 4.9 ±0.9 O2 flux vs.38.8 ±6.2 O2 fluxpmol*mg-1*s-1,
(mean±SEM, p=0.003), when glutamate was utilized. Furthermore, a decreased mitochondrial
oxidative phosphorylation capacity was demonstrated in infarcted area compared to remote area in
the treated group 2.5 ±1.2 O2 flux vs. 18.1±1.6 O2 flux pmol*mg-1*s-1 (mean±SEM, p=0.01), when
palmitoylcarnitine was utilized.
Conclusion:
GIPR antagonist treatment did not reduce myocardial infarct size in our experimental setup. We
found that the infarcted area in both treated and vehicle group had a lower utilization of glycolytic
substrates compared to remote myocardium. We also found that the infarcted area in treated
animals had a lower utilization of fatty acid compared to remote myocardium.
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Introduction: The most common genetic cause of dilated cardiomyopathy (DCM) is a heterozygous
truncation in TTN, encoding the sarcomeric protein titin. The pathogenicity and severity of DCM
depend on the location of the TTN truncating variant (TTNtv) and are much higher if the TTNtv is in
a constitutive TTN exon (e.g., A-band titin region) rather than an alternatively spliced exon (e.g., Iband titin region). Additionally, a newly discovered titin isoform termed Cronos, which is driven by
an alternative internal promoter and spans across the half A-band, has been suggested as a
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possible “rescue” in patients with I-band-TTNtv: a milder disease phenotype may occur, if the TTNtv
is N-terminal to the Cronos promoter (i.e., in the I-band), potentially due to upregulation of Cronos.
Objective: To study the role of Cronos in the pathomechanisms of TTNtv-DCM, as well as in
physiological and pathological cardiac hypertrophy.
Methods & Results: We quantified the expression of Cronos protein and transcript by titin gel
electrophoresis and real-time qRT-PCR of left ventricular tissue samples from 14 nonfailing donor
hearts and 113 DCM patients with end-stage heart failure, detecting 22 patients with a TTNtv by
next-generation sequencing. Among patients with a TTNtv, we distinguished between mutations in
the I-band (pre-Cronos, N=7) and the A-band region (post-Cronos, N=15). On Coomassie-stained
titin gels, Cronos protein represented, on average, ~12% of the combined titin species
(N2BA+N2B+T2+Cronos) in both patients (N=91 without and N=22 with a TTNtv) and donor hearts.
Similarly, there were no differences in relative Cronos transcript and Cronos protein expression in
patients with pre-Cronos versus post-Cronos TTNtv. To elucidate the role of Cronos in development,
we quantified Cronos protein expression by immunoblot of mouse and human heart tissues at
different developmental stages. In both species, Cronos expression decreased during physiological
hypertrophy from the fetal to the neonatal to the adult heart. In contrast, transverse aortic constriction
(TAC) surgery in adult mice causing pathological hypertrophy completely suppressed Cronos
expression at both the transcriptional and protein levels. The downregulation of Cronos began 1
week after TAC surgery and fully manifested after 4-8 weeks.
Conclusions: Alteration of Cronos expression is unlikely to be part of the pathomechanism of
TTNtv-DCM. However, in physiological cardiac hypertrophy during development, Cronos may
support sarcomerogenesis, whereas downregulation in pathophysiological hypertrophy suggests
that Cronos is not required for sarcomeric protein turnover/maintenance in the adult heart.
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Introduction
Long QT syndrome (LQTS) is a form of inherited primary cardiac arrhythmia affecting approximately
1:2000 births and has a mortality rate of 21% for symptomatic patients who are left untreated.
Symptoms of LQTS include syncope, seizures and potential onset of ventricular fibrillation. This
leads to increased susceptibility of torsades de pointes (TdP), and subsequently sudden cardiac
death. Recently, mutations in the calcium (Ca2+) sensing protein calmodulin (CaM) have been linked
to cardiac arrhythmia syndromes, including LQTS. However, the molecular mechanism leading to
irregular heartbeats remains unclear. CaM’s main function is to regulate the activity of a variety of
enzymes and ion channels, including the Ca2+ channels, RyR2 and Cav1.2, involved in cardiac

586

muscle contraction. This project aims to investigate the impact of the CaM mutations D130V and
E141K on CaM’s structure-function relationship, and how these may cause the disease phenotype
seen in patients with LQTS.
Methods
Thermostability and secondary structure conformation of CaM variants were explored through
circular dichroism (CD). The affinity of CaM variants for peptides of RyR2and Cav1.2 (IQ and
NSCaTE domains) was investigated using isothermal titration colorimetry (ITC). The effect of the
mutations on ion channel activity was determined using whole-cell patch-clamp electrophysiology
and Ca2+ imaging.
Results
The LQTS-associated mutants D130V and E141K did not show altered thermostability compared to
WT CaM. However, significant differences were seen in a-helical content in Ca2+-bound conditions,
where D130V and E141K were 41 ± 1 % (n=5) and 42 ± 1 % (n=5) a-helical respectively, compared
to the WT of 64 ± 1 % (n=5). ITC showed that Ca 2+/CaM binding to RyR2was reduced in D130V
and E141K, with increases in Kd (233 ± 22 nM, n=6 and 386 ± 32 nM, n=6, respectively) compared
to the WT (125 ± 13 nM, n=6). A two-fold reduction in binding affinity was also seen in both mutants
for Cav1.2-IQ. The affinity for NSCaTE was reduced from 1.2 ± 0.1 mM (WT, n=6) to 5.3 ± 0.3 mM
(D130V, n=6) and 2.2 ± 0.1 mM (E141K, n=6).
Conclusion
Overall, these data demonstrate that LQTS-associated variants have an impact on the secondary
structure of CaM, and its ability to interact and modulate the activity of ion channels relevant to
cardiac muscle contraction (RyR2 and Cav1.2).
____________________________________________________________________________

To measure intracellular K+, purified neonatal cardiomyocytes from CD-1 mice were transfected by
nucleofection to express GEPII and paced electrically between 1 and 2 Hz. Interestingly, in some
cells (n=12) we found a clear decrease of FRET efficiency upon switch from 1 to 2 Hz pacing and
vice versa indicating K+ loss at higher frequencies.
To generate an extracellular targeted GEPII, we added a signaling sequence for the secretory
pathway and a Glycosylphosphatidylinositol-anchor (GPI-GEPII). HEK293 cells express GPI-GEPII
at the plasma membrane but perfusion with different K+-solutions (0 mM - 30 mM) did not affect
FRET. Western Blots with PNGase F treatment showed N-glycosylation of GPI-GEPII (n=5) which
might inhibit K+ binding. To prevent N-glycosylation at predicted sites, Asp36 and Ser78 in Kbp was
exchanged. Single mutations were not sufficient but combinations of mutations at both sites blocked
N-glycosylation of GPI-GEPII and restored K+ sensitivity. By changing K+ concentration from 0 mM
to 30 mM, we could detect a change in FRET efficiency from 0.1 to 11% depending on the mutation
combination.
Because mutations in Kbp might affect K+ affinity, we determined half-maximal effective
concentration (EC50), K+-selectivity and temperature-dependence of purified bacterially expressed
GEPII proteins. Thereby we found combinations of mutations with EC50 of 2.4, 9.1 and 20.7 mM,
which would all be suited to measure extracellular K+. Importantly, these proteins were highly
selective for K+ and not affected by Na+ or Ca2+ (0.1 mM to 1 M, n=3). Furthermore, we showed a
temperature-dependent increase of EC50 (20°C to 42°C, n=3).
Thus, we have developed novel GEPII proteins without N-glycosylation suited for measurements
of extracellular K+ concentration. In the future, these proteins will allow to investigate the effects of
fast electrical activity onto extracellular K+ homeostasis in cardiac tissue and the brain.
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Constant intra- and extracellular potassium ion (K+) concentration is essential for survival and
correct function of cells. In cardiomyocytes, pathologically elevated extracellular K + concentration
may induce high frequency arrhythmia leading to sudden cardiac death. It is speculated that a high
frequency de- and repolarization of cardiomyocytes may lead to extracellular K+ accumulation and
intracellular K+ loss which, in theory, could depolarize cells and stabilize arrhythmias. Currently noninvasive methods for precise K+ measurement in the narrow extracellular space do not exist.
To measure extra- and intracellular K+ concentrations in cardiomyocytes, we have applied and
modified recently published intracellular genetically encoded potassium ion indicators (GEPIIs) [1].
These are based on the bacterial K+-binding protein (Kbp) in-between two fluorescence proteins to
visualize K+ elevation by Förster resonance energy transfer (FRET).
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Introduction:
Hyperglycaemia at the time of myocardial infarction has an adverse effect on prognosis irrespective
of a prior diagnosis of diabetes, suggesting glucose is the damaging factor1. In ex vivo models of
ischaemia, we previously demonstrated that deleterious effects of acutely elevated glucose are
PKCα/β-dependent, and providing PKCα/β are inhibited, elevated glucose confers
cardioprotection2. Here we report the effect of elevated of glucose is time-dependent, short
durations <7 min can impart protection while longer durations are cardiotoxic.
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Methods:
Adult male non-diabetic Wistar rats (300–400 g, 12–14 weeks), were humanely killed by Schedule
1 by concussion and cervical dislocation. The care and death of the animals confirmed to the
requirements of the UK Animals (Scientific Procedures) Act 1986 (SI 2012/3039). Ventricular
cardiomyocytes were freshly isolated through perfusing an enzymatic mixture through the heart in
a retrograde manner. Simulated ischemia experiments with ventricular cells, stimulated to contract
at 1 Hz, were used to measure changes in contractile recovery and cell survival. Whole-cell patchclamp and Fura-2 measurements were used to measure the time to activation of the cardiac KATP
current and increase in intracellular calcium respectively, caused by simulated ischaemia. As an ex
vivo whole heart model of ischaemia, the left anterior descending (LAD) coronary artery was ligated
for 40 min followed by a 3 h reperfusion phase. More details can be found in our previous study 2.
Freshly isolated ventricular cardiomyocytes, from non-diabetic wistar rats, were exposed to elevated
glucose to investigate the time-dependence of the protective and toxic effects.
Results:
High glucose challenge for >7.5 min was cardiotoxic, proarrhythmic and led to contractile failure,
whilst cardiomyocytes exposed to simulated ischaemia following 5-min high glucose, displayed timedependent protection lasting ~15 min. KATP channel activation was delayed while Ca2+ transients
were improved following high glucose challenges <7 min, further indicating brief periods of high
glucose impart cardioprotection. The presence of PKCα/β inhibitors with high glucose further
enhanced contractile recovery in simulated ischaemia suggesting PKCα/β inhibition can further
enhance the protection afforded by high glucose challenges <7.5 in duration. Comparable results
were obtained in a whole-heart coronary ligation protocol, where the protection afforded by short
high glucose challenge was enhanced with PKCα/β inhibitors.
Conclusion:
Selective PKCα/β inhibition enhances protection suggesting glycaemic control with PKC inhibition
as potential cardioprotective therapeutics in myocardial infarction and elective cardiac surgery.
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Introduction
In the mouse heart, AKT1 and AKT2 are the main isoforms of protein kinase B (AKT). We used
tamoxifen-inducible, cardiomyocyte-specific double KO mice (iCM-AKT12) to analyze the cardiac
function of AKT.
Results
Upon induction of the cardiac gene deletions in adult male mice, repetitive echocardiography
revealed progressive loss of cardiac function characterized by reduced ejection fraction, increased
end-systolic volume and reduced cardiac mass, leading to terminal heart failure 23,9 ± 2 days after
KO induction.
The loss of cardiac mass was caused by cellular atrophy, as cellular area (a), width (w), and length
(l) declined between day 9 and day 14 [-18 (a)/-18 (w)/-9% (l)] as compared to WT controls. TUNEL
staining revealed that cardiomyocyte apoptosis did not substantially contribute to the atrophy.
Deletion of AKT led to impaired mTORC1 signaling as indicated by reduced phosphorylation of S6K,
RPS6, 4E-BP1, all involved in translation. This resulted in a measurable reduction in de novo protein
synthesis. At the same time, autophagy was accelerated, as shown by an increased LC3-II/I ratio,
higher expression of autophagic genes and accumulation of amino acids. These mechanisms allow
saving of energy at the expense of cellular mass, thereby promoting cellular atrophy.
Surprisingly, mTORC1 signaling was reactivated 14 days after KO induction, as S6K, RPS6 and 4EBP1 were higher phosphorylated and protein synthesis was increased. Furthermore, accumulation
of p62 and increased inhibitory phosphorylation of the central autophagy kinase Ulk1 (S757) indicate
disturbed autophagy. Correspondingly, in vivo31P-imaging magnetic resonance spectroscopy
revealed progressive and pronounced cardiac energetic depletion.
Yet, AMPK, the cellular energy sensor, was not activated in energy-depleted iCM-Akt12 hearts.
Rather, we observed inhibitory phosphorylation of the α-subunit on serine 485/491. This
phosphorylation has been mainly attributed to AKT, but also to other kinases (PKD1, S6K, PKC,
PKA). Analyses with phospho-specific antibodies demonstrated a hyperactivation of PKD1, S6K,
PKC and PKA signaling in iCM-Akt12 hearts. Furthermore, PDK1, the master kinase regulating AGC
kinases, was strongly activated.
To test whether inhibition of AMPK contributes to the fatal phenotype of cardiac AKT loss, AAVmediated infection of iCM-Akt12 mice with a phospho-defective AMPKα2 S491A mutant prior to KO
induction was performed. This led to increased survival and improved heart function.
Conclusion
Cardiomoycyte specific loss of AKT leads to a widespread dysregulation of intracellular signaling.
Enhanced autophagy and inhibition of mTORC1 regulated protein synthesis are direct
consequences of AKT deletion and promote cardiac atrophy. Later, reactivation of mTORC1 and
inhibition of AMPK cause attenuation of autophagy, increase translation, and thereby aggravate
energetic depletion leading to terminal heart failure.
____________________________________________________________________________
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Introduction Type 2 diabetes mellitus is associated with unfavorable clinical outcome after
myocardial infarction. To better understand the underlying causes, we examined sarcomere protein
function and its Ca2+--dependent regulation in the nonischemic remote myocardium (RM) of diabetic
mouse hearts early after ischemia-reperfusion (I/R) injury.
Methods 10-12-week-old diabetic leptin receptor-deficient (db/db, n<6) and nondiabetic control
(db/+, n<6) mice were anesthetized by intraperitoneal injection of ketamine (60 mg/kg) and xylazine
(10 mg/kg) and subjected to ischemia/reperfusion (I/R, 60min/24h) treatment by transient ligation of
coronary arteries in a closed-chest surgical model. Before and 24 hours after surgery mice
underwent magnetic resonance imaging followed by histological and biochemical analyses of heart
tissue. 24 hours after I/R intracellular Ca2+-transients and sarcomere function were measured in
isolated cardiomyocytes. Active force generation and Ca2+-sensitivity was assessed in skinned
fibers and papillary muscle preparations.
Results Before I/R induction, Ca2+-cycling was depressed in diabetic cardiomyocytes, indicated by
approx. 20% decrease in the speed of Ca2+-release and Ca2+-reuptake to the sarcoplasmic
reticulum. Nevertheless, contractile function (amplitude and kinetics of sarcomere length changes)
was preserved, owing to increased myofilament Ca2+-sensitivity in db/db compared to db/+ (EC50
2.86 ± 0.21 mM, 3.78 ± 0.37 mM, P<0.05). In addition, protein kinase Cα activation was elevated in
db/db hearts leading to 1.49-fold increased phosphorylation of titin at S11878 and elevated titinbased passive tension of myofilaments. I/R impaired the contractile function of RM cardiomyocytes
in db/db to a larger extent than in non-diabetic db/+. Sarcomere shortening of db/db remote
cardiomyocytes was only 99.8 ± 6.9 nm compared to 126.1 ± 9.8 nm in db/+ (P<0.05). As underlying
reasons we identified an approx. 20% reduction in the amplitude and the kinetics of cardiomyocyte
Ca2+-transients in the RM of db/db compared to db/+. This is caused in part by altered expression
of Ca2+-regulatory proteins and additive effects of diabetes and I/R on the reduction of
phospholamban S16-phosphorylation by 80% compared to sham-operated db/+ hearts (P<000.1)
leading to strong inhibition of the sarcoplasmic reticulum Ca2+-ATPase, SERCA2a. I/R-induced titin
stiffening was only observed in the RM of db/+, but not in the RM of db/db. Finally, db/db myofilament
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Ca2+-sensitivity and force generation upon b-adrenergic stimulation were no longer enhanced over
db/+ in RM.
Conclusion Impaired Ca2+-cycling of cardiomyocytes from db/db hearts is compensated by
increased Ca2+-sensitivity of myofilaments and increased titin-based stiffness before I/R. In contrast,
RM sarcomere function is poor 24 hours after I/R because both of these compensatory mechanisms
fail and myocyte Ca2+-processing is further impaired.
____________________________________________________________________________
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Loss of cardiomyocytes and scar formation after myocardial infarction leads to a deterioration of
cardiac pump function. Since mature cardiomyocytes cannot regenerate after injury, transplantation
of functional cardiomyocytes into the affected area would represent a causal therapy. In previous
work, we observed improved engraftment of transplanted murine embryonic cardiomyocytes (eCMs)
when loaded with magnetic nanoparticles (SoMag5) before intramyocardial transplantation under a
magnetic field (1). Since the immune response plays an essential role both in the acute and healing
phase of scar development, we here investigated whether the NLRP3 inflammasome inhibitor
MCC950 can further improve engraftment of intramyocardially transplanted eCMs after ligation of
the left anterior descending coronary artery (LAD).
LAD ligation or sham surgery was performed in C57 Bl/6 J mice (10 – 12 weeks) under general
inhalative anaesthesia (5% isoflurane in 60% O2, 40% N2O for induction, 1.5 - 2% isoflurane in
100% O2 for maintenance). GFP expressing eCMs (E 13.5) were freshly isolated from α‑actin-GFP
(C57 Bl/6 J) embryos and loaded with SoMag5 (200 pg Fe/cell) in vitro overnight. The following day,
2 x 105 eCMs were injected into the lesion immediately after coronary ligation. MCC950 (20 mg/kg,
i.p.) or vehicle (PBS, i.p.) was administered intraoperatively and every other day until day 12 postsurgery. Functional analysis was performed by left heart catheter measurements on day 14 postsurgery under inhalative anaesthesia (see above, without N2O). Mice were euthanised while still
under anaesthesia and hearts were harvested for further histological investigation.
LAD ligation decreased left ventricular ejection fraction and cardiac output compared to shamoperated mice. In MCC950-treated infarcted mice, stroke volume and cardiac output were found to
be preserved and ejection fraction is improved compared to infarcted untreated mice. Morphometry
showed a reduced left ventricular scar volume and area in MCC950-treated mice compared to
untreated controls. Interestingly, in all MCC950-treated animals infarctions were non-transmural,
whereas at least 50% of untreated animals did show transmural scars. Transplanted eCMs exhibited
normal morphology and preserved GFP fluorescence after loading with SoMag5 in vitro before
injection. In preliminary results, succedssful engraftment of eCMs was observed more often in
MCC950-treated mice 14 days after transplantation compared to untreated eCM-transplanted mice.
The combination of eCM transplantation and MCC950 treatment seems to further improve left
ventricular function.
In conclusion, treatment with the NLRP3 inflammasome inhibitor can reduce scar size and preserve
pump function 14 days after LAD ligation in mice. Furthermore, eCM transplantation in combination
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with MCC950 administration seems to result in improved engraftment of eCMs into the lesion and
to preserve left ventricular pump function.
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Introduction
Myocardial infarction (MI) stimulates peripheral white adipose tissue (WAT) lipolysis due to
compensatory increased systemic β-adrenergic stimulation.
Methods
To investigate the effect of MI on peripheral WAT, C57BI/6J mice underwent 1h closed chest
ischemia and 24h, 7d or 28d of reperfusion (rep) or sham operation (anesthesia: ketamine (80-120
mg/kg bodyweight (bw))/xylazine (5-10 mg/kg bw), 2% isoflurane, post-operative analgesia: 0,05
mg/kg bw buprenorphine). Circulating non-esterified fatty acid (NEFA) levels as well as WAT
morphology, gene and protein expression were analyzed in visceral (gonadal WAT, gWAT) and
subcutaneous (inguinal WAT, iWAT) depots. To inhibit lipolysis an inhibitory designer receptor
exclusively activated by designer drug (Dreadd) was inducible expressed in adipocytes and
activated during ischemia and early reperfusion by i.p. injection of Dreadd Agonist 21.
Results
NEFA levels were increased after 1h ischemia and 30’ rep in ischemic mice (sham: 0,53 ± 0,11
mmol/L, ischemic: 0,74 ± 0,15 mmol/L, n = 5). iWAT of ischemic mice showed smaller adipocytes
and higher number of nuclei, which were further characterized as an infiltration of macrophages
(Macrophage number: sham: 17,98 ± 14,15/mm2, ischemic: 37,79 ± 12,22/mm2, n = 7). iWAT of
ischemic mice also showed multilocular adipocytes, which were further characterized as UCP1
positive, indicating a browning of iWAT. Gene expression of adipokines as adiponectin and leptin
were significantly downregulated in iWAT after 24h or 7d rep. Genes involved in FAs storage and
lipogenesis like Lpl, Pparγ, Dgat2 and Fasn were downregulated in iWAT after 24h or 7d rep.
Expression and activation of an adipocyte specific, inhibitory Dreadd successfully reduced
circulating NEFA levels after 30’ rep (Dreadd -: BL: 0,195 ± 0,019 mmol/L, 30’ rep: 0,589 ± 0,069
mmol/L; Dreadd +: BL: 0,195 ± 0,021 mmol/L, 30’ rep: 0,336 ± 0,033 mmol/L, n = 11-15) and
browning of iWAT after 24h rep (n=8). Other morphological and gene expression changes seen after
cardiac ischemia in iWAT could not be reversed by short-term, peri-infarction inhibition of lipolysis.
Nevertheless, analysis of cardiac function in Dreadd expressing mice showed an improved systolic
pump function after 7d rep, as depicted by ejection fraction (Dreadd -: 31,9 ± 6,7 %; Dreadd +: 40,2
± 6,7 %, n = 11-13), fractional area change (Dreadd -: 22,7 ± 8,3 %; Dreadd +: 34,1 ± 9,8 %, n= 1113) and stroke volume (Dreadd -: 38,4 ± 9,6 µL; Dreadd +: 47,2 ± 6,7 µL, n = 11-13).
Conclusion
Taken together, iWAT seemes to be more prone to MI induced changes. Peri-infarct inhibition of
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lipolytic activation improved systolic cardiac function but was not able to reverse morphological and
gene expression changes in iWAT. This indicates that MI and post-MI cardiac remodeling
additionally impact subcutaneous WAT independent of acute lipolytic activation.
Funded by the Research Committee of the Medical Faculty of HHU and SFB 1116.
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Introduction
Creatine kinase (CK) functions as an energy buffer and transfer system. Its substrate, creatine, is
synthesized
by
arginine:glycine
amidinotransferase
(AGAT)
and
guanidinoacetate
amidinotransferase (GAMT). We have studied creatine-deficient AGAT-/- and GAMT-/- mice with
compromised CK energy transfer. Of these models, AGAT-/- has a more severe phenotype because
GAMT-/- accumulate guanidinoacetate, partially substituting for creatine in the CK reaction. In
cardiomyocytes, compromised CK energy transfer has minor effects on energetics. Earlier studies
showed no changes in mitochondrial respiration capacity or positioning, and no up-regulation of
adenylate kinase, the main alternative energy transfer system (1,2). Only AGAT-/- mice displayed
upregulation of mitochondrially associated hexokinase I. We observed more adaptations in
excitation-contraction coupling. In AGAT-/- patch-clamped cardiomyocytes, L-type Ca2+ current,
sarcoendoplasmic reticulum Ca2+ ATPase activity, and dyadic space conductance were reduced
(3).
In this work, we studied further Ca2+ handling and contraction in cardiomyocytes of creatine deficient
mice.
Methods
Experiments were done on intact, isolated cardiomyocytes from AGAT-/- and GAMT-/- mice and
their wildtype (WT) littermates. We studied Ca2+ transients and sparks, sarcomere shortening, and
ultrastructure (confocal microscopy and dSTORM). Animal procedures were approved by the
Project Authorisation Committee for Animal Experiments in the Estonian Ministry of Rural Affairs.
Statistical analysis was done using Bayesian ANOVA; the reported changes correspond to at least
strong evidence (BF>10).
Results
Most of the changes were observed in AGAT-/-, in line with the severity of creatine-deficiency. For
both sexes, changes in Ca2+ transients were not reflected in sarcomere shortening demonstrating
adaptive changes in myofilament calcium activation. While Ca2+ transients were increased in
amplitude and prolonged in AGAT-/- when compared to WT, sarcomere shortening demonstrated
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blunted response to such changes in Ca2+ transient. Remarkably, sarcomere shortening duration in
AGAT-/- did not respond to β-adrenergic stimulation with isoprenaline, in contrast to Ca2+ transient.
These differences between AGAT-/- and WT in Ca2+ transients and sarcomere dynamics were
accompanied by sex-dependent changes in Ca2+ release synchrony and sparks; transverse tubular
and ryanodine receptor 2 organization. Irrespective of sex, AGAT-/- had two times higher Ca2+ spark
frequency, but similar occurrence of Ca2+ waves as in WT, pointing towards more diffusion-restricted
dyads.
Conclusions
According to our data, changes in AGAT-/- cardiomyocytes were similar at the macroscopic level
for the both sexes, but mechanistic changes at the microscopic level were sex-dependent. Overall,
while compromised CK energy transfer has minor effects on energetics, our results show that
adaptations center around the regulation of cardiac performance
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Altered cardiac excitability and reduced electrical coupling are important factors promoting cardiac
arrhythmia. These two properties can be described by the input resistance (R), defined via the
change in membrane potential in response to small current injections and the cardiac length
constant (λ), defined as the electrotonic decay of a subthreshold stimulus in space. To quantify these
parameters in the intact heart, we developed new optogenetic methods which allow for the cycledependent measurement of R and λ.
Precisely timed depolarization of confined myocardial tissue was performed by epicardial
illumination of Langendorff-perfused mouse hearts expressing the light-gated ion channel
channelrhodopsin-2 (ChR2) in all cardiomyocytes (1). High intensity light pulses (460 nm) were used
to pace hearts with a fixed cycle length. Pacing pulses were followed by low intensity subthreshold
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light pulses with defined delays such that changing the delay allowed us to investigate R and λ in
the different action potential phases. The resulting subthreshold membrane potential changes (E)
were measured by sharp microelectrode recording and the injected ChR2 current (I) was computed
by a ChR2 gating model (2).
R was calculated according to Ohm´s law as R=E/I. It was smallest at diastole (100%) and larger in
the plateau (128.2±7%) as well as in the early (at APD70: 203.8±8.3%) and late (at APD90:
122.9±3.7%) repolarization phase (N=10). This highlights the critical role of the inwardly rectifying
potassium current (IK1) in stabilizing the resting membrane potential (RMP) and protecting the heart
from afterdepolarization-induced arrhythmias.
Because IK1 is decreased in many diseases promoting cardiac arrhythmia, we tested the effect of
the IK1 blocker barium chloride (30 µM) and found an increase of diastolic R to 152.8±7.4% without
depolarizing the RMP (N=8), indicating a higher susceptibility to afterdepolarizations.
To determine λ, the subthreshold light pulse was successively moved away from the recording site
using a digital-mirror device pattern illuminator which led to reduction in subthreshold depolarization.
We obtained values of λ of 1.08±0.04 mm in the longitudinal and 0.54±0.04 mm in the transversal
direction of fiber orientation (N=5-6). To validate this method, we applied the gap junction blocker
Carbenoxolone (10 µM) which reduced λ to 76.7±5.9% (N=5). Moreover, λ was larger during
repolarization (116±2.7%) compared to the diastole which could have a protective effect by
preventing gradients of repolarization promoting arrythmias (n=11-13, N=6).
Thus, a combination of precise optogenetic depolarization and sharp microelectrode recording
enables cycle-dependent investigation of cardiac excitability and electrical coupling in the intact
heart. By determining R and λ under pathological conditions, we aim to gain a better understanding
of underlying arrhythmia mechanisms and test new therapeutic strategies.
(values: mean±S.E.M., N=hearts, n=cells)
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Introduction
Over the past few decades, early diagnosis and advancement in cancer therapy have increased the
overall survival rate of cancer patients. However, many of these cancer survivors can face various
side-effects of cancer therapy with time. The use of combined treatment with anthracyclines and
human epidermal growth 2 (HER2)-blockers in breast cancer (BC)-therapy have been shown to be
particularly cardiotoxic. However, the underlying mechanisms of this cardiotoxicity are not clear.
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Aim
In this project, we intended to investigate the metabolic consequences of BC-therapy on the heart
as potential underlying mechanisms of cardiotoxicity.
Methods
C57BL-6J female mice (ovariectomized at 7 weeks of age) were used in this study where we aimed
to make a model of BC therapy-induced cardiotoxicity using the combined treatment of Doxorubicin
(DOX) and the HER2-blocker Trastuzumab (TRZ). From 12 weeks of age, mice were treated with
three weekly DOX injections (cumulative dose of 12 mg/kg) followed by a single injection of TRZ
(10mg/kg, DOX + TRZ). Mice treated with only DOX or TRZ injections were also included together
with untreated controls (CON) and sham-operated mice. Cardiac function was assessed in-vivo
through echocardiography and ex-vivo using isolated heart perfusions. Myocardial substrate
oxidation rates were measured using radiolabelled substrates and myocardial oxygen consumption
(MVO2) was measured using oxygen probes in the buffer entering and leaving the heart.
Mitochondrial respiration studies were also performed to assess mitochondrial function in left
ventricular (LV) biopsies using a high-resolution respirometer. For ovariectomy and
echocardiography, we used gaseous anaesthesia with isoflurane, (4% induction and 1.8 %
maintenance).
Results
Mice did not develop severe heart failure in any of the treated groups, we did however find a
significant reduction in heart rate in the DOX+TRZ group as compared to CON. Interestingly,
myocardial glucose oxidation rates were significantly reduced in TRZ and the DOX+TRZ groups as
compared to CON, suggesting metabolic remodelling in the hearts. In addition, we observed that
increased MVO2 in isolated unloaded DOX+TRZ hearts which was mainly due to increased MVO2
for processes associated with excitation-contraction coupling.
Furthermore, investigating respirometry of LV biopsies, we identified increased non-mitochondrial
residual oxygen consumption in the DOX+TRZ group and compared to CON. Transmission electron
microscopy images of LV-biopsies indicated morphological alterations in the mitochondria from all
treatment’s groups,as compared to control.
Conclusion
Our results demonstrated that in a mouse model of BC therapy-induced cardiotoxicity, we can
observe metabolic remodelling in the hearts in the absence of ventricular dysfunction. This could
suggest that metabolic cardiac remodelling precedes the development of heart failure following BCtherapy.
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Introduction: Despite the high public-health importance of heart failure with preserved ejection
fraction (HFpEF), evidence-based therapies are limited and the pathomechanisms remain elusive.
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Postulated crucial disease triggers are meta-inflammation and endothelial dysfunction due to risk
factors of cardiometabolic syndrome, notably obesity, together with hypertension. However,
unbiased approaches to quantifying protein expression changes and alterations to signaling
pathways are rare and have not included heart tissue.
Objective: We aimedto elucidate how cardiometabolic syndrome alters protein expression and
pathways governed by phosphorylation or acetylation in HFpEF hearts.
Methods & Results: We used an established HFpEF model, the Zucker diabetic
fatty/Spontaneously hypertensive heart failure F1 (ZSF1) rat, which is available as a lean (no
HFpEF) and an obese variant (HFpEF). Eight-week-old female and male ZSF1 obese and lean rats
were fed a Purina diet until the onset of the HFpEF phenotype in the ZSF1 obese animals at around
20 weeks of age.
Mass spectrometric screenings of heart tissue samples revealed relatively fewer alterations in the
cardiac proteome and phosphoproteome compared to the acetylome, which showed major
reprogramming, in ZSF1 obese versus lean. Many acetylation changes in ZSF1 obese hearts
concerned proteins involved in metabolism, energy production, and mechanical function. Contractile
proteins, including titin, typically were hypo-acetylated, whereas proteins involved in fatty acid
metabolism were predominantly hyper-acetylated in ZSF1 obese versus lean. Moreover, proteomic
and immunoblot-based analyses revealed evidence of low-grade meta-inflammation and endothelial
remodeling, but did not suggest the presence of oxidative/nitrosative stress due to deregulated NOS
family members (eNOS, iNOS) in ZSF1 obese hearts. In addition, PKG enzyme activity and
phosphorylation of PKG-dependent titin phosphosite S4080 in the N2Bus segment were decreased,
consistent with increased titin-based cardiomyocyte stiffness in HFpEF hearts of ZSF1 obese rats.
In conclusion, our results suggest that obesity in the presence of hypertension and additional comorbidities is a key determinant in the pathogenesis of HFpEF in the animal model. Cardiometabolic
syndrome may trigger crucial proteomic and posttranslational alterations, which likely lead to metainflammation, endothelial dysfunction and cardiomyocyte stiffening. Altered acetylation of multiple
cardiac proteins caused by obesity could be a key posttranslational modification driving the
pathogenesis of HFpEF.
____________________________________________________________________________
A 08-20
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Introduction
nNOSβ is identified in the myofilament fraction of murine heart, implying that this splicing variant
may function through interacting with sarcomere proteins 1; however, mediating mechanism of
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nNOSβ in healthy and diseased hearts is unknown. Accordingly, we investigated nNOSβ regulation
of sarcomere structure and contraction in normal and hypertrophic human and rat left ventricles
(LV). The functional aspect of nNOSβ was verified in nNOSα/μ gene knockout (nNOSα/μ -/-) mice.
Methods & Results
Protein expression of nNOSβ was detected in the myofilament fraction of human, rat, and nNOSα/μ
wild type (WT) and nNOSα/μ-/- mice (animals were anesthetized with 2.5% isoflurane.)LV
myocardium (M.W. 140 KDa). In LV myocytes of nNOSα/μ WT and nNOSα/μ-/- mice, nNOSβ coexpressed with α-actinin (confocal microscopy), suggesting its localization at the z-disk. In LV
myocytes of nNOSα/μ WT and nNOSα/μ-/- mice, inhibition of nNOS with a specific inhibitor, Smethyl-L-thiocitrulline (SMTC, 0.028ng/g), did not affect diastolic and peak Ca transients or decay
kinetics of Ca transients (Tau), excluding the role of nNOSβ in Ca2+handling, which is distinctive
from the effect of nNOSα/μ. However, SMTC application facilitated LV myocytes nNOSα/μ /- relaxation and potentiated myocyte contraction. These results suggest that nNOSβ limits
sarcomere dynamics.
Transmission electron microscopic images revealed that nNOSα/μ -/- did not affect the sarcomere
length of LV myocytes. However, inhibition of nNOS in vivo (by infusing SMTC in rats for four weeks)
resulted in the elongation of sarcomere length, and I band length without altering the distance of
thick filament (A band). Therefore, nNOSβ maintains sarcomere length by preserving the I band
structure at the z-disk.
In Ang II-induced hypertensive rats, inhibition of nNOS with SMTC in vivo for four weeks caused LV
wall thickening with excessive interstitial fibrosis (H&E staining). Diastolic LV diameter was reduced,
and systolic LV diameter was enlarged (Echocardiography), indicating the development of
concentric hypertrophy with nNOS inhibition. Immunoprecipitation of nNOSβ in the myofilament
fractions of normal and hypertrophic rats and the human heart in conjunction with immunoblotting
experiments revealed that nNOSβ binds to desmin and α-actinin. Intriguingly, SMTC abolished
nNOSβ-desmin binding in rat LV myofilament. Furthermore, nNOS inhibition facilitated LV myocyte
relaxation and increased contraction, indicating that nNOSβ may confine sarcomere relaxation by
linking to Z-disk proteins.
Conclusion
We confirm that nNOSβ protein is expressed in the myofilament fraction of both murine and human
myocardium. nNOSβ is distinguished from nNOSα/μ (which dominates Ca handling) by dynamic
interactions with Z-disk proteins and maintains sarcomere structure and kinetics. We propose a new
conceptual framework of nNOS splicing variants in preventing the patho-progression of cardiac
hypertrophy under pressure overload.

Schemetic diagram of nNOS β
function in cardiomyocyte
sarcomere
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The cytochrome P450 reductase (POR) transfers electrons and thus drives the function of all
cytochrome P450-dependent enzymes (CYP450). In the vascular system, the CYP450-POR system
has been linked to vascular epoxyeicosatrienoic acids (EET) production and endothelial function.
The functional importance of the endothelial CYP450 system in the heart, however, is unclear and
was studied here, using a tissue-specific deletion approach.
RNAseq revealed that murine cardiac endothelial cells express POR as well as numerous CYPs,
which have been linked to different functions: CYP2 family members produce EETs, whereas CYP4
family generate omega fatty acids. Endothelial-specific, tamoxifen-inducible POR knockout mice
(ecPOR-/-) exhibit endothelial dysfunction and an increased hypertensive response to angiotensin II
infusion. ecPOR-/- mice also developed cardiac hypertrophy, an increase in cardiomyocyte area, a
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reduced ejection fraction and an increased left ventricle size during systole (echocardiography) as
compared to control animals. RNAseq of isolated cardiac endothelial cells revealed that deletion of
POR was associated with a significant decrease in genes linked to lipid metabolism (Elovl2, Abcg1,
Mylip) whereas genes related to membrane integrity (Tjp3, Dsc2) and vesicle trafficking (Syt5, Syt6,
Syt12) were upregulated. Furthermore, cardiac myocytes isolated from ecPOR-/- mice showed a
reduced expression of genes linked to mitochondrial ATP production (Sdhaf4, Mtx1, Coq10b) as
compared to control mice.
Collectively, our data suggest that endothelial metabolism through POR maintains normal cardiac
function.
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Respiratory sinus arrhythmia (RSA) is the fluctuation in the interval between heartbeats, prominent
in healthy individuals and the loss of which is a prognostic indicator of sudden cardiac death (La
Rovere et al., 2003). While the function of RSA is debated, recent reports have suggested improved
cardiac performance on re-instatement of RSA in animal models of heart failure (O'Callaghan et al.,
2020; Shanks et al., 2022). Cardiac alternans is an arrhythmia mechanism involving alternation
between beats in action potential duration (APD), referred to as electrical alternans, and the
amplitude of the Ca2+ transient (CaT) and contraction, termed respectively, calcium (Ca) and
mechanical alternans. While the classical explanation for electrical alternans involves steep APD
restitution slope dynamics, it is now recognised that bidirectional coupling between membrane
potential (Vm) and intracellular Ca2+ concentration ([Ca2+]i) plays a key role in alternans (Kanaporis
& Blatter, 2015). We address the hypothesis that the recapitulation of RSA suppresses alternans in
isolated cardiac myocytes.
Animal procedures were approved by the University of Bristol Animal Welfare and Ethics Review
Board and performed in accordance with UK legislation. Adult male guinea pigs were subject to
general anaesthesia (140 mg/kg Na pentobarbital, i.p.), the hearts mounted on a modified
Langendorff apparatus for perfusion with a collagenase-containing solution. Isolated single left
ventricular myocytes were superfused with a Tyrode’s solution for perforated whole-cell current
clamp recording (37 °C) and action potentials and sarcomere shortening recorded simultaneously.
In some experiments, cells were loaded with 5 μM Fluo-4 AM and CaT recorded as changes in F/F0.
RSA was recapitulated using a pattern of short-short-long-long cycle length (CL) at 20% above and
below the average paced CL (oscillatory pacing, OP) and the results compared to pacing with the
corresponding constant paced CL (steady-state, SS). Alternans was defined as 1:1 beat-to-beat
alternation between long and short APD90 (differences ≥5 ms) or large and small changes in
sarcomere shortening or CaT amplitude (differences ≥5%).
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APD90, mechanical and Ca alternans were seen in all SS paced cells, with an increasing incidence
at shorter CL. OP markedly suppressed electrical and abolished mechanical alternans across the
spectrum of CL (see Figure 1). Alternation in the maximum rate of Ca release was seen at alternans
onset. There was no association between APD restitution slope steepness and alternans. OP
entrained APD, sarcomere shortening and CaT so that alternans did not occur. The OP entrainment
of sarcomere shortening persisted in AP clamp experiments with fixed and pseudo-normal varying
APDs, suggesting APD is not an essential component of entrainment. These results indicate an
arrhythmo-protective effect of recapitulation of RSA, with implications for the future design of
implanted pacemakers.
Figure 1
Figure 1: Comparison of
electrical (left; A) and
mechanical (right; B)
alternans seen in steady
state vs oscillatory paced
cells. Oscillatory pacing
markedly suppressed both
electrical and mechanical
alternans (P=<0.0001,
Fisher’s Exact test).
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Introduction
Daily practice of slow and deep breathing (SDB) has produced an antihypertensive effect on people
with primary hypertension, with reductions of up to 5.3 mmHg systolic blood pressure after 8 weeks
(1). However, SDB has yet to be investigated with pregnant women, despite evidence suggesting
that interventions such as yoga, which include breathing exercises, can reduce obstetric intervention
during pregnancy. There is a lack of research investigating the underlying mechanisms of SDB and
limited understanding of the acute cardiovascular responses, which may produce the error signal(s)
that underpin the anti-hypertensive effect (2). During pregnancy, baseline cardiovascular measures
such as heart rate, stroke volume and cardiac output are increased above non-pregnant levels (3),
and therefore acute hemodynamic responses to SDB may differ due to pregnancy related changes.
By understanding the mechanisms related to the anti-hypertensive effect of SDB, interventions can
be improved, and importantly be designed for specific population groups.This study aims to
characterise the acute hemodynamic responses in non-pregnant and pregnant women across a
range of different breathing frequencies.
Methods
Thirty-five women (18 non-pregnant and 17 pregnant) completed 5 bouts of different 5-minute
breathing conditions in a randomised order; a dynamic SDB breathing frequency (Dfr), spontaneous
breathing (Sfr) and three fixed breathing frequencies of 4 breaths.min-1 (4Ffr), 6 breaths.min-1 (6Ffr),
and 8 breaths.min-1 (8Ffr). Non-invasive beat-to-beat arterial blood pressure (BP) and heart rate
were monitored continuously.
Results
The maximum amplitude of respiratory sinus arrythmia (RSA) during SDB was 2.1 times higher than
during spontaneous breathing (Sfr) for both groups, maximising at 6 breaths.min-1 (0.25s ± 0.1 nonpregnant, 0.15s ± 0.1 pregnant). Although RSA was significantly lower in pregnant women during
spontaneous breathing (Sfr; 0.07s ± 0.05 vs. 0.12s ± 0.05 pregnant), SDB increased RSA to the
same level as non-pregnant women’s spontaneous breathing levels. The amplitude of BP
oscillations (both systolic and diastolic BP) during inspiration and expiration increased as breathing
frequency reduced, reaching a peak at 4 breaths .min-1 (4Ffr), which was up to 4 and a half times
higher (14.3%, 10 mmHg) than during spontaneous breathing (Sfr).
Conclusion
Overall, cardiovascular responses maximised at ≤6 breaths .min-1 and perturbations were attenuated
at 8 breaths.min-1. SDB exercises should therefore reach ~6 breaths .min-1 to induce maximal
cardiovascular perturbations. Hemodynamic responses to SDB were similar in non-pregnant and
pregnant women, despite underlying cardiovascular differences at rest. Acute hemodynamic
perturbations should now be studied in pregnant women who experience high BP, to investigate any
differences in response to SDB compared with healthy pregnant women.
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β-adrenergic activation is a major risk factor for ventricular tachycardia (VT) because it promotes
calcium leak from the sarcoplasmic reticulum during diastole triggering premature ventricular
contractions (PVC). This is especially exacerbated in patients after myocardial infarction or with
hereditary arrhythmia such as catecholaminergic polymorphic ventricular tachycardia (CPVT).
However, traditional pharmacological interventions do neither allow regional distinguishing nor
temporal precise investigation of β-adrenergic signalling. In order to investigate these effects on VT
trigger and morphology, we established optogenetic Gs-stimulation by generating a mouse line
expressing Jellyfish opsin (JellyOp), a light-activated Gs-coupled GPCR in cardiomyocytes [1]. This
line was crossed with a calsequestrin (Casq2) knock-out mouse as a model for CPVT (JellyOp x
Casq2-/-).
To investigate regional VT occurrence, we illuminated the endocardium of the left ventricle using an
intracardiac light catheter calibrated to match epicardial illumination intensity and area. Endocardial
illumination induced PVC in ventricular-paced JellyOp x Casq2-/- hearts with more than 10-fold
higher light-sensitivity than epicardial illumination (N=5). Endocardial ablation using Lugol solution
significantly reduced PVC occurrence. Moreover, increase of pacing frequency from 200 bpm to 400
bpm prevented PVC generation (N=5). These findings indicate an increased propensity for PVC
particularly in the endocardium upon selective Gs-activation in the ventricle and facilitated by low
heart rate.
The likelihood of induction and duration of re-entry VT was tested by S1S2 programmed electrical
stimulation protocols and was both increased by illumination of the right ventricle of JellyOp mice
(N=3). Moreover, we electrically induced stable running monomorphic VT in JellyOp mice after
pharmacologically shortening action potentials with the KATP channel opener pinacidil. Interestingly,
ventricular illumination led to a decrease of VT frequency from 20.2±0.2 Hz to 18.6±0.2 Hz (n=27,
N=5) which in some hearts (N=2) led to degradation of monomorphic VT into high frequency
ventricular fibrillation. Voltage mapping of the anterior ventricular epicardium showed a light-induced
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switch from a stable rotor to an unstable, meandering rotor with an accompanying doubling of the
dominant frequency selectively in the right ventricle.In conclusion, optogenetic methods allow
regional discrimination of adrenalin and Gs signalling effects on ventricular arrhythmia, showing that
Gs activation promotes triggering of VT by generation of PVC in the endocardium and furthermore,
enhances inducibility and maintenance of re-entry VT and the risk of degradation into high frequency
ventricular fibrillation. (values: mean±s.e.m, N=hearts, n=independent measurements).

oxidation (OCR reduction after inhibition of glucose oxidation: Ctrl: 13,8±3,8 pmol/min, KO:
27,7±13,1 pmol/min n=7), which is in line with lower levels of circulation NEFAs.
Conclusion
Taken together, these data indicate an influence of adipocyte ATGL on cardiac substrate
metabolism and impacts cardiac post-MI remodeling.
____________________________________________________________________________
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Introduction
Adipose triglyceride lipase (ATGL) the first and rate limiting enzyme of lipolysis peripheral white
adipose tissue (WAT) is activated during and after myocardial infarction (MI) due to the
compensatory activation of the sympathetic nervous system.
Methods
To investigate the impact of adipocyte ATGL on cardiac function and cardiac metabolism after MI,
inducible, adipocyte-specific ATGL-KO (iATGL-KO) mice were analyzed after MI. Circulating nonesterified fatty acid (NEFA) levels were measured to assess lipolysis. MI was experimentally induced
via 60 minutes closed chest ischemia followed by 7d of reperfusion (rep) (anesthesia: ketamine (80120 mg/kg bodyweight (bw))/xylazine (5-10 mg/kg bw), 2% isoflurane, post-operative analgesia:
0,05 mg/kg bw buprenorphine). WAT was analyzed histologically as well as for gene expression.
Cardiac function was measured via echocardiography. Cardiac substrate metabolism of nonischemic remote Myocardium was investigated using extracellular flux measurements in intact tissue
slices. Statistical analysis was performed using 2 Way ANOVA and unpaired, two-tailed t-test.
Results
Successful KO of ATGL was proved by a reduction in NEFA levels after stimulation with β3adrenergic receptor agonist CL 316,243 hydrate (Ctrl: 1,85±0,18 mmol/L, KO: 0,57±0,21 mmol/L,
n=3) as well as after ischemia and 30’ of rep (Ctrl: 0,51±0,14 mmol/L, KO: 0,42±0,12 mmol/L, n=2627). In addition, gonadal WAT (gWAT) and inguinal WAT (iWAT) to bodyweight (BW) ratio was
significantly increased in iATGL-KO mice while BW was comparable between both groups (gWAT:
Ctrl: 10,1±2,3 mg/g, KO: 12,7±3,5 mg/g, iWAT: Ctrl: 8,3±2,0 mg/g, KO: 11,6±1,9 mg/g, n=12). In line
with weight changes in AT, cell size measurements revealed larger adipocytes in iWAT of ATGLKO mice (Ctrl: 569±144,6 µm2, KO: 1006±215,3 µm2, n=7). Target genes of Ppar like Lpl (0,4x) and
Dgat2 (0,3x) as well as adipokines like AdipoQ (0,5x) and Lep (0,3x) were significantly
downregulated. While ejection fraction was unchanged between iATGL-KO and control mice, end
diastolic volume was decreased in iATGL-KO animals (Ctrl 117,3±16,8 µl, KO: 104,8±13,3 µl, n=1112). Cardiac substrate metabolism of the non-ischemic remote myocardium after 24h of rep showed
a significant increase in basal oxygen consumption rate (OCR) (Ctrl: 24,9±4,7 pmol/min, KO:
37,7±6,7 pmol/min, n=7). In addition, hearts of iATGL-KO mice seem to depend more on glucose
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Introduction
Fibrotic remodeling is a critical maladaptive feature in several diseases. Previously, we suggested
that endothelial cells (ECs) contribute to extracellular matrix (ECM) deposition during pressureoverload induced cardiac hypertrophic and fibrotic remodeling by transient induction of
mesenchymal genes. However, the functional importance of mesenchymal activation of ECs for the
development of organ fibrosis and disease remains elusive.
Objective
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Aim of the study was to investigate the contribution of ECs to cardiac and other organs’ fibrosis and
function by analyzing the role of the fibrogenic transcription factor Sox9 in ECs.
Methods & Results
Adult mice were challenged either with transverse aortic constriction (TAC) or a combination of high
fat diet (HFD) and L-NAME in order to induce systolic or diastolic heart failure, resp. Early during
each entity, we found a significant induction of Sox9 mRNA in isolated cardiac ECs. Similarly, Sox9
mRNA was induced in endothelial cells during fibrotic liver (through CDAA diet) and lung disease
(through bleomycin application). Additionally, single-cell (SC) RNA sequencing and histologic
staining of explanted human fibrotic hearts revealed significant induction of Sox9 in ECs and positive
correlation with fibrosis progression.
Endothelial cell-specific, Cdh5-promoted overexpression of Sox9 in transgenic mice resulted in
fibrotic and hypertrophic remodeling of heart, lung, liver and spleen. Bulk and SC RNA sequencing
of isolated ECs showed that ECs were the origin of ECM deposition. On the functional level, we
found cardiac diastolic dysfunction, followed by systolic functional impairment.
In contrast, mice with an inducible, EC-restricted knock-out of Sox9 were protected following both
TAC or HFD/L-NAME, resp., as indicated by preserved cardiac function, reduced cardiac
hypertrophy and prevented fibrosis. Additionally, endothelial deletion of Sox9 in pre-existing TAC
attenuated disease progression and ameliorated cardiac dysfunction. Likewise, fibrotic remodeling
and organ failure of lung or liver, resp., were ameliorated in mice lacking endothelial Sox9.
RNA sequencing of isolated ECs in hearts, lungs and livers upon Sox9 overexpression or deletion
in disease showed that Sox9 directly induced the expression of mesenchymal genes in ECs, but
also triggered the expression of paracrine growth factors. This implied direct generation of ECM by
ECs, but could also involve the paracrine activation of fibroblasts. Indeed, mono-cultured ECs
showed mesenchymal gene activation upon adenoviral Sox9 overexpression, but in addition
activated mesenchymal gene transcription and migration in co-cultured fibroblasts.
Conclusions
Endothelial Sox9 is a master regulator of mesenchymal activation of ECs, hence driving organ
fibrosis and failure, by both distinct ECM deposition and fibroblast activation. Absence of Sox9 in
ECs, in turn, ameliorates fibrotic remodeling and maintains organ function.
____________________________________________________________________________

of successful cleavage by tracking the fluorescence signal of cells incubated with fluorophoreconjugated HaloLigand (which binds covalently to HaloTag), using confocal microscopy or protein
gel electrophoresis.
Results
Recombinant TEV protease induced the rapid, specific, and complete cleavage of titin in
homozygous skinned TC-Halo CMs, and 5
̴ 0% cleavage in heterozygous samples. In CMs stained
with HaloLigand-Alexa488, HaloTag titin was equally distributed within individual cells and
throughout all cells. Single skinned CMs isolated from homozygous TC-Halo hearts were stretched
to 120% of slack length and the resulting force recorded before/after cleavage of titin using TEV
protease. The titin cleavage resulted in a 84±1.6% (n=11) reduction in elastic force. Actin filaments
were severed using a Ca2+-independent gelsolin fragment. This treatment reduced the elastic force
of single CMs by 30±1.7% (n=36) when done before titin cleavage. Cleavage of titin first and actin
second decreased the total force by 90±0.6% (n=11).
Conclusion
The TC-Halo mouse allows the direct and reliable quantitation of the titin contribution to CM stiffness.
We conclude that the intact titin springs are responsible for most of the elastic forces of the mouse
CM. Actin filaments contribute much less to CM elastic force than titin.
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Introduction
Pathological changes to cardiac stiffness impair the function of the diseased heart, notably in heart
failure (HF) with preserved ejection fraction. The giant sarcomere protein titin bears passive load in
cardiomyocytes (CMs), and increased titin-based stiffness occurs in HF. Other cytoskeletal
structures, such as actin filaments, also contribute to total CM stiffness. Actin and titin interact in the
sarcomeric I-band. We aimed to quantify the contribution of titin and actin filaments to CM passive
stiffness, using a mouse model that allows the specific and acute cleavage of the titin springs.
Methods
In the mouse model, a tobacco etch virus (TEV) protease-recognition site and a HaloTag are cloned
into elastic titin (titin-cleavage-Halo (TC-Halo) mouse). We used this model for specific in-situ
cleavage of titin during mechanical measurements of single, permeabilized CMs and visualization
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Introduction
Episodes of gestational hypoxia have been associated with a risk of developing cardiovascular
diseases in adulthood. Transient hypoxia is known to increase the load of reactive oxygen species
(ROS) upon reoxygenation in adult organs. NADPH oxidases have been shown to contribute to
ROS generation following hypoxia[1]. However, the impact of ROS and NADPH oxidases on the
cardiovascular response to transient gestational hypoxia of fetal and adult offspring is unresolved.
Material and Results
Pregnant C57BL/6J (WT) mice (n=6) and mice lacking functional NADPH oxidases due to a point
mutation in the Cyba gene coding for the essential NOX subunit p22phox (nmf333) (n=6) were
exposed to 10% O2 for 24h at E10.5, an important time window for cardiac development. Offspring
was analyzed at E11.5, E17.5 and 11 weeks.
Transient gestational hypoxia induced growth retardation in WT embryos at E11.5 (n=15) and E17.5
(n=21) compared to normoxic controls (Nx) and increased ROS generation as measured by electron
spin resonance (7.7±2.2fc vs Nx*), expression of the NADPH oxidase subunits p22phox, NOX2 and
NOX4, oxidative DNA damage marked by 8-dihydroxyguanine staining as well as myocardial
thinning, but decreased expression of the cardiac maturation marker Myh6 (0.6±0.2fc vs Nx*) and
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of the lung maturation marker Sftpa1 (0.6±0.1fc vs Nx). However, embryos deficient in p22phox
(E11.5: n=15; E17.5: n=21) did not show these responses to gestational hypoxia. Similarly,
embryoid bodies (n=3) exposed to 0.1% oxygen for 24h showed decreased expression of the
cardiac differentiation marker Brachyury (0.4±0.2fc vs Nx*), but increased ROS levels (3.4±1.4fc vs
Nx*) and elevated expression of p22phox, NOX2 and NOX4. In contrast, embryoid bodies depleted
from p22phox (n=3) by lentiviral transduction of shp22phox showed neither increased ROS
generation
nor
delayed
cardiac
maturation
after
hypoxia.
Adult offspring from WT mice exposed to gestational hypoxia (n=9) presented not only with
persistent growth retardation, but also developed signs of pulmonary hypertension (PH) including
increased right ventricular mass, cardiomyocyte hypertrophy, elevated right ventricular pressure as
determined by a tip catheter in mice anesthetized with 5% isoflurane, and pulmonary vascular
remodeling indicated by staining for α-smooth muscle actin. This phenotype closely resembled
chronic hypoxia induced PH in adult WT mice (n=13) exposed to 10% O2 for 3 weeks[2]. In contrast,
neither adult offspring from nmf333 mice exposed to transient gestational hypoxia (n=7) nor adult
nmf333 mice exposed to chronic hypoxia (n=6) developed PH. Importantly, nmf333 offspring was
protected against upregulation of NADPH oxidases and oxidative DNA damage. (fc: fold change,
values ± SD, Student´s t-test, *p<0.05)
Conclusion
Our findings show that increased ROS generation by NADPH oxidases is instrumental in fetal
programming of PH induced by transient gestational hypoxia.
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Introduction
Human induced pluripotent stem cells (hiPSCs) offer an unprecedented opportunity to generate a
potentially unlimited source of cells to develop model systems that facilitate a mechanistic
understanding of human disease. However, the predictive ability of hiPSC derived neurocardiac coculture systems to recapitulate the human phenotype in diseased modelling is limited. Here, we
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optimized current methods for efficient and replicable induction of cardiac myocytes (hiPSC-CMs)
and sympathetic neurons (hiPSC-SNs). The utility of healthy co-cultures was tested with pressor
agents to develop a model of cardiac hypertrophy. Mono-cultures and co-cultures were also made
from a patient with a catecholaminergic polymorphic ventricular tachycardia (CPVT) genotype (with
isogenic pairing) to generate a model of triggered arrhythmia.
Methods
hiPSC-CMs and hiPSC-SNs were characterized by immunofluorescence, flow cytometry and
calcium (Ca2+) imaging. Healthy hiPSC-CMs were incubated with angiotensin II (AngII) or
endothelin-1 (ET-1) for 48 hours. Immunostaining, qPCR and ELISA were performed to measure
cell size, pro-BNP expression and secretion in hypertrophic and control groups. cAMP was
measured by Förster resonance energy transfer (FRET). Neurocardiac co-cultures were established
by re-seeding spontaneously beating hiPSC-CMs (day 20) with mature hiPSC-SNs (day 40).
Intracellular Ca2+ transients were measured in myocytes in response to isoprenaline, and in neurons
in response to nicotinic stimulation.
Results
Healthy hiPSC-SNs possessed neurite outgrowth, stained positive for PHOX2B, tyrosine
hydroxylase and peripherin. Derived myocytes showed spontaneous beating, stained positive for
cardiac troponin T and a-actinin. Cell surface area was significantly increased in older iPSC-CMs
(day 40) (606.3±290.4μm² vs 3299.8±967.9μm², p<0.0001) compared to younger cells (day 20).
Sarcomere length extended from 1.59μm to 1.88μm (p<0.0001). Healthy hiPSC-CMs exposed to
AngII 0.1 μM (n=23), or ET-1 100nM (n=13) resulted in cell and nuclear enlargement, as well as
enhanced proBNP gene expression and proBNP secretion. This overexpression was reversed by
losartan in AngII treated cells. Cytoplasmic cAMP levels were increased by isoprenaline, which was
higher in hypertrophic cells. CMs from the CPVT hiPSC line expressed a higher Ca2+ responsive to
isoprenaline, caffeine and KCl stimulation when compared with healthy hiPSC-CMs. They also
displayed spontaneous Ca2+ oscillations after isoprenaline. CPVT hiPSC-SNs had greater Ca2+
transients to nicotinic stimulation, indicating a diseased phenotype also resides in the neuron as well
as the myocyte.
Conclusion
We have recapitulated many features of the anatomy and (patho)physiology of SN and CM, where
co-culture preparations behave in a manner that mimics key physiological responses seen in other
mammalian systems. Whether our cell types have the full transcriptomic atlas of actual human cells
remains to be established.
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Three isoforms of small conductance, calcium-activated potassium (SK) channel subunit have been
identified (SK1-3) that exhibit a broad and overlapping tissue distribution. The range of tissues that
express SK channels has implicated them in several disease states including hypertension and atrial
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fibrillation, but therapeutic targeting of SK channels has been hampered by a lack of
subtype‑selective inhibitors (1). This is further complicated by studies showing that SK1 and SK2
preferentially form heteromeric channels during co-expression, likely limiting the formation of
homomeric channels in vivo (2). Within the heart, SK inhibition produces preferential atrial action
potential prolongation and little to no effect has been reported on healthy ventricular tissue. SK2 and
SK3 are the most highly expressed isoforms in the atria and our laboratory has demonstrated that
these co‑localise to within Z-lines within atrial cardiomyocytes (3-5).
The aim of this study, which was conducted using HEK293 cells transiently over‑expressing human
isoforms of SK2, SK3, or SK2 and SK3, was to investigate the formation of heteromeric SK2/3
channels. Data below are presented as mean ± standard error of the mean.
Homomeric SK3 currents (251.4 ± 27.0pA/pF; n=18; measured at -20mV) were larger than
homomeric SK2 currents (67.4 ± 9.2 pA/pF; n=21; p<0.0001; Student’s t-test) or heteromeric SK2/3
currents (59.8 ± 9.4 pA/pF; n=21; p<0.0001; Student’s t-test), suggesting that SK2 subunits regulate
surface expression of heteromeric channels. Co-expression of SK2 and SK3 subunits produced a
current that exhibited an intermediate sensitivity to apamin (IC50 values of 141 ± 21 pM, 650 ± 126
pM and 2.62 ± 0.36 nM for SK2, SK2/3 and SK3 respectively; n=7 for all), suggestive of preferential
heteromer formation. To confirm this finding, an apamin-insensitive SK3 subunit was created (SK3H485N). Co-expression of SK3-H485N with WT-SK2 subunits produced a current fully sensitive to
apamin (n=7), demonstrating that no homomeric SK3 channels were formed as their presence would
reduce maximal inhibition. Concentration-inhibition relations during SK2/SK3-H485N co-expression
were best fit by a monophasic Hill equation, demonstrating that heteromeric channels were formed
with a fixed stoichiometry. These data show that co-expressed SK2 and SK3 preferentially form
heteromeric channels. Consequently, we propose that SK2 subunits act as a chaperone to regulate
the surface expression of heteromeric SK2/3 channels.
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Introduction: Knowledge of the precise molecular distribution and interaction of neighbouring
proteins at the cardiac dyad in ventricular myocytes (VMs) is essential to understand VM calcium
signalling. Super-resolution imaging techniques, such as single-molecule localisation microscopy,
which can localise individual proteins in and around the dyad with nanometre precision, suffer from
ambiguity when investigating molecular relationships. These uncertainties largely arise from the
poorer axial resolution in 3D approaches.
Objective: We aimed to develop a robust single-molecule super-resolution microscopy technique
to detect and report the precise nanometre positions of protein-pairs in the dyad. We set out to
validate this technology using synthetic samples ("DNA origami") and demonstrate its capability in
the imaging of dyadic proteins in VMs.
Methods: A proximity dependent (PD) nanosensor [1] constructed from synthetic oligonucleotides
was used to exhibit a detectable single-molecule localisation signal. This signal was probed using
the optical super-resolution microscopy approach called DNA-PAINT [2]. In the resulting method,
called PD-PAINT, a region of the oligonucleotide is used as a 'docking sequence' where a dye
containing complementary strand called an 'imager', which is added to the sample buffer, can
transiently interact and hybridise to the docking domain. This interaction temporarily immobilises the
imager which is detected with high localisation precision by a camera.
Results: We validated the PD-PAINT approach using synthetic nanostructures containing sites of
known separation. The PD signal is only present when two markers on the respective proteins are
within ~15 nm of each other. We show that these proximity nanosensors can be incorporated into
other super-resolution imaging modalities such as (d)STORM, (f)PALM, and STED as well as
conventional fluorescence imaging. When applied to study the co-distribution of ryandone receptors
(RyRs) and junctophilin-2 (JPH) in the dyad of rat VMs we detect a sub-fraction of RyR-JPH pairs
that give rise to a PD-PAINT signal, compatible with the idea that some JPH may directly interact
with RyRs, see figure.
Conclusion: Our new and robust approach avoids otherwise ambiguous interpretation of colocalisation data. The new super-resolution imaging assay is ideally suited to quantifying and
localising interaction pairs (or higher-order complexes) of proteins involved in dyadic signalling with
nanometre resolution.
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Super-resolution imaging of
RyR-JPH proximity pairs in
a cardiac myocyte
A small region showing PDPAINT super-resolution
imaging in a rat
ventricular myocyte. Three
imaging channels are shown,
RyR (green), JPH (magenta)
and RyR-JPH interaction
(PD-PAINT, orange). Areas
harbouring interaction
pairs, in circled regions
appearing white, are
clearly detected in the
RyR-JPH PD-PAINT channel
within RyR clusters. Note
that the detected RyR-JPH
proximity is limited to
pairs physically within ~15
nm of each other and does
not simply correspond to
overlap areas between RyR
and JPH channels.
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Introduction
Cardiotoxicity from excessive exposure to circulating cobalt ions is a debilitating side effect for many
patients with metal-on-metal hip replacements and has been implicated in some extreme cases to
lead to heart failure (HF). A key feature of HF is cardiac fibrosis which results from excessive
collagen deposition by cardiac fibroblasts (CFs) and can contribute to compromised diastolic
function. To date, extremely little is known about the effects of cobalt on CFs, which comprise up to
two-thirds of the total heart cell population in humans and rats.
Methods
Here, we have examined the chronic effects of cobalt on cardiac diastolic function and fibrosis
development in adult male rat hearts. In addition, we have studied the acute effects of cobalt on
both human and rat ventricular CF growth, morphology, and viability. Following echocardiographic
assessment of rats (180-220g) treated with vehicle (n≤10) or 1mg/kg CoCl 2 (n≤14) for 28 days via
daily intraperitoneal injections, hearts were removed and used for sectioning and analysis of fibrosis
by picrosirius red staining. In separate experiments, primary ventricular rat or human CFs were
treated acutely with up to 5mM CoCl2 in culture for 24h and 48h, followed by brightfield imaging and
viability assessment by MTT.
Results
Echocardiography of vehicle (n=10) and cobalt-treated (n=14) animals showed only subtle
differences across groups for left ventricular end-diastolic diameter (vehicle: 0.68±0.02mm; CoCl2:
0.68±0.01mm; NS), left ventricular end-systolic diameter (vehicle: 0.26±0.02mm; CoCl2:
0.32±0.01mm; p<0.01, 2-way ANOVA) and heart rate (vehicle: 379.6±15.4bpm, n=9; CoCl 2:
367.4±10.6bpm, n=12; NS) following cobalt treatment. Collagen content was quantified in left
ventricular sections from both groups. Acute (24h) cobalt treatments of both human and rat CFs
resulted in no qualitative differences in cell morphology or growth across either species in the
presence of up to 100µM CoCl2. However, differences in viability in response to CoCl 2 were seen
across species using MTT analysis with rat cells showing increased sensitivity to cobalt (IC50,
492.3±1.3uM (n=6) v 799.4 ±1.1uM (n=6), rat v human, p<0.0001, student’s t-test). Importantly, the
effect of cobalt on cell viability appears to be time-dependent. After 48h incubation the IC50 is
reduced to 47.9±1.5uM in human CF (n=3, p<0.0001 relative to 24h, student’s t-test) and
301.2±1.3uM in rat CF (n=3, p<0.0001 relative to human CF and 24h, student’s t-test).
Conclusion
In conclusion, while chronic (28-day) cobalt treatment (1mg/kg) of rats results in relatively subtle
effects upon cardiac diastolic function, acute cobalt treatment (up to 5mM CoCl 2) of either rat or
human CFs appears to have direct effects on cell viability across both species. This cellular effect
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could have clinical implications on the pathogenesis of diastolic dysfunction in patients with
chronically high circulating cobalt levels.
Figure 1: Rat and human
cardiac fibroblasts have
different sensitivities to
CoCl2.
Graphs show means ± SEM of
MTT assays of (A) human
cardiac fibroblasts and (B)
rat cardiac fibroblasts
treated with CoCl2 for 24hr
(left panels, both n=6) and
48hr (right panel, both
n=3). H2O2 and H2O were used
as positive controls.
*=p<0.05, **=p<0.01,
****=p<0.0001, significance
tested by one-way ANOVA.
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Introduction
Transverse (t)-tubules are invaginations of the sarcolemma that facilitate excitation-contraction (EC)
coupling in cardiac myocytes through their close relationship with the sarcoplasmic reticulum (SR).
T-tubule damage correlates with aberrant Ca2+ handling, reduced contractility, and arrhythmias in
heart failure (Dibb, Louch, and Trafford, 2022), but a lack of understanding of how t-tubules are
regulated is a barrier to regenerative therapies. Dysferlin is a membrane repair protein that can
generate tubules, de novo, in non-cardiac cell lines (Hofhuis et al., 2017) and is known to regulate
t-tubules and EC coupling in skeletal myocytes (Klinge et al., 2007; Kerr et al., 2013). It is now
emerging that dysferlin may regulate t-tubules and Ca2+ handling in the heart (Hofhuis et al., 2020),
but these mechanisms are poorly understood.
Aims
I)To investigate whether dysferlin regulates the structure of the mouse cardiac t-tubule network and
whether dysferlin can prevent t-tubules from acute damage. II) To determine whether a reduction or
loss of dysferlin leads to increased ventricular arrhythmias in Langendorff-perfused hearts.
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Methods
We compared the characteristics of t-tubules in ventricular myocytes from 3-5-month-old wild type
(WT) and global DYSF knock-out (KO) DYSFtm1Kcam mice. We compared the damage to WT and
DYSF KO t-tubule networks following acute stress caused by osmotic shock injury, and we also
investigated the propensity for ventricular arrhythmias in WT, heterozygous mutant, and DYSF KO
Langendorff hearts using programmed electrical stimulation.
Results
We observed a reduction in tubule density (P = < 0.001) and connectivity (P = <0.01) within the ttubule networks of DYSF KO ventricular myocytes compared to WT controls. Decreased t-tubule
density was associated with more numerous (P = < 0.05) yet shorter (P = < 0.01) tubules, which
indicates an increase in fragmentation. There was no change in t-tubule orientation (P = 0.71). The
extent of t-tubule fragmentation was greater in the DYSF KO network compared to WT in response
to osmotic shock injury (P = < 0.05). Finally, in response to programmed electrical stimulation, we
observed ventricular tachycardia and/or ventricular fibrillation in 25% of WT hearts, in 75% of
heterozygous hearts expressing half the amount of WT dysferlin, and in 100% of DYSF KO hearts.
Conclusion
Dysferlin regulates the healthy formation and/or maintenance of the t-tubule network and can limit
osmotic shock-induced damage to the t-tubule membrane. Furthermore, a reduction or loss of
dysferlin expression correlates with an increase in ventricular arrhythmias in Langendorff hearts.
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Introduction
The cardiac voltage sensitive potassium ion channel hERG plays a fundamental role in cardiac
action potential repolarisation, with numerous missense variants resulting in Long QT Syndrome
(LQTS). A high proportion of pathogenic variants in hERG exhibit mistrafficking and reduced
expression at the cell membrane surface, most likely as a result of misfolding and retention in the
endoplasmic reticulum. We explored the use of evolutionary analysis [1] to identify structural
domains likely to be susceptible to misfolding in missense variants and tested our predictions by
assessing trafficking efficiency in a series of hERG channel variants.
Methods
Evolutionary analysis highlighted a region on the cytoplasmic side of the hERG Voltage Sensor
Domain (VSD) as likely to be susceptible to misfolding. Ten natural hERG variants selected from
the ClinVar database that contain missense mutations within this region were prepared using
mutagenesis, and a quantitative LI-CORTM based On-cell assay [2] (where details of the assay can
be found), was used to measure the expression of the channel variants at the cell membrane
surface. Two well-characterised variants, A614V and L615F [3], were used as positive controls for
a strongly mistrafficked phenotype. The trafficking assay was performed 48h after transient
transfection of a HEK293 cell line, and each condition was repeated in triplicate; the entire assay
was repeated on 4 separate occasions for all conditions. Data are presented as mean ± standard
error of the mean (SEM) and statistical analysis was performed using 1-way ANOVA with Bonferroni
post-hoc test as appropriate.
Results
In our initial analysis, the positive controls A614V and L615F showed dramatic reduction of cell
surface membrane expression by 85±1% and 89±1% of wild type (WT), respectively (p<0.0001 for
each). Our data showed that the trafficking efficiency of 9 out of 10 natural variants in the VSD
matched expectations from evolutionary analysis: 8 out of 10 tested natural variants in ClinVar (at
positions ranging from I400 to H492) showed reductions in surface expression by 80% or more,
consistent with defective trafficking. R488C (an S3 domain Variant of Unknown Significance in
ClinVar), showed a comparatively modest, though significant reduction (by 30±5%; p<0.005
compared with WT level) in cell surface expression. A variant with a conservative substitution
(V476I) showed cell surface expression levels that were not significantly reduced compared to WT
(p>0.05).
Conclusion
Our results show that evolutionary analysis is an effective means of identifying structural regions of
ion channel proteins that are likely to harbour mistrafficking variants and for selecting variants for
experimental phenotyping. The trafficking data identify the bottom (cytoplasmic side) of the hERG
VSD as an important element in the structural integrity of the hERG channel.
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Introduction
The heart rate time series is a useful tool for assessing the dynamic nature of brain-heart interactions
with advanced mathematical methods. The reduced fractal complexity of the heart rate series is
defined as an indicator of various pathologies including aging processes (1). Detrended Fluctuation
Analysis (DFA) is a mono-fractal scaling exponent analysis widely used for complexity measurement
based on the Hurst method (2). DFA can evaluate the self-similarity and long-range memory of a
time series with mono-fractal scaling exponents. This method includes the detrending technique to
examine the fluctuations of time series more accurately. However, quantitative calculation of the
“loss of physiological complexity” in heart rate time series during pathological or physiological
conditions is not introduced yet while several methods are presented to measure complexity (3).
This study aims to propose a novel method and new parameters derived from DFA log-log graphs
to quantitively calculate fractal complexity loss.
Methods
Three study groups were formed to analyze the data obtained from Physionet Database (4) and a
synthetically generally dataset: 1- Normal Sinus Rhythm (NSR) (n=18), 2- Congestive Heart Failure
(CHF) (n=29), 3- White noise signal (WNS) (n=20) (Figure 1). RR interval time series derived from
60 minutes long electrocardiogram (ECG) recordings were used for HRV analyses. Approximate
Entropy (ApEn), Sample Entropy (SampEn), and Detrended Fluctuation Analysis parameters (shortterm; DFAα1, long-term; DFAα2) were calculated for all groups. DFA log-log graph and lines were
reconstructed using scaling exponents (Figure 2). The newly developed parameter “Relative total
logarithmic fluctuations” was determined for each sample and the new absolute area difference
parameters dS1, dS2, and TdS were calculated. The mean values of nonlinear parameters for all
groups were compared using independent samples Kruskal Wallis test. The statistical analyses
were performed using GraphPad Prism (version 9.0.1) and p<0,05 was accepted as statistically
significant.
Results
DFAα1 was lower in CHF and WNS groups compared to the NSR group. However, DFAα2 was only
lower in CHF but not in the WNS group. The dS1, dS2, and TdS parameters were significantly higher
compared to others. ApEn and SampEn did not differ between the groups (Figure 3).
Conclusion
In this study, a new method for estimating fractal complexity loss was evaluated. The novel
parameters produced from the DFA log-log graphs are highly differentiating for congestive heart
failure and white noise signals. Parameters such as dS1, dS2, and TdS may reflect fractal
physiological complexity loss in heart rate time series. Overall the proposed approach may
contribute to designing better methods to calculate physiological complexity loss.

618

Figure 1
The diagram of analysis
methods.

Figure 2
Comparison of mean values
(± SE) of dS1, dS2, and TdS
in NSR, CHF, and WNS
groups. **p<0.01,
***p<0.001 and ****p<0,0001
is compared to the NSR
group. (ns: non specific)
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Evaluation of cardiac mitochondria morphological and bioenergetic changes following
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Mitochondrial dysfunction is an important determinant of cardiotoxic effects triggered by
chemotherapeutic treatments. Anthracyclines (doxorubicin) and trastuzumab are known
cardiotoxins that may induce cardiac mitochondrial damage (1,2). This study sought to evaluate
cardiac mitochondrial morphological and bioenergetics changes associated with doxorubicin and
trastuzumab treatment and potential underlying mechanisms of mitochondrial dysfunction.
Female C57BL/6J mice (12 wks, n=5-6, all groups) were anesthetized (4% v/v isoflurane by
inhalation for induction and 1.8% v/v for maintenance) and ovariectomized (OVT). At 5 weeks postsurgery: group 1 received a single dose of doxorubicin (DOX; 4 mg/kg) per week for 3 weeks; group
2 received the same dose of DOX in addition to trastuzumab (10mg/kg; DOX+TRZ) at week 4; group
3 received saline for 3 weeks and the same dose of trastuzumab (TRZ) at week 4. The OVT control
(CON) and sham group received saline for 4 weeks. At the end of treatment, left ventricle (LV) tissue
homogenate was prepared for measurement of mitochondrial respiration (O2k). LV biopsies were
also fixed in PHEM buffer containing 1% glutaraldehyde and 4% formaldehyde and prepared for
transmission electron microscopy (TEM) to evaluate mitochondrial morphology. Western blot
analysis was used to assess proteins involved in mitochondrial shape and cristae stability.
Compared to CON, maximal coupled mitochondrial respiration was not altered in the DOX group,
while TRZ-treatment elevated respiration rates. The combination DOX+TRZ did not lead to additive
effects. TEM analysis revealed altered mitochondrial structure and shape following DOX, TRZ and
DOX+TRZ-treatment, although abnormal shape was most pronounced in the DOX group. This also
included the presence of holes with granular deposits in the mitochondria. In the TRZ-treated group,
increased numbers of spherical mitochondria (<500nm) were observed. These data were supported
by slight elevation of mitochondrial fractions, citrate synthase activity and a significant increase in
TOM20 levels, suggesting more intact mitochondria, though smaller in size following TRZ-treatment.
Overall, DOX+TRZ did not show additive effects on mitochondrial structural damage but had the
highest cytoplasmic vacuolation with granular deposits and autophagy-like vesicles. Expression of
fusion-protein OPA1 was significantly decreased in DOX and DOX+TRZ groups compared to CON
and TRZ. No difference was seen between TRZ and CON. Levels of fission-protein DRP1 were
significantly upregulated in DOX and DOX+TRZ groups, while FIS1 upregulation was observed in
groups treated with either DOX or TRZ.
Despite drastic changes in mitochondrial shape in DOX-treated mice, mitochondrial functional
impairments were not observed. In contrast, TRZ increased mitochondrial function that was
associated with more, smaller mitochondria and may suggest a transient increase in function in
response to cellular stress.
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Rapid action potential (AP) propagation is essential for proper cardiac function and prevention of
lethal ventricular tachycardia (VT). Conduction velocity (CV) depends on cardiomyocyte coupling,
as well as the time to reach threshold potential for AP initiation and the speed of depolarisation,
reflecting Na+ channel availability. These criteria are affected by resting membrane potential (RMP)
in opposite directions, suggesting an optimal RMP for fastest CV. However, little is known about
such “optimal” RMP and its influencing factors (e.g. K+ concentration), since experimental control of
RMP in cardiac tissue has not been achieved.
For precise control over RMP, we use optogenetic depolarisation of Langendorff-perfused mouse
hearts expressing the light-gated cation channel ChR2 (460 nm). In parallel, optical voltage mapping
(OVM) of electrically stimulated AP is performed using red-shifted voltage sensitive dyes (VSD)
excited at 660 nm and a macroscope with a fast (1-10 kHz frame rate) sCMOS camera. Four
different VSD were compared for reproducible and homogeneous loading and relative AP-induced
fluorescence changes (ΔF-F0). In our hands Di-4-ANEQ(F)PTEA was better (ΔF-F0: 9.1±0.3%,
N=15) than Di-4-ANBDQPQ (7%), Di-4-ANBDQBS (6%) or Pittsburgh-1 (4%). Importantly, the highpower LED for OVM (660 nm, 7.0 mW/mm2) did not affect RMP and thus did not activate ChR2.
Epicardial optogenetic stimulation with high light intensities (330 µW/mm 2) induced a block of
conduction, probably due to voltage-dependent inactivation of Na+ channels. In contrast, illumination
with low light intensity (54 µW/mm2) did slightly accelerated CV although not significant
(116.8±8.1%, N=7, p=0.10) suggesting faster attainment of the threshold potential for AP initiation.
Sharp microelectrode measurements were used to determine RMP elevation at this light intensity
and we found elevation of ~24 mV (no light: -82.1±2.1 mV, n=25; light: -58.1±2.8 mV, n=7,
p<0.0001). To compare this effect to a clinically relevant model of depolarisation by hyperkalaemia,
we perfuse the heart with 8 mM K⁺ which led to a similar depolarisation of RMP (to -59.7±1.9 mV,
n=21). However, in this case, CV showed a significant decelleration (55.5±8.0%, N=5, p=0.01). An
explanation could be reduced input resistance due to inward rectifying Kir 2.1 K+ currents, which are
known to be activated by high K+.
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Thus, we established simultaneous optogenetic membrane potential manipulation and OVM in
explanted hearts using the VSD Di-4-ANEQ(F)PTEA. Calibrated optical pre-depolarisation lead to
slightly increased CV, while K+ induced pre-depolarisation rather decreased CV. Because ChR2
primarily affects membrane potential whereas high K+ also modulates membrane resistance, further
experiments will allow dissecting K+ induced adaptations of ion channel function from effects of RMP
providing important mechanistic insights in prevention and treatment of lethal VT. Values:
mean±SEM, N=hearts, n=cells.
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Effects of microbeam irradiation on the rodent heart
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In radiotherapy regimens to treat thoracic cancers, the heart is frequently exposed to significant
doses of radiation as part of the planning target volume or as organ at risk. High doses of radiation
were found to impair the organ function and eventually led to pericarditis, aortic stenosis or
insufficiency, disorders of the conduction system and coronary heart disease. As indicated by
preclinical studies, a novel, so far experimental radiation approach that may contribute to both, a
superior tumour control and conserved organ function, is the concept of microbeam irradiation (MBI).
MBI is defined by an ultrafast dose deposition (≥ 100 Gy/s) and a spatial dose fractionation at the
micrometre range.
In our study, we investigated the effects of MBI on the ex vivo beating rodent heart in the Langendorff
system. Therefore, hearts of Wistar rats were excised via an anterolateral thoracotomy and
afterwards permanently supplied in the Langendorff system for several hours. To expose the hearts
to clinically relevant (40-400 Gy) doses and a supratherapeutic (4,000 Gy) dose of MBI, synchrotron
generated X-ray beams were collimated into planar and quasi-parallel microbeams resulting in
narrow, 50 μm wide peak-dose regions, which were separated by 400 μm wide valley-dose regions.
By continuously recording the ECG, the left ventricular pressure, and the aortic pressure before,
during and after MBI, we were able to assess acute effects of radiation on electrophysiological and
mechanical cardiac function. Histological and ultrastructural analyses completed our investigation.
After irradiation with 40-400 Gy, no significant changes in heart rate, heart rate variability, systolic
increase of left ventricular pressure or aortic pressure were determined. Moreover, the changes of
heart rate, left ventricular pressure and aortic pressure by adding norepinephrine to the perfusate,
were also not significant between MBI and sham experiments. However, the rate-pressure product
as surrogate marker for maximum workload after MBI was significantly lower compared to shamirradiated controls. As expected, irradiation led to double-strand breaks of the DNA particularly in
regions of peak-doses of the MBI. But no severe membranous, sarcomeric, mitochondrial or nuclear
changes caused by MBI were detected. In contrast, supra-therapeutical dose of 4,000 Gy led to

622

acute arrhythmia and loss of contractility of the left ventricle after irradiation.Our results suggest that
clinical-relevant doses of MBI had no acute or sub-acute effects on cardiac functions of the heart
under ex vivo conditions.
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Effects of Polyunsaturated Fatty Acids on the IKs channel from different species – A study
of IKs from guinea pig, zebrafish and rabbit
I. Hiniesto Iñigo, I. Edler, S. I. Liin
Linköping Universitet, Biomedical and Clinical Sciences, Linköping, Sweden
The IKs channel, formed by the voltage-gated potassium channel KV7.1 co-assembled with KCNE1,
plays an important role in the ventricular cardiac action potential, where it contributes to the
repolarization phase. Loss-of-function mutations in the genes encoding for the IKs channel have
been functionally linked to the arrhythmia Long QT syndrome. Up to 30% of individuals with some
of the mentioned inherited mutations are not well protected from suffering cardiac events because
there is no specific medication targeting the IKs channel. Therefore, it is important to find compounds
that act as activators of the IKs channel to restore the function caused by the loss-of-function
mutations. Polyunsaturated fatty acids (PUFAs) have been shown to activate the IKs channels and
have been put forward as future anti-arrhythmic drugs. To test the translational potential of PUFAs,
animal models are used in research, but it is important to know how data of IKs experiments can be
translated between species. Therefore, we aim to identify if PUFAs modulate the IKs channel from
guinea pig, zebrafish, and rabbit and if so, if there are differences in the modulation. We used the
two-electrode voltage-clamp technique to study the effect of PUFA on the IKs from the different
species expressed in Xenopus oocytes. We find that the channel from the different species responds
differently to PUFAs compared to human IKs. For example, DHA induced a leftward shift on the
voltage dependence of channel opening for zebrafish and guinea pig (20 µM DHA shifted V50 by 14.6 ± 2.7 mV in zebrafish and -16.6 ± 2.2 mV in guinea pig, data shown as mean ± SEM, n = 3-5)
but not for human or rabbit. To test if the difference in effect was dependent on the KCNE1 auxiliary
subunit, we performed experiments on KV7.1 alone and we see that some PUFAs still present
varying effects compared to human KV7.1. To conclude, the findings in this study can be used as
support when choosing appropriate animal models and translating data between species in future
research projects. Future studies are needed to study the mechanistic basis underlying the
difference between IKs channel of the species and PUFA effects.
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The effects of anthracyclines on calcium handling and contractility in sheep ventricular
myocytes
A. Foster, D. J. Greensmith
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Environment, Salford, UK

to acute and chronic heart failure. To understand why, previous studies have measured the effects
of anthracyclines on cardiac intracellular calcium handling using a variety of small animal models
and techniques. While providing detailed information, we are not aware of any integrative studies in
a large animal model. Our experiments sought to address this by investigating the effects of
anthracyclines on the many aspects of Ca handling in intact sheep ventricular myocytes. This is
important as Ca handling is a dynamic, interdependent process.
Methods
Primary sheep ventricular myocytes were enzymatically isolated in accordance with the Animals
(Scientific Procedures) Act, UK, 1986 and Directive 2010/63/EU of the European Parliament. Cells
were loaded with Fura-2 (0.1 µM) then paced at 0.5 Hz using field stimulation. Fura-2 was excited
sequentially at 340 nm and 380 nm (200 Hz) and changes of cytoplasmic Ca inferred from the ratio
of light emitted at 340:380 nm. Sarcomere length was measured simultaneously using a MyocamS CCD camera and SarcLen acquisition module (Ion Optix, USA). Changes to SR Ca content were
estimated by rapid application of caffeine (10 mM). Statistical significance was taken as p<0.05 and
calculated using ANOVA.
Results
1 nM doxorubicin (DOX) reduced the Ca transient amplitude and systolic shortening by 39 ± 3 %
(n=43, p<0.05) and 43 ± 4 % respectively (n=38, p<0.05). Diastolic Ca and sarcomere length were
unaltered. The amplitude of the caffeine-evoked Ca transient was reduced by 33 ± 5 % (n=20,
p<0.05). The rate of decay of the systolic Ca transient (ksys) represents the combined activity of
SERCA and NCX and was reduced by 17 ± 3 % (n=40, p<0.05). The rate of decay of the caffeineevoked Ca transient (kcaff) represents NCX alone and was increased by 64 ± 26 % (n=20, p<0.05).
Subtraction of kcaff from ksys indicates SERCA activity (kSERCA), which was decreased by 34 ± 8 %
(n=19, p<0.05).
1 nM daunorubicin (DAUN) decreased the Ca transient amplitude by 48 ± 4 % (n=20, p<0.05),
systolic shortening by 64 ± 5 % (n=18, p<0.05) and the caffeine-evoked Ca transient amplitude by
14 ± 6 % (n=20, p<0.05). Diastolic function was unaltered. DAUN increased kcaffby 15 ± 4 % (n=18,
p<0.05). We were unable to calculate kSERCAdue to an apparent interaction of DAUN with caffeine,
however in cells not exposed to caffeine, ksys was decreased by 27 ± 6 % (n=18, p<0.05).
Conclusion
Our findings suggest both DOX and DAUN increase NCX activity. SERCA activity was decreased
by DOX, which may also be the case for DAUN though we cannot currently confirm this. Collectively,
these effects on the Ca removal pathways explain the decrease in SR Ca content which accounts
for the decrease in systolic Ca thence contractility. Our next experiments will investigate the effect
of DOX and DAUN on membrane Ca fluxes and myofilament Ca sensitivity.
____________________________________________________________________________
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Introduction
Anthracyclines are highly effective against childhood cancers but can produce cardiotoxicity leading
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Contribution of the carotid chemoreceptors inputs to the cardiac autonomic dysfunction in
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ablation and exercise training
M. Paula-Ribeiro1,2, D. Dias1,2, G. Schoorlemmer1, N. Bernardes3, L. Seibt4, A. Serra4, V.
Miranda1,2, A. Nascimento-Filho1,2, R. Jashchenko5, D. Jara5, D. Bos6, N. Damaceno-Rodrigues7,
M.C. Irigoyen8, S. Cravo1, K. De Angelis1,2
1
Federal University of Sao Paulo (UNIFESP), Department of Physiology, Sao Paulo, Brazil
2
UNIFESP, PPG of Translational Medicine/Department of Physiology, Sao Paulo, Brazil
3
Universidade Nove de Julho (UNINOVE), Laboratory of Translational Physiology, Sao Paulo,
Brazil
4
UNIFESP, Department of Medicine/Cardiology Division, Sao Paulo, Brazil
5
Universidade Municipal de São Caetano do Sul, Sao Paulo, Brazil
6
University of São Paulo (USP), Pulmonary Division/ Heart Institute (InCor), Sao Paulo, Brazil
7
USP, Department of Cel Biology (LIM 59), Sao Paulo, Brazil
8
USP, Hypertension Unit/ InCor, Sao Paulo, Brazil

vs 523±21 bpm, P=0.06) and vagal tone (28±23 vs 92±16 bpm, P=0.05) in relation to the CON.
MCT-ET presented reduced carotid chemosensitivity compared to MCT (Δ-120±35 bpm, P<0.01)
and reached similar values to CON (Δ-40±37 bpm, P=0.29). These data indicate that CB inputs
contribute direct and tonically to cardiac autonomic dysfunction and suggest that the ET is effective
in attenuating the carotid chemoreflex hypersensitivity in this PAH-model.

FAPESP 2019/27782-5; FAPESP 2021/142787
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Heart failure phenotype in p38 MAPKα KO mice after pressure overload is independent of
sympathetic nervous system activity
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Disturbances in the cardiac autonomic control play a crucial role on the pathophysiology of
pulmonary arterial hypertension (PAH), which contribute to increased cardiovascular risk (1). Clinical
studies using non-invasive methods suggest that the increased carotid chemoreflex activity may be
one potential mechanism involved in autonomic dysfunction in PAH(2-4); however, the direct
contribution of the carotid chemoreceptors inputs to the cardiac autonomic branches, in the context
of PAH, remains understudied. Additionally, exercise training (ET) has been shown to attenuate the
carotid chemoreflex hyperactivity in several cardiorespiratory diseases, but this has not been
demonstrated in PAH. By using a monocrotaline (MCT) PAH-model we hypothesized that: 1)
interruption of the chemoreceptors afferents by selective ablation of the carotid body (CB) partially
normalizes the vagal and sympathetic tone and 2) ET attenuates the carotid chemoreflex
hypersensitivity. Male Wistar rats (8 weeks, n=6-9/group) received a single s.c dose of 40 mg/kg
monocrotaline (MCT, MCT-ablation and MCT-ET groups) or saline (CON group). Following
confirmation of PAH (15o day), MCT-ET underwent 4 weeks of moderate intensity interval training
(motor treadmill, 3x/week) combined with resistance training (adapted ladder, 2x/week). Following
the training protocol, rats were anesthetized (isoflurane 4%) and both CBs were cryogenically
inactivated in the MCT-ablation group while the other groups underwent a sham procedure. The CB
ablation was confirmed by the absence of heart rate (HR) response to potassium cyanide (KCN,
48μg/0.1 ml, i.v) and the carotid chemosensitivity in CON, MCT and MCT-ET was assessed by the
bradycardic response to KCN (ΔHR). Autonomic tone was assessed by i.v infusions of the
muscarinic receptor antagonist atropine (3 mg/kg) and the β-blocker atenolol (8 mg/kg). Intrinsic HR
(IHR) was calculated as the average HR after atropine + atenolol and atenolol + atropine.
Sympathetic tone was calculated as the HR after atropine minus IHR and the vagal tone as the HR
after atenolol minus IHR. Compared to CON, MCT had higher chemosensitivity (Δ HR = -269±33 vs
-189±50 bpm, P≤ 0.05), higher resting HR (489±18 vs 413±10 bpm, P<0.01), lower IHR (449±18 vs
523±21 bpm, P< 0.01), lower vagal (19±26 vs 92±16 bpm, P=0.02) and higher sympathetic
tone (127±39 vs 52±21 bpm, P=0.04). CB ablation normalized resting HR (436±20 vs 413±10 bpm,
P=0.27) and sympathetic tone (30±21 vs 52±21 bpm, P=0.51), and partially normalized IHR (468±25
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Question: Cardiac metabolic remodeling is one of the early changes driving the progression of heart
failure and is present even before overt cardiac dysfunction. Previously we showed that the
tamoxifen inducible deletion of cardiomyocyte specific p38 MAPKα (KO) leads to a pronounced left
ventricular dilation with a strongly impaired heart function just within 2 days of angiotensin II (ANGII)
treatment associated with reduced systolic pump function and an increase in lipolysis.
Methods and Results: The effective knock out of the cardiomyocyte specific p38 protein could be
shown by western blot analysis. Induction of p38 activity by ANGII treatment showed as well a loss
of p38 activity in KO mice since the known downstream target MAPK-activated protein kinase 2
(MK2) was not phosphorylated anymore after the stimulus. Under baseline conditions no impairment
of the heart function in KO mice can be observed but ANGII treatment for 2 days induces poor heart
function in KO hearts, indicated by a reduced ejection fraction and an increase in end-systolic and
end-diastolic volume. FACS analysis of cardiac tissue revealed a strong infiltration of neutrophils in
KO hearts after 48h of ANGII treatment (2-fold increase compared to control hearts). A strong
correlation between reduced ejection fraction and increasing amount of neutrophils in the cardiac
tissue suggests a particularly important role of neutrophils in the development of cardiac dysfunction.
An increase in lipolysis along with reduced systolic pump function points towards a higher
sympathetic tone in KO mice. To test the contribution of sympathetic stimulation, mice were treated
with the unspecific β1/2-adrenergic receptor antagonist propranolol for one day before ANGII pump
implantation and during ANGII perfusion. Cardiac pump function as measured by ejection fraction
(KO vehicle: 27 ± 4.6 %, KO propranolol: 34.3 ± 8.9 %) tended to be improved in propranolol treated
animals compared to vehicle but did not reach statistical significance. The number of neutrophils in
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cardiac tissue did not decrease due to the propranolol treatment (KO vehicle: 997 ± 456 cells/mg
heart weight, KO propranolol: 1034 ± 440 cells/mg heart weight).
Conclusion: Since propranolol does not improve the cardiac function after pressure overload and
does not reduce neutrophil infiltration of cardiac tissue the results indicate that an increased
sympathetic stimulation of the heart is not a major driver of the observed phenotype in KO mice.
Neutrophil infiltration however directly correlates with impaired heart function and is probably one of
the main culprits of impaired heart function in KO mice.
Funded by IRTG1902
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Motivation: Voltage sensitive Na+ channels are mainly responsible for fast depolarisation during
action potentials (AP) of cardiomyocytes. Decreased upstroke velocity in cardiac tissue can lead to
decrease conduction velocity (CV) abetting life threatening ventricular tachycardia. While activation
of the Toll like receptor 4 (TLR4) in either septic or aseptic inflammation (e.g. post myocardial
infarction) could be correlated to increased rates of arrythmia, its mechanistic influence on cardiac
depolarisation and CV is yet unknown and investigated in this study.
Methods: TLR4 activation was achieved in an in vivo mouse model by injecting 2 mg/kg
lipopolysaccharides (LPS) i.p. 3.5 h prior to experiments. Explanted hearts were dissociated to
single cells and analyzed using whole cell patchclamp technique. Depolarisation and action potential
propagation were measured in Langendorff perfused whole hearts by optical voltage mapping
(OVM) and intracellular voltage recording using sharp microelectrodes. Finally, in vivo
electrophysiological investigation (EPI) for inducibility of ventricular tachycardia were performed
using an octopolar transvenous catheter placed into the right ventricle. Controls were performed by
LPS injection in ubiquitous TLR4 knockout mice or by vehicle (NaCl) injected mice.
Results: Whole cell patchclamp revealed a decreased maximum sodium current density in LPS
treated mice (LPS: -20.6 ± 1.7 pA/pF, n=16, NaCl 27.1 ± 2.6 pA/pF, n = 10, p = 0.03). The decreased
sodium current resulted in decreased upstroke velocity within whole hearts’ ventricle (max.dV/dt:
LPS: 91.8 ± 3.6 V/s, n = 27; NaCl: 140.7 ± 6.3 V/s, n = 35, p < 0.0001). In line with impaired
depolarisation, AP propagation was slower after LPS treatment (LPS: 50.2 ± 2.2 cm/s, n = 6; NaCl:
67.7 ± 5.0 cm/s, n = 10, p = 0.02). Interestingly, resting membrane potential did not change in
dependency of TLR4 activation outlining an direct effect on voltage sensitive sodium
channels (LPS: -75.1 ± 1.1mV, n = 44; NaCl: -76.3 ± 0.9 mV, n = 55, p = 0.83). In vivo EPI was
performed by a predefined ventricular stimulation protocol of coupled beats with decreasing cycle
length followed by a final burst stimulation. This protocol evoked ventricular tachycardia in every
LPS treated WT mouse but not in controls (LPS 100%, NaCl 16.6%, n = 6 per group, p = 0.01,
Fisher’s exact test). TLR4 knockout mice showed no decrease in maximum sodium current density,
upstroke velocity or conduction velocity after LPS treatment. Also ventricular tachycardia inducibility
was not affected by LPS in TLR4 knockout mice (LPS 33.3%, NaCl 16.6%, n = 6 per group, p >
0.99, Fisher’s exact test).
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Conclusion: Herein we report that the mechanism of TLR4 induced arrhythmia is transmitted by
impaired current density of voltage sensitive sodium channels. From our results, sodium channels
represent a promising therapeutic target for arrhythmia prevention in inflammatory cardiac diseases.
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The role of cardiac fibroblasts in the adaptive response of the neonatal mouse heart upon
pressure overload
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Introduction
Left ventricular hypertrophy can develop in systemic hypertension due to pressure-overload,
contributing to adverse cardiovascular outcomes [1]. Preclinical studies have indicated a strong antihypertrophic action of endothelial nitric oxide synthase/cyclic guanosine monophosphate/protein
kinase G (NOS/cGMP/PKG) signalling in the context of pressure-overload induced hypertrophy
[2,3]. Remote ischemic conditioning (rIC) is the phenomenon whereby brief cycles of
ischemia/reperfusion applied to tissue (e.g. the arm) protects the heart against ischemia/reperfusion
injury [4]. 5' AMP-activated protein kinase (AMPK) is activated by rIC and is known to trigger the
eNOS/cGMP/sGC/PKG signalling pathway [5]. Given the strong anti-hypertrophic action of the
eNOS/cGMP/PKG-pathway and the ability of rIC to activate eNOS, rIC may represent a novel
mechanism to influence LV-hypertrophy in the setting of pressure overload.
Methods
Adult male Wistar rats, weighed 250 +/- 40g, were killed by head concussion and cervical
dislocation. Adult rat ventricular cardiomyocytes (ARVCs) were isolated from explanted rat hearts
on Langendorff apparatus. Ethical approval for all experimental procedures was granted by the
University of Leicester’s Animal Welfare and Ethical Review Body.For rIC, a blood pressure cuff was
placed on the right arm and inflated to 120% of systolic blood pressure for 5 minutes then the arm
allowed to fully reperfuse for 5 minutes. This process was repeated a further 3 times. Blood was
collected from consented volunteers prior to and following the 40 min rIC protocol, and was further
processed for obtaining the serum. Isolated ARVCs were plated on flexible-bottomed laminin-coated
culture plates, and were concurrently exposed to cyclic stretch of 8% at 1 Hz for 24 hours using the
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FlexCell Tension System FX-4000 in the presence of both normal and rIC serum. Non-stretched
cardiomyocytes seeded on FlexCell cell culture plates served as controls.
Results
Cyclic stretch (8%) for 24 hours resulted in a significant increase in cardiomyocyte surface area
(2174±120 μm2 for control cells vs 2520±79 μm for stretched cells, p<0.0001). The increase in
surface area was predominantly caused by the increased cell width. This hypertrophic response
was blocked in the presence of rIC serum (2187±111 μm 2, p<0.0001). In contrast, unconditioned
serum did not appear to have such protective effect, with the unconditioned serum-treated cells still
showed significant increase in surface area (2417±83 μm 2, P=0.0026) compared to rIC serumtreated cells.
Conclusion
Conditioned serum blocked stretch-induced hypertrophy of cultured ARVCs. Unconditioned serum
from the same volunteer did not. These data suggest a potential role for rIC in reducing hypertrophic
cardiac remodelling in response to pressure overload.
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BAG3 is a member of the chaperone-assisted selective autophagy (CASA) complex and plays an
important role in cellular protein homeostasis. A rare exchange of a single nucleotide in the BAG3
gene, causing the dominant negative missense mutation P209L, leads to myofibrillar myopathy with
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onset in childhood (OMIM: MFM6). Affected patients suffer from muscle dystrophy, restrictive
cardiomyopathy and neuropathy with a life expectancy of around 20 years.
To enable a mechanistic-driven characterisation of the disease and to establish new experimental
treatment approaches, we generated an induced pluripotent stem cell (iPSC) line by reprogramming
fibroblasts from a young patient suffering from BAG3P209L myofibrillar myopathy. The iPSCs were
differentiated to cardiomyocytes (CMs) and further analysed by immunofluorescence, western-blot
analysis and live-imaging of beating CMs to get insights into the pathomechanisms.
Earlier studies in mice overexpressing human BAG3P209L showed that a siRNA-mediated
knockdown of hBAG3P209L partially rescued the disease phenotype (1). To transfer this approach
to the human system, we had to identify a point mutation-specific siRNA that can distinguish
between the wild type and mutated BAG3 mRNA. Therefore, we tested the allele specificity of 19
different siRNAs on the expression levels of hBAG3WT and hBAG3P209L in patient-derived iPSCs
to identify a siRNA that specifically knocks down hBAG3P209L expression. To this aim we have used
a single nucleotide polymorphism (SNP)-specific quantitative PCR assay which is able to determine
the ratio of hBAG3P209L to BAG3WT-mRNA. We are currently testing the most specific siRNAs to
determine, whether a specific reduction in BAG3P209L expression can be accomplished and whether
this strategy yields changes in the pathological features of the disease, in particular the myofibrillar
disintegration and the formation of intracellular protein aggregates, in vitro.
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Background Macrophages (MΦ) have a wide spectrum of activation states influenced by an array
of growth factors and cytokines. They are classically divided in pro-inflammatory (M1) or antiinflammatory (M2) state. Insulin-like growth factor 1 (IGF1) is an anabolic hormone, similar to insulin
in structure and signaling, which controls proliferation and differentiation of cells. Previously we have
reported that treatment with IGF1 after myocardial infarction in mice leads to an enhanced number
of M2 macrophages in heart tissue associated with an improved heart function. However, signal
transduction via IGF1 in MΦ and the resulting specific activation state is poorly understood. Here
we investigate whether IGF1 and insulin can influence the activation state of bone marrow derived
macrophages (BMDM) and via which signaling pathway this is transduced.
Methods BMDM were cultivated for 5 days under mCSF treatment (10 ng/ml), followed by
polarization with LPS/IFNɣ (10/2 ng/ml) to induce an M1-phenotype, IL4 (20 ng/ml) for an M2phenotype and IGF1 or insulin (10 ng/ml). The RNA was isolated and expression analysis was
carried out by next-generation sequencing (NGS). To investigate different pathway transitions, cells
were treated with the janus kinase (JAK) inhibitors Ruxolitinib, InSolution or BMS-911543 and
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expression of marker genes and phosphorylation of JAK- and STAT-proteins were analyzed by
realtime PCR or western blot.
Results The expression analysis revealed a clear difference between the IGF1 and insulin effects
on BMDM polarization. While treatment with IGF1 led to an increased expression of the M2 marker
genes Arg1 (6129x-fold) and Retnla (489447x-fold), insulin showed neither polarization potential for
the M2-like nor M1-like phenotype, but induced a distinct gene expression program. Of note, insulin
activates genes, which are associated with the remodeling of the extracellular matrix (collagens,
Has2, Bgn). NGS and ingenuity pathway analysis identified the same upregulated upstream
regulator (IL4) and the same canonical downstream target (STAT6) after IL4 and IGF1 treatment.
In contrast, pro-inflammatory regulators (IRF3, IEF5, IFNα) were downregulated in both IL4 and
IGF1 polarized cells. Treatment of BMDM with different JAK inhibitors revealed, that IGF1, like IL4,
activates the tyrosine kinases JAK1 and JAK3, which results in an activation of the transcription
factor STAT6, which is the major transcription factor responsible for the induction of antiinflammatory genes during macrophage M2 polarization.Conclusion Despite a similar structure and
signal transduction mediated by IGF1 and insulin in many cells, IGF1 revealed a clear difference in
signal transition and activation of MΦ compared to insulin. The ability of IGF1 to polarize MΦ to an
M2 state via JAK1/JAK3-STAT6 signaling may be a possible new target to find novel approaches
for the treatment of inflammatory diseases via regulating MΦ activation states. Funded by
SFB1116/A06
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Introduction
Atrial fibrillation (AF) is the most frequent cardiac arrhythmia. Abnormal intracellular
Ca2+ homeostasis occurs in chronic AF [2]. Evidence indicates inositol trisphosphate (IP3), a Ca2+mobilizing second messenger, modulates adenylyl cyclase (AC) activity in atrial myocytes [3] and
Ca2+ release from acidic stores (lysosomes) via a nicotinic acid adenine dinucleotide phosphate
(NAADP) pathway in human embryonic kidney cells [4]. We postulate that both downstream
activation of Ca2+ sensitive AC (AC1/8) and lysosomal calcium signalling in response to IP 3R
activation can contribute to atrial myocytes function.
Methods
All experiments complied with the United Kingdom Home Office Guide on the Operation of Animal
(Scientific Procedures) Act of 1986. Guinea pig atrial cells were isolated enzymatically, fixed within
1h of isolation and stained using standard protocols. Intact murine right atrial preparations were
maintained in oxygenated physiological solution at 37 oC and allowed to beat spontaneously. IP3mediated Ca2+ release was stimulated by cumulative additions of phenylephrine (PE, 0.1 to 30 μM)
and dose-response curves fitted. Neonatal rat atrial myocytes (NRAMs) were isolated from 3-day
old Sprague Dawley rats by enzymatic digestion. Cells were infected with the cytosolic fluorescence
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resonance energy transfer (FRET) sensor EPAC-SH187[5]. Data are presented as mean ± 95 %
confidence interval (CI, dose response curves) or mean ± SD (FRET and colocalization analysis)
relative to maximum response by addition of Forskolin (10 μM) and 3-Isobutyl-1-methylxanthine
(100 μM).
Results
Confocal images of atrial myocytes show that AC1 and IP3R are in close proximity in isolated guinea
pig right atrial myocytes (R= 0.686±0.07, n=11).
Maximum rate change of spontaneously beating right atrial tissue is reduced from 16 ± 5.4 % (n =
4) in WT mice to 9.5 ± 6 % (n = 4, P < 0.03) in AC1/8 DKO mice in response to PE. Maximum rate
change is reduced from 24.5 ± 6 % in control conditions to 11.9 ± 5.2 % (n = 4) in the presence of
500 μM BZ- 194 (inhibitor of NAADP binding) and 9.4 ± 6.5 % (n = 4) in the presence 10 μM
SAN4825 (inhibitor of cADPR and NAADP synthesis), in response to PE (P<0.001, 2-way ANOVA).
Stimulation of the IP3 pathway in NRAMs using PE resulted in an increase in Cyclic adenosine
monophosphate (cAMP) level. Control conditions resulted in FRET change with average initial peak
corresponding to 48.1 % (n= 17). In the presence of 10 μM SAN4825 or 100 nM Bafilomycin A1 the
peak cAMP response to PE was reduced to 18.8 % (n= 62) and 31 % (n= 43) respectively. In the
presence of the NAADP inhibitors Ned-19 (1 μM) and BZ-194 (500 μM), the cAMP peak response
was reduced to 11.9 % (n= 73) and 8.1 % (n= 35) respectively (P<0.0001).
Conclusion
Our findings are compatible with a model where IP3-mediated Ca2+ release from the SR and
Ca2+ uptake and release from lysosomes via NAADP signalling impacts cardiac normal function.
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Background and Aims
Impaired regeneration of intestinal epithelium after damage may result in inflammatory and
metabolic diseases in the long term (Fukui, H., Inflamm Intest Dis 2016). Femtosecond laserinduced single-cell ablation in intestinal organoids enabled localized and reproducible wound
infliction and separation of the fast – epithelial restitution – and long-term – proliferation and
differentiation – phases of wound healing. Lentiviral transduction of fluorescent biosensors was
employed to visualize signaling responses and tight junction protein reorganization in response to
damage infliction. Specifically, the involvement of Hedgehog (Hh)- and calcium-signaling, as well as
Occludin-orientation in epithelial regeneration was assessed.
Methods
Colonic crypts were isolated from C57BL/6 wild-type mice and cultured into three-dimensional
organoids containing both the proliferative stem cell- and transient amplifying zone in the base of
the crypts, and the differentiated zone with cells of the absorptive and secretory cell lineages. A
transcription factor Gli-sensitive biosensor for imaging active canonical Hh-signaling and the free
Ca2+-sensor GCamP5 were introduced into the colonoid genome via lentiviral transduction. The
expression of fluorophore-linked fusion proteins PCNA-interacting protein-Fluorescent
Ubiquitination-based Cell Cycle Indicator (PIP-FUCCI) provided information about the cell cycle
phase of damage-adjacent cells. Intestinal barrier restoration was analyzed by endogenous
expression of tight junction fusion protein mEmerald-Occludin and immunocytochemical staining of
zonula occludens protein 1 (ZO-1). The Chameleon Ultra II Ti:Sapphire laser was used for the
ablation of single or multiple cells in the stem cell niche or in the differentiated zone of the colonoid,
followed by time-lapse tracking of the fluorescence signals by confocal imaging during the wound
healing process.
Results
Restitution of the intestinal barrier integrity was initiated by the formation of an “occludin ring” by the
cells adjacent to the damage site, encircling the ablated cells, followed by their exfoliation into the
colonoid lumen (n = 20). Staining of the tight junction protein ZO-1 depicted the same circular
localization around the injury site. Spontaneous Ca2+ waves were predominantly observed in
proliferative rather than differentiated areas of the colonic crypts. The peak of the Ca2+ waves and
their frequency was higher in wound-adjacent cells. Cell proliferation was enhanced when damage
was inflicted to the proliferative zone, but not after damage to the differentiated zone of the colonoid.
No involvement of autocrine canonical Hedgehog signaling in wound repair was observed (n = 17).
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Conclusion
Laser damage to lentivirally transduced colonoids followed by time-lapse confocal imaging is a
suitable model for the precise spatial investigation of the individual phases of wound repair in the
intestinal epithelium.
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Single-cell heterogeneity of hypoxia-inducible expression of erythropoietin and other HIF
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High-altitude exposure induces the transactivation of the erythropoietin (Epo) gene by hypoxiainducible factor (HIF)-2 in the kidney. When sufficient oxygen is available, prolyl-4-hydroxylase
domain (PHD) proteins hydroxylate HIF-2α, causing its proteasomal degradation. Hypoxia leads to
transcriptional bursts in renal Epo-producing (REP) cells, which is lost during progression of chronic
kidney disease despite global tissue hypoxia. We previously developed a mouse model that allows
for the permanent tagging of REP cells by red fluorescent tdTomato expression [1]. PHD inhibition
by roxadustat efficiently rescued Epo expression in formerly active REP cells of diseased kidneys
[2]. Interestingly, Epo mRNA was highly fluctuating in REP cells in vivo, with 24% of all cells
contributing 50% of total Epo mRNA [2], raising the question if REP cells keep their identity even
when Epo is not expressed. Assuming that HIF-dependent gene expression would be more
uniformly distributed in cultured cell lines, we investigated Epo expression in Kelly neuroblastoma
cells on the single-cell (sc) level by multiplex mRNA in situ hybridization. PHD activity was inhibited
by hypoxia or stable knockdowns of PHD isoforms. Cumulative frequency distribution analyses were
used to calculate the heterogeneity index (hi) as a fractional value of the area under the curve vs. a
perfectly homogeneous distribution (hi = 0). Unexpectedly, an even higher sc-heterogeneity of Epo
mRNA was found in cultured Kelly cells in vitro than in REP cells in vivo, with 15% of all cells
contributing 50% of total Epo mRNA, while 39% did not contribute at all (hi = 0.61). The hi of HIF-2α
mRNA in the same experiment was 0.39, demonstrating that potentially restricted HIF-2α expression
alone cannot explain the sc-heterogeneity of its target gene Epo. HIF-1α and HIF-2α knockout
experiments confirmed that Epo was entirely HIF-2α-dependent in Kelly cells. We next expanded
these experiments to other HIF-2 target genes in MCF-7 breast carcinoma and Hep3B hepatoma
cells. In MCF-7 cells, the HIF-2 target gene plasminogen activator inhibitor 1 (PAI-1) showed an
extreme sc-heterogeneity (hi = 0.997), while HIF-2α mRNA itself was again less heterogeneously
distributed (hi = 0.59) and the housekeeping mRNAs ubiquitin C (UBC) and RNA polymerase II
subunit A (POLR2A) showed the least sc-heterogeneity (hi = 0.38 and 0.34, respectively). Similarly,
the HIF-1 target carbonic anhydrase IX (CAIX) showed a higher sc-heterogeneity (hi = 0.91) than
HIF-1α itself (hi = 0.69). Intriguingly, the knockdown of PHD3 led to an increase in sc-heterogeneity
of Epo mRNA expression compared to wild-type hypoxic Hep3B cells (hi = 0.73 vs. hi = 0.67). In
summary, we found an unexpected sc-heterogeneity of HIF target gene expression in vivo and in
vitro which will have to be considered when defining (new) cell populations, such as REP cells,
based on single-cell transcriptome analyses.
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Blood substitutes have the advantages of longer shelf life, abundance, simple composition, easy
storage and availability, no group matching requirement and easy screening over the allogenic
blood1. The two main types of blood substitutes, which are already tested, or being available in the
market are hemoglobin-based oxygen carriers (HBOCs) and perfluorocarbon-based oxygen carriers
(PFOCs).
Our albumin-derived perfluorocarbon-based artificial oxygen carriers (A-AOCs) have already shown
promising results in isolated organs/short-term in vivo2. In this current pre-clinical study, we are
investigating the compatibility of these A-AOCs in a clinically relevant setting in rats. Through
moderate normovolemic hemodilution, 50-60% of the blood from the rats was stepwise exchanged,
through femoral vessels with A-AOCs, in order to reduce the haematocrit level to the target range
of 18±1% while animals were breathing 100% O2 or 21% O2, respectively.
Three major groups A (A-AOCs/100% O2), B (control, plasma-like carrier solution/100% O2) and C
(A-AOCs/21% O2) à 42 rats were formed and divided into 3 subgroups of 14 rats. Group-1 rats were
euthanized directly after the hemodilution. Group 2 and 3 were kept alive for 7 and 14 days,
respectively. Blood samples were collected before, during and after the hemodilution and at various
intervals throughout the survival period; they were used for measuring e.g. blood-gases, blood-count
and enzymes (e.g. ASAT, ALT). At the end of the survival period group-A animals were scanned
with 19F/1H 7-Tesla magnetic resonance imaging (7T MRI) to track the bio-distribution and organ
retention time of A-AOCs in the body. In other groups, organs (i.e. heart, liver) were collected at the
end of survival period and were used for further analysis such as hematoxylin & eosin (H&E)
staining.
The preliminary analysis of 5 animals per group suggests that the haematocrit level doubled after a
week and reached its basal value after 2 weeks. White blood cell count (WBC) increased transiently
after 24 and 48 hours threefold in group A and doubled in group B and C; importantly group A
already reached baseline level after 7 days whereas group B needed 14 days and group C still
presented elevated WBC after 14 days. Lactate level of both A-AOCs treated groups were much
lower (~20 mg/dl) in comparison to the control group (~30 mg/dl) after 7 days and decreased in all
groups after 14 days. Remaining parameters did not show much difference among all three groups;
e.g. AST increased only transiently in all groups at 24 and 48 hours and normalized after 7 days.
H&E staining of the organs showed no differences in comparison with the control. Preliminary
19F/1H 7T MRI data revealed accumulation of A-AOCs in liver, heart and kidneys in the group A1
(0-days survival) group.
In conclusion, hemodilution with A-AOCs was well tolerated and animals recovered quickly within
the observation period of 2 weeks.

The ability of cells to communicate is a prerequisite for essential processes such as proliferation,
apoptosis, migration and differentiation. Primary cilia, which are antennae-like structures on the
surface of most mammalian cell types, are necessary for these processes. Primary cilia are
fundamental for cellular signaling and the realization of signaling pathways, such as Hedgehog, Wnt
and TGF-β. Disruption of this signal transmission leads to a multitude of deadly human diseases,
like the Joubert syndrome (JBTS), the Meckel–Gruber syndrome (MKS), or the Bardet–Biedl
syndrome (BBS). This often involves deformations of the central nervous system, such as forebrain
disorders, hydrocephalus or exencephaly. Cilia length, in part controlled by the activity of
intraflagellar transport (IFT), is a parameter for adequate function of primary cilia. Especially in
situations without suitable oxygen supply, it is necessary to provide relevant signals for counterregulations quickly. One of the most important factors in such critical situations are hypoxia-inducible
factors (HIFs). Especially HIF-2 is promoting neurogenesis and has a protective effect on neuronal
stem cells.
We showed in murine neuronal cells, that intraflagellar transport protein 88 homolog (IFT88) directly
interacts with the hypoxia-inducible factor-2α (HIF-2α). Furthermore, we have detected by
immunofluorescence staining that HIF-2α accumulates under hypoxia in the ciliary axoneme and
promotes ciliary elongation. qPCR analysis have proved that HIF-2α affects ciliary signaling by
promoting the MEK/ERK signaling pathway. Neuronal cells without HIF-2α decrease transcription
of Mek1/2 and Erk1/2, and thus targets of the MEK/ERK signaling pathway, such as Fos and Jun,
are significantly decreased.
These results suggest that under hypoxic conditions HIF-2α influences ciliary signaling by interacting
with IFT88. This implies an unexpected and far more extensive function of HIF-2α than described
before.
____________________________________________________________________________
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Introduction
Hypoxia during pregnancy has been associated with an increased risk of the offspring to develop
cardiovascular diseases (CVD) in adulthood. While HIF1α is known as master regulator of the
cellular hypoxic response and is essential for fetal development, its role in fetal programming of CVD
is not fully understood. Thus, we investigated the effect of cardiac specific loss of HIF1α in mice on
the fetal and adult offspring response to transient gestational hypoxia.
Methods and Results
HIF1αfl/fl female mice (control; n=10) were bred with αMHCCreHIF1αfl/fl males (cHIF1α KO) to
generate control and cHIF1αKO littermates (n=40). Pregnant mice were exposed to gestational
hypoxia (10% O2) from E11.5 to E12.5 for 24 h followed by normoxia until delivery. The offspring
was raised under normoxia until 11 weeks of age. Hypoxic E12.5 control embryos but not cHIF1α
KO embryos showed increased staining for HIF1α and the proliferation marker Ki67 in the heart as
well as cardiomyocyte hypertrophy determined by wheat germ agglutinin staining. Transient
gestational hypoxia promoted right ventricular hypertrophy (RVH) indicated by increased Fulton
index (0.23±0.02 vs 0.2±0.003,*) and cardiomyocyte hypertrophy (17.7±2.6µm vs 13.1±2.5µm,*), as
well as elevated right ventricular pressure (RVP) (17.5±0.4 vs 13.4±2.1mmHg,*) determined by
hemodynamic measurements using a tip catheter in mice anesthetized with 5% isoflurane in adult
control (n=7) but not in cHIF1α KO (n=3) offspring. Similarly, chronic hypoxia (10% O2) for 3 weeks
induced pulmonary hypertension (PH, 19.1±1.7mmHg vs 13.4±2.1mmHg,*) and RVH (Fulton index
0.32±0.05 vs 0.24±0.04,*) in 11 week old control mice (n=15), but not in cHIF1α KO (n=13) mice.
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To test whether transient gestational hypoxia would promote further symptoms of PH, lungs were
stained for α-smooth muscle actin (αSMA) to visualize vascular muscularization as indicator of
pulmonary vascular remodeling. Indeed, control offspring exposed to gestational hypoxia showed
an increased number of αSMA positive vessels (43.5±3.8 vs 3.9±1.9,*) similar to mice exposed to
chronic hypoxia in adulthood (37.4±4.6 vs 3.9±1.9,*). cHIF1α KO mice were only protected against
pulmonary vascular remodeling induced by chronic adult hypoxia (29.4±2,*) but not by gestational
hypoxia (41.7±2.9). RNAseq performed in hearts from fetal and adult offspring indicated a preserved
inflammatory response in control mice after transient gestational hypoxia. In support, cardiac TNFα
and IL1β mRNA levels were elevated in adult control offspring but not in cHIF1α KO offspring
following gestational hypoxia. (Values ± SD, Student´s t-test, *p<0.05).
Conclusion
These data indicate that cardiac HIF1α is sufficient to promote hypoxia-induced PH in adulthood
and to contribute to fetal programming of PH in response to transient gestational hypoxia, possibly
by fostering a continued inflammatory response.
____________________________________________________________________________
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Introduction
The colorectal carcinoma (CRC) belongs to the most common cancers in developed countries1.
CRCs have been associated with mutations in the tumour suppressor p53 and often develop hypoxic
areas. P53 plays a key role for cell cycle arrest and apoptosis and is mutated in approximately half
of human cancers.2 Invasive and metastasizing tumour growth strongly depends on hypoxiainducible factors (HIF) which accumulate in hypoxic regions of the tumour. 2 Several studies have
provided evidence for crosstalk between HIF-1α and p53 in CRCs, although the exact interaction
between HIF-1α and p53 remains controversial.3
Methods
We investigate the interaction between HIF-1 and p53 in human CRC cells (HCT116). First, we have
incubated CRC cells under normoxia as well as moderate and severe hypoxia (1%, 0.1% O 2) for 4
and 24 hours to elucidate the role of HIF-1 and p53 for cell viability and metabolism under these
conditions. Subsequently, we knocked out each transcription factor and examined how this knockout
influenced the stability and activity of the other transcription factor under our experimental
conditions. We used Western Blotting und quantitative PCR looking at different target genes of both
transcription factors (MDM2, BAX, P21, CA9, VEGF, PHD2). Besides, we analysed the influence of
the knockouts on cell viability by Annexin assays. We studied localisation of the remaining
transcription factor in the cell with immunohistofluorescence staining. Glucose, lactate and pH in the
medium were measured to get an impression of how wildtype (wt) as well as knockout cells cope
metabolically with moderate and severe hypoxia.
Results
In wt cells, p53 seemed stabilized and gained transcriptional activity after 24 hours of severe hypoxia
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(0.1% O2). Knockout of p53 lead to significant downregulation of HIF-1α expression after 4 hours of
moderate and severe hypoxia in comparison to wt cells. Even under normoxia, HIF-1α mRNA
expression was reduced in p53 knockout (p53 ko) cells. P53 ko cells performed higher rates of
anaerobic glycolysis than wt cells under normoxia. Hence, the metabolic shift to anaerobic glycolysis
under hypoxia was not impaired compared to wt cells despite reduced HIF-1A stabilization.
Interestingly, the main cell death mechanism of p53 ko cells under hypoxia is apoptosis. On the
other hand, HIF-1A ko cells stabilize higher P53 levels after 24 hours of hypoxia and die significantly
more often than HIF-1A wt cells.
Conclusion
In conclusion, we are able to show that HIF-1A and p53 influence each other concerning basal
expression and stabilization under hypoxia. Besides, we disagree with the hypothesis that p53 loses
activity under hypoxia and that a p53 ko leads to survival advantages of CRC cells under hypoxia 5.
Our results indicate that apoptosis under hypoxia can also be p53-independent. Finally, we found
out that a HIF-1A ko leads to an increase in p53-dependent apoptotic death of CRC cells under
hypoxia.
References
[1]
Mármol I, Sánchez-de-Diego C, Pradilla Dieste A, Cerrada E, Rodriguez
Yoldi MJ. Colorectal Carcinoma: A General Overview and Future Perspectives in
Colorectal Cancer. Int J Mol Sci. 2017 Jan 19; 18(1):197.
[2]
Levine AJ. p53, the cellular gatekeeper for growth and division. Cell.
1997 Feb 7;88(3):323-31.
[3]
Semenza GL. Targeting HIF-1 for cancer therapy. Nat Rev Cancer. 2003
Oct;3(10):721-32.
[4]
Amelio I, Melino G. The p53 family and the hypoxia-inducible factors
(HIFs): determinants of cancer progression. Trends Biochem Sci. 2015
Aug;40(8):425-34.
[5]
Hammond EM, Giaccia AJ. The role of p53 in hypoxia-induced apoptosis.
Biochem Biophys Res Commun. 2005 Jun 10;331(3):718-25.
____________________________________________________________________________

usually test for overrepresentation of curated gene sets in a feature of interest. While this helps to
characterise the feature of interest (e.g., a certain tissue, or different treatment groups) relative to a
background distribution (e.g., wild type), they do not allow for inferences about certain genes of
interest.
Development
Here we present a bioinformatic approach to the comparative coexpression analysis focussed on a
specific gene of interest (Gene-COCOA ). Gene-COCOA takes a list of curated gene sets as an
input and ranks them according to their strength of association with the gene of interest (GOI). From
each gene set, p genes are sampled as predictor variables in a linear regression modelling the
expression of the GOI as the outcome variable. A background model is created analogously by
sampling p random genes from the complete expression data set. This procedure is repeated 10,000
times. The 10k gene set model errors and 10k random model errors are compared in a t-test. Gene
sets with adjusted P-values of <0.05 model the GOI expression better than random. This method
allows for the identification of relevant gene sets which are co-expressed with a GOI whilst avoiding
common artefacts arising from gene expression data.
Proof of principle
RUNX1 is a key regulator of normal hematopoiesis; its mutation impairs hematopoietic differentiation
and drives the development of acute myeloid leukemia (AML). In an exemplary use case, the coexpression patterns of RUNX1 with the 50 MSigDB hallmark gene sets were studied in 135 AML
blasts and 117 healthy CD34+ hematopoietic stem cells (Figure 1). Gene-COCOA reported RUNX1
to be associated with numerous processes in healthy CD34+ cells. In the AML samples, the broad
association is lost: in concordance with literature, Gene-COCOA reported significant coexpressions
of RUNX1 with molecular signatures such as NOTCH and WNT signalling and the reactive oxygen
species pathway (Figure 2).
Conclusions
Standard enrichment analyses focus on the identification of gene sets overrepresented in a feature
of interest. With its focus on a specific GOI, Gene-COCOA offers a different approach to comparative
coexpression analysis, and will help to provide insights on the functional association networks of
GOIs.
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Motivation
Physiology and gene expression patterning are intrinsically linked, hence experiments reporting
changes in gene expression, such as functional enrichment analyses, are fundamental to derive
meaningful biological insights from next generation sequencing data. Enrichment analysis tools
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Figure 1.
Figure 1. Flowchart
illustrating the Gene-COCOA
method for the use case
described here (RUNX1 coexpression patterns with 50
MSigDB hallmark gene sets).
With respect to the one-inten-rule (1 predictor
(here: gene) can be
considered for every 10
observations), we chose to
sample p=13 genes for the
analysis of the n=135 AML
samples and p=11 for the
analysis of the n=117
healthy controls.

Figure 2.
Figure 2. Gene-COCOA
results for RUNX1 coexpression patterns with 50
MSigDB hallmark gene sets
in the RNA sequencings of
135 human acute myeloid
leukemia (AML) blasts and
117 healthy human CD34+
hematopoeitic stem cells.
(a) The transcription
factor RUNX1 plays a key
role in normal
hematopoiesis and shows
association with numerous
molecular signatures in
healthy CD34+ cells. (b) In
AML samples, RUNX1 shows a
reduced functional
association; namely with
molecular signatures such
as NOTCH and WNT
signalling, as well as the
reactive oxygen species
pathway.
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Mesenteric ischemia is not only a hallmark of equine colic but associated with a high mortality in
humans as well. The subsequent ischemia-reperfusion injury (IRI) irreversibly damages the
intestinal epithelium and thus compromises the epithelial barrier function. Improving the
understanding of the pathophysiological processes underlying IRI is the foundation for the
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development of new therapeutic approaches, but current cell culture models cannot reflect the
complex interactions in the intestinal epithelium. Therefore, we aim to establish a viable in vitro
model that reflects the cellular composition and architecture of equine intestinal epithelium.
We obtained intestinal epithelium of N=5 intestinally healthy horses from distal jejunum and large
colon. Equine jejunum and colon organoids (eqJO/eqCO) were cultured in extracellular matrix with
a standard proliferation medium (SM). After propagation, we cultivated them with either SM or one
of two differentiation media (DM1, DM2) aimed at differentiating the cells to resemble the epithelium
in vivo [1-3]. The organoids were evaluated morphologically and histologically. mRNA expression
levels were assessed by RT-qPCR and compared to the native epithelium of the same horses.
Statistical analysis was performed using a one-way RM ANOVA + post hoc Holm-Sidak test.
Independent of the culture medium, eqJO and eqCO showed both spherical and non-spherical
morphology. EqJO cultivated with DM2 tended to have a higher mRNA expression of the stem cell
marker olfactomedin 4 (OLFM4) compared to native tissue (p=0.071). The expression of OLFM4 in
eqCO was not significantly different in any of the groups. In both eqJO and eqCO there was no
difference in the expression of markers for goblet (mucin 2) and Paneth cells (lysozyme) compared
to native tissue. mRNA expression of epithelial markers claudin 4, amino acid transporter ATB 0,+
and Na+/K+-ATPase was not different in eqJO, whereas cystic fibrosis transmembrane conductance
regulator, epithelial cell adhesion molecule , excitatory amino acid transporter 3, villin 1 and occludin
were significantly lower in eqJO compared to native tissue irrespective of the medium (p<0.05).
Interestingly, Na+/glucose cotransporter 1 was downregulated in eqJO cultivated with SM (p<0.05)
and DM2 (p=0.074), whereas glucose transporter 1 tended to be upregulated in eqJO cultivated
with DM1 (p=0.074) compared to native tissue. The expression of epithelial markers in eqCO was
similar to the native epithelium.
In conclusion, we were successful in isolating and propagating eqJO and eqCO from equine
intestinal epithelium. Our results indicate that so far none of the media tested induces a completely
convincing mimicry of the native epithelium, especially in eqJO. Therefore, further testing is currently
in progress. In perspective, we will establish an IRI model based on eqJO and eqCO to investigate
the pathophysiological mechanisms underlying IRI according to the 3R principles.
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A direct measurement of oxygen permeability of liposome membranes and effect of
cholesterol.
S. Al-Samir, G. Tsiavaliaris, G. Gros, V. Endeward
Medical School Hannover, Hannover, Germany
We have measured the oxygen permeability (PO2) of liposome membranes by observing the flux of
O2 from the liposome interior into the extravesicular space at 7, 25 and 35°C. Liposomes of 50 nm
radius loaded with 10 g% oxyhemoglobin, which served both as the source of O 2 leaving the
liposome and as a tool to observe this O2 efflux by means of a stopped-flow rapid reaction
apparatus. Mixing a 50 mM dithionite solution with the liposome suspension, we generated a
maximal O2 gradient across the liposome membranes. From the original stopped-flow records
representing the kinetics of hemoglobin deoxygenation in solution vs. within liposomes, we
determined the permeabilities of the liposome membranes for O2. An advantage of the model is that
neither intraliposomal diffusion processes nor extravesicular unstirred layers have any effect on the
measurement. In contrast to previous molecular dynamics simulations and other more indirect
experimental techniques, we find in the absence of cholesterol at 35°C an about three orders of
magnitude lower PO2 of0.03 cm/s. Interestingly, PO2, in contrast to many more hydrophilic solutes
such as CO2, increases with increasing cholesterol concentration in the membrane at all
temperatures. Thus, liposomes with 45 moles% cholesterol, as it occurs in the erythrocyte
membrane, possess a PO2 of 0.2 cm/s at 35°C. This value would be just sufficient to guarantee
complete O2 exchange between alveolar gas and the red cell during rest as well as during heavy
exercise.
____________________________________________________________________________
A 09-12
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Introduction: The majority of the human transcriptome is not coding for proteins rising the question
of the physiological relevance of transcripts not translated into proteins. A major and fundamental
class of non-coding RNAs important for all physiological and cellular processes are long non-coding
RNAs (lncRNA). LncRNA MANTIS was initially discovered to be essential for maintaining the
endothelial phenotype, but expression profiling in other cell types suggested that the lncRNA is
much higher expressed in peripheral blood mononuclear cells (PBMCs). Therefore, we aim to
analyse the functional and molecular relevance of MANTIS in blood cells.
Methods/Results: During the differentiation of inducible pluripotent stem cells to monocytes,
MANTIS expression strongly appeared with the formation of monocytes and was lost once
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monocytes differentiated into macrophages. RNA-Seq of a (>100) patient cohort with acute myeloid
leukemia (AML) displayed a reduction of MANTIS expression with the degree of AML differentiation.
CRISPR/Cas9-mediated deletion of MANTIS in THP-1 monocytes followed by RNA-Seq showed an
anti-inflammatory phenotype of the knockout cells assuming an interference of MANTIS with proinflammatory pathways. Given the fact, that monocytes are an important part of the innate immune
system by recognizing danger-associated molecular patterns (PAMPs) and initiating an
inflammatory response, further investigations were made by stimulating cells with
lipopolysaccharide (LPS), flagellin, lipoteichoic acid (LTA), and polyI:C. MANTIS deletion had an
massively attenuated pro-inflammatory effect on PAMPs derived from bacterial origin. To address
the inflammatory signaling pathways MANTIS possibly interferes with, luciferase reporter gene
assays with NF-κB-, AP-1, and STAT1 motifs were applied. NF-κB, but not AP-1 and STAT1,
promoter activities were suppressed, concluding an interference of MANTIS in the NF-κB signaling
pathway. Although MANTIS is predominantly cytoplasmically localised in THP1, translocation of the
NF-κB subunit p65 into the nucleus was attenuated in the MANTIS knockout after LPS stimulation.
Interestingly, RNA antisense-pulldown with oligonucleotides targeting MANTIS revealed the
transcription factor RUNX1, a frequent mutational target in AML, as MANTIS interaction partner.
These data indicate a specific function of the lncRNA in promoting the inflammatory response in
monocytes.
Conclusion: These data indicate a specific function of lncRNA MANTIS in promoting the
inflammatory response in monocytes. MANTIS is involved in particular by interfering the NF-κB
signaling pathway. Its downregulation in diseases such as AML and monocytic de-differentiation
implies MANTIS as an attractive target for anti-inflammatory therapy.
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KCa channels in the volume regulation of bone tumor cells
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Introduction
Osteo- and Ewing sarcomas represent the two most common bone tumor entities in childhood and
adolescence. Patient prognosis is very poor because of early metastasis which is often already
present at the time of diagnosis. Therapy for both tumor entities largely relies on surgery and
chemotherapy. We discovered earlier a high expression of the Ca2+‑activated K+ channel KCa2.1 in
various Ewing sarcoma lines. We hypothesized that K Ca2.1 channels are crucial for cell volume
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homeostasis and thereby for cell migration and the metastatic cascade of the bone tumor cells.
Therefore, our aim was to investigate the role of K Ca channels in volume regulation and migration
of Ewing and osteosarcoma cells.
Methods
We performed experiments on the osteosarcoma cell line SAOS and the Ewing sarcoma cell lines
TC-71 and SK-ES-1. The role of KCa channels was assessed pharmacologically or by means of
siRNA. Cell invasiveness was assessed by embedding cancer cell spheroids in a collagen-based
extracellular matrix. Next, we investigated whether KCa channel inhibition affects the volume
regulation of the cells. For this purpose, volume measurements were performed by means of
confocal microscopy to evaluate the efficacy of the regulatory volume decrease. Lastly, we assessed
whether the lack of volume regulation makes Ewing sarcoma cells vulnerable for osmotic stress.
Therefore, different Ewing and osteosarcoma lines, as well as an endothelial cell line as a “nontumor” reference cell line, were exposed to a hypotonic shock and the number of surviving cells was
determined by performing an SRB‑assay.
Results
In the migration assays we could not detect an effect of the K Ca channel inhibition on the migratory
behavior of the Ewing and Osteosarcoma cells. This was similar to the volume measurements. Here,
only the combination of two KCa2.1 and KCa3.1 channel blockers, apamin and senicapoc, had a
small effect on the regulatory volume decrease. However, we noted that Ewing sarcoma cells hardly
regulate their volume at all. Consequently, they are much more sensitive to a hypotonic shock than
the endothelial cell line and the osteosarcoma lines.
Conclusion
Taken together our results indicate that KCa2.1 channels, despite being highly expressed on mRNA
level in Ewing sarcomas, play only a minor if any role in the cell physiology of these cells. This is
consistent with patch clamp studies that revealed no KCa2.1-mediated currents, suggesting that they
are non-functional in Ewing sarcoma cells. However, the poor volume regulation of Ewing Sarcoma
cells is a peculiarity of these cells, which might be exploited therapeutically, e.g., in the form of a
hypotonic lavage during surgery.
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The increasing demand for packed red blood cells requires further development of alternatives for
blood supplies. Perfluorodecalin (PFD)-based nanocapsules with an albumin shell showed relevant
oxygen transport capacity.[1-3] In this study, the albumin shell of these PFD-based oxygen carriers
was modified with glucose to enhance dispersion stability in aqueous, crystalloid carrier solution
resulting in glucose-crosslinked albumin‑derived artificial oxygen carriers (G-AOCs). Effects on
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storage over a period of up to one year were examined and G-AOCs were compared to noncrosslinked oxygen carriers.
G-AOCs were synthesized via ultra-sonication of human serum albumin and PFD, followed by
introducing glucose through UV radiation and heating overnight triggering the Maillard reaction. The
hydrodynamic radius was measured by tracking the particle motion utilizing dark-field microscopy
(DFM) and pulsed-field-gradient nuclear magnetic resonance (PFG-NMR) spectroscopy. Atomic
force microscopy (AFM) was used to investigate the surface properties and dimensions. Oxygen
capacity of the G‑AOCs was measured by using a respirometer. In addition, ultra-small angle X‑ray
scattering (USAXS) measurements were performed to study the structure and size distribution of
the different synthesis approaches on the nanoscale. All measurements were performed directly
after synthesis up to a period of one year.
Results of DFM showed spherically-shaped G-AOCs that remained stable in shape and size
(average radius of 100 nm) directly after synthesis up to a period of more than two weeks, while
growing only slightly to an average radius of 125 nm after one year of static storage at 4 °C. AFM
emphasized these results, revealing oxygen carriers of similar shape and radius. PFG-NMR
spectroscopy showed comparable dimensions with similar capsule diffusivities for five consecutive
synthesis (Figure 1).Respirometry indicated that G‑AOCs maintained a significantly higher oxygen
capacity than 0.9 % NaCl carrier solution, even after one year of storage.
In conclusion, crosslinking the albumin shell with glucose results in durable and stable glucosecrosslinked albumin‑derived artificial oxygen carriers with improved dispersion stability in crystalloid
carrier solution as compared to non-crosslinked oxygen carriers, while still showing significant
oxygen capacity. Further experiments regarding surface and protein structure will supplement
previous findings and help establish clinical application of this artificial oxygen carrier.
Stejskal-Tanner-Plot
PFG-NMR Stejskal-TannerPlot of pure PFD and
nanocapsules (G-AOCs) one
day after synthesis.
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Imaging-Based Assay for Screening of Cell Cycle Modifying Substances in double
transgenic hiPS derived Cardiomyocytes
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Cardiovascular diseases are the main cause of death in the industrial world. Especially large
myocardial infarctions resulting in prominent heart failure have a poor prognosis. This is also due to
the fact that the endogenous regenerative potential of the adult heart is very limited. The re-initiation
of cardiomyocyte (CM) proliferation could be therefore an interesting therapeutic strategy for these
diseases. However, cell division is very rare in CMs, in addition these cells are prone to cell cycle
variations, namely acytokinetic mitosis (mitosis without cytokinesis), resulting in binucleated CMs,
and endoreplication (mitosis without cytokinesis and karyokinesis), leading to polyploid CMs. We
have used CMs from double transgenic αMHC-H2B-mCherry/CAG-eGFP-anillin mice for the
analysis of postnatal CM development. This system enables detection of the cell cycle variants
through localization of the eGFP tagged scaffolding protein Anillin and identification of CM nuclei by
mCherry tagged histone 2 B. Using this system, we have screened for pro-proliferative substances
(e.g. Pan-kinase inhibitors) in P1 and P6 postnatal CMs of αMHC-H2B-mCherry/CAG-eGFP-anillin
mice and have identified interesting hits in postnatal mouse and rat CMs (Carrillo García et al.
(2021)). Since we have seen strong species dependent effects, it is mandatory to validate our results
in human iPS derived CMs. Accordingly, we have generated a double transgenic human induced
pluripotent stem cell (hiPSC)-line carrying the αMHC-H2B-mCherry/CAG-eGFP-anillin expression
constructs as a read-out system for the detection of authentic cell division in CMs. We are currently
characterizing this system by differentiation of double transgenic hiPSCs to CMs and screening of
pro-proliferative substances (e.g. Pan-kinase inhibitors) in adherent 2D cultures and also in
organoid-like cardiac bodies.
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Introduction: Increased arginase including isozyme 1 (Arg-I) and/or isozyme 2 (Arg-II) have been
reported to play an important role in pulmonary fibrosis (PF), including cystic fibrosis, idiopathic
pulmonary fibrosis, and chronic obstructive pulmonary disease. Our previous studies have shown
that age-related increases in Arg-II levels play an important role in aging phenotypes, including
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fibrosis in various organs. However, the role of arginase in age-associated PF has not been
explored.
Methods:Animal: Wild type (WT) and Arginase-II knockout (Arg-II−/−) mice (C57BL/6J background)
were backcrossed for more than 10 generations. Mice at age of 4–6 months or 24–28 months were
anesthetized with isoflurane and sacrificed by exsanguination. Experimental work with animals was
approved by the Ethical Committee of the Veterinary Office of Fribourg Switzerland and performed
in compliance with guidelines on animal experimentation at our institution. Cells:Human alveolar
epithelial cells (A549), bronchiolar epithelial cells (NL-20), and lung fibroblasts (MRC5) were
purchased from ATCC, and Arg-II−/− A549 and NL20 cells were generated by CRISPR-Cas9
methods. The conditioned medium from these epithelial cells was prepared for stimulation of MRC5
cells. The expression and location of Arg-II and TGFβ1 were detected by Immunoblotting and
Immunofluorescence staining. The fibrosis area and collagen formation were measured by
Masson’s trichrome staining and hydroxyproline assay. The inflammatory markers were measured
by Real Time-qT-PCR. Cytokines were measured by ELISA.
Results: An age-associated increase in Arg-II (but not Arg-I) is detected in bronchial ciliary
epithelium, Clara cells, and alveolar type 2 (AT2) cells of female (but not male) mice, which is
associated with fibrosis and enhanced inflammatory cytokines, including the pro-fibrotic mediator
TGFβ1 and IL1β. Arg-II-ablation in mice (Arg-II−/−) suppresses age-associated fibrosis and
decreases TGFβ1 and IL1β which are expressed in AT2 and bronchiolar epithelial cells in mice.
Conditioned medium (CM) from hypoxic A549 cells and NL-20 cells activated fibroblasts MRC5
cells to produce more collagen, which was abolished by Arg-II-/- in the epithelial cells. This effect of
conditioned medium from WT cells was prevented by IL-1 receptor antagonist IL-1Ra and TGFβ1
type I receptor blocker or the combination of both. ELISA confirmed increased levels of IL1β and
TGFβ1 in the conditioned medium from WT cells and reduced levels from Arg-II-/- cells.
Conclusion: Our study demonstrates an important role of Arg-II in pulmonary epithelial cells in the
promotion of aging-associated lung fibrosis through the paracrine release of IL1β and TGFβ1 acting
on fibroblasts, particularly in female mice.
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IntroductionThe author previously demonstrated that genistein has cardioprotective effect [1]. In
addition, genistein alleviated renal damage and dysfunction in rat models of ischemic acute kidney
injury (Gholampour, Mohammadi, Karimi, & Owji, 2020). However, vascular-renal effects of
genistein in two-kidney, one-clipped (2K1C) hypertensive rats is undiscovered. This study evaluated
the effects of genistein on sympathetic activation, vascular function, renal alteration and investigated
the mechanism underlying in 2K1C hypertensive rats.
MethodsMale Sprague-Dawley rats 180-220 g were used in this study. The renovascular
hypertensive model was produced and modified as previously described [2]. Fourth weeks after
operation, the 2K1C rats were received vehicle, genistein at dose 40 or 80 mg/kg or losartan 10
mg/kg for the last 3 weeks by oral gavage. On the other hand, sham operated rats (Sham) were
treated with vehicle. At the end of experiment, heir water and food intakes were measured, and their
24 h urine samples were collected to monitor metabolic function, electrolyte balance and glomerular
filtration rate (GFR). After 7 weeks, we evaluated direct blood pressure, tyrosine hydroxylase (TH)
in mesenteric artery and plasma norepinephrine (NE) by immunofluorescence [3] and HPLC [4].
Vascular (Potue et al., 2019).and renal functions, oxidative stress markers, renin angiotensin system
activity, apoptosis and fibrosis related proteins in both sides of kidney were determined.
ResultsGenistein reduced blood pressure, serum angiotensin converting enzyme activity and
plasma angiotensin II and alleviated oxidative stress markers in 2K1C rats. Increases in sympathetic
nerve-mediated contractile response, endothelial dysfunction in the mesenteric vascular beds and
aorta, intensity of tyrosine hydroxylase in the mesentery and plasma norepinephrine in 2K1C rats
were alleviated in the genistein-treated group. Genistein also improved renal dysfunction, atrophy
of the clipped kidney (CK) (Figure 1)and hypertrophy of the non-clipped kidney (NCK) (Figure 2) in
2K1C rats. Upregulation of angiotensin II receptor type I (AT1R), nicotinamide adenine dinucleotide
phosphate oxidase subunit 4 (Nox4) and Bcl2-associated X protein (BAX) and downregulation of Bcell lymphoma 2 (Bcl2) protein found in CK were restored by genistein. It also suppressed
theoverexpression of AT1R, transforming growth factor beta I (TGF-β1), smad2/3 and p-smad3 in
NCK.
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ConclusionIn conclusion, genistein suppressed renin-angiotensin system-mediated sympathetic
activation and oxidative stress in 2K1C rats. It alleviated renal atrophy in CK via modulation of
AT1R/Nox4/Bcl-2/BAX pathways and hypertrophy in NCK via AT1R/TGF-β1/smad-dependent
signalling pathways.
Effect of genistein on
renal alterations and
apoptotic protein
expression in CK
Representative images of
renal sections stained with
picrosirius red under light
microscope (A).
Quantitative data for
glomerular fibrosis (B) and
interstitial fibrosis (C).
Protein expression of AT1R
(D), Nox4 (E), Bcl2 (F) and
BAX (G) (n= 8/group). Data
are presented as mean ±
SEM. ap < 0.05 vs. Sham, cp
< 0.05 vs. 2K1C, dp < 0.05
vs. 2K1C + G40
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Effect of genistein on
renal alterations and
fibrotic protein expression
in NCK
Representative images of
renal sections stained with
picrosirius red under light
microscope (A).
Quantitative data for
glomerular fibrosis (B) and
interstitial fibrosis (C).
Protein expression of AT1R
(D), TGF-β1 (E), smad2/3
(F) and p-smad3 (G) (n =
8/group). Data are
presented as mean ± SEM. ap
< 0.05 vs. Sham, cp < 0.05
vs. 2K1C, dp < 0.05 vs.
2K1C + G40
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Kidney disease is a global health burden associated with high morbidity and premature mortality
and is increasing in prevalence. The common pathway in all progressive kidney disease, regardless
of initiating aetiology, is fibrosis. Myeloid cells are a major cellular compartment of the immune
system; they are found in the healthy kidney and in increased numbers in the damaged and/or
diseased kidney, where they may act as key players in the development of fibrosis. Proinflammatory
monocytes recruited to the injured kidney can exacerbate tissue damage through the release of
proinflammatory factors and by activating myofibroblasts. Tissue macrophages possess enormous
plasticity and heterogeneity, adopting different phenotypic and functional characteristics in response
to stimuli in the local milieu. Hence, they can be injurious or may mediate repair by scavenging cell
debris, degrading excess extracellular matrix and by secreting factors that may promote
regeneration of injured tissue. Recently, using single-cell RNA sequencing we have identifed novel
myeloid subsets in murine reversible, unilateral ureteric obstruction (UUO), an acute non-functional
model of kidney fibrosis and repair1. Amongst the subsets, a population of cells was identified
exclusively in acute injury (2 days post-UUO); they transcriptomically align to monocytes but express
Arg1, and a large number of pro-inflammatory and pro-fibrotic genes. However, the function of this
population in kidney disease has not yet been elucidated.
In these studies, we aim address the hypothesis that the Arg1+ myeloid cells play a role in the
development of renal fibrosis. Kidney injury was induced in mice by UUO surgery (n=4-8) or
ischemia reperfusion injury (IRI) before being culled at different timepoints over 7 or 14-days postsurgery, respectively, with kidneys harvested for analyses. Markers of kidney injury and fibrosis
development were increased in injured kidneys compared to shams, as measured by histological
analysis and gene expression. Analysis of intra-renal inflammation revealed persistent recruitment
of Ly6Chi monocytes transitioning to pro-fibrotic inflammatory macrophages in injured kidneys in
both models. There was an increase in the CD45+CD11b+Arg1+ population at later timepoints. At
early timepoints this population were F4/80lo whereas at later timepoints they are
F4/80hi MHCII+ CD206+. Kidney tissue was also analysed by immunofluorescence for spatial
analysis of where the Arg1+ cells sit within the tissue.
In conclusion, Arg1+ cells increase across the timecourse however display different markers
depending on the point in the injury process. Determining their role in this and other clinically relevant
models of kidney disease has the potential to lead to the development of novel therapeutics to limit

654

fibrosis or enhance repair to halt progression of disease. As fibrosis is a pathological process that
can affect any organ, findings may be applied to other diseases.
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Introduction The nephrotic syndrome is characterized by massive proteinuria and oedema
formation due to an aberrantly activation of Epithelial sodium channels (ENaC) in the renal collecting
ducts. High ENaC activity in this tubular segment is predicted to increase potassium secretion;
however, nephrotic patients often display normal or elevated plasma potassium concentrations. The
mechanisms causing the renal retention of potassium by the nephrotic kidney are unknown. Renal
outer medullary K+ (ROMK) channels are essential for renal excretion of potassium, and evidence
indicates dysregulation of ROMK trafficking in nephrotic animal models. ROMK trafficking is
regulated through a series of kinases such as With-no-lysine kinase 4 (WNK4), Proto-oncogene
tyrosine-protein kinase (c-Src), and extracellular regulated kinase (ERK) but it is unknown whether
the kinases' effects on ROMK are additive or independent of each other. This study aimed to
determine how the collecting duct expressed kinases WNK4, c-Src, Sgk1, and ERK affected ROMK
trafficking in HEK293T cells.
Methods HEK293T cells were transiently transfected with different combinations of plasmids
(ROMK and two different combinations of kinases, e.g., WNK4 and c-Src). Surface localized
proteins were biotinylated before lysing the cells and isolated through neutravidin-precipitation.
Western blotting was used to determine how the kinases affected the surface expression of ROMK
(see figure 1).
Results ROMK was expressed as a 44 kDa protein and was abundantly present in the plasma
membrane when expressed without kinases. ROMK was also abundantly expressed as a 44 kDa
band when co-expressed with c-Src or WNK4, but the expression fraction of ROMK in the plasma
membrane was significantly decreased by c-Src and WNK4. Co-expression of ROMK, WNK4, and
c-Src did not cause a further reduction in plasma membrane abundance of ROMK (see figure 2).
Conclusion WNK4 and c-Src cause decreased surface expression of ROMK through independent
mechanisms, implying that increased WNK4 and c-Src activity may play a role in the renal potassium
retention in the nephrotic syndrome.
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Figure 2: WNK4 and c-Src
kinases regulatory effects
on ROMK surface expression
Western blot showing the
regulatory effects of WNK4
and c-Src kinases on the
surface expression of ROMK
in transfected HEK293T
cells. ROMK is expressed as
a 44kDa protein found in
the whole cell lysate of
all five experimental
groups. The ROMK channel is
found in abundance in the
plasma membrane when
expressed without kinases.
When co-expressed with
either WNK4 or c-Src, the
presence of ROMK in the
plasma membrane is
significantly reduced. Coexpression of ROMK, WNK4
and c-Src does not cause
further reduction in the
membrane bound ROMK.
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Figure 1: The experimental
procedure used to isolate
surface proteins from
transfected HEK293T
HEK293T cells are
transfected with different
combinations of plasmids.
Successfully transfected
cells will start
expressing the genes
encoded by the plasmid,
here illustrated with the
ROMK protein product.
Surface proteins are
biotinylated prior to cell
lysis. The whole cell
lysate is sampled and kept
as input for expression
control. Biotinylated
surface proteins are
isolated through
neutravidin precipitation
using neutravidin beads.
Precipitated membrane
bound proteins and input
samples can then be used
in western blot analysis.
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A postbiotic is defined as a “preparation of inanimate microorganisms and/or their components that
confers a health benefit on the host” (1). Lactobacillus LB is a heat-treated preparation of cellular
biomass and a fermentate generated by Limosilactobacillus fermentum and Lactobacillus
delbrueckii ssp. delbrueckii which has been demonstrated to alleviate acute diarrhoea (2) and
ameliorate the symptoms of irritable bowel syndrome (3) in human studies. However, the
mechanisms underlying these beneficial effects are unknown. Here, we investigated whether
modulation of intestinal ion transport and motility underpins the beneficial effects of this postbiotic
observed clinically.
We used Ussing chambers and organ baths to assess the effects of a low-lactose postbiotic
preparation (5%, low-lactose LB) on naïve intestinal tissue from male and female C57Bl/6 mice.
Ussing chamber studies were carried out as previously described (4) but using small intestinal
mucosa-submucosa preparations. Low-lactose LB was applied to the apical chamber. The
neurotoxin, tetrodotoxin (TTx; 300 nM) and the Na-K-2Cl co-transporter inhibitor, furosemide (fur,
100 μM) were added to the basolateral chamber. Organ bath experiments were performed in a
vertical setup using full-thickness preparations of 2-3 cm distal small intestine. Carbachol (CCh, 100
μM) was added to induce contractions pre- and post-treatment with 5% low-lactose LB (5). Statistical
analysis was performed using a Mann-Whitney U test between treatment and control groups.
Ussing chamber data are presented as change in short-circuit current (ΔISC) in μA/cm2. Luminal
addition of low-lactose LB (5%) significantly increased baseline ISC compared to Krebs-control (lowlactose LB, 51.2 [37.6 – 64] versus Krebs, -2.4 [-9.6 – 6.4], N = 6, p < 0.05, median [Interquartile
range]). This effect was insensitive to pre-treatment with TTx (vehicle (veh) + low-lactose LB, 40
[31.2 – 52] versus TTx + low-lactose LB, 34.4 [25.6 – 60.8] or fur (veh + low-lactose LB, 50.4 [28.8
– 66.4] versus fur + low-lactose LB, 36.8 [24 – 64.8], N = 10-13, p > 0.05), suggesting that the effects
of low-lactose LB may be epithelial in nature and independent of basolateral Cl- co-transport. In the
organ bath, 5% low-lactose LB significantly decreased tension indicative of relaxation (Δweight in g;
low-lactose LB, -0.15 [-0.19 – -0.11] versus Krebs 0.01 [0 – 0.02], N = 9-10, p < 0.05). After
incubation with low-lactose LB (5%) for 30 min, the CCh-induced contractile response was
significantly increased relative to the initial CCh-induced contraction (fold change; low-lactose LB,
1.62 [1.3 – 1.9] versus Krebs, 1.15 [1 – 1.2], N = 8-9, p < 0.05).
Lactobacillus LB significantly influences both intestinal secreto-motor function and intestinal motility
ex vivo. These effects combined could contribute to the clinical efficacy of this postbiotic. Further
characterisation is now warranted to better understand the molecular mechanisms.
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Background
Albuminuria in kidney transplant recipients (KTRs) is associated with hypertension and increased
extracellular volume associated with Na+ retention. This may be caused by aberrant glomerular
filtration of serine proteases including plasmin that may proteolytically activate the epithelial sodium
channel (ENaC). The study tests the hypothesis that one day of amiloride reduces blood pressure
and increases sodium excretion and renin-angiotensin-aldosterone significantly more in albuminuric
compared to normoalbuminuric KTRs.
Methods
In an open-label pharmacodynamic intervention study, KTRs with albuminuria (albumin/creatinineratio > 300mg/g, n=7) or without albuminuria (albumin/creatinine-ratio < 300mg/g, n=7) received a
fixed sodium diet (150mmol/d) for five days. On the last day, oral amiloride 10mg x 2 was
administered. Ambulatory blood pressure, 24h urine and blood samples were collected. Body water
content and weight was monitored before and after treatment. Electrolyte excretion and renin-ANGIIaldosterone were measured.
Results
At baseline, the mean 24-h urinary protein excretion was 0.99g/24h and 0.11g/24h in the albuminuric
and non-albuminuric KTRs, respectively (p =0.001). There were no significant differences between
baseline p-creatinine (136.3 µmol/L vs. 130.1 µmol/L); urine creatinine clearance (66.6 ml/min. vs.
80.9 ml/min) or plasma electrolytes. Both groups were fluid overloaded (1.12 and 0.39 L/1,73m2 in
albuminuric vs non-albuminuric KTRs, respectively. One day of amiloride treatment resulted in a
significant decrease in body weight in both groups (-0.4 kg and -0.9 kg in albuminuric and nonalbuminuric KTRs, respectively) consistent with an increased 24h urinary output in both groups, with
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statistical significance in the control group. 24h-urinary Na+ excretion increased significantly in both
groups (52.5 mmol and 85.3mmol) as well as 24h-urinary Na+/K+ ratio (3.89 and 4.45) in the
albuminuric and non-albuminuric KTRs, respectively). P-aldosterone, renin and ANGII did not
change significantly in response to amiloride. Plasma potassium increased significantly only in nonalbuminuric KTRs (0.31 vs 0.37mmol/l). Amiloride reduced mean systolic and diastolic blood
pressures in both groups. The decrease in night systolic blood pressure was significant in
albuminuric KTRs only when compared to non-albuminuric (-5,16 mmHg, p 0.022 vs. 3.89mmHg, p
0.30).
Conclusion
Despite antihypertensive treatment targeting the renin-angiotensin-aldosterone system
(ACEi/ARBs), ENaC contributes to sodium and water retention and blood pressure in kidney
transplant recipients with clinical albuminuria and overt proteinuria. ENaC may be a relevant target
in the diuretic- or antihypertensive treatment. Larger and long-term studies are needed to evaluate
weather this effect is more pronounced in KTRs with proteinuria compared to KTRs with
normoalbuminuria.
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Introduction: Hypertension and kidney disease have been repeatedly associated with genomic
variants and alterations of lysine metabolism.
Methods: Here, we coupled dietary stable isotope labeling with untargeted metabolomics to
investigate lysine’s metabolic fate in vivo. Metabolic trajectories of 13C6 labeled lysine were tracked
to lysine metabolites across all major organs in hypertension. Functional studies of lysine’s
bioactivity and fate were performed in rat models of hypertension and kidney disease, as well as
humans at risk for hypertensive kidney disease.
Results: Globally, lysine reacts rapidly with molecules of the central carbon metabolism, but
incorporates slowly into proteins and acylcarnitines. Lysine metabolism is accelerated in a rat model
of hypertension and kidney damage, chiefly through N-alpha-mediated degradation. Lysine
administration diminished development of hypertension and kidney injury. Protective mechanisms
include diuresis, further acceleration of lysine conjugate formation, and inhibition of tubular albumin
uptake. Lysine also conjugates with malonyl-CoA to form a novel metabolite Ne-malonyl-lysine to
deplete malonyl-CoA from fatty acid synthesis. Through conjugate formation and excretion as
fructoselysine, saccharopine, and Ne-acetyllysine, lysine lead to depletion of central carbon
metabolites from the organism and kidney. Consistently, lysine administration to patients at risk for
hypertension and kidney disease inhibited tubular albumin uptake, increased lysine conjugate
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formation, and reduced tricarboxylic acid (TCA) cycle metabolites, compared to kidney-healthy
volunteers.
Conclusion: Lysine isotope tracing mapped an accelerated kidney metabolism in hypertension,
and lysine’s bioactivity could protect kidneys in hypertensive kidney disease.
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is a lethal disease. The PDAC tumor microenvironment
(TME) is a highly fibrotic, composed of cellular and non-cellular elements, including extracellular
ATP (eATP), cytokines and collagen. In particular, eATP is considered to be high in the TME and
this leads to the activation of the low sensitive purinergic receptor P2X7 (P2X7R). P2X7R is encoded
by a highly polymorphic gene resulting in several splice variants and SNPs, some of which are
associated with several diseases, including some cancers [1], but no information is available for
PDAC. There is a cross-talk between pancreatic cancer and stellate cells (PSCs), involving
cytokines such as IL-6, but the role of P2X7R that is expressed in these cells is unknown [2,3]. The
aim of this study was to elucidate the role of P2X7R in PDAC.
Methods
Release of IL-6 and collagen from PSCs were detected with ELISA kits. PSCs were treated with
agonists/antagonists of P2X7R and the conditioned media with/without Tocilizumab (IL-6 receptor
specific monoclonal antibody) was tested on PDAC cell line (PANC-1) and pSTAT3 levels quantified
using western blot. ATP released from PANC-1 and PSCs was measured with luminescence ATP
kit. Association analysis was performed between P2X7R mutations detected in human blood
samples from PDAC and control patients. Ca2+ signals and pore formation were studied using
fluorophores Fura-2 and YO-PRO in PANC-1 and PSCs expressing P2X7R variants. PANC-1
migration was analyzed by time-lapse microscopy.
Results
PSCs and PANC-1 released ATP following mechanical, metabolic and osmotic stimulation.
Activation of P2X7R with BzATP in PSCs caused release of collagen and IL-6. Conditioned media
from P2X7R-activated PSCs stimulated STAT3 pathway in PANC-1 and treatment with Tocilizumab
reduced pSTAT3 to the basal conditions. P2X7R mutations analysis carried out in DNA extracted
from PDAC patient blood samples showed that two missense mutations (rs28360447 and
rs7958316) leading to Gly150Arg and Arg276His, which are associated with different risk of
developing PDAC, one protective and one promoting (OR=0.490 and 1.791), respectively. The
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expression of the receptor variants in PSCs and PANC-1 revealed different cellular behavior.
Gly150Arg receptor showed lower Ca2+ signals and pore formation than WT, indicating loss of
function phenotype. Arg276His showed diverse effects compared to WT: Ca2+ signals were similar,
pore formation was reduced but cancer cell migration was increased.
Conclusion
In conclusion, we give first evidence of the P2X7R-IL-6-STAT3 cross-talk between PSCs and cancer
cells, which may be potential therapeutic targets. Moreover, we provide the first risk-association
between P2X7R SNPs and PDAC and functional studies of phenotypes that may help us to
understand PDAC.
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Introduction
The human skin is constantly exposed to various stress factors such as temperature changes,
mechanical stress, different humidity levels, air pollution or radiation. These factors can have a
tremendous impact on the skin and can contribute to barrier disruption and inflammation, dry and
fragile skin as well as premature ageing[1]. Recent advances in different research areas point to an
impor-tant role of LRRC8 volume regulated anion channels (VRACs) in a plethora of different
physiological processes[2]. The function of LRRC8 has been characterized in human keratinocytes
and in the native human epidermis[3] and the LRRC8 ion channel has been proposed to be a novel
molecular target to modulate keratinocyte differ-entiation. LRRC8A (also named SWELL1) has been
identified as the first essential component of VRACs in various cell types[4,5]. LRRC8A is composed
of four transmembrane domains and a C-terminal domain containing up to 17 leucine-rich repeats.
Together with four additional LRRC8 family members (LRRC8B-E) it assembles into heterohexameric complexes[4,5]. The LRRC8 subunit composi-tion differs between cell types and
influences VRAC prop-erties such as inactivation kinetics, voltage-dependence and selectivity of the
transported osmolyte. The gen-eration of LRRC8A-/- knockout HaCaT keratinocytes has provided
evidence for the essential function of LRRC8A in hypotonic stress response of human
keratinocytes[3].
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Methods
We used automated patch clamp devices to record LRRC8-mediated currents from WT and
LRRC8A-/- knockout keratinocytes activated by hypotonic solution. We also measured LRRC8
activity, as well as cell volume changes, indirectly using the fluorescent halide-sensitive YFP and
the volume-sensitive calcein-AM dye.
Results
LRRC8 was activated in wild type (WT) HaCaT keratinocytes by hypotonic solution and blocked by
DIDS or NPPB. In contrast, no activation by hypotonic solution was observed in the LRRC8A -/knockout HaCaT keratinocytes. LRRC8 currents recorded from WT HaCaT keratinocytes showed
current at both negative and positive potentials, with currents showing prominent inactivation at
voltages above 100 mV.
Conclusion
Keratinocytes coupled with automated patch clamp provide a tool to investigate the roles of VRAC
channels in hypotonic stress.
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Automated patch clamp
recordings from WT and
LRRC8A-/- KO HaCaT
keratinocytes using a ramp
protocol.
A LRRC8 current was
recorded using a voltage
ramp protocol from -100 mV
to +100 mV over 200 ms and
activated using hypotonic
solution (osmolarity: 234
mOsm). B Timecourse of the
experiment shown in A,
after addition of hypotonic
solution, there was a large
increase in current at both
+100 mV and -100 mV (not
shown). The LRRC8 current
was blocked by DIDS.
C There was no activation
of LRRC8 current in the
LRRC8A-/- knockout
keratinocytes recorded on
the Patchliner using a
voltage ramp
protocol. D Corresponding
timecourse of the
experiment, there was no
activation by hypotonic
solution.
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Effect of hypotonic
solution on WT and LRRC8A/- HaCaT keratinocytes
using a voltage step
protocol
A Traces from a
representative WT cell in
isotonic (left) and
hypotonic (right)
conditions. B Current
voltage-plot for an average
of 13 WT cells (left) and 5
LRRC8A-/- cells (right).
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B 02-10
TWIK-1 - a heterodimer-forming subunit that controls K2P-channel trafficking?
M. Prüser, M. Musinszki, S. Cordeiro, T. Baukrowitz
Christian-Albrechts-University Kiel, Institute of Physiology, Kiel, Germany
Heteromerisation, i.e. the formation of channels by different subunits, is a frequently employed
method by which cells increase ion channel diversity. In recent years, a number of examples of
heteromerisation in the K2P-channel family, in which two subunits form functional channels, have
been identified. In the present study, we intend to analyse the ability of TWIK-1 to form heterodimeric
channels with other members of the TWIK-subgroup (i.e. intragroup heterodimers), as well as other
K2P-channel family subgroups (i.e. intergroup heterodimers).
In order to study the interaction between TWIK-1 and other members of the K2P-channel family, we,
first, created dominant-negative pore mutants and co-expressed them with wildtype channels at
different RNA-concentration ratios in Xenopus oocytes. Currents were measured using the twoelectrode voltage clamp method.
Interestingly, our data indicate that the TWIK-1 current is depressed in a concentration dependent
manner by pore mutants of every K2P channel subgroup. Moreover, the dominant negative pore
mutant of TWIK-1 also inhibited the currents of all the WT K2P channels we tested, but not of the
BK-, Kv1.5 and Kir2.1 channels. This suggests that TWIK-1 is able to form heterodimeric channels
with members of every K2P-channel subgroup.The homodimeric TWIK-1 channel differs from other
members of the K2P channel family in that it only generates small currents, likely due to retrieval
from the membrane through clathrin-mediated endocytosis and storage in the endo-lysosomal
compartment[1]. It was previously shown that mutation of a di-isoleucine-based motif in the Cterminal region stabilises TWIK-1 at the membrane.
Surprisingly, when we used the unmutated TWIK-1 channel in co-expression studies with other WT
K2P channels, we observed a reduction in current that was similar to that of a dominant-negative
pore mutant, suggesting that the di-isoleucine retrieval motif may also have a dominant negative
effect by promoting endocytosis of heterodimeric channels.
Next, in order to further study the functional properties of TWIK-1 containing heterodimeric channels,
we created concatenated tandem channels in which the TWIK-1 subunit is covalently linked to a
subunit of a different K2P-channel family member. Two-electrode voltage clamp studies in Xenopus
oocytes revealed markedly reduced currents in tandem channels in which the di-isoleucine motif
of TWIK-1 is intact, suggesting that the heterodimeric channels, too, are re-targeted to the endolysosomal compartment. Mutation of the retrieval motif led to a significant increase in
current, allowing functional characterisation of these heterodimeric K2P-channels.
[1] Feliciangeli S, Tardy MP, Sandoz G, Chatelain FC, Warth R, Barhanin J, Bendahhou S, Lesage
F. Potassium channel silencing by constitutive endocytosis and intracellular sequestration. J Biol
Chem. 2010 Feb 12;285(7):4798-805. doi: 10.1074/jbc.M109.078535. Epub 2009 Dec 3. PMID:
19959478; PMCID: PMC2836085.
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Bayesian Hidden Markov modeling of ensemble data of chemical reaction networks
exemplified on ion channels
J. L. Muench, R. Schmauder, K. Benndorf
Friedrich Schiller University Jena, Universitätsklinikum, Physiologie 2, Jena, Germany
Introduction
Inferring adequate kinetic schemes for ion channel gating from ensemble currents is a daunting task
due to limited information in the data. Based on the rate equation approach by Milescu et al. [1] and
the Kalman filter by Moffat [2], we developed a parallelized Bayesian filter (continuous state hidden
Markov model) by defining a likelihood that correctly models the first-order Markov property of each
single molecule within an ensemble signal. The crucial first step compared to the work of [2] was to
find a solution to a generalized noise model which is beyond the classical Kalman filter. Our solution
is exact for the first two statistical moments, no matter which signal distribution is modeled. This
means it can be adapted to different measuring modalities as patch-clamp currents, conventional
fluorescence detection or photon counting. In a second step, our algorithm samples the Bayesian
posterior distribution of the parameters.
Results
Our generalized Bayesian filter outperforms both a classical Kalman filter and a rate equation
approach when applied to patch-clamp data exhibiting realistic open-channel noise. For data sets,
for which the Rate equation samples an improper posterior leading to unidentified parameters, our
Bayesian filter delivers a fully identified rate matrix. When including orthogonal fluorescence data,
estimates are further improved, which allowed us to identify previously unidentifiable parameters
and which increased the accuracy of the parameter estimates by an order of magnitude.
The central advantage of Bayesian statistics is an accurate uncertainty quantification of the
parameter inference. By using Bayesian highest credibility volumes, we showed that the likelihood
derived through our approach yields a realistic uncertainty quantification. In contrast, deterministic
rate equation approaches show unrealistically small Bayesian or non Bayesian error-estimates,
leading to biases or potentially even misleading parameter estimates. These results also
demonstrate the power of assessing the validity of algorithms by Bayesian credibility volumes in
general, thereby addressing the question whether or not the predicted uncertainty of the inference
matches the true uncertainty of the inference.
Finally, we demonstrate examples for which the Bayesian framework with a minimal informative
prior Jaynes [3] and Jeffreys [4] expands the range of parameter identifiability by more than two
orders of magnitude compared to naive Bayesian approaches with uniform priors or even maximum
likelihood. Using a uniform prior explicitly or implicitly (maximum likelihood) may render the
parameter inference unidentified.
Our algorithm is not limited to ion channels, but can be applied to any kind of time series that
originate from an at least pseudo-monocular chemical reaction network obeying the 1st-order
Markov property.
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Claudin-19 localizes to the thick ascending limb where its expression is required for
junctional Claudin-16 localization
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Introduction
The kidneys play a critical role in maintaining mineral homeostasis. Calcium and magnesium
reabsorption in the renal thick ascending limb (TAL) involves CLDN16 and CLDN19 and pathogenic
variants in either gene lead to Familial Hypomagnesemia with Hypercalciuria and Nephrocalcinosis
(FHHNC) with severe calcium and magnesium wasting. While both CLDN16 and CLDN19 localizes
to the TAL, varying expression patterns in the renal tubule has been reported using different
antibodies and it remains untested whether CLDN19 influence CLND16 in vivo.
Methods
We therefore determined the localization of CLDN19 in frozen and paraffin-embedded kidney
sections from wild-type and Cldn19 deficient mice using three different antibodies directed against
the protein. Furthermore, we examined the role of Cldn19 deletion on CLDN16 and CLDN10
localization in kidney.
Results
We find that CLDN19 localizes to basolateral membrane domains of the medullary and cortical TAL
but only to the tight junction of TALs in the outer stripe of outer medulla and cortex, where it
colocalizes with CLDN16. Furthermore, in TALs from Cldn19 deficient mice, CLDN16 is expressed
in basolateral membrane domains but not at the tight junction. In contrast, Cldn19 ablation does not
change CLDN10 localization.
Conclusion
In vivo, the CLDN19 protein is required for the proper CLDN16 expression at the tight junction.
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These findings implicate directly CLDN19 in regulating permeability in the TAL, by allowing
junctional insertion of CLDN16 and may explain the shared renal phenotypic characteristics in
FHHNC patients.
CLDN16 labelling in kidney
of Cldn19 deficient animals
CLDN16 is expressed in both
the tight junction and
basolateral membrane
domains in a mosaic
pattern. Following Cldn19
ablation,
immunohistochemical
staining revealed that
while CLDN16 localized in
basolateral membrane
domains it was absent from
the junction (Figure 4A-D).
CLDN16 was found to
colocalize with CLDN19
(Figure 4E-F) and the tight
junctional marker ZO1
(Figure 4G-H) in the tight
junction in a mosaic
pattern, while tight
junction localization was
completely absent at the
tight junction in the
kidney of Cldn19 deficient
animals.
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Phd inhibition reduces anemia and capillary rarefaction in the setting of Cyclosporine-A
induced nephrotoxicity.
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Introduction
Cyclosporine-A (CsA) is widely used in organ transplantation and various autoimmune diseases for
its immunosuppressive effects. Unfortunately, CsA treatment is associated with side effects such as
nephrotoxicity and anemia. The mechanisms behind CsA mediated kidney injury are incompletely
understood. Through inhibition of the phosphatase calcineurin, CsA is supposed to change protein
phosphorylation, however, a systematic phospho-proteomic analysis has not been performed so far.
The prolyl hydroxylase inhibitor daprodustat is designed for treatment of renal anemia. Having a
special focus on the phospho-proteome, we investigated the impact of daprpodustat on CsA
mediated renal toxicity and anemia.
Methods
Mice received daily oral gavage with CsA (80 mg/kg BW) and/or daprodustat (10 mg/kg BW) for up
to 8 weeks. Blood samples served for evaluation of kidney function and anemia. qPCR and
immunofluorescence were used to access kidney injury markers. Kidney homogenates served for
large scale phospho-proteomic analysis and data were analyzed by gene set enrichment analysis.
Examination of capillary density was performed by immunofluorescence staining of kidney slices for
the endothelial marker CD31 followed by quantification of the stained area.
Results
Treatment with CsA for 8 weeks resulted in anemia and elevated kidney injury markers Kim-1, Ngal,
Dkk3 and vimentin. However, unchanged serum creatinine levels indicate a subclinical stage.
Combined treatment with daprodustat ameliorated anemia, but renal injury markers remained
unaffected. Analysis of the phospho-proteome of CsA treated animals compared to control mice
showed a differential expression of 79 proteins and a change in phosphorylation level of 86 proteins.
Combination of CsA with daprodustat resulted in alteration of 95 proteins at expression and only 6
at phosphorylation level. On its own, daprodustat showed only marginal effects. As shown by gene
set enrichment analysis, angiogenesis-related pathways were among the top enriched candidates
under CsA and daprodustat/CsA treatment. A loss of peritubular vessels by CsA was shown by
immunofluorescence staining of CD31. Combined treatment of daprodustat/CsA prevented CsA
mediated capillary rarefaction.
Conclusion
This study provides a detailed renal phospho-proteomic map of the renal response to CsA,
daprodustat, and the combination of both. We demonstrate that nephrotoxicity through chronic CsA
treatment involves capillary rarefaction and anemia. We show that daprodustat on top of CsA
prevents CsA induced effects on microcirculation and Hb. Data suggest that the protective action of
daprodustat involves changes in the renal phospho-proteome, which results from long-term CsA
treatment.
____________________________________________________________________________
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Complications and Treatment of Hypercalciuria in Familial Hyperkalaemic Hypertension
(FHHt)
V. D'Ambrosio, K. Siew, S. Walsh
UCL, Department of Renal Medicine, London, UK
Introduction
Hypertension is frequently associated with hypercalciuria, nephrolithiasis and low bone mineral
density. Familial Hyperkalaemic Hypertension (FHHt) causes hypercalciuria, although complications
of this are not reported.
Methods
We examined a cohort of 9 patients with genetically confirmed FHHt. Biochemical, radiological, and
clinical data was obtained in patients before and after thiazide treatment. All patients gave informed
consent. The study had ethics committee approval (REC 05/Q0508/6). Data were compared using
paired t tests or Wilcoxon paired rank tests.
Results
5 of the 9 patients were female (median age 41.7 years). The genetic diagnosis was confirmed in
all patients, 5 patients had variants in KLHL3, 3 patients had variants of WNK4, and one had a
variant of WNK1.
Pre-treatment potassium was high (median 5.6 IQR 5.2-6.2 mmol/L). Pre-treatment calcium was in
the normal range (2.34 IQR 2.29-2.38 mmol/L). There was significant hypercalciuria with a raised
urinary calcium/creatinine ratio (0.69 IQR 0.41-1.13). However, PTH (4 IQR 3.95-4.35 pmol/L),
phosphate (1.15 IQR 1.25mmol/L) and alkaline phosphatase (57 IQR 45-84 mmol/L) were all in the
normal range.
Thiazide treatment significantly reduced hypercalciuria (calcium/creatinine ratio 0.15 IQR 0.05-0.29
p=0.04) as well as the serum potassium (3.9 IQR 3.5-4.4 mmol/L p=0.0167).
Patients also developed complications of hypercalciuria. 3 patients had kidney stones demonstrated
on cross-sectional imaging. One of these patients (male, 30 years old) had DXA criteria for
osteoporosis (T score Femoral neck -1.5, lumbar spine -2.4).
Conclusion
This is the first case series to demonstrate complications of hypercalciuria (i.e. kidney stones) in
patients with FHHt. We demonstrate that thiazide treatment normalises urinary calcium excretion.
Thiazide treatment may have clinical utility in FHHt even if hypertension or hyperkalaemia are not
problematic in order to avoid the complications of hypercalciuria.
____________________________________________________________________________
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Role of SLC26A2 in the kidney
I. Lukianova, U. Scholl
Berlin Institute of Health (BIH), Institute of Functional Genomics, Berlin, Germany

related to the residual activity of SLC26A2 and the sulfation state of proteoglycans in the
extracellular matrix (Rossi et al. 1998). So far, SLC26A2 research has focused on the investigation
of its role in bone and cartilage, although it is expressed in various organs. Interestingly, SLC26A2
is found in the proximal tubule of the kidney, a site of sulfate reabsorption (Chapman and Karniski
2010). The aim of this study is to investigate the role of SLC26A2 in the kidney, its regulation and
function.
Methods and Results
Opossum kidney cells (OK cells) are a common in vitro model of the proximal tubule. Using
CRISPR/Cas9-based genome editing, we generated SLC26A2 knock-out OK cell lines along with
wildtype control lines. Preliminary data showed decreased uptake of radioactive sulfate by knockout cells compared to the wildtype controls. Using qPCR, we identified potential additional sulfate
transporters in OK cells that might contribute to sulfate uptake and release in these cells.
We also aim at generation of an in vivo mouse model of renal Slc26a2 deficiency through conditional
knock out of Slc26a2 in the proximal tubule employing the Cre/lox-system. After the generation of
the model, we will grossly phenotype the mice, isolate brush border membrane vesicles and perform
sulfate transport assays. All experiments and animal care will be performed in accordance with the
current EU legislation.
For quantitative analysis of membrane targeting and trafficking and to distinguish between the
surface fraction and intracellular fraction of the protein, we inserted an AviTag in an extracellular
loop. Further, we generated constructs with depleted glycosylation sites and deleted C-terminal
domains using site-directed mutagenesis. Protein with either one or two mutated glycosylation sites
successfully trafficked to the cell membrane. However, the stability and functionality of the protein
are still to be tested. Contrarily, deletion of the STAS domain, an intracellular C-terminal domain
that contributes to dimer formation, led to intracellular localization of the mutant protein.
Conclusion
Understanding the role of SLC26A2 in the kidney could provide better insight on the pathology of
chondrodysplasias and help characterize mechanisms of sulfate homeostasis in the body.
References
[1]
Chapman, J.M. and Karniski, L.P. (2010). Protein localization of
SLC26A2 (DTDST) in rat kidney. Histochemistry and Cell Biology, 133(5), pp.541–
547. doi:10.1007/s00418-010-0694-x.
[2]
Rossi, A., Kaitila, I., Wilcox, W.R., Rimoin, D.L., Steinmann, B.,
Cetta, G. and Superti-Furga, A. (1998). Proteoglycan sulfation in cartilage and
cell cultures from patients with sulfate transporter chondrodysplasias:
Relationship to clinical severity and indications on the role of intracellular
sulfate production. Matrix Biology, 17(5), pp.361–369. doi:10.1016/s0945053x(98)90088-9.
____________________________________________________________________________

Introduction
Chondrodysplasias are hereditary disorders, some of which are caused by mutations in a
transmembrane protein, called SLC26A2, or DTDST. Mutations often result in loss of activity or low
expression levels of the protein. In cartilage, SLC26A2 acts as a sulfate transporter, and clinical
severity of patients with diastrophic chondrodysplasia, one of the mild forms of the disorder, is

671

672

B 02-16
Functional expression of calcium homeostasis modulator 2 (calhm2) as slowly activating
outwardly rectifying current in mouse B cells.
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Calhm channel in mouse and
human B cells.
Calhm current showed in
mouse B cells but not
showed in human B cells.
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Previously, we found very slowly activating voltage-dependent current (IVSAC) in mouse B
lymphocytes, which showed significant thermosensitivity and inhibited by Gd 3+ or ruthenium red
(RuR) [1]. Calcium homeostasis modulator 1(calhm1) is a newly identified membrane protein forms
nonselective ion channel with large pore structure, activated by membrane depolarization, blocked
by Gd3+ and RuR. The voltage-dependent activation of calhm1 is facilitated by lowering extracellular
Ca2+ concentration and by physiological temperature [2]. Based on the electrophysiological
properties similar with calhm1, we explored the molecular nature of I VSAC. RT-PCR analysis
revealed the mRNAs of calhm2 and 6, while not calhm1, are expressed in the primary B cells and
B cell lymphoma lines (WEHI-231 and BAL-17) of mice. Using the conventional whole-cell patch
clamp with CsCl or NMDG-Cl pipette solution, the thermosensitivity of I VSAC was confirmed in the
mouse B cells along with the facilitation by lowering [Ca2+]ext. The overexpressed calhm2 in N2A
cell also showed similarly slow activation by sustained depolarization at 35 – 37 °C. However,
calhm6 overexpression did not show noticeable IVSAC even at 37 °C. Also, coexpression of calhm2
and 6 did not show significant augmentation of IVSAC. A knockdown of calhm2 by transfection with
the anti-calhm2 siRNA showed smaller amplitude of IVSAC in BAL-17. Interestingly, no IVSAC was
recorded in the human primary B cells and cell lines despite the consistent expression of the mRNA
for CALHM2. Based on the above results, we suggest that calhm2 is the molecular nature of I VSAC
in mouse B lymphocytes. In mice, calhm2 has been suggested as an ATP-releasing mechanism in
astrocytes and microglia [3]. Further investigation of the physiological role of calhm2 in B
lymphocytes is necessary.

Calhm2 channel is important
in mouse B cells.
Using patch-clamp
technique, investigated the
relationship between calhm2
and calhm6. Calhm6 channel
function is smaller than
calhm2 in Neuro-2A cells.
Current density of calhm2
and calhm2/6 are not
significant.
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Characterization of a thick ascending limb-specific Cre/loxP inducible system generated by
insertion of the CreERT2 sequence in the 3’UTR of the SLC12a1 gene
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Zurich, Switzerland
The thick ascending limb (TAL) plays a pivotal role for the renal control of fluid and ion homeostasis.
The function of the TAL depends on the activity of the furosemide-sensitive Na-K-2Cl co-transporter
NKCC2, which is highly abundant in the luminal membrane of TAL cells. The TAL function is
regulated by various hormonal and non-hormonal factors. However, many of the underlying signal
transduction
pathways
remain
elusive.
Here, we describe the development and characterization of a novel gene-modified mouse model for
an inducible and specific deletion of regulatory and other genes expressed in the TAL. In these mice,
a tamoxifen-dependent Cre (CreERT2) was inserted into the 3’ UTR of the Slc12a1 gene, which
encodes NKCC2 (NKCC2-Cre). Although this gene-modification strategy reduced endogenous
NKCC2 expression at the mRNA and protein level, the lowered NKCC2 abundance was not
associated with an altered urinary fluid and ion excretion. Likewise, the renal response to loopdiuretics or water restriction was similar in wildtype and in NKCC2-Cre mice. Immunohistochemistry
on kidneys from NKCC2-cre mice revealed strong Cre expression exclusively in TAL cells but not in
any other nephron portion. Cross-breeding of these mice with the mT/mG reporter mouse line
showed a very low recombination rate (0.22%) at baseline, but a complete recombination (100%)
after repeated tamoxifen administration. The achieved recombination encompassed the entire TAL
and included also the macula densa. Thus, the new NKCC2-Cre mouse line allows an inducible and
very efficient gene-targeting in the TAL and hence promises to be a powerful tool to advance our
understanding of the regulation of TAL function.
Key words: NKCC2, TAL, Cre/Lox P system, CreERT2 inducibility
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Cre expression is
restricted to TAL
The cre recombinase signal
is mainly located in the
cortex and in the outer
medulla and shares an
identical distribution
pattern as the NKCC2
signal. Higher
magnification reveals that
the expression of Cre
recombinase is limited to
the cells stained with
NKCC2 and stops abruptly at
the thin limbs to TAL and
TAL to DCT transitions.
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The system is high
inducible with a low
tamoxifen-independent
recombination rate
Slc12a1CreERT2 mice were
crosbred with mt/mg
reporter mice. On kidney
overviews we detected a
strong EGFP signal in the
TALs of tamoxifen-induced
mice, while this signal was
restricted at discrete
locations in the kidneys of
control mice. Higher
magnifications
confirmed that EGFP was
strictly and continuously
available in TAL,
importantly the signal
encompassed the macula
densa. A tamoxifen
independent recombination
rate was calculated at
0.22%.
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is a major cause of cancer-associated mortality in
Western countries. Prevention is exceedingly difficult since patients rarely exhibit symptoms and
currently no specific tumor markers are available for early diagnosis at a curable stage. Furthermore,
the current treatments have failed to provide an answer to the aggressiveness of this cancer. PDAC
is inherently linked to the unique physiology and microenvironment of the exocrine pancreas such
as pH, mechanical stress, and hypoxia. On the other hand, Ca2+ signals are emerging to be
particularly relevant in cancer. They mediate interactions between tumor cells and the tumor
microenvironment to drive different aspects of cancer progression. The control and modulation of
these Ca2+-dependent processes revolve around TRP channels. Increasing evidence suggests that
the overexpression of the Ca2+ channel TRPV6 is a common event in cancers of epithelial origin.
Thus, our work aims at studying the role of TRPV6 channel in PDAC cell lines.
Methods
After analyzing the channel expression in several PDAC cell lines, we prepared a stable clone model
from Panc-1 cells. These clones either under- or overexpress TRPV6. Our work seeks to elucidate
the potential role of TRPV6 in cell viability, proliferation and cell cycle progression, both at basal
conditions and treated with common drugs used in PDAC: gemcitabine, cisplatin, and 5-fluorouracil
(one of the compounds used in the FOLFIRINOX regime).
Results
We demonstrate that cancer cells deficient in TRPV6 have a less aggressive phenotype which is
characterized by reduced cell proliferation and intracellular ATP levels. They are also more prone
to exhibit a pro-apoptotic phenotype, which was studied using cell cycle assay with focus on the cell
cycle arrest in the sub-G1 phase. Contrasting with these results, overexpression of the TRPV6
channel leads to increased cell proliferation and cell metabolism, measured by MTS assay. Using
both ATP assay and cell cycle assay, we can also verify the higher vulnerability to the common
chemo-treatments demonstrated by cells deficient in TRPV6.
Conclusion
Overall, our results suggest that TRPV6 plays a role in the modulation of PDAC cell phenotype on
proliferation, cell survival and chemotherapy resistance.
____________________________________________________________________________
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Introduction
Upregulation of the ubiquitin-proteasome system (UPS) within podocytes occurs upon injury and
correlates with disease progression in rodent models. During progressive podocyte injury, the
proteasome system becomes impaired resulting in the accumulation of non-degraded proteins. Here
we tested whether the abundance of urinary extracellular vesicles (EVs) and their content on UPS
proteins displays the proteostatic condition of glomerular podocytes.
Methods
During terminal organ extraction, mice were treated with buprenorphin (0,1 mg/kg bodyweight
subcutaneously, 30 minutes before surgery) and isoflurane (3.5 %, inhaled). EVs were isolated from
mT/mG and BALB/c mice, and from human urine by differential ultracentrifugation. Isolation of
podocyte-derived EVs from human urine was established and validated. Mouse urine was collected
prior to and on different days after disease induction (THSD7A-associated membranous
nephropathy (MN), adriamycin nephritis (AN) and diabetic nephropathy (DN)). The abundance and
proteostatic content of EVs was analysed by immunoblotting and compared to the proteostatic
situation in podocytes. Podocyte-specific urinary EVs from nephrotic patients were investigated for
differences in EV amount and abundance of UPS components.
Results
The amount of podocyte-derived EVs increases differentially in murine podocyte injury models. The
abundance increases in a dose- and time-dependent manner in THSD7A MN, but not in AN und
DN. Both human and murine urinary EVs contain UPS components. The proteostatic content
changes in a disease-dependent manner, mirroring the proteostatic situation of podocytes. Human
podocyte-specific EVs differentiate in size from total urinary EVs. In nephrotic patients the amount
of podocyte-specific EVs differs depending on the underlying podocyte injury.
Conclusion
Analysis of podocyte-specific EVs has the potential to give insight into the proteostatic status of
podocytes.
____________________________________________________________________________
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Introduction
The most recognized function of connexins (Cx) is the formation of cell-to-cell gap junction channels
that connect the intracellular spaces of adjacent cells in tissue. Cx also form hemichannels in single
cells and recent results show that the activity of Cx hemichannels is involved in response of a tissue
to pathological stress.Methods
We analysed how lipopolysaccharide (LPS) affect Cx hemichannels of the epithelial cells of the
respiratory airways. As model we used the Calu-3 epithelial cells and human primary bronchial
epithelial cells (PBECs) expanded from donor lung tissue from explanted lungs. Dye uptake
experiment was used to evaluate the activity of Cx hemichannels in the cells.
Results
We observed an enhanced rate of dye uptake in PBECs and Calu-3 cells that were cultivated with
LPS compared to respective cells cultivated without LPS. The LPS related enhancement of the rate
of dye uptake was antagonised by inhibition of the TLR-4 receptors. Moreover inhibitors of Cx
channels like carbenoxolone or La3+ inhibited the dye uptake, suggesting that dye uptake and its
LPS-induced enhancement were related to the activity of Cx hemichannels. Correspondingly, Cx26
but not Cx43 specific siRNA suppressed the LPS-related enhanced rate of dye uptake. Concerning
the concentration and time dependency, a significant enhancement of the rate of dye uptake was
observed at a concentration of about 0.75 ng/ml after an application time of at least 3 h and achieved
a maximum of more than doubling the rate of the dye uptake at about 1.25 ng/ml. Further increase
of the LPS concentration did not increased the maximal rate of dye uptake, but reduced the
application time necessary to achieve the maximal effect. With 100 ng/ml LPS the maximal increase
was achieved after an application time of 1 h. The LPS related enhancement of dye uptake was
accompanied by an increase of the resting cytosolic Ca2+ and was suppressed in cells preloaded
with the Ca2+-chelator BAPTA. Furthermore, pharmacological inhibition of the TNF-α secretion or
the TNF-α receptor antagonized the LPS-related enhancement of the rate of dye uptake.
Correspondingly TNF-α, like LPS, induced an enhancement of the rate of the dye uptake which was
avoided by repression of Cx26 using specific siRNA. Additionally specific siRNA of the purinergic
receptor P2X4 reduced the LPS related enhanced dye uptake rate.
Conclusion
The results showed that LPS, by stimulating the TLR-4 receptor, induced an enhancement of the
activity of the Cx26 hemichannels in the bronchial epithelial cells, by inducing release of TNF‑α in a
mechanism that involved P2X4 receptors and Ca2+. Since increased activity of Cx hemichannels
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may increase the leakage of intracellular metabolites serving as injury signals, the data suggest a
participation of Cx26 hemichannels in the induction of inflammatory reactions in the bronchial
epithelium.
LPS induced enhancement of
the activity of Cx26
hemichannels.
The binding LPS onto TLR-4
recepto is followed by an
increase of the cytosolic
Ca2+ conctration and the
release of TNF-α. TNF-α
binds to its receptor and
induces an reinforcement of
the cytosolic Ca2+ by a
mechanism that involes P2X4
receptor. The Ca2+ in turn
induces a remodelling of
the cell-to-cell contact
region, liberating threby
Cx26 hemichannels in the
membrane of single cells.
The increased activity of
Cx hemichannels in the cell
membrane may lead to an
increased leakage of
intracellular metabolites
that may act as injury
signals
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pHe-sensitive Store-Operated Ca2+ signals contribute to tumor acidic microenvironmentinduced PDAC cells’ selection to more aggressive phenotypes
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is a deadly disease characterized by a particular acidic
microenvironment (TME), which promotes its aggressiveness 1. Deregulated Ca2+-permeable
channels, such as Store-Operated Ca2+ channels (SOCs), regulate cancer hallmarks2 and their
pHe-sensitivity allow them to transduce TME signals to activate intracellular downstream pathways
linked to PDAC progression, acting as drivers of its aggressiveness3. Although the roles of tumor
acidosis and Ca2+ signaling in cancer progression are well established, the hypothesis of acidic
TME employing Ca2+ signaling as preferential route for sustaining tumor progression has not yet
been sufficiently explored. Here we evaluated how tumor acidosis modulates Ca 2+ signals and
phenotypes in two PDAC cell lines, with a particular focus on Ca2+ oscillations and Store-Operated
Ca2+ entry (SOCE).
Methods
The effect of low pHe was evaluated in PANC1 and MIA PaCa-2 CT cells (pH 7.4), 4 days pHe 6.6
cells (early low pHe selection stage), 1-month pHe 6.6 cells and cells exposed for 1 month in pHe
6.6 and recovered to pHe 7.4 for 2 weeks (pHe-selected). Cell proliferation was assessed by EdU
staining assay, cell adhesion by washing assay, migration and invasion by transwell system, Ca 2+permeable channels expression by qPCR and Western Blot, intracellular Ca 2+ signals by Ca2+
imaging. ORAI1 was selectively inhibited by Synta66 and by siRNA targeting.
Results
During the first days of selection (4 days pHe 6.6), pHe acts as a stressor factor, reducing cells’
proliferation, adhesion, migration and invasion, promoting the selection of cancer cells with limited
proliferation rate but enhanced invasive and migratory abilities (1-month pHe 6.6). Recovery to pHe
7.4 further boost cancer cells aggressive phenotype, also enhancing the invadopodia activity.
Concerning Ca2+ signals, PANC1 Ca2+ oscillations are SOCE-dependent in all models, as ORAI1
blockade with Synta66 and siORAI1 result in impaired Ca2+ oscillations’ initiation and maintenance.
While 4 days pHe 6.6 cells show slower Ca2+ oscillations respect to CT and a tendency of ORAI1
SOC channel downregulation, 1-month pHe 6.6 and pHe-selected cells present a recover of faster
Ca2+ oscillations, with overexpression of ORAI1.These data correlate with SOCE, which is
decreased during early stages of selection in PANC1 cells and increased in pHe -selected cells in
both cell lines. ORAI1-mediated Ca2+ entry might be involved in the increased migration and
invasion of all the cell models exposed to acidic pHe, as Synta66 treatment and siORAI1 didn’t affect
control cells’ invasion and migration.
Conclusion
Tumor acidosis promotes the selection of more aggressive PDAC cells, characterized by increased
proliferation, adhesion, migration and invasion and upregulation of SOCE, required for the
generation of fast Ca2+ oscillations which may trigger Ca2+-dependent signaling pathways involved
in PDAC progression.
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Schematic representation of
the effect of acidic PDAC
microenvironment on Ca2+
signals in PDAC cells
Initial phase of selection
is characterized by PANC1
and Mia PaCa-2 low
proliferation, adhesion,
migration and invasion, in
which decrease of SOCE,
probably due to the pHeinduced downregulation of
SOCs, promote low frequency
Ca2+ oscillations in PANC1
cells (left). At the end of
selection process and
recovery to pHe 7.4, both
cell lines show increase of
SOCE and recover of fast
Ca2+ oscillations in PANC1,
which might induce a more
aggressive cell phenotype,
boosting PDAC progression
(right).
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mRNA transfection via chitosan-based nanocapsules restores CFTR function
V. Mete1,2, A. K. Kolonko1, L. Schnüttgen1, H. Omran2, J. Große-Onnebrink2, W.-M. Weber1
1
University of Muenster, Department of Animal Physiology, Institute of Biology, Münster, Germany
2
University Hospital Muenster, Department of General Paediatrics, Münster, Germany
We acknowledg financial support from "Deutsche Förderungsgesellschaft zur
Mukoviszidoseforschung e.V.".
Introduction
Cystic fibrosis (CF) is caused by the malfunction of the chloride channel cystic fibrosis
transmembrane conductance regulator (CFTR). It is the most common genetic disorder in the
Caucasian population. Decreased CFTR function leads to an imbalance in homeostasis of ion and
water transport in secretory epithelia. Particularly in the lung, this defect impairs mucociliary
clearance leading to the common clinical picture.
Methods
Here we tested a state-of-the-art Ussing chamber named Multi Transepithelial Current Clamp
(MTECC) for its suitability to record changes in conductance via CFTR. Primary cell samples were
collected by nasal brushings. The epithelial cells were cultured at an air-liquid interface and CFTR
activity was evaluated after cAMP application.
Results
This culturing system proved to be resilient enough for multiple measurements of the same material.
Transmembrane resistance reminded constant over three month. In a first attempt CF cell were
transfected with wtCFTR-mRNA via the commercially available Lipofectamine™. No significant
improvement of the CFTR activation was recorded in the MTECC Ussing chamber. However, when
chitosan-based nanocapsules were used to introduce the nucleic acid to the cells cAMP-induced
activity of CFTR measured as transepithelial conductance was drastically improved (from -0,03 ±
0,26 to 0,93 ± 0,45 mS/cm2). The effect could be observed over a period of more than 48 h after
transfection (p≤0.0001).
Conclusion
These results distinguish the chitosan-based nanocapsules as a new and more efficient way for
mRNA transfections. A future use in drug delivery seems very feasible.
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Role of TMEM16J in chronic kidney disease
K. Talbi, R. Schreiber, J. Ousingsawat, K. Kunzelmann
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TMEM16J is a member of the TMEM16 family and acts as a putative calcium-activated ion channel
or phospholipid scramblase. TMEM16J is expressed predominantly in intracellular membranes and
less in the plasma membrane. As shown before SIGIRR (single immunoglobulin IL-1 related
receptor), PKP3 (plakophilin 3), and TMEM16J control immune response and the extend of
inflammation. Variants of SIGIRR/PKP3/TMEM16AJ lead to severe inflammatory diseases such as
pneumonia, enterocolitis and kidney graft rejection. Meta-analysis of genome-wide association
studies identified TMEM16J-T604A as a strong promotor for chronic kidney disease (CKD), but the
disease mechanism and function of TMEM16J remains unknown. In kidneys of CKD patients
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TMEM16J is not only expressed in tubular epithelial cells but also in infiltrated CD45 positive immune
cells and in activated fibroblast which are positive for smooth muscle actin. Immunocytological
staining and measurements of intracellular calcium concentration demonstrate TMEM16J as
calcium-activated calcium permeable leak channel in the endoplasmic reticulum (ER). TMEM16J
controls intracellular distribution of calcium, receptor mediated intracellular Ca 2+ signals and
transcription of pro inflammatory cytokines. Renal epithelial cells that express the variant TMEM16JT604A show enhanced calcium signals and interleukin release. Whole cell patch clamp recordings
in HEK293T cells expressing plasma membrane targeted TMEM16J T604A CAAX show no current
activation by ATP compared to the wtTMEM16J suggesting impaired ATP induced conductance for
chloride by the amino acid exchange T604A. This study identifies TMEM16J as a major regulator of
intracellular Ca2+ signaling, ion channel activity and inflammation, and suggests a pronounced
impact of TMEM16J in the immune response in CKD.
____________________________________________________________________________
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Introduction
Diabetic kidney disease (DKD) is the leading cause of chronic renal pathology. Understanding the
molecular underpinnings of DKD is critical to designing tailored therapeutic approaches. We have
demonstrated previously that T2DN rats develop renal and physiological abnormalities similar to
clinical observations in humans with DKD, indicating these rats are an excellent model for studying
the progression of renal injury in type 2 DKD (Palygin et al., 2019). Furthermore, our recent studies
revealed sexual dimorphism in this model, indicating that while both male and female T2DN rats
developed non-obese DKD phenotype, females had significant protection from the development of
severe forms of glomerular and tubular damage (Spires et al., 2021). Here we focused on sex
differences in DKD and the contribution of aging to the progression of DKD.
Methods
To explore the sexual dimorphisms in the development of DKD, we utilized young (12-week-old)
and aged (>48 weeks old) type 2 diabetic nephropathy (T2DN) rats. All animal use and welfare
adhered to the NIH Guide for the Care and Use of Laboratory Animals. To delineate transcriptional
changes, RNA-Seq analysis was performed in the kidney cortex of T2DN rats of both sexes at a
younger and older age. Western blotting, immunohistochemistry, and flow cytometry analyses were
further used to identify specific pathways contributing to sexual dimorphism in T2DN rats.
Results
We have revealed that the cyclic GMP-AMP synthase (cGAS) / Stimulator of interferon genes
(STING) signaling pathway is upregulated in T2DN rats compared to non-diabetic Wistar rats and
in type 2 diabetic human kidneys. The expression of key proteins in the cGAS-STING pathway was
significantly different between male and female T2DN rats and following the progression of
DKD. Proinflammatory genes were also upregulated in male T2DN rats compared to female rats of
the same age, and their levels were further elevated in aged rats. The transcriptional analysis
revealed a number of critical molecules including genes in the cGAS-STING pathway.
Conclusion
Our study provides critical insights into the sexual dimorphism and progression of DKD and identifies
the cGAS-STING pathway as an essential contributor to disease development.

Identification of KCa3.1 channels in mitochondria of non-small lung cancer cells.
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Introduction
Non-small cell lung cancer (NSCLC) is one of the leading causes of cancer-related deaths
worldwide. Recently, we identified the Ca2+-activated potassium channel KCa3.1 that contributes to
the progression of NSCLC. As some other ion channels, K Ca3.1 channels were also found in the
inner membrane of mitochondria in different cancer cells as melanoma, glioblastoma or pancreatic
ductal adenocarnoma (PDAC). Here, we investigated whether KCa3.1 channels are functionally
expressed in mitochondria of NSCLC cells and if so, whether pharmacological inhibition of K Ca3.1
impacts the mitochondrial function in those cells.
Methods
To detect KCa3.1 expression in mitochondria western blot and immunoflurescence experiments
were performed. The mitochondrial function was investigated with mitochondrial membrane
potential measurements using the cationic fluorescent dye Tetramethylrhodamine Methyl Ester
(TMRM). The release of reactive oxygene species (ROS) was verified by using the mitochondrial
superoxide indicator MitoSOX™ Red.
Results
Via Western blotting, we detected KCa3.1 expression in lysates of isolated mitochondria from
different NSCLC cells. Using immunofluorescence, a co-localization of KCa3.1 channels with
mitochondria of NSCLC cancer cells was found. Pharmacological inhibition of K Ca3.1 using
senicapoc results in a hyperpolarization of the mitochondrial membrane potential in NSCLC cells.
This hyperpolarization is accompanied by an increase in the generation of reactive oxygene species
(ROS) in NSCLC cells exposed to senicapoc or its analog TRAM-34.
Conclusion
Our results give clear evidence for the functional expression of K Ca3.1 channels in mitochondria of
NSCLC cells.
____________________________________________________________________________
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Negative charges in the S2-S3 linker are involved in voltage-dependent gating of HCN
channels
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Germany
Hyperpolarization-activated cyclic nucleotide-modulated (HCN) channels are key regulators of
rhythmic electrical activity in the nervous system and heart. Channel opening requires membrane
hyperpolarization and is further enhanced by the binding of intracellular cyclic nucleotides.
Each channel is formed by four subunits as a homo- or heterotetramer. The subunits comprise
defined structural domains: An intracellular HCN domain in the N-terminal region, followed by the
membrane-spanning voltage-sensing domain (VSD, including helices S1 to S4), and the poredomain including helices S5 and S6. The helical C-linker domain connects the S6 helix to the cyclic
nucleotide-binding domain.
The HCN domain is in close contact with the C-linker of the opposite subunit and is thought to play
a crucial role in integrating voltage- and ligand-dependent gating mechanisms. A flexible region
connecting helices S2 and S3 is positioned in close proximity. This S2-S3 linker includes a series of
highly conserved negative charges, that are not fully resolved in the available cryo-EM structures of
hHCN1 (Lee and MacKinnon, 2017). Recent structures of the cAMP-bound and unbound rabbit
HCN4 channel show the S2-S3-linker positioned near the end of the main voltage-sensing helix S4
(Saponaro et al., 2021).
The combination of the conserved negative charges and the structural proximity to the contact site
of the HCN domain and opposite subunit C-linker as well as to the S4-helix, suggests a role of these
negative charges in voltage-dependent activation.
To study the effects of both charge neutralization and reversion at positions E243, D244 and E247
of the S2-S3 linker, mutated mHCN2 channels were heterologously expressed in X. laevis oocytes
and characterized by electrophysiological methods. The constructs showed a systematic shift of
voltage-dependent activation towards hyperpolarizing potentials, which was essentially more
pronounced in cAMP-free than in cAMP-saturating conditions. Furthermore, a reduction of the
apparent gating charge was observed in all charge reversal mutants.
Considering these results, the loss of negative charges inside the S2-S3 linker seems to further
stabilize the autoinhibited state of the unliganded mutant channels, shifting channel opening to very
low hyperpolarized potentials. At the same time, cAMP binding is able to fully relieve autoinhibition
and re-establish wildtype-like gating behaviour.
Our data contribute to a better understanding of the complex gating behaviour of HCN pacemaker
channels.
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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is the fourth most frequent cause of cancer-related
deaths in Western countries. The molecular mechanisms that give rise to PDAC are far from being
clear and have not yet delivered targeted therapies. PDAC is linked to the physiology and
microenvironment of the exocrine pancreas. Ca2+ signals are emerging to be particularly relevant
in cancer. The cellular "Ca2+ toolkit" includes ion channels that indirectly affect Ca2+ signaling such
as the Ca2+-dependent K+ channel KCa3.1. In PDAC, its elevated expression indicates a poor
prognosis. While there is already some in vitro information on the role of KCa3.1 channels on
individual cell types of the PDAC cancer tissue, its role is still poorly characterized, and in vivo data
are missing. The current project is aimed at reducing this gap of knowledge.
Methods
In vivo experiments were performed by using KrasLSL−G12D/+Trp53fl/flPdx1Cre/+ (KPfC) mice, a PDAC
model. They were treated at the age of 20 weeks for four weeks with vehicle, the standard treatment
gemcitabine, the KCa3.1 inhibitor TRAM-34 or a combination of gemcitabine and TRAM34. Pancreas weights, volumes and metastatic status were determined. Tissue samples were
stained (sirius red, hematoxylin/eosin) and analyzed in order to assess the extent of fibrosis, the
size of the tumors as well as the infiltration of immune cells into the tumor tissue. Western blot
analysis of protein lysates from tumor samples complemented the analysis. The therapeutic
potential of KCa3.1 channels and the impact of the channel on migration/invasion was assessed in
spheroids model of PDAC composed of pancreatic tumor cells and pancreatic stellate cells.
Results
While there are no significant differences between control mice and TRAM-34 treated mice, the
inhibition of the KCa3.1 channels in combination with gemcitabine leads to a moderate decrease in
tumor size and an increase in the extent of fibrosis in tumors. This change of fibrosis is similar to the
one observed in mice treated with only gemcitabine. These results could be explained by a
combined effect of the two treatments leading to a change in cell type within the tumor tissue towards
a more fibroblastic phenotype. This could cause a decreased expression of K Ca3.1 and thus an
inhibition of tumor growth. In mixed spheroids containing pancreatic cancer cells and pancreatic
stellate cells treatment with TRAM-34 increases the invasive potential of the cells. This is not
observed in the combination treatment, gemcitabine seemingly negating this anomalous effect of
TRAM-34.
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Conclusion
Collectively these results point to a function of KCa3.1 channels in complex tumor models that goes
beyond the well described roles of the channels in individual cells types from the tumor
microenvironment.
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Pharmacology and Gating Properties of „silent“ TWIK K2P Channels
M. Musinszki, S. Cordeiro, T. Baukrowitz
Christian-Albrechts-University Kiel, Institute of Physiology, Kiel, Germany
Two-Pore Domain Potassium (K2P) channels are regulators of cellular excitability and involved in
diverse physiological processes like sleep, secretion, and pain. They are modulated by diverse intraand extracellular stimuli as temperature and pH and respond to cellular signaling lipids and
phosphorylation. K2P channels comprise 15 members in 6 subfamilies, most of which can be
characterized by electrophysiological methods. However, the TWIK channel subfamily is poorly
understood because they lack functional expression in heterologous systems.
It has been proposed that TWIK-1 acts as regulatory subunit that controls the activity of
heterodimeric K2P channels at the plasma membrane, and TWIK-2 has been found in lysosomes
and in macrophages, where it is involved in inflammasome activation.
If the selectivity filter comprises the gate in TWIK channels is still under discussion. In contrast to
most other K2P channels, TWIK channels are not activated by depolarization in the physiological
range and it has been considered that their particularly small open probability is related to selectivity
filter instability (1). A cryo-EM study proposed a closure of the ion permeation pathway by
rearrangement of the extracellular domain, but also a collapse of the selectivity filter (2). Further,
MD simulations suggested a hydrophobic barrier in the pore of TWIK-1 that impairs ion permeation
(3), implying that these channels may not be gated at the selectivity filter.
To gain insight into the regulation properties and gating mechanisms of TWIK channels, we
investigated wildtype and mutant channels in cultured HEK293 cells and Xenopus oocytes by
pharmacological means. TWIK channel mutants in which a retrieval motif was removed were used
to increase plasma membrane expression. To further enhance current amplitudes, we utilized the
activation of currents by intracellular as well as extracellular Rb + ions that is known for TWIK-1
channels and we corroborate this activation also for the TWIK-2 channel.
We first applied several known K2P channel activators and inhibitors and found that TWIK-1 and
TWIK-2 channels share a common pharmacology. They are also sensitive to cellular signaling lipids
and established pharmacological modulators of components of G-protein coupled receptor
pathways, e.g. PLC and PKA/PKC.
We then determined the mechanism of action of several inhibitors by TPA competition assays and
found that TWIK channels are inhibited by substances acting consistent with a pore blocking
mechanism, e.g. BL-1249, as well as allosteric inhibitors, i.e. 2-APB.
Interestingly, inhibition of TWIK channels by TPA, 2-APB, BL-1249 and the DAG analogue DiC8
was strongly reduced in a mutant which disrupts the hydrophobic barrier, irrespective of their
mechanism of action. Therefore, these hydrophobic barrier residues located in TM2 and TM4 may
be critically involved in transduction of allosteric stimuli to the selectivity filter gate of TWIK channels.
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Introduction
In erythrocytes, 2,3-bisphosphoglycerate mutase (BPGM) produces 2,3-bisphosphoglycerate (2,3BPG) which decreases oxygen binding to hemoglobin, and hence, improves oxygen delivery to
tissues. We have recently shown that BPGM is constitutively expressed in the kidney, mainly in the
distal nephron, and up-regulated upon acute kidney injury (AKI). Here we search for a potential role
of kidney BPGM with help of an inducible, nephron-specific BPGM knockout in mice.
Methods
In adult mice, nephron specific Bpgm knockout (Pax8CreBPGMfl/fl) was induced with help of a single
dose of doxycycline, and kidneys were harvested 4 d later. The extent of kidney injury was assessed
by serum creatinine, routine histology and molecular markers (qPCR, immunofluorescence): KIM1, NGAL. Immunofluorescent double staining with Megalin, vimentin, Ki-67, CD-3 (T-cells), Ly-6G
(neutrophils) and F4/80 (macrophages) served to assign injury to nephron segments and to assess
tissue responses, respectively.
Results
BPGM knockout per se led to AKI, as demonstrated by an increase in serum creatinine and proximal
tubular injury, evident both on routine histology and by increased KIM-1 and NGAL expression. In
the proximal tubule, segments with overt injury alternated with apparently normal portions. Two
mutually exclusive types of injury were detected: first, a more subtle injury within the S1 segment,
with preserved routine histology and brush border Megalin, but NGAL positivity; second, a more
severe injury within the S3 segment, with disruption of tubular architecture on routine histology, loss
of brush border Megalin and KIM-1 positivity. In the latter, tubular cells also exhibited vimentin and
Ki-67, suggesting proliferation and epithelial to mesenchymal trans-differentiation. Moreover, KIM1 positive tubules were surrounded by F4/80 positive macrophages.

690

Conclusion
BPGM, constitutively expressed in the distal nephron, appears to sustain proximal nephron wellbeing, since a BPGM deficit in distal tubules rapidly leads to remote injury to proximal tubules. The
mechanisms responsible for such inter-tubular crosstalk remain elusive.
____________________________________________________________________________

Conclusion
We suggest that ozone inhibits potassium current and that the main involved channel could be BK.
We need further studies to clarify its role and its interplay with the other membrane channels under
oxidative stress conditions. These findings can contribute to identify the biomolecular pathway
induced by ozone allowing a possible pharmacological intervention against oxidative stress in
alveolar tissue.
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Introduction
The lung tissue is one of the main targets of oxidative stress due to external pollutants and
respiratory activity. Biological and electrophysiological techniques were applied to study the action
of ozone, one of the most noxious pollutants present in the troposphere, on K currents in A549 cells,
which simulates the first barrier encountered by oxidants (1).
Exposure of human lung epithelial cells to ozone alters cell membrane currents inducing its decrease
with respect to the control, when the cell undergoes to a voltage-clamp protocol ranging from -90 to
+70mV. The membrane potential of these cells is mainly maintained by the interplay of potassium
and chloride currents. Our previous studies indicated an increase of chloride current by oxidative
stress due to ORCC channels activation (2).
In this study our aim wastounderstand the role of potassium current during oxidative stress and try
to identify which potassium channel is mainly related to the effect of O 3, addressing our analyses
first to BK channel an ubiquitarian K channel characterized by big conductance (up to 300pS) (3).
Methods
The A549 cells were cultured in DMEM and kept in an incubator at 37° degrees temperature with
95% air and 5% CO2.
The cells were exposed to 0.1 ppm ozone for 30 minutes and were analyzed by patch clamp
technique immediately after exposure.
Western blot analysis was applied to quantify the BK channel before and after ozone treatment.
Patch clamp technique in whole cell configuration was applied to measure membrane current.
Results
After measuring the total membrane current using an intracellular solution containing or not
potassium ions, we obtained the contribution of potassium to the overall membrane current in control
condition by a mathematical approach. In similar experimental conditions after ozone treatment, we
observed a significant decrease of IK with respect to the control.
By Western blot analysis before and after ozone exposure we observed a decrease of the BK
channel after ozone treatment that was recovered in about one hour. Adding Iberiotoxin (IbTx), a
specific inhibitor of BK channel, to the bath we also verified the functionality of BK channels in control
condition.
On the contrary, administrating of 4-Aminopyridine (an inhibitor of voltage dependent K channels
but not BK channels) before and after ozone treatment the decrease of the total current is almost
equal to that observed in control condition. This last finding is a strong indication that BK channel is
the target of oxidative stress.
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The Na+/H+ exchanger NHE3 inhibitor tenapanor prevents intestinal obstructions in CFTRdeleted mice
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Introduction
Mutations in the CFTR chloride channel result in meconium ileus in newborns and distal intestinal
obstructive episodes (DIOS) in adults and in CFTR null (cftr-/-) animal models. This study aims to
explore the effect of tenapanor, a gut selective NHE3 inhibitor, on reducing the frequency of
obstructive episodes in the cftr-/- mice, and study the underlying molecular mechanisms.
Methods
Age (9-13 weeks old) and sex matched cftr+/+ and cftr-/-(FVB/N-CFTRtm1CAM) mice were
intragastrically gavaged with tenapanor (30mg/kg) or vehicle, twice daily for a period of 21 days.
Body weight and stool water content was assessed daily while gastrointestinal transit time (GTT)
was measured weekly once. Stool pH was assessed pre and 3 hours post gavage with tenapanor.
The mice were either euthanized with a suspected intestinal obstruction, or after 21 days. The
intestinal tissues were collected for further analysis including RT-PCR, histology and
immunohistochemistry.
Results
While tenapanor did not result in an overall decrease in body weight, it resulted in a significant and
consistent increase in stool water content in the cftr-/-mice, compared to the vehicle group (vehiclen ≥ 7/timepoint, tenapanor- n ≥11/timepoint; Day 21- vehicle: 58.757 ± 2.201 vs tenapanor: 72.514
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± 1.577%, t-test, p<0.0001). A significant increase in stool alkalinity was observed in the cftr-/- mice
3 hours post tenapanor gavage (n=5 pairs, pH 6.517±0.117 vs 7.266±0.120, t-test, p<0.05). Overall,
tenapanor treatment resulted in a significant decrease in GTT in the cftr-/- mice (vehicle- n ≥
7/timepoint, tenapanor- n ≥ 9/timepoint; t-test, p<0.05). Importantly, tenapanor significantly reduced
obstructive episodes to 8% (1/12 mice) compared to observed 46% (6/13 mice) in vehicle treated
cftr-/-mice and resulted in a considerable decrease in cryptal hyper-proliferation (vehicle
unobstructed: n=7, tenapanor unobstructed: n=11; t test, p<0.005) and mucus accumulation (n=5
pairs, t-test, p<0.05) in the ileum and proximal colon. Tenapanor also prevented mucosal
inflammation, as evidenced by lack of neutrophil infiltration and cytokine elevation in comparison to
control tissue. In contrast, mucosal inflammation was obvious in obstructed intestine in the intestinal
segments that contained the accumulated fecal material (vehicle/tenapanor unobstructed: n≥ 5,
vehicle obstructed: n=5; t-test, p<0.05).
Conclusion
3 week oral tenapanor application increased stool water content and alkalinity, normalized
gastrointestinal transit time, and reduced obstructive episodes. It also reversed crypt-villus
elongation, reduced mucus accumulation and prevented intestinal inflammation. These findings
suggest that tenapanor could be a safe and affordable adjunctive therapy for cystic fibrosis patients
to alleviate constipation and prevent recurrent DIOS.
____________________________________________________________________________

Results
The transcriptomic profile of choroid plexus displays high similarity between sex and species
(human, rat, and mouse) and lesser similarity to another high-capacity fluid-transporting epithelium,
the proximal tubules. The discovery tables provide lists of transport mechanisms that could
participate in CSF secretion and suggest regulatory candidates.
Conclusion
With quantification of the transport protein transcript abundance in choroid plexus and their
potentially linked regulatory modules, we envision a molecular tool to devise rational hypotheses
regarding future delineation of choroidal transport proteins involved in CSF secretion and their
regulation. Our vision is to obtain future pharmaceutical targets towards modulation of CSF
production in pathologies involving disturbed brain water dynamics.
____________________________________________________________________________
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The NADPH oxidase 4 (Nox4) produces H2O2 and is highly expressed in the kidney. Its expression
is reduced in diabetic and chronic renal disease, suggesting its role in normal renal function which
is still unknown and was studied here. In situ hybridization (RNAscope) combined with
immunofluorescence showed that Nox4 is selectively expressed in the proximal tubule, a part of the
kidney responsible for mass transport. To study this function, WT (wild type) and Nox4-/- (tamoxifeninducible, global Nox4 knockout mice) were put on protein-free diet, with low sodium (130 mg/kg
chow) and low micronutrients. Urine samples (day 0, 3, 14), renal cortex and plasma (day 14) were
analyzed by global untargeted LC/MS for metabolites. Genome scale metabolic reconstruction using
fastcore showed a significant downregulation of extracellular and mitochondrial transport;
metabolism of nucleotides, inositol phosphate and folate in response to the deletion of Nox4.
Importantly, Sulphur metabolites (cystine, cysteine and homocysteine) were reduced in Nox4-/- mice
as compared to WT. Moreover, human single nucleotide polymorphisms (SNPs) in Nox4 gene
reduced cystine and homocysteine. The results indicate that the physiological function of Nox4 in
the kidney is to control reabsorption and metabolism of sulphur amino acids and folate which are
important for redox homeostasis.
____________________________________________________________________________
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Introduction
Dysregulation of brain fluid homeostasis associates with brain pathologies in which fluid
accumulation leads to elevated intracranial pressure. Surgical intervention remains standard care,
since specific and efficient pharmacological treatment options are limited for pathologies with
disturbed brain fluid homeostasis. Such lack of therapeutic targets originates, in part, from the
incomplete map of the molecular mechanisms underlying cerebrospinal fluid (CSF) secretion by the
choroid plexus.
Methods
The transcriptomic profile of 9-week-old Sprague Dawley rat choroid plexus was generated by RNA
Sequencing (RNAseq) of whole tissue and epithelial cells captured by fluorescence-activated cell
sorting (FACS), and compared to proximal tubules. The bioinformatic analysis comprised mapping
to reference genome followed by filtering for type, location, and association with alias and protein
function. The transporters and associated regulatory modules were arranged in discovery tables
according to their transcriptional abundance and tied together in association network analysis.
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Introduction
Membranous nephropathy (MN) is an autoimmune disease, induced by autoantibodies directed
against the podocyte foot process antigens PLA2R1 or THSD7A. Following autoantibody binding,
podocyte proteostasis is challenged by oxidative stress and by a dysregulation of degradation
systems. The deubiquitinating enzyme UCH-L1 is one of the highest upregulated proteins of the
ubiquitin proteasome system (UPS) in MN. Its main role is the stabilization of the intracellular
monoubiquitin pool. Additionally, to PLA2R1 and THSD7A, autoantibodies against UCH-L1 are
found in sera of MN patients, which show preferential reactivity to dysfunctional (oxidative modified)
UCH-L1. The aim of this study is to analyze the functional integrity and turnover of UCH-L1 in an in
vitro THSD7A MN model, to display a possible route of autoantibody formation against this
intracellular protein and to assess, whether autoantibodies to UCH-L1 have a pathophysiological
significance in MN.
Methods
To measure the expression and enzymatic activity of UCH-L1, THSD7A overexpressing human
podocytes were treated with rabbit anti-THSD7A-antibodies (abs) or control abs for 0, 1, 6, 24, 48
hours. To analyze the turnover of UCH-L1, degradation systems were additionally inhibited via
Bafilomycin A1 (autophagosomal-lysosomal inhibitor) or epoxomicin (proteasomal inhibitor). The
localization of UCH-L1 in aggregates was assessed by super-resolution microscopy.
Results
Treatment of human podocytes with THSD7A-abs induces a slight increase in UCH-L1 protein
abundance and activity and UCH-L1 localizes to THSD7A aggregates. UCH-L1 is highly abundant
in podocyte-derived microvesicles isolated from the cell culture medium. Inhibition of protein
degradation systems, especially of the lysosomal system leads to higher levels of active UCH-L1
protein.
Conclusion
UCH-L1 activity is altered in THSD7A MN, especially when protein degrading systems are
additionally disrupted. Further, UCH-L1 is abundant in podocyte-derived microvesicles.
____________________________________________________________________________
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Introduction
Inflammatory bowel diseases such as Morbus Crohn or Colitis Ulcerosa affect more than 400.000
people in Germany – with steadily increasing numbers of initial diagnoses each year, which
highlights the urgent need for a better understanding of the onset of these diseases.
The colon is special with regard to the organ oxygenation as it exhibits physiologically hypoxic
epithelial tips in its mucosa. Disruption of the epithelial layer initiates a spreading of the hypoxic
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areas towards deeper layers and leads to the stabilization and activation of hypoxia inducible factors
(HIFs). The experimental onset of murine colitis includes (amongst others) models that administrate
chemical substances such as i) dextran sodium sulfate (DSS), which directly destroys the epithelial
cell integrity, or ii) TNBS (2,4,6-Trinitrobenzenesulfonic acid), which is known to induce
immunogenic reactions in the colon wall, most likely induced by CD4+ T cells.
Methods
Only little is known so far about the interplay of innate immune cells such as macrophages and
dendritic cells and colon epithelial cells during the onset of colitis although these cells are in the first
line of immunological defense. Thus, we elucidated the effects of DSS and TNBS on colon epithelial
cells (murine MC38 cell line) and innate immune cells (murine bone marrow derived dendritic cells
and macrophages with and without Hif1a knockout; human THP-1 cell line) under normoxic and
hypoxic conditions. The cells were either treated with DSS and TNBS directly or they received the
medium of the treated respective other cell type. We then analyzed the HIF1α protein expression
and the expression of Hif1a mRNA and HIF1 target genes. In addition, we analyzed the partial
oxygen pressure in these cultures and the viability of the cells. Finally, we examined the cellular
localization of the NF-κB subunit p65 within dendritic cells.
Results
Whereas DSS did not affect the expression of HIFs and HIF target genes in any of the cell lines,
TNBS reduced the HIF-1α protein and mRNA expression significantly in all examined cells in a dose
dependent manner. This reduction was accompanied by a diminished nuclear abundancy of the
nuclear factor (NF)-κB subunit p65, a known regulator of Hif1a/HIF1A mRNA expression under
conserved cellular viability.
Conclusion
An activation of HIF-1 in colon epithelial cells has been shown to increase the epithelial barrier
integrity in murine models of colitis. These findings might therefore extend the current knowledge
about the mechanism how TNBS favors the onset of acute colitis by the reduction of intestinal barrier
integrity and altered immune cell functions due to a loss of HIF-1 activity.
____________________________________________________________________________
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Introduction
Many parts of the cashew plant have been reported for its anti-motility effect on the gastrointestinal
tract, but the possibility of the inherent anti-motility property is not yet researched in the cashew
seed. This study investigates the possible effect of cashew seed diet supplementation (CSDS) on
intestinal motility and secretion in experimentally induced gastrointestinal dysmotility in male Wistar
rats.
Methods
Four experiments were carried out using male Wistar rats which were randomly separated into 4
(n=5 rats/ group/experiment) groups- Control, 6% CSDS, 12 % CSDS, and Loperamide/Atropine
group, depending on the experiment. The CSDS feeding was initiated 4 weeks before the start of
the procedures. The control and Loperamide/Atropine groups had normal rat feed
throughout. Experiment 1 assessed intestinal transit with a charcoal meal, and experiments 2 and
3 assessed enteropooling and diarrhea which was induced using 2 ml castor oil per rat. Colonic
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motility was determined using the bead load test. Colon tissue was excised for histology and stained
with hematoxylin and eosin. Colon histomorphometry was assessed with Motic Images Plus 2.0 ML.
All the animals were given an overdose of ketamine (200 mg/kg, ip) to terminate the experiment and
collect tissues and data for the protocol except for the colonic motility experiment. Data was collated
and expressed as Mean ± SEM. Analysis was done by one-way ANOVA using GraphPad Prism
software, version 7.0®. Results within p≤0.05 were considered significant
Results
There was no significant change in the transit time. CSDS increase significantly in the luminal fluid
content of animals and a decrease in % change in luminal fluid content in 6% CSDS (63.5%) and
12% CSDS (27.0%) when compared with the control. The onset of diarrhea was observed to be
significant in 12% CSDS (39.6 ± 1.9 min) when compared with the control (61.4 ± 1.2 min). There
was a significant decrease in colonic motility time in the 6% CSDS (297±27.26 sec.) and 12% CSDS
(167±32.35 sec.) compared with the control (1064±43 sec). A significant reduction was observed in
the crypt height and mucosa width in the colon of the experimental groups when compared to the
control
Conclusion
In conclusion, these results showed that CSDS possesses prosecretory and –motility properties and
caution should be applied when consumed
____________________________________________________________________________
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Computational electrophysiology is an atomistic molecular dynamics (MD) based approach for
simulating ion permeation through ion channels under realistic ion gradient and the resulting
transmembrane potential. Using this theoretical method, we simulated ion permeation of a number
of non-selective cation channels, such as (i) prokaryotic NaK channel, (ii) vertebrate AMPA receptor
and (iii) CNGA1 channel. We could show that for NaK channel structural plasticity within the
selectivity filter and the selection of these conformations by different ions are key molecular
determinants for highly efficient conduction of different cations. In contrast, for AMPA and CNG
channels, monovalent ions permeate at similar rates through the open channel pore by exploiting
different binding sites and hydration states, and not by ion-dependent structural accommodations.
Comparison of ion permeation in these different channels clearly revealed that the ion conduction
mechanism in non-selective cation channels is more diverse and complex than previously thought.
Finally, a combined MD and quantum mechanics/molecular mechanics (QM/MM) study will be
presented to show the calcium permeation across the AMPA receptor channel.
____________________________________________________________________________
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Introduction
High-density lipoprotein (HDL), an abundant lipoprotein in the bloodstream, is widely recognized for
its contribution in cardiovascular health, being associated to low risk for the development of arterial
and coronary diseases. During inflammatory diseases such as sepsis or COVID-19, the prooxidative environment promotes oxidative modifications to several macromolecules, including HDL.
Unlike native HDL, oxidized HDL (oxHDL) exhibits high pro-inflammatory activity, and whether
oxHDL contributes to poor outcomes in critically ill patients has not been explored yet.
Aim
To evaluate the contribution of oxHDL to poor outcomes in critically ill patients
Methods
36 patients admitted to the intensive care unit (ICU) at Hospital Clínico Metropolitano La Florida and
Hospital Clínico de la Fuerza Aérea, both located in Santiago, Chile, were enrolled under signed
informed consent form. Furthermore, 38 healthy volunteers were registered as controls. Blood
samples were taken within 24 hours after admission (ICU patients) and throughout the study in
healthy controls and underwent analysis of oxHDL levels, coagulation and renal function markers.
28-days mortality and length of ICU stay were also analyzed. This study was approved by the local
institutional Ethics and Bioethics Review Board and outlined in the Declaration of Helsinki. All results
are presented as mean ± SD or mean ± 95% confidence interval (CI) for the relative risk. Differences
were considered significant at p < 0.05. Statistical differences were assessed by student’s t-test
(Mann-Whitney). Survival curves were compared by Log-rank (Mantel-Cox) test and GehanBreslow-Wilcoxon test to determine survival rates. Contingency analyses with Fisher’s exact test
were used to assess the relative risk of death.
Results
Patients admitted at intensive care unit (ICU) showed increased levels of oxHDL compared to
healthy volunteers and interestingly, non-survivor ICU patients showed increased oxHDL levels in
comparison with survivor ICU patients. ICU patients showed increased creatinine and BUN that
directly correlates with oxHDL levels. We also found decreased levels GFR and increased
BUN/Creatinine ratio, that correlated with oxHDL levels, depicting a strong association between
circulating oxHDL level and kidney failure parameters. We also found increased TF, tPA and Ddimer levels that correlated with oxHDL levels and kidney failure markers. Remarkably, plasma
oxHDL levels strongly correlates with days of permanence at ICU for non-survival patients, 28-days
mortality, showing an association between elevated plasma oxHDL levels and bad prognosis.
Conclusion
High OxHDL level is associated to poor outcomes in ICU patients promoting renal failure,
coagulation alterations, increased length of ICU stay and mortality. Results suggest that oxHDL
could be considered as target to improve the diagnosis and treatment of patients with inflammatory
diseases, to reduce poor outcomes.
____________________________________________________________________________
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Introduction
TRP channels have emerged as important sensors for stimuli ranging from light in drosophila to
temperature or pain in humans. Thus, TRPV3 is activated by temperatures > 33°C, suggesting a
role in thermosensation. However, unlike other thermosensors in skin, it is not expressed by
peripheral neurons but by keratinocytes and hair follicles [1]. Instead, gain of function mutations of
TRPV3 in humans typically do not affect thermal sensation [2], but lead to palmoplantar
hyperkeratosis that can be mutilating, suggesting pathways with impact on keratin formation.
Furthermore, epithelial cells of the gastrointestinal tract also amply express TRPV3, despite a
relatively constant temperature around 37°C [3-5].
Methods
Using the results of various studies, we developed an „out of the box“ model for the possible role of
TRPV3 in epithelia. In these studies, the porcine gastrointestinal tract, rumen from cattle and human
skin constructs were investigated for expression of TRPV3 using qPCR and immunoblotting.
Confocal laser microscopy was used for channel localization. Ussing chamber experiments were
performed to study function in native epithelia, while the permeability was studied in overexpressing
HEK-293 cells.
Results
Expression of full-length TRPV3 could be shown both via qPCR and immunoblotting in the porcine
caecum and colon and in the rumen of cattle, with shorter bands visible in the remaining segments
of the porcine gastrointestinal tract, possibly reflecting TRPV3 splice variants previously described
in mice and ruminants. In the monolayered epithelia of the gastrointestinal tract, staining for TRPV3
was visible in the apical membrane of the epithelium, with very little staining of the cytosol or
subepithelial space. Likewise, the apical membrane of the stratum granulosum of human skin
constructs or native bovine rumen showed intense staining for TRPV3, with little staining of the
cytosol. However, in stratified squamous epithelia (skin & rumen), cytosolic staining was visible in
the lower layers of the functional syncytium, possibly reflecting generation of TRPV3 subunits in the
endoplasmic reticulum. The subepithelial space again showed no staining. In transporting epithelia,
Ussing chamber experiments demonstrate transport of Ca2+ and ofmonovalent cations such as Na+
and NH4+ via pathways sensitive to TRPV3 channel agonists. Whole cell and single channel patch
clamp experiments confirm the permeability of TRPV3 to NH4+.
Conclusion
We propose that TRPV3 may play a role not just in signalling but also in the bulk transport of cations
across epithelia. In the gut, influx of urea with microbial degradation to NH 3and efflux of the
protonated form, NH4+, via TRPV3 may contribute to luminal buffering. Likewise, relatively large
amounts of NH3 are generated from urea by the microbial flora of the skin. Reuptake as NH 4+ via
TRPV3 should enhance formation of glutamate from glutamine, with consequences for the
keratinization process.
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Synergism of epidermal growth factor (EGFR) and angiotensin II (AT1R) receptor activation
alters gene expression regulation via SRF.
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Martin Luther University Halle-Wittenberg, Julius‑Bernstein‑Institute of Physiology, Halle (Saale),
Germany
Introduction
The EGFR, a receptor tyrosine kinase, and the AT1R induce essential cellular responses, partially
via receptor crosstalk. Although AT1R-EGFR interaction with regard to proximal signalling in the
reno-cardiovascular system is well studied, our understanding of the results in terms of information
transfer to the nucleus, transcription regulation and at last the transcriptome remains limited. It is
not clear whether AT1R-EGFR transactivation results in (i) a linear, EGFR-triggered, nuclear
signalling or whether transactivation induces (ii) parallel AT1R and EGFR signalling leading to (iii)
synergistic effects, comparable to separate but simultaneous activation by external ligands (EGF
and AII). Therefore, we investigated the potential interaction of EGFR and AT1R with relation to
transcriptional regulation, underlying signalling pathways and also the response mode at the single
cells level, concentrating on the serum response factor (SRF), AP1 and EGR.
Methods
EGFR & AT1R interaction was estimated by proximity labelling. To assess SRF-mediated gene
expression, single cell digital high content microscopy, immunofluorescence and quantitative
realtime PCR were performed with or without stimulation by EGF, angiotensin II or both. Next
generation sequencing analysis was performed on human kidney cells (HK-2 and HEK293 cells)
either transiently or permanently transfected with AT1R followed by differential expression analysis
and gene ontology enrichment analysis.
Results
AT1R and EGFR synergistically activate SRF via the ERK1/2-TCF and actin-MRTF pathways.
Synergism converges on the transcription factors AP1 and EGR, leading to synergistic
transcriptome alterations, in qualitative (over-additive number of genes), quantitative (over-additive
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expression changes of individual genes) and temporal (more late onset and prolonged expressed
genes) terms. Gene ontology and IPA® pathway analysis indicate prolonged cell stress (e.g.
hypoxia-like) and dysregulated vascular biology. Synergism occurs during separate but
simultaneous activation of both receptors and during AT1R-induced EGFR transactivation.
Conclusion
Both receptors elicit an impact of their own, yet when activated simultaneously, the resulting effect
is significantly larger than the sum of the individual effects. The effects of both receptors converge
on the SRF pathway. Both of the SRF activation pathways at least partially mediate this synergy,
resulting in qualitative, quantitative and temporal differences in gene expression regulation. SRF is
a transcription factor of key importance for the activity of many immediate early genes and thereby
participates in cell cycle regulation, apoptosis, cell growth, and cell differentiation, alterations of its
activity might have a large influence, especially for cells of the reno-cardiovascular system. Now,
the precise nature of this impact in vivo needs to be addressed in future studies.
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Effect of interleukin-1 cytokines on NADPH oxidase (Nox)-derived superoxide production
and ATP release from bladder urothelium
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Bladder disorders are highly prevalent with overactive bladder syndrome (OAB) alone affecting 16%
of the Western population but their pathogenesis is poorly understood [1,2]. Urothelium - the inner
epithelial layer of the bladder, has been recognised as a new sensory structure and its dysfunction
may underlie the bladder disorders such as OAB[3]. Inflammation is a key pathogenic mechanism
in many chronic diseases and inflammatory oxidative damage contributes to cell injury. Amongst all
enzymatic sources of reactive oxygen species (ROS), NADPH oxidase (Nox) enzymes are the only
drug-targetable molecules without effect on physiological oxidation. Recent investigation on OAB
patient biopsies shows chronic inflammation in the urothelium[4] and our pilot study has also
identified Nox system in this tissue[5]. This study aimed to examine the effect of the key proinflammatory factors Interlekin-1alpha (IL-1α) and Interleukin-1beta (IL-1β) on ROS generation and
release of the sensory mediator ATP in the urothelium.
Young adult male (3-6 months) C57BL/6J mice were used in accordance with UK /EU regulations.
Bladder mucosa, smooth muscle and full thickness tissue strips were isolated by microdissection.
Nox-derived superoxide was determined by lucigenin-enhanced chemiluminescence in live tissue,
with NADPH as a cofactor and verified by the superoxide scavenger Tiron. Longitudinal full thickness
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strips were mounted in a perfusion trough and urothelial ATP release was determined by measuring
ATP concentration in the superfusate in the vicinity of the urothelium using luciferin-luciferase assay.
Data are expressed as median±interquartile range and the difference between an intervention and
control was tested by Wilcoxon’s test (nonparametric).
Interlekin-1alpha (IL-1α, 1ng/ml) and Interleukin-1beta (IL-1β, 5ng/ml) caused significant increase
in superoxide release from the mucosa with no effect on the smooth muscle (%change, IL1α[n=8]:
mucosa [control: 99[76,123], treated: 117[96,166], p≤0.01], smooth muscle [control: 91[74,132],
treated: 86[45,113], p>0.05], IL1β[n=8]: mucosa [control: 95[63,132], treated: 120[79,180], p≤0.01],
smooth muscle [control: 87[49,138], treated: 79[49,112], p>0.05]). IL-1α was chosen to test the
ability to release ATP from the urothelium. IL-1α application significantly enhanced urothelial ATP
release (%change, IL1α [n=18]: control 62[31,167], and treated: 81[37,240], p≤0.01).
These data provide the first evidence that Interlekin-1α and Interleukin-1β can enhance Nox-derived
ROS production from the urothelium, suggesting their ability to elicit inflammatory oxidative damage;
these proinflammatory factors can also directly influence the urothelial function by releasing the
sensory mediator ATP, contributing to heightened sensation. These findings suggest a key role of
these pro-inflammatory cytokines in urothelial function and pathogenesis, whereby Nox-mediated
oxidative stress amplifies inflammatory tissue damage.
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The Na+/Ca2+ exchanger impairs the migration of pancreatic stellate cells in the tumor
microenvironment
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Introduction
Thepancreatic ductal adenocarcinoma (PDAC) is the most frequent pancreatic cancer and it is a
serve, malignant disease. Cancer cells communicate with cancer associated fibroblasts (CAFs).
Pancreatic stellate cells (PSCs) belong to CAFs and are involved in the remodeling of the tumor
microenvironment (TME) by producing large amounts of extracellular matrix. They are responsible
for producing the fibrotic microenvironment typically found in PDAC. Moreover, PSCs are able to
migrate
so
that
they
co-metastasis
with
pancreatic
cancer
cells.
The Na+/Ca2+ exchanger (NCX) is an important Ca2+ regulatory transport protein. The aim of this
study was to understand weather migration of PSCs is regulated by the NCX in the different physicochemical properties of the TME.
Methods
Migration of murine PSCs was monitored with 2D live-cell imaging experiments that recapitulated
some of the conditions of the TME. Cells were treated with hypoxia, pressure, acidic pH and platelet
derived growth factor (PDGF). Moreover, ionic imaging experiments of Ca2+, Na+ and membrane
potential were performed to analyze the NCX activity under acidic conditions.
Results
The blockade of the NCX in the conditions of the tumor microenvironment resulted in a differential
impact on the migration behavior of PSCs. Under forward and reverse mode inhibition of the NCX
in physiological microenvironment conditions, the PSCs migrated faster. Translocation increased
upon NCX inhibition when PSCs were pressurized or treated with PDGF. The inhibition of the NCX
had no effect under hypoxia. Under acidic conditions, the NCX inhibition leads to a reduced
migration.
Conclusion
The migration of PSCs depends on cues from the TME. The Na+/Ca2+ exchanger plays a differential
role in translating these cues into an altered migratory behavior.
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Dysregulation of the polyamine system in favour of its catabolism is a common mechanism
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The polyamines putrescine, spermidine and spermine are organic polycations that regulate
fundamental cell functions including proliferation and differentiation. It is known that certain genes
of the polyamine system are dysregulated after kidney ischemia reperfusion injury. We hypothesise
that different forms of acute and chronic kidney injury lead to similar changes in the expression
patterns of the polyamine system.
In different models of acute and chronic kidney injury expression of genes involved in polyamine
homeostasis was analyzed by RT-qPCR and RNAScope. Interestingly, the expression of catabolic
enzymes (Aoc1 and Sat1) was upregulated, while the anabolic enzymes (Odc1, Sms) were
downregulated. The same trend is observed in RNA sequencing data sets of transplanted donor
kidneys in humans. The putrescine-degrading enzyme AOC1 exhibits the most striking changes.
The detected increase of Aoc1 can be located to injured but regenerating proximal tubules. We used
mouse embryonic kidney explants to screen for stimuli modulating Aoc1 expression, and observed
Aoc1 expression is induced under hyperosmotic conditions. Using reporter gene and RNA-stability
assays, we could show that the increase in Aoc1 expression is based on mRNA-stabilization and
transcriptional activation via NFAT5. Notably, the Aoc1 splice variant that is regulated by NFAT5
contains an additional set of 22 amino acids N-terminally that lead to an altered subcellular
localization and increased secretion. Overexpression of Aoc1 led to elevated autophagy activity.
In conclusion, different models of kidney injury exhibit a similar pattern of dysregulation of the
polyamine system with the most striking change being the upregulation of Aoc1 in proximal tubules.
Using hyperosmolarity as a stimulus, we established a model to study polyamine function and
provide first insights into the regulation of Aoc1 under damaging conditions.
____________________________________________________________________________
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Phenotypic characterisation of novel immortalised human distal convoluted tubule cells
C. Zhong, K. Siew, S. Walsh
UCL, Department of Renal Medicine, London, UK
Introduction
The distal convoluted tubule (DCT) is responsible for fine-tuning the final excretion of sodium,
potassium, calcium and magnesium in the urine. The study of rare monogenic diseases (namely
Gordon and Gitelman syndromes) have highlighted the physiological importance of the DCT in blood
pressure control. However, the most commonly used cellular models of this segment are either not
truly kidney cells (e.g. studies have shown HEK293 are more likely of neuronal lineage) or of murine
origin, and thus there is need for advanced human DCT (hDCT) models. Recently, 4 immortalised
hDCT models isolated from human urine have been created by Dr Tetsuro Kusaba, but have not
been biochemically or functionally characterized.
Methods
Four immortalised hDCT cell lines gifted from Dr Kusaba (Kyoto Prefectural University of Medicine,
Japan) were cultured as previously described (Ikeda et al., 2020. DOI: 10.1159/000509419). hDCT
cells were used for analysis at 80-90% confluency and lysed either with TRI reagent for high quality
RNA or in the presence phosphatase and protease inhibitors for protein extraction. Western blot
analysis and qPCR analysis was performed for NCC, TRPM6 and parvalbumin.
Results
Western blot analysis on total cellular lysates by using NCC antibody detected three different states
of NCC in all four hDCT cell lines. qPCR detected the presence of NCC mRNA at Cq 29.57-32.18
across all four samples (Human kidney positive control Cq 27, and HEK293 negative control Cq 45).
Conclusion
The preliminary western blot and qPCR results confirmed NCC expression in all four hDCT cell lines
and the position of bands agreed with previous studies (de Jong et al., 2003; DOI
10.1074/jbc.M303101200. Zhang et al., 2015. doi: 10.1093/hmg/ddv185.). Further experiments will
be performed using other key markers expressed in DCT, including TRPM6 and parvalbumin,
Calbindin, KS-WNK1, WNK4, human isoforms of SPAK and NCC. These cell lines could be the first
validated hDCT cellular models which reflect the human DCT physiology and can be adapted to 3D
cell culture system for functional experiments
Western Blot of NCC in
hDCT cell lines
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Introduction
This work addresses the unique properties of biological membranes and the ability of cell surfaces
to sense changes and adjust to changes in membrane tension by regulating membrane reserves.
The understanding of how cells respond to membrane stress and how activation of the membrane
reserve facilitates change in cellular morphology, differentiation, cell signaling, and cell migration
will have significant impact on a myriad of biological pathways. Recently we described a novel in
vitro mechanism for the rapid mechanically activated regulation of the PM. This involves the
regulation of charged lipid movement across the membrane through the action of the phospholipid
scramblase, TMEM16F. This scramblase is activated by elevated cytoplasmic Ca and can mediate
profound changes in cellular morphology. These processes rely on the natural gradient of anionic
lipids enriched in the inner leaflet of the PM such as phosphatidylserine, phosphatidic acid and the
phosphoinositides. Loss of this gradient through activation of TMEM16F releases a sequestered
membrane reserve which alleviates membrane tension in a localized manner through loss of
membrane associated adapter proteins such as Dynamin. We now propose that this membrane
reservoir can be activated by mechanosensitive channels and the lipid scramblase TMEM16F.
Methods
All experiments were performed on immortalized cell lines which were genetically modified as
needed. We employed whole-cell patch-clamp techniques to obtain real-time capacitance
measurements with simultaneous confocal microscopy as well as life cell imaging and standard
confocal microscopy techniques.
Results
We describe potential physiological implications of activation of this membrane reserve using
pharmacological modulators, control of the extracellular matrix and osmotic stimulation of
mechanical stress.
Conclusion
Our data suggests that membrane stress signaling through Piezo1 mechanotransduction leads to
activation of a novel membrane reserve, expansion of the cell surface area in a rapid and potentially
tunable manner. These processes may provide insight into how these cells can rapidly respond to
environmental cues and long-term alterations in physiological and pathophysiological function.
____________________________________________________________________________
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Involvement of Aquaporin-1 in brain water homeostasis
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University of Copenhagen, Department of Neuroscience, Copenhagen, Denmark
Introduction
The majority of cerebrospinal fluid (CSF) is produced by the choroid plexus, a highly specialized
tissue consisting of an epithelial monolayer surrounding fenestrated capillaries. The choroid plexus
epithelial cells express a multitude of membrane transporters and channels, and their transepithelial
ion movement has been proposed to drive CSF secretion by osmotically obliged water movement
through aquaporin-1 (AQP1) localized to the luminal membrane. However, CSF production occurs
in the absence of a transchoroidal osmotic gradient, and can even take place against an
experimentally-induced unfavorable osmotic gradient, questioning the exact role of AQP1 in CSF
production. This ongoing project aims to determine the contribution of AQP1 in CSF secretion and
brain water homeostasis by using mouse models deficient in AQP1.
Methods
MRI were performed on wild type (WT) and global AQP1-/- mice to study the size of the lateral
ventricles. Additionally, the total brain water content was determined by dehydrating the brains.
Results
The initial study with the AQP1-/- mouse model revealed brain water content and lateral ventricle
size similar to those of WT mice.
Conclusion
These results indicate that AQP1 may play a minor role in brain water homeostasis. Future studies
will determine the intracranial pressure and rate of CSF production in the two strains, which are
aimed to extend into differentiation between a direct effect of AQP1 deficiency in choroid plexus
versus the indirect effects on brain water homeostasis anticipated to arise following the altered
systemic water homeostasis and lower central venous blood pressure in the global AQP1-/- mouse.
____________________________________________________________________________
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MCU and MICOS control melanoma cell biology
C. S. Gibhardt1, I. Stejerean-Todoran1, N. G. Kirpal1, K. Zimmermann2, A. M. Vultur1,3, C. Ickes1,
B. Shannan3,4, Z. Bonilla del Rio1, S. Cappello1, H.-M. Sung1, M. Shumanska1, X. Zhang1, A.
Wölling5, M. S. Nanadikar6, F. Lange7, A. Wittek7, M.U. Latif8, A. Waters3, P. Brafford3, D. Riedel9,
J. Wilting10, H. Urlaub11,12, S. Jakobs7, V. Ellenrieder8, D. M. Katschinski6, P. Rehling13, C.
Lenz11,12, A. Roesch4, M. P. Schön5, M. Herlyn3, H. Stanisz5, I. Bogeski1
1
University Medical Center Göttingen, Georg-August-University, Molecular Physiology, Institute of
Cardiovascular Physiology, Göttingen, Germany
2
Saarland University, Biophysics, CIPMM, Homburg, Germany
3
The Wistar Institute, Melanoma Research Center, Philadelphia, USA
4
University Hospital Essen, Department of Dermatology, Essen, Germany
5
University Medical Center Göttingen, Georg-August-University, Department of Dermatology,
Venereology and Allergology, Göttingen, Germany
6
University Medical Center Göttingen, Georg-August-University, Institute for Cardiovascular
Physiology, Göttingen, Germany
7
Max Planck Institute for Biophysical Chemistry, Department of NanoBiophotonics, Göttingen,
Germany
8
University Medical Center Göttingen, Georg-August-University, Department of Gastroenterology,
Gastrointestinal Oncology and Endocrinology, Göttingen, Germany
9
Max Planck Institute for Biophysical Chemistry, Laboratory of Electron Microscopy, Göttingen,
Germany
10
University Medical Center Göttingen, Georg-August-University, Institute of Anatomy and Cell
Biology, Göttingen, Germany
11
Max Planck Institute for Biophysical Chemistry, Bioanalytical Mass Spectrometry Group,
Göttingen, Germany
12
University Medical Center Göttingen, Georg-August-University, Bioanalytics, Institute of Clinical
Chemistry, Göttingen, Germany
13
University Medical Center Göttingen, Georg-August-University, Department of Cellular
Biochemistry, Göttingen, Germany
Mitochondria are powerhouses of cells and their proper function is indispensable for normal cell
function. In melanoma, however, mitochondria control therapeutic sensitivity and invasive
properties. Here, we examine how mitochondrial calcium homeostasis (via MCUa) and
mitochondrial inner organization (via Mic60) affect melanoma cell biology.
Downregulation of MCUa, a pore forming subunit of the mitochondrial calcium uniporter (MCU)
complex, strongly inhibited mitochondrial calcium uptake and affected metabolic and redox
regulation of melanoma cells. Moreover, MCUa downregulation suppressed melanoma cell growth,
but promoted migration and invasion. Furthermore, MCUa expression strongly correlated with
melanoma patient survival.
Mic60, as a core subunit of the mitochondrial contact site and cristae organizing system (MICOS),
is essential for mitochondrial function. Hence, Mic60 downregulation disturbed cristae formation and
affected the inner mitochondrial organization. This impacted mitochondrial function and therapy
resistance in melanoma cells.
In summary, our study indicates that MCUa and Mic60 control mitochondrial calcium and redox
signaling as well as bioenergetic output in melanoma cells. We also demonstrate that both the MCU
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and the MICOS complexes regulate melanoma cell invasive behavior and have influence on patient
survival.
____________________________________________________________________________
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Introduction
General principles for regulation of electro-&motor activity in urogenital tract are described in vesical
myocytes as mechanosensitive ionic channels [1]: Ionic dependence can be clarified by new kind of
electro-physiological reactions [2], also in pyeloureter [3]. High sensitivity of animal&human renal
vascular preparations to angiotensin-2 is reported conc idiopathic&renal hypertension [1b,2,4].
Actually is considered importance of stretch ionic channels (A), renin-angiotensin-aldosteronsystem (RAAS) (B) for infections on example of ACE-2-virus complex of SARS-CoV-2C for
pathogenesis (C).
Methods
Motor&electrical (intracellular recording) activities of vascular&vesical preparations (ref).
Results
Present conception.
A. MECHANO-SENSITIVE IONIC-CHANNELS (n=367,p<0.01): Experiments about electrical
spikes/S, bursts/B, burst-plateaus/BP of vesical detrusor/D-myocytes (guinea-pig&human/surgicaltissue) described stretch-channels in 1989-93 [1a,2]. Contractions to neural (nCES:
10&100Hz,0.3ms,3-5V)&muscular electrostimulation (mCES: 10Hz,40ms,3-5V) are strongly
increased after stretch (>100%). D generates spontaneous-phasic (SPC: 4.0+0.7/min), trigone slowtonic contractions (STC: 0.28+0.15/min).
B. RENIN-ANGIOTENSIN-ALDOSTERON SYSTEM (RAAS) (n=120,p<0.01): Isolated human
renal&uterine-vessels, rat-aorta generate SPC&STC. Angiotensin-2 (0.01-0.1ng/ml) induces
contractions in human-renal-veins. Vasopressin (0.02-1mU/ml)&prostaglandin F2alpha induces
STC in human renal arteries&rat aorta.
C. On SARS-CoV-2 (ACE-2-virus complex): Angiotensin-converting-enzyme-2 (ACE2)/metalcarboxypeptidase is essential factor for RAAS, also for SARS-CoV-2-receptor. It is
suggested that these mechano-sensitive ionic channels are responsible for interaction between
ACE-2&virus!
Conclusion
Physiological interdisciplinary research incl. biophysics-pharmacology-pathology,etc. is necessary
to clarify importance of ions (Na+,K+,Ca++,Mg++), hormonal-receptors - nicotinic nACH alpha42,
beta 23, alpha-/ß-adrenergic, VPR1a-1b/5-HT1a-f/5-HT2a-c/5-HT7,etc and mesomorphic-states
(nematic-smectic-cholesteric) and ferro-piezo-pyrro-electricity resp. for electrical&dielectrical
phenomena conc genesis of ACE-2-virus complex & possible prevention.
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Analysis of Klotho function in the choroid plexusAnalysis of Klotho function in the choroid
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Introduction
α-Klotho is an “aging suppressor” that declines gradually with age. Hypomorphic klotho mice show
phenotypes resembling human premature aging after 3-4 weeks of age. On the other hand,
overexpression of this protein in mice increases lifespan [1, 2].
The Klotho protein exists in three distinct forms including transmembrane Klotho, shed Klotho and
secreted Klotho. The membrane-bound Klotho is subject to posttranslational modifications such as
ectodomain shedding, giving rise to the shed Klotho [3, 4]. People with the heterozygous polymorph
variant of Klotho named Klotho-VS polymorphism, have significantly higher soluble Klotho compared
to noncarriers. Interestingly, higher level of soluble Klotho in the serum is related to higher cognition
in these patients. Therefore, finding the regulators of shedding process could be beneficial for future
cognition drug discoveries [5].
Methods
Klotho is mainly expressed in the kidney and choroid plexus of the brain. While the role of Klotho in
the kidney is well established, its function in choroid plexus remains unclear [4]. The first aim of this
study is to find out the role of this protein in choroid plexus using genetically engineered mice. To
this purpose, Klothofl/fl Oatp1c1-CreERT2 mice were used in which Klotho is specifically deleted in
the choroid plexus after the injection of Tamoxifen. After the Tamoxifen injection, structural and
physiological features of choroid plexus were analyzed using immunofluorescence staining of brain
sections containing choroid plexus.
Results
Using using immunofluorescence staining, we showed that the basic structure and function of
choroid plexus does not change after the deletion of Klotho in this tissue.
Furthermore, to study the regulators of Klotho transport to the membrane and its subsequent
shedding, cellular high-throughput screens were performed and the possible hits are being
analyzed.
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Introduction
Ischemic Pre-Conditioning (IPC) is a non-invasive maneuverer that alternates short periods of
occlusion and reperfusion of muscle blood flow. IPC has been reported to increase muscle blood
flow, mitochondrial activation, and maximal oxygen consumption. While most studies investigated
the effect on global performance, only a few investigated local IPC-induced changes in the exposed
muscles. This study aimed to assess local IPC effects, in exposed muscles in terms of tissue
oxygenation and fatigue.
Methods
Twenty-two subjects were enrolled in one of the two groups IPC and SHAM. A weightlifting bench
was modified to implement isometric contractions of the right biceps muscle. A fatiguing contraction
protocol, consisting of unilateral intermittent isometric elbow flexions (3 s ON, 3 s OFF, at 80% of
the maximum voluntary contraction) and continuing until exhaustion, was performed before and 30
min after IPC/SHAM treatment. Implemented through a pneumatic cuff positioned proximally to the
right biceps muscle, the IPC treatment consisted of a sequence of 3 ischemic cuff inflations (200
mmHg) of 5-min duration) and separated by 5-min rest; SHAM consisted of the same treatment but
with cuff pressure of 20 mmHg. Electromyography (EMG) and near-infrared spectroscopy (NIRS)
were continuously recorded from the right biceps muscle.
Results
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While the number of exercise bouts was not affected by IPC (pre: 7.3 ± 2.7; post: 7.1 ± 4.3) it
decreased in the SHAM group (pre: 6.4 ± 2.8; post 4.1±1.7, p<0.01). Analysis over single exercise
bouts revealed no significant effects of time (from the beginning of the exercise) and treatment for
EMG power, but a significant reduction of the EMG mean frequency with time and IPC treatment.
Tissue oxygenation during exercise was also affected by time, with significant interaction with
treatment in the IPC group. A progressive slowing of NIRS responses to the subsequent ischemic
stimuli was observed in the IPC group (initial TOI slope decreasing from 1.1 ± 0.6 %/s in IPC1; to
0.3 ± 0.2 %/s in IPC3, p<0.01) as well as in TOI values during the reactive hyperemia (from 81.5 ±
6.1 % after IPC1 to 74.1 ± 8.4 % after IPC3, p<0.05).
Conclusion
The results indicate that IPC counteracts the development of fatigue in the intermittent isometric
contraction exercise, compared to the SHAM treatment. An IPC-induced reduction in the oxygen
consumption rate as revealed by NIRS both at rest and during the exercise could account for the
observed anti-fatigue effect.
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Introduction
The benefits of habitual exercise are promoted with emphasis on prevention of non-communicable
diseases. However, air pollution is a potent environmental cause of global mortality1.Respiratory
adaptations during exercise amplify the volume of inhaled pollutants, leading to airway dysfunction
by initiating systemic oxidative stress & stimulating pro-inflammatory mediators. Subsequent
bronchoconstriction may lead to declines in pulmonary function, especially in asthmatics. In attempt
to evaluate the benefit to risk ratio of outdoor exercise, risk of cardiopulmonary & immune
dysfunction was associated with air pollution exposure during exercise 2. Yet, parameters
determining risk (exercise intensity & duration) were not clear. Also, extrapolation of findings from
exercise in environmental chambers to outdoors lack ecological validity3.
Thus, this review aims to better understand the combined effect of ambient air pollution & outdoor
exercise on pulmonary & immune function in asthmatic & non-asthmatics.
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Methods
The review adhered to the PRISMA guidelines4. A search was conducted on 3 databases(Oct 2021)
using a population, intervention, comparison & outcome approach. A narrative synthesis was used
as a meta-analysis was not appropriate due to heterogeneity of samples, and variance in study
designs & exercise protocols. The methodological strength of included studies was then assessed5
Results
Eleven studies were identified (3 with asthmatics). All studies used walking, running, or cycling, but
duration & intensity varied. All studies measured ambient air pollution; particulate matter was
consistently reported. Most studies compared responses to exercise in a high & low traffic
environment. Spirometry & fractional exhaled nitric oxide (FeNO) were mostly used to
indicate pulmonary & immune function, respectively. Of the 9 studies that measured pulmonary
function, 5 reported a decline (p<0.05) in at least one spirometry measurement & 2 reported an
increase (p<0.05) following exercise in a high traffic environment. Further, 2 studies found an
increase in FeNO (p<0.05), others reported a decrease or no change (p>0.05). Most studies
reported no differences (p>0.05) in any measure after exercise in low traffic environments.
Conclusion
A key finding is pulmonary & immune function were often adversely impacted by exercise in high
but not low traffic environments. Alongside air pollution exposure, exercise intensity appears to
modulate these responses to exercise & air pollution. In non-asthmatics, higher intensity exercise
(75-90%HRmax) was associated with negative effects on pulmonary & immune function, yet lower
intensity exercise (50-60%HRmax) was associated with an increase in pulmonary function despite
a longer exercise duration. Although based on few studies, pulmonary function declines were
greatest in asthmatics despite exercise intensity being lower (walking); the exacerbated response
is likely due to their hypersensitive predisposition.
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Introduction
Downhill running (DR) is a whole-body exercise model used to investigate the physiological
responses of eccentric muscle actions and/or exercise-induced muscle damage (EIMD) [1], which
is accompanied by inflammation. In line with the findings that the estrogen hormone reduces EIMD
responses, in the current study the inflammatory and muscle damage responses were investigated
in the follicular (FP) and luteal phase (LP) following DR.
Methods
Recreationally physically active women (n=13; age: 20±2.0 years; height: 163.8±7.0 cm; menstrual
cycle days: 27.9±2.4 days; VO2max: 40.6±4.7 mL.kg-1.min-1) participated in the study. Using any
hormone preparations or antioxidants were main exclusion criteria. The tests and measurements
were performed in random either in FP (6-13 days) and LP (17-24 days), regardless of phase order.
The periods were confirmed by hormone analysis. On the first visit of the laboratory, following the
anthropometric measurements, maximum voluntary isometric contraction (MVIC100) for knee joint,
and then VO2max test was performed. 48h after the VO2max test, DR with –10% slope was
performed at a speed coincide to 75% of their VO2max (mean running speed=8.6±0.9 km.h-1) for
30 min. Blood samples were obtained at rest (PRE) and immediately (POST), POST24h, POST48h,
POST72h, and POST96h after the DR. Interleukin (IL)-6, C-reactive protein (CRP), myoglobin (Mb),
and lipid hydroperoxide (LHP) were analyzed.
Results
No significant phase x measurement interaction, phase differences and time-dependent alterations
were observed for MVIC100 (N.m-1). No significant time-dependent changes in both FP and LP were
observed for IL-6 and CRP activities (p>0.05; Friedman two-way variance). On the other hand, Mb
concentration increased from 20.99±0.0 to 34.10±14.0 ng/mL in FP, and from 20.99±0.0 to
33.5±13.9 ng/mL in LP, but only the increment in LP was significant (p<0.05; Friedman). Phase x
measurements time interaction wasn't significant for LHP (p>0.05; ANOVA results), no significant
differences were observed between phases (p>0.05), however, LHP significantly increased and
reached peak level at POST measurement time in both phases (from 1.66±0.4 to 1.92±0.5 in FP vs.
from 1.86±0.4 to 2.28±1.0 in LP; p<0.05). When the amount of changes calculated according to the
PRE-level are examined; the %Δ of IL-6 didn't significantly changed either over the time or between
phases (p>0.05), furthermore, the %Δ of MVIC100, %Δ of Mb, and %Δ of LHP significantly changed
over the time (p<0.05), but didn't differ between phases (p>0.05). The results of correlation analysis
show that there is no significant relationship between estrogen and examined variables in FP and
LP. Moderate correlation was observed only between %Δ of Mb and %Δ of LHP (POST72h-PRE;
r=0.58; p=0.03).
Conclusion
Even though the applied DR protocol did not cause serious muscle damage, inflammation and
oxidative stress are related and estrogen does not affect this process.
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Introduction
Long-term exposure to constant light causes circadian arrhythmia, affects cognition adversely.
Positive effects of exercise are well-known on cognition, however, effects of different types of
exercise models are objects of interest. Our aim is to investigate the possible effects of continuous
moderate-intensity training (CMT), high-intensity intermittent training (HIIT) and exogenous
melatonin supplementation on cognition in rats with circadian arrhythmia caused by long-term
constant light exposure.
Methods
Rats, including control group, were divided into seven groups (n=8/group) such as; sedentary (SED),
moderate-intensity continuous exercise (CMT), high-intensity intermittent exercise (HIIT) groups
and melatonin (MEL) added groups. Control group was housed in light/dark cycle (LD); other
animals were housed in light/light cycle (LL). Exercises were performed on treadmill 5 days/week
for 6 weeks, constant light protocol was applied for last 3 weeks. During light exposure, respective
rats received daily intraperitoneal (ip) injections of melatonin (10 mg/kg).Cognition was evaluated
with object recognition test, spatial memory was measured with Y-Maze. Anxiety level was
evaluated via hole-board and plus-maze tests. Biochemical, histological evaluations were made in
brain tissues.
Results
Neuron cytoplasms of control group had normal lines, while SED had pycnotic nuclei; these
degenerative effects were reduced in MEL. Dentat girus region of exercise and melatonin groups
was found to be similar to control, an increase in neurogenesis was observed. Neurogenesis in CA3
region was significantly increased in HIIT. While cognitive function was suppressed in SED with
continuous light exposure, it returned back withmelatonin administration and/or exercise
(p<0.05). Melatonin administration and/or exercise recovered the spatial memory which was
declined in SED with continuous light exposure. (p<0.05-0.001). Anxiety level decreased with both
exercises (p<0.05-0.01). MPO activity increased with circadian arrhythmia, was suppressed by
melatonin and exercise (p<0.05-0.001).
Conclusion
MEL reduced degenerative effects on neurons; while HIIT and CMT increased neurogenesis, HIIT
significantly increased angiogenesis and neurogenesis. Our results reported the improvement of
suppressed cognition levels andspatial memorywith circadian arrhythmia via melatonin and exercise
applications, and recovery in neurodegenerative damage.
____________________________________________________________________________
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Introduction
Ageing is typically associated with a decline in general physiological function and aerobic power,
even in exercisers (Pollock et al., 2015). Aerobic power is particularly sensitive to training load,
therefore, in addition to age, it is important to understand any differences in training load between
young and older exercisers. The aim of the present study was to investigate the relative training
loads of both young and old amateur cyclists during representative training rides.
Methods
Ten young cyclists (30±3 years; 6 males, 4 females) and 19 master cyclists (73±6 years; 17 males,
2 females) all categorised as healthy (Greig et al., 1994) recorded two self-selected training rides
on the road (100km for males, 60km for females) within a 2-week period. These rides were tracked
using Garmin Forerunner 45 Plus watch and Polar H10 heart rate sensor to assess cycling speed
(kph), ascent (metres), distance (km) and heart rate (bpm). Laboratory testing determined
individuals maximum heart rate (MHR) and maximal aerobic power (VO2max) during an incremental
exercise test on a cycle ergometer. Cycling intensity during the two qualifying rides was quantified
as training impulse (TRIMP) using the method of Banister (1992). Percentage of time spent in 5 predetermined HR zones corresponding to individuals MHR was also determined (Zone 1 = 50-59%,
Zone 2 = 60-69%, Zone 3 = 70-79%, Zone 4 = 80-89%, Zone 5 = 90-100%). The average of the two
rides were used for analysis. Self-reported cycling volume (km/month) was also collected.
Depending on normality, independent samples t-tests or Mann-Whitney U tests were used to
compare age groups. Data is presented as mean±SD.
Results
VO2max was significantly lower in the master cyclists compared to the young cyclists (38±5 vs.
55.2±6.7 ml.kg.min-1; p<0.001) as was MHR (158±14 vs. 190±5 bpm; p<0.001). There was no
significant difference in time spent in HR zone 1 (4.2±7.0 vs. 4.8±4.4 %), 2 (11.7±9.8 vs. 18.5±8.9
%), 3 (30.6±12.0 vs. 36.7±4.9 %) and 4 (30.9±14.9 vs. 33.0±13.4 %) (p>0.05) while the percentage
of time spent in HR zone 5 was significantly higher in the master cyclists (18.3±18.7 vs. 5.1±3.6 %;
p<0.001). Average cycling speed was significantly lower in the master cyclists (18.5±4.8 vs.
25.6±3.3 kph; p<0.001). There was no significant difference in ascent (621.5±207.8 vs. 707.0±225.9
metres), TRIMP (330.3±123.2 vs 314.5± 50.3) or self-reported cycling volume (433.5±288.9 vs.
540.0± 365.0 km/month) (p>0.05). There was no significant effect of sex on any variable (p>0.05).
Conclusion
Except for the time spent at the higher training intensities (Zone 5), which was greater in the older
cyclists, and the speed of cycling, which was lower, the data show remarkable similarity between
the training loads of the young and older cyclists. This suggests that, in the present study, changes
in indices such as VO2max are not due to an age-related change in training load.
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Introduction
Ultrasound Doppler is frequently used to estimate femoral blood flow during rest and exercise and
is known to be a valid and accurate measurement. We wanted to investigate the reliability and
repeatability of this measurement during rest and during incremental workloads in a single legged
knee-extensor exercise (KEE) model.
Methods
Common femoral artery blood flow was measured by the same sonographer using Doppler
ultrasound (Logic E9, GE Healthcare, Milwaukee, WI, USA) equipped with a linear probe (9 MHz).
The site of the blood flow measurements was below the inguinal ligament but well above the
bifurcation of the artery and recordings were obtained at the lowest possible insonation angle and
always below 60˚. The sample volume was maximized according to the width of the vessel and kept
clear of the walls. Arterial diameter was measured during systole from resting arterial B-mode
images with the transducer parallel to the vessel. Doppler tracings were averaged over eight heart
cycles. 6/40 participants have been included. Blood flow is measured at rest, during KEE at 0, 6,
12 and 18 watts. Two measurements were obtained at each intensity and all measurements were
repeated with an interval of 7 days to obtain repeated measurement for calculation. The betweenday coefficient of variation (CV) and intraclass correlation coefficient (ICC) were determined. CV
<5% was considered acceptable, and an ICC > 0.90 was interpreted as excellent agreement.
Results
The femoral arterial Doppler blood flow increased linearly with added resistance. At rest the average
blood flow was 284 (35) ml/min and increased to 2262 (97) ml/min during KEE at 18 watt (figure 1).
The CV was between 9.7 % and 16.7 % across workloads with the highest at rest and the lowest at
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0 watts. The ICC ranged from 0.46-0.86 with decreasing values as the workload increased (Table
1).
Conclusion
Ultrasound Doppler exhibits a low to moderate degree of measurement error from rest to
submaximal work. This suggests that this method should be used with caution by untrained
sonographers when looking for small changes in blood flow.
Figure 1 - Blood flow
Mean blood flow is shown
during incremental single
leg knee extensor exercise
from rest to 18 watts.

Table 1
Repeatability and
reliability measurement in
form of CV and ICC, n=6.
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Introduction
The strength and the body composition (BC) are very important determinants of sportive
performance which can be evaluated with many different methods. Isokinetic dynamometry tests
are considered as reliable and validated methods of testing athletic strength variables [1]. On the
other hand skinfold testing, hydrostatic weighing, and bioelectrical impedance (BIA) are the ways to
test BC. However, the most promising and practical means of testing BC is dual energy X-ray
absorptiometry (DXA) [2]. Scanning athletes using a DXA machine allows practitioners to obtain a
reliable estimate of three compartments of the athlete’s mass; bone mineral content, lean mass and
fat mass. This study aimed to investigate the effects of training on BC and strength variables, hence,
the current study compared the BC, bone mineral contents, and isokinetic muscle strength variables
(maximum strength and muscular endurance) between young elite taekwondo and swimming
athletes.
Methods
Twelve taekwondo athletes (age 16.66±2.46 years, height 167.90±7.89 cm, body mass 57.31±5.63
kg, and BMI 20.34±1.68 kg/m2), and 7 swimmers (age 14.00±1.00 years, height 170.95±5.97 cm,
body mass 59.98±7.76 kg, and BMI 20.44±1.53 kg/m 2) volunteered to participate in this study. All
athletes were well trained and engaged approximately more than 8 years to the specific training
(mean training experience: 8.23 ± 1.75 years). The BC and bone mineral content were evaluated
with DXA (Lunar Prodigy Pro; GE, Healthcare, Madison, WI, USA). The concentric isokinetic
maximum muscle strength of the knee extensors and flexors was evaluated at angular velocity of
1800/sec for 5 reps, and muscular endurance calculated as fatigue index [3] was evaluated at
angular velocity of 1800/sec for 30 reps using the CSMI-Humac/Norm TM–770 device. Statistical
analysis was done using the Univariate-ANOVA using SPSS-23.0, and p<0.05 value was taken as
the significance level.
Results
The findings show that the body fat (%) was significantly higher in taekwondo athletes (25.39±4.88
vs 20.14±4.47), consequently tissue lean (%) was significantly higher in swimmers (71.39±4.47 vs
76.82±4.3, respectively; p<0.05). The bone mineral density (g/cm 2) was recorded significantly
higher in taekwondo athletes (1.15±0.71 vs. 1.02±0.10, p<0.05), therefore, the bone mineral content
(g) and Z-score were not significantly different between groups. The comparison of maximum torque
values of knee extensors and flexors were not significantly different between groups (p>0.05). On
the other hand, the muscular endurance evaluated with the fatigue index was significantly different
between groups: higher fatigue index values were calculated for taekwondo athletes (p<0.05; Figure
1).
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Conclusion
Body composition differs according to the sport training, and this reflects to the strength variables.
Considering the requirements of the sports, coaches must maintain the optimum body composition
for the best performance [4].
Muscular endurance
performance
Figure 1: Muscular
endurance performance
evaluated with fatigue
index. Ext: extensors;
Flex: flexors; **p<0.01 and
*p<0.05 significantly
different.
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Introduction:Throughout life, hemodynamic homeostasis ensures an efficient balanced, controlled
perfusion of all organs, as needed. With age, the incidence and prevalence of peripheral arterial
disease (PAD) increases dramatically and is often associated with other co-morbidities. However,
there is a generalized idea that an adequate lifestyle, in particular involving regular physical activity
(by opposition to sedentarism) might work as preventive for many of these pathological processes
(1, 2). Our study focuses on foot perfusion a principal location for multiple circulatory – related
impairments in ageing. The goal is to assess the potential impact of a 4-week pre-established and
supervised light intensity home-based activity program in an older, sedentary adult cohort with
different mobilities.
Methods: Five women and five men (n=10) mean age of 62.4 ± 5.6 years old completed the
program. These were chosen after pre-defined selection criteria, with all suffering from different
health conditions although preserving their autonomy and mobility. All participants signed an
informed written consent (4). Participants were evaluated in the beginning (D0) and in the end (D30)
of the study. Perfusion measurements took place distally in both feet. Laser Doppler flowmetry (LDF,
Perimed 5000 SW) probes were applied in the metatarsus of the 3rd toe. Perfusion was also
measured with polarized light spectroscopy (PSp) using a digital camera at a distance of 60 cm from
the dorsal region of both forefeet (TiVi701 Camera; WheelsBridge, SW), quantifying the
concentration of red blood cells in the region of interest (3, 4). The home-based activity program
involved of a sequence of previously tested activities, namely step in place, for five minutes,
isometric plantar flexion for one minute of and walking for five minutes in a comfortable rhythm
chosen by the individual compared with baseline and recovery. Statistical analysis was performed
and a 5% significance level applied.
ResultsNo differences could be found between participants in the baseline register (D0). Significant
increases of LDF values were found in both feet for women and men at D30 compared to D0. With
PSp a significant decreases were only found in women (p=0.017). LDF and PSp measure perfusion
at different skin depths. Thus, our results suggest that perfusion changes consistently occurred in
all individuals at deeper (LDF) structures. At D30 a decrease in arterial pressure, still within normal
range, was found only in men (p=0.042) without changes in pulse rate.
Conclusion: This regular, light intensity activity program results in significant physiological changes
impacting the patients’ distal perfusion and lower limb hemodynamics (5). Supervision and
accompaniment might to be principal for its regularity.
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Introduction
Since the onset of the COVID pandemic, there has been a wide spread usage of protective masks
such as N95 masks. N95 maskss have fine pore size of less than <0.3 µm diameter that filter 95%
of small particles in the air (1). It also makes a tight air seal on the face and ensures that air
transmission occurs only through the pores of the mask(2). The aim of this study was to compare
the temperatures inside the N95 respirator to the ambient temperature during rest and incremental
exercise.
Methods
Twenty one healthy volunteer were recruited for study. They were provided disposable N95
protective face masks and a temperature probe was placed inside the mask to record the
temperature changes in the microenvironment of facemask. Incremental exertion tests(IET) was
done using bicycle ergometer (COSMED, Italy) at a constant speed of 60 revolutions per minute
(rpm). The test began at a workload of 0 W with an increase of 10W within 1 min (as a ramp) until
80 percent of maximum heart rate was achieved. The ambient temperatures were noted throughout
the study. Perception ratings related to the humidity, heat, breathing difficulty, and discomfort were
also recorded.
Results
The mean ambient environmental temperature was 22.31 ± 0.06OC. The mean temperatures inside
N95 mask was significantly higher than the ambient temperatures both at rest (32.93 ± 0.93OC)
and during incremental exercise (33.16 ±0.77OC during 50-60%, 32.77±1.01OC during 60-70% and
32.36±0.89 OC during 70-80% of maximum achievable heart rate). But there were no significant
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changes in temperature during rest and during incremental exercise. The mean scores of perception
rating indicated that humidity, heat, breath resistance and fatigue were higher while using N95 mask.
Conclusion
The study results suggest that wearing of N95 respirators causes a significant increase in
temperatures inside the mask as compared to the ambient environmental temperatures and is
resposible for the feeling of discomfort and reduced compliance for wearing the mask.
However further increase in temperatures were not noted during increasing grades of exercise or
strenuous physical activity. This could be due to the initiation of thermoregulatory cooling
mechanisms initiated in the body.
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Introduction
Persistent symptoms of fatigue and severe exercise intolerance have been observed in some
patients following infection with CoV-2. Termed 'long COVID', these symptoms may persist for
months after the acute infection has resolved. The mechanisms underlying exercise intolerance in
long COVID are not fully understood and could be the result of dysfunction at any point along the
transfer pathway of oxygen from atmosphere to skeletal muscle, including in the capacity for
oxidative respiration locally within skeletal muscle. Near Infrared Spectroscopy (NIRS) can be
applied in skeletal muscle for assessment of local skeletal muscle oxygen consumption (musVO 2)
and oxidative capacity (τ). The objective of this study was to compare musVO 2 & τ in two groups of
individuals living with long COVID. Group 1 included individuals with mild exercise impairment (able
to achieve 85% of their predicted maximum heart rate during a cardio-pulmonary exercise testing
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(CPET)) versus Group 2 who had moderate-severe exercise impairment (unable to achieve 85%
predicted maximum HR).
Methods
Participants were individuals with laboratory confirmed COVID-19 recruited from the University
College London Hospital (UCLH) COVID-19 follow-up clinic. Cardio-respiratory fitness was
measured using a sub-maximal (85% of predicted maximum heart rate) CPET performed on a semirecumbent cycle ergometer (Ergoselect1200, Ergoline, Germany) to measure whole-body oxygen
consumption by analysis of expired gases (Quark CPET, COSMED, Italy). Oxygenated and
deoxygenated haemoglobin were measured from the gastrocnemius using NIRS (Portamon, Artinis,
Netherlands), arterial occlusions were applied proximal to the measurement at rest to measure
musVO2 and following a 5-minute resistance band exercise protocol to measure the time constant
for the recovery of musVO2 (τ). All measurements were performed during one clinic visit to
Bloomsbury Centre for Clinical Phenotyping (BCCP), UCL. Data are presented as mean±SD.
Results
Preliminary analysis is of7 adults (male 4(57%), mean age±SD 40±7 years) who completed all
measurements. 4 participants achieved 85% of their predicted maximum heart rate (Group 1) and
3 participants did not achieve 85% of their predicted maximum heart rate (Group 2. Resting mean
musVO2 ±SD was -0.18±0.09 (µM/s) for Group 1 (85%) vs -0.16±0.10 (µM/s) for Group 2 (<85%),
p=0.74. τ was 94±122 seconds for Group 1 (≥85%) vs 94±66 seconds for Group 2 (<85%), p=0.99.
Conclusion
In this preliminary analysis, there was not a significant difference in resting skeletal muscle oxygen
consumption (mVO2) or oxidative capacity (τ) between long COVID patients with mild versus
moderate-severe exercise incapacity.
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Introduction: Even though regular physical activity is known to reduce oxidative stress level,
strenuous exercise and overtraining increases oxidative stress level in competitive athletes. Thus,
proper nutrition which maintains proper oxidative balance is very important in athlete’s performance
and attaining high level achievements. Analyses of dietary habits in various athletes’ groups found
that a substantial proportion of the studied populations did not reach the dietary goals for many
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macro- and micronutrients, including those with antioxidant properties. Thus, this study aimed to
investigate the effect of antioxidant nutrient supplementation in a form of functional food on
measurable biomarkers of oxidative stress and antioxidant capacity in competitive athletes.
Methods: Thirty-one young healthy competitive athletes (all men) were instructed to eat three hard
boiled hen eggs per day during study protocol that lasted for 21 days (total of 63 eggs). Subjects
were divided in experimental NUTRI4 group (14 subjects) which consumed n-3 polyunsaturated
fatty acids (n-3 PUFAs), selenium, vitamin E and lutein enriched hen eggs (1050 mg of n-3
PUFA/day, 0.06 mg of selenium/day, 3.29 mg of vitamin E/day, and 1.85 mg of lutein/per day), and
in control group (17 subjects) which consumed regular hen eggs produced on the same farm (249
mg of n-3 PUFA per day, 0.05 mg of selenium/day, 1.79 mg of vitamin E/day, and 0.33 mg of
lutein/per day). Serum protein concentration of 8-iso prostaglandin F2α (8-iso-PGF2α) and hydrogen
peroxide and peroxynitrite (DCF-DA) formation in peripheral blood mononuclear cells (PBMCs) were
measured as a markers of oxidative stress level, while serum enzyme activity of antioxidant
enzymes catalase (CAT), glutathione peroxidase (GPx), and superoxide dismutase (SOD) were
measured as markers of enzymatic antioxidant defense, before and after respective diet protocol.
Results 8-iso-PGF2α serum protein concentration significantly decreased in the NUTRI4 group,
while the control group remained unchanged following the respective diet protocol. Similarly,
formation of hydrogen peroxide and peroxynitrite (DCF-DA) in PBMCs significantly decreased in the
NUTRI4 group, and remained unchanged in controls. Serum activity of CAT, GPX and SOD did not
significantly change after the diet protocol neither in control nor Nutri4 group.
Conclusion: Three-week antioxidants supplementation in a form of functional food (n-3 PUFAs,
selenium, vitamin E and lutein enriched hen eggs) significantly reduced oxidative stress level in
competitive athletes potentially by modifying non-enzymatic (or other enzymatic, beside measured)
endogenous antioxidant pathways.
____________________________________________________________________________

Results
HRR120 was statistical significantly greater after HMC compared to PE (24,6 ± 2,8 and 19,7 ± 1,3,
respectively, p=0,048). On the other hand, 5 and 25 minutes after PH/HMC cessation HR did not
differ statistically comparing PE and HMC. Tsl did not change after PH/HMC compared to rest and
did not differ during recovery comparing values after both sessions.
Conclusion
Different HR recovery after PH compared to HMC indicates that different cardiac autonomic
regulation mechanisms may control the acute cardiac adaptation to heat/exercise stress
nevertheless the HR at the end of stress stimuli was the same. Further investigations like heart rate
variability studies are needed to find the main differences in autonomic mechanisms underlying
these differences.
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Introduction
Passive heating (PH) has been proposed as a potential exercise mimetic strategy showing acute
and chronic effects on skeletal muscle adaptation in people who are unable to perform or complete
sufficient exercise. Like exercise, heating increases heart rate (HR), peripheral arterial blood flow
and provoke thermoregulatory response. The aim of our study was to evaluate the cardiovascular
response in recovery after PH and to compare it with the recovery after HR and duration matched
cycling (HMC).
Methods
In a fixed crossover study, designed in accordance with the Declaration of Helsinki and approved
by the national ethical board of the Republic of Slovenia, 9 healthy participants (23.6 ± 2.4 yr)
underwent 30 min of whole body passive heating (55gradC in infrared sauna) followed by 30 min of
manually load managed cycling on a separate day. Cycling load was added in steps to comply the
same HR versus time profile as obtained during PH. HR (Polar) and sublingual temperature (Tsl)
were measured continuously 25 minutes during recovery after PH and HMC. Values were compared
at 5th and 25th minute after PH/HMC cessation. Heart rate recovery in 120 seconds after PH/HMC
cessation (HRR120) was calculated.
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Introduction
Adaptations in markers of oxidative metabolism are routinely achieved in athletic individuals
exercising twice-a-day [1, 2]. If healthy individuals don’t complete enough physical activity, a natural
decline in metabolic health and an increase in adipose tissue will result in chronic long-term
complications [3]. The aim was to investigate, if altering when high intensity intermittent exercise
(HIIE) and continuous exercise is conducted (AM and PM), would affect metabolic markers,
gastrointestinal hormones, appetite, and energy intake (EI).
Methods
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Twelve healthy men (Mean ± SD; BMI 24.6 ± 0.4 kg/m2; V̇O2peak 48 ± 10 ml/kg/min), completed two
~8-h trials in a randomised order. Exercise bout one (EX-1) commenced on a cycle ergometer for
30-min either by, 10 X 1-min at peak power output separated by 2-min rest (HIIE-AM); or a
continuous cycle at 50% V̇O2peak (HIIE-PM). A standardised breakfast (BKFST) was then provided,
before recovering for 3-h. The second 30-min exercise bout (EX-2) commenced in the opposite
order, ensuring both modes where accomplished. A standardised semi-solid lunch was provided,
before a further 2-h recovery. Substrate utilisation was measured at baseline (BSL), post-EX bouts
and every 1-h during both recoveries. Circulating levels of ghrelin, glucagon-like peptide-1 (GLP-1),
peptide tyrosine tyrosine (PYY), pancreatic polypeptide (PP), insulin, glucose (GLU), cholesterol
(CHOL), triglycerides (Trigs), non-esterified fatty acid (NEFA) and subjective appetite were
measured at BSL, post-EX bouts, pre-BKFST, pre-lunch and every 1-h during both recoveries.
Subjective wellbeing (Wbeing) was measured pre- post-EX bouts and post-24-h with nutritional intake
recorded for EI.
Results
Fat oxidation was greater after AM and PM HIIE bouts (P<0.05). HIIE-PM NEFA was greater than
HIIE-AM after EX-1 (0.49 ± 0.33 vs 0.24 ± 0.07mmol/L; P = 0.020) and held until pre-lunch (All
P<0.05). HIIE-AM GLU was greater than HIIE-PM, post-EX1 (5.1 ± 0.4 vs 4.7 ± 0.2mmol/L; P =
0.017) and elevated at 1- and 2-h post-lunch (P<0.05). HIIE-PM ghrelin was greater than HIIE-AM
after EX-1 (434 ± 236 vs 263 ± 211mmol/L; P = 0.001) and lower after EX-2 (267 ± 167 vs 584 ±
419mmol/L; P = 0.003). No differences between trials were seen for GLP-1, PYY, Insulin, PP, CHOL,
and Trigs (P>0.05). HIIE-PM hunger was greater than HIIE-AM, post-EX-1 (72 ± 20 vs 39 ± 22mm;
P = 0.002) and pre-BKFST (79 ± 25 vs 51 ± 26 mm; P = 0.016). Appetite did not change between
trials once all participants consumed the BKFST or lunch meal (P>0.05). Post-24-h EI and Wbeing
were greater after HIIE-PM vs HIIE-AM (3510 ± 879 vs 2829 ± 613 Kcal; P = 0.007) and (13 ± 3 vs
10 ± 2 Total; P = 0.043).
Conclusion
A twice-a-day approach using health individuals, caused variations in ghrelin, GLU, and hunger
directly after exercise, and elevated 24-h EI and Wbeing after completing HIIE in the afternoon. This
might have critical long-term consequences for weight management in men.
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Introduction
Lower extremity strength is a factor that contributes to the ability to control postural balance (Lapszo
et al., 2012). It is stated that vibration training increases the balance due to neuromuscular
mechanisms (Schlee et al., 2012). Vibration produces a Postactivation performance enhancement
(PAPE) effect (Cochrane et al., 2010). Acute WBV increases lower extremity muscular strength and
flexibility (Jacobs et al., 2009). In addition, although lower extremity injuries are a multifactorial
process, whole body vibration (WBV) studies are effective as a warm-up strategy in athletes with
low balance ability (Cloack et al., 2006). The aim of this study is to investigate the effect of PAPE
with WBV application on unipedal static balance asymmetry.
Methods
Twenty-seven physically healthy and active individuals (25.3±2.6 years, 174±6.8 cm, 72.4±10.1 kg)
voluntarily participated in this study. In the study, which was designed as a Pretest Posttest in
depended groups, balance measurements were made after standard warming up, PAPE which 2
sets of vibration were applied for one minute after the balance measurements, and a 1 minute
passive rest interval was given between sets. Balance measurements were made before and after
PAPE. Participants stood on the platform without shoes and in a static squat position (1200 knee
flexion) during vibration (30Hz, 2mm). After the vibration period was completed, a passive rest of 3
minutes was taken. Afterwards, in unipedal static balance measurements, the subjects' arms are
crossed, their hands were crossed on the shoulders, the other leg is 90 0 (not touching the side
where the balance is measured), the eyes are open, and the cursor is focused on the measuring
device (Sportkat 4000, Berg inc. USA) screen and this cursor is placed. They tried not to error from
the center point for 30 seconds. For the determination of asymmetry values, Zifchock et al. (2008)'s
symmetry angle formula was used.
Results
The PAPE vibration application didn’t elicited a statistically significant mean difference in inter-limb
unipepdal static balance values compared to pre-PAPE condition according to paired-samples t-test
. It was observed that there was no statistically significant difference between the static balance
symmetry angle values of the right and left single leg (p>0.05) (Table 1).
Conclusion
It can be concluded that PAPE conditioning has no significant effect on unipedal static balance
asymmetry. It also shows that vibration does not have a negative effect on balance asymmetry, as
it causes less destabilizing movements and improved balance ability by suppressing spinal reflex
excitability such as muscle stretch reflex during stance (Hrysomallis, 2011).
Table 1. Symmetry angles
(θ_sym) means (±SD) of
inter-limb unipedal static
balance
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Introduction
Type 2 Diabetes is one of the important challenges to healthcare and remains an area of current
research. Exercise is beneficial for several organ systems in the body and increases insulin
sensitivity (Gabriel & Zierath, 2017). However, previous evidence suggests that exercise at different
times of the day in people with Type 2 Diabetes may have opposing outcomes on glycaemia during
the day of exercise (Savikj et al., 2018). This may be particularly relevant in people also being
prescribed metformin (Gabriel & Zierath, 2021). We hypothesise that evening exercise is more
efficacious than morning exercise at lowering glycaemia in people who are also being prescribed
metformin. In order to test this hypothesis, we have conducted a remote crossover exercise
intervention using wearable technology. Within this exercise intervention we aimed to monitor
adherence and compliance to the exercise protocol.
Methods
We recruited 22 people with Type 2 Diabetes on metformin to a non-invasive randomised crossover
trial with 2-week baseline recording, six weeks randomly assigned to a morning exercise (7-10am)
or afternoon/evening exercise (4-7pm), 2-week wash-out period and another six weeks of the
opposing arm of the exercise intervention. To monitor trial adherence, we assessed step count per
day and heart rate. Data was monitored using the Garmin Vivosmart 4 watch (Garmin International
Inc., Kansas, USA) throughout the entirety of the trial. Participants were asked to perform 30 minutes
of running or walking at 70% of their estimated maximum heart rate (220-age≈maximum heart rate)
every second day. Adherence was not considered to have been met when participants missed >4
exercise windows within two weeks or a heart rate discrepancy during exercise of >20%.
Results
Seven participants were excluded from the study. Fifteen participants (7 male, 8 female, aged 5075 year) completed the trial. The mean 70% of maximum heart rate was 112.2±4.9 bpm. Participants
reached an average exercising heart rate during the morning intervention of 112.5±8.9 bpm and
111.3±10.7 bpm during the evening intervention. No significative differences in average heart rate
were observed between morning or evening exercise (p>0.05). During walking days participants
completed an average of 10463±2399 steps during the morning intervention and 9764±1870 steps
during the evening intervention. No significant difference was observed between morning and
evening exercise (p>0.05) in the active days. During the resting days participants walked and
average of 6426±1802 steps in the morning intervention and 6508±2156 steps in the evening
intervention. No significant differences in number of steps were observed between morning and
evening exercise (p>0.05) during resting days.
Conclusion
Participants with type 2 diabetes had good adherence to a remote, crossover exercise intervention
whilst using wearable technology.
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Introduction: Myeloperoxidase (MPO) and growth differentiation factor-15 (GDF-15) are
recognized biomarkers of inflammation released in high quantities by infiltrating immune cells in
breast cancer and are associated with cardiovascular disease. Anthracyclines are the most
commonly prescribed antineoplastic drugs, although they have adverse effects on the heart, leading
to progressive cardiomyopathy and heart failure. Antiestrogen treatment, the gold standard in
hormone-receptor positive treatment also impacts cardiovascular health and inflammation. Exercise
training has been reported to reduce chronic inflammation in various diseases and is safe for most
breast cancer (BC) survivors, improving physiological, psychological, and functional parameters.
Therefore, in the present work, we sought to investigate the benefits of aerobic and resistance
training in BC survivors by measuring leucocytes, MPO, and GDF-15 in serum.
Methods: In a prospective pilot study of 16 BC survivors treated with anthracyclines and/or hormone
therapy were recruited at Gaia Hospital (Portugal), in 2018 and 2019, and entered a communitybased supervised physical exercise program with a duration of 16-weeks with 3 sessions/week.
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Blood samples are collected before (MC1) and at 8 weeks after starting the program (ME1). Serum
samples were analyzed by protein multiplex to quantify MPO and GDF-15 levels. Leucocytes were
evaluated by flow cytometry. A control (CTL) group matching age and sex was used.
Results: All BC survivors (female, n=13, aged 61±2 and BMC 30±1.2) follow the program and CTL
subjects (female, n=13; aged 57±2 and BMC 26±1.2) were sedentary. MOP and GDF-15 serum
levels were lower in BC survivors than in CTL before the initiation of the exercise program (CTL:
155860±13690, MC1: 78884±8435 pg/ml and CTL: 291,9± 57,93, MC1: 192,0± 27,99 pg/ml,
p<0.0001, respectively). At the end of the training program, MPO (65568± 9393 pg/ml, p<0.05),
GDF-15 (170,8± 25,31 pg/ml, p=0.0535), Neutrophiles (MC1: 3423 x103 cells/µL and ME1: 2929
x103 cells/µL, p<0.05) and Neutrophiles/Leucocyte (MC1: 0.62 and ME1: 0.58, p<0.05) levels were
decreased. No significant changes were observed in Eosinophils, Basophils, Monocytes, or
Lymphocytes.
Conclusion: These preliminary results show that a combined aerobic and strength exercise at
moderate to vigorous intensity is capable of decreasing MPO and GDF-15 serum levels in BC
survivors which is in agreement with reduced levels of Neutrophils and Neutrophil/Lymphocyte ratio,
suggesting an improvement in endothelial dysfunction due to a decrease in inflammation and
oxidative stress. The impact of neutrophil reduction on innate immunity must be further evaluated.
The present data also highlights the putative role of MPO as a reliable biomarker of the efficacy of
physical exercise in decreasing inflammation and ameliorating cardiac dysfunction evoked by
cardiac aggressors such as anthracyclines, radiotherapy and/or hormonotherapy.
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Introduction
Body composition assessment is a valuable tool for assessing health, nutritional and fitness status
(1,2). The main techniques most commonly used to determine body composition are Bioelectrical
impedance (BIA), dual energy X-ray absorptiometry (DEXA) and anthropometry. The BIA is mainly
used in epidemiological settings, and DEXA in clinical settings to evaluate the body composition
(3,4) and both techniques are interchangeable at a population level (5). Most studies focus on highcost multi-frequency devices (6), although some single-frequency ones have proven useful in the
determination of some parameters in healthy (7) or sick subjects (8). Both techniques, BIA and
DEXA, have certain limitations (9,10), but the main target of this study whether is determinate is the
BIA device could be used in a similar way to determine body composition as DEXA.
The main objective of this study is to investigate the reliability a device that is less invasive than
DEXA, and to see the correlations between both devices in order to be able to use it BIA more
frequently and efficiently for the healthcare professional.
Methods
The total sample of this study was 18 male university students (age 21,53 ± 2,47 years). Subjects
were assessed using an Akern Telelab single-frequency tetrapolar BIA device and a DEXA Hologic.
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We have studied the normality of the samples through Kolmogorov-Smirnov and Shapiro-Wilk test.
For the reliability of this device, correlation analysis as Pearson correlation and Rho de Spearman
were carried out with DEXA and BIA values. Moreover, Intraclass Correlation Coefficient (ICC) and
Coefficient of Variation (CV) were studied to investigate about the reproducibility of measuring
devices using BIA.
Results
BIA shows a high correlation with DEXA in parameters related with muscle mass Free Fat Mass
(FFM) (r = 0.931, p<0.01), a moderate correlation with DEXA in Fat Mass (FM) (r = 0.568, p<0.01).
and a high correlation with DEXA in Skeletal Muscle Mass (SMM) (r = 0.901, p<0.01).
The ICC results for FM, FFM, Appendicular Skeletal Muscle Mass, Total Body Water, Extracellular
Body Water and Intracellular Body Water show an excellent reliability. In the case of SMM and
Cellular Mass, the ICC shows a good reliability (Table).
Conclusion
Telelab BIA is a device that presents sufficient reliability to be used in the monitoring of young
healthy subjects and could be an interesting option as an alternative to DEXA, due to the good
correlations in body composition parameters, reducing risks such as radiation exposure, time and
cost and assuming the limitations of this BIA. Future studies should determine the validity of this
device versus DEXA in populations of different genders and ages.
Bioimpedance parameters
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Players: Randomised Controlled Trial
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Conclusion
SIT is an efficient mode of improving the YYIT scores and considering that the magnitude of time
required is also quite less, it can gain popularity by raising awareness among the players.
Table 1: Baseline
characteristics of the
participants
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Introduction
Cricket involves mainly bat and ball and has complex rules requiring physical fitness and skill,
although the technique has a predominant role. The fitness demands of competitive cricket have
increased manifold. [1-2] Yo-Yo intermittent recovery (IR) test is a validated test for assessing the
ability of a person to undergo repeated intense exercise. It is a simple test to assess the aerobic
capacity and the change in fitness levels to carry out repeated, intense exercise [3]. Sprint interval
training (SIT) has been found to enhance the Yo-Yo intermittent recovery test (YYIT) scores in
athletes playing team sports like soccer and hockey [4-5]. The present study was undertaken to
assess the effect of SIT on the YYIT scores in club level cricket players.
Methods
The Randomised Controlled Trial enrolled male cricket players (18-30 years) with minimum 5 years
of club level cricket experience. Sample size estimated was 7 players in each group as per apriori
calculation for a single tailed hypothesis, α at 0.05 and 80% power of the study. 9 subjects in each
group were enrolled to take care of loss to follow up. They were assigned to groups by computer
generated randomisation process. Study was approved by Institutional Ethics Committee and
informed consent was taken from partcipants. The SIT group did high intensity sprint exercise at
intensity (>65% heart rate above resting heart rate) for 10 minutes a day in four cycles of 2.5 minutes
each. In each cycle one minute all out running effort was made and it was followed by 1.5 minutes
recovery period of slow walking. So, each cycle comprised of 2.5 minutes and such 4 cycles meant
a total of 10 minutes. This protocol was done alternate day and thrice a week (Total of 30 minutes
a week). This group did this additional training apart from the routine practice drills. The control
group did regular cricket training which continued with their routine practice guidelines. Intervention
duration of the study was 8 weeks. YYIT score was assessed before and after intervention.
Results
Mean age of the participants was 21.6 ± 2.9 years in control group (n=9) and 21 ± 3.4 years in SIT
group (n=9). All players completed the study. In control group, the YYIT score changed from 14.9 ±
0.7 to 15 ± 0.6 with no significant difference (paired t test, p=0.2165). In SIT group, the YYIT score
improved from 14.7 ± 0.7 to 15.6 ± 0.5 with statistically significant difference (paired t test, p=
0.0005) after the intervention of 8 weeks. The change in YYIT score was 0.1 ± 0.2 in
control group and 0.9 ± 0.5 in SIT group. This between group difference was statistically significant
(unpaired t test, p value- 0.0003). Thus, sprint interval training improved the YYIT score significantly
as compared to the regular training.
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Table 2: YYIT Score in
Cricket Players before
and after Intervention
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Introduction
Ergometrical testing in athletes is method for monitoring the cardiophysiological parameters as
indicator of the cardiovascular health and the physical fitness. The ultimate product of Bruce protocol
is maxymal oxygen consumption (VO2max). A grafical presentation of the Bruce test’s result is the
heart rates curve which is made of mean values of heart frequency for each minute, starting with
heart rate during resting period, through the ten consequent minutes of the treadmil testing, until the
end of 3 minutes recovery period.
Methods
28 male HB players from two top ranking teams from R.N.Macedonia were tested ergometrically
with Bruce protocol for determination of maximal oxygen consumption. Body analysis was made
with bioelectrical impedance analyzer, InBody 720.
Results
Anthropometric parameters were as follows: mean height was 190.4 ± 7.8 cm and weight 96.3 ±
15.5 kg, skeletal muscle mass (SMM) = 47.11±6.69 kg; BMI = 26.38 ± 3.1; BF%=15.04 ±6.01 and
WHR = 0.9 ±1.8. The result of ergometrical test produce mean VO2 max= 43.92 ml/kg/min which is
100.46% of reference value.
Conclusion
Bruce protocol heart rates curve showed succesful cardiovascular adaptation to submaximal effort
in handball players from elite macedonian handball teams. The general endurance expressed with
maxymal oxygen consumpiton was at level of healthy active people.
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Introduction: Plant-based diets are believed to benefit multiple nutrition-related metabolic
outcomes. Nevertheless, evidence on these matters is often insufficient and sometimes
contradictory. This study aimed to identify differences between omnivorous (OM) and vegetarian
(VG) participants regarding total body composition, biochemical parameters, and food group intake.
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Methods: The total body composition of 208 human individuals (132 OM, 76 VG) was assessed
using dual-energy x-ray absorptiometry (DXA Lunar-GE Healthcare®). Dietary intake was assessed
using a validated food frequency questionnaire. Specific biochemical parameters were obtained
(LINX DUO, Menarini) from capillary blood from 92 of the participants (65 OM, 27 VG). All variables
were collected by trained registered dietitians.
Results: Statistically significant differences were found only for age (mean=29.27 years), with the
VG being older than OM participants (32.72 vs. 27.28 years). No differences were observed between
groups for the body mass index (BMI=22.87 kg/m2 [SD=4.39]) or any other body composition
variables, including visceral and subcutaneous adipose tissue, fat mass, or lean mass. The OM
group presented significantly higher levels of total cholesterol, LDL cholesterol, non-HDL
cholesterol, and a higher heart rate. Total cholesterol was positively correlated with the consumption
of cheese, tubers, sugar-sweetened beverages, and seafood, and negatively correlated with the
intake of vegetable drinks. Similar results were found for LDL cholesterol and non-HDL cholesterol,
and also when analyzed for omnivorous and vegetarians separately. Heart rate was positively
correlated with the consumption of ice creams and desserts.
Conclusion: The dietary regime seems not to significantly influence body composition. However,
the statistically significant differences detected in the blood lipid profile might have other
repercussions (e.g., cardiovascular risk) that should be investigated.
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Introduction
Beyond posing an immense economic problem in calf rearing, infection with C. parvum is a lifethreatening zoonosis causing massive diarrhea especially in children and immune-deficient people.
So far, there is no fully effective therapy available, which is at least partly due to lacking
understanding of the pathophysiology. Previous studies in cell culture models indicated an
interference of the infection with intestinal glucose uptake and metabolism. Therefore, we aimed to
investigate the effects of infection with C. parvum in neonatal calves on the transepithelial transport
and metabolism of glucose in vivo.
Methods
Neonatal calves were infected with 2x107C. parvum oocysts (INF, N=5) while a control group (CON,
N=5) was administered H2O orally. The feeding regime was identical in all animals. Clinical
parameters and fecal shedding of C. parvum oocysts were monitored for one week. 6 days post
infection (p.i.) rates of systemic glucose appearance were monitored after application of [ 13C6](orally) and [2H2]-labelled glucose (i.v.). On day 7 p.i. the calves were sacrificed; the isolated distal
jejunum epithelium was mounted in Ussing chambers and the electrogenic glucose uptake via Na+linked transport (SGLT1) was evaluated. The mRNA and protein expression of genes involved in
glucose transport and metabolism as well as epithelial barrier function was assessed by RT-qPCR

736

and Western Blot. Data were pooled for each animal and the groups were compared using a
Student’s t-test. Statistically significant differences were assumed at p<0.05.
Results
On day 4, 6 and 7 p.i. plasma glucose concentrations of INF were lower compared to CON. In line
with this, the appearance rate of orally applied [13C6]-glucose in the circulation was significantly
higher in CON compared to INF, whereas the systemic metabolism represented by [ 2H2] was not
different. Ussing chamber experiments revealed a significant increase of phlorizin-sensitive
electrogenic transport of glucose across the infected epithelia compared to CON, but SGLT1
expression was not changed on mRNA or protein level, whereas enzymes of glycolysis and claudins
3 and 4 were upregulated. Tissue conductance was similar in both groups.
Conclusion
Our results indicate an upregulation of glucose uptake and metabolism machinery in C. parvum
infected jejunum epithelium at simultaneously lower systemic blood glucose levels and reduced oral
glucose appearance rate in infected animals. This might indicate an increased metabolic demand
of the enterocytes due to the infection and/or a nutritional competition of the parasite, diminishing
the glucose supply of the host. In contrast to the prevailing view that glucose uptake is disturbed in
C. parvum infection, the enterocytes seem to attempt to compensate and increase the transport
capacities for glucose uptake. The upregulation of tight junction proteins might indicate an attempt
to sustain the epithelial barrier function during infection.
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Introduction
Diving mammals rely on metabolic and physiological adjustments to sustain low oxygen levels
(Ramirez et al., 2007). Little is known about such adaptations to hypoxia at the mitochondrial level.
This study describes mitochondria energetics by high-resolution respirometry in the heart, kidney
and liver from diving and non-diving mammals.
Methods
Fresh heart, kidney and liver tissue samples were harvested from NMRI mice (Mus musculus, n=7),
Wister rats (Rattus norvegicus, n=8), reindeers (Rangifer tarandus, n=5) and hooded seal pups
(Cystophora cristata, n=6). Samples were immediately placed in ice-cold A1 buffer (250mM
sucrose, 0.5mM Na2EDTA, 10mM Tris) and homogenized. High-resolution respirometry
measurements were carried out, using the Oxygraph-2k high-resolution respirometer. A SubstrateUncoupler-Inhibitor Titration (SUIT) protocol was designed to assess LEAK respiration, OXPHOS
state and electron transport system (ETS) capacity with pyruvate as substrate. Outer membrane
integrity was evaluated by Cytochrome C addition, and the respiratory control ratio (RCR), as
OXPHOS/LEAK, calculated. MS Excel and Graphpad Prism 9 were used for statistical analyses and
plotting. One-way ANOVA with post hoc Tukey’s tests (p < 0,05) was performed to show individual
differences in between groups.
Results
Table 1 summarizes RCR values as means ± standard deviations for all samples analysed.
Statystical analyses showed significant differences in kidney efficiency in between the rodents and
the reindeers and seals; with the highest values found in the larger mammals. Contrary to the kidney,
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higher RCR values and efficiency is reported for the liver of rodents when compared to the reindeers
and seals. Heart RCR values remain quite similar in all the studied animal groups. There are no
significant differences in mitochondiral efficiency in any of the organs analysed between reindeers
and seals.
Table 1. Respiratory control ratio (RCR) values presented as group means ± standard
deviations for the heart, kidney and liver of mice (Mus musculus), rats (Rattus norvegicus),
reindeers (Rangifer tarandus) and hooded seals (Cystophora cristata) when pyruvate is used as
substrate.
Mice
Rats
Reindeers
Seals
Heart
9.16 ± 2.26 9.97 ± 0.67
10.49 ± 1.71 9.71 ± 2.56
Kidney
4.27 ± 0.58a,b 4.98 ± 0.81c,d 8.66 ± 1.1a,c 8.81 ± 1.65b,d
Liver
10.93 ± 2,32e,f 10.21 ± 1.85g,h 4.52 ± 0.62e,g 3.48 ± 1.21f,h
a,b,c,d,e,f,g,hdenotes

significant difference, i.e. a vs a, b vs b and so on

Conclusion
This study provides a mitochondrial function overview for different animal species. Mitochondrial
efficiency seems to differ in the kidney and liver between the animal groups, but remains similar for
the heart. More research is needed to elucidate these differences and understand the possible
implications for hypoxia adaptation.
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Sit-and-wait predators, such as Burmese pythons, are renowned for their ability to devour enormous
meals and digestion is accompanied by a massive and rapid rise in metabolism, believed to support
protein synthesis as all tissues growth as the prey is assimilated. Metabolism increases already
within the first few hours after ingestion, when the ingested prey still remains intact and undigested
in the stomach lumen. How can pythons support this metabolic transition? As prey-derived nutrients
are unlikely to have been absorbed at this early time-point, we hypothesize that the metabolic
transition from fasting to feast is fueled by breakdown of endogenous protein.
Pythons were instrumented with arterial catheters allowing for vascular injections of drugs as well
as withdrawal of blood samples from undisturbed animals. All snakes ate voluntarily when presented
with dead mice on the following day. Skeletal muscle protein synthesis was measured by
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incorporation of exogenous puromycin into nascent peptides and plasma amino acid concentrations
were measured with high-performance liquid chromatography. We measured a five-fold rise in the
rate of protein synthesis already 1-3 hours after ingestion, while there was no change in plasma
amino acid concentration for the first 6 hours. In a subset of snakes, chemical inhibitors of the
autophagy-lysosomal and the ubiquitin-proteasomal systems, chloroquine and epoxomicin, were
administered prior to feeding to prevent degradation of endogenous proteins. This treatment greatly
alleviated the early stimulation of protein synthesis, as well as the early rise in oxygen consumption.
These findings suggest that the initial rise in protein synthesis is dependent on breakdown of
endogenous proteins and that these processes account for early rise in metabolism. In current
studies, we investigate how the nutrient-independent signal is initiated, and what pools of
endogenous proteins are actually degraded to support digestion?
Breakdown of endogenous
proteins is required for
the rapid rise in
postprandial protein
synthesis
Puromycin-labeling was used
to measure rate of
postprandial protein
synthesis in fasting
snakes, digesting snakes at
3 hours after feeding of a
standard rodent meal, and
digesting snakes at 3 hours
after feeding of a standard
rodent meal receiving
intravascular injections of
Chloroquine and Epoxomycin.
a One-way ANOVA was used to
test for a group effect as
indicated in the upper left
corner and Tukey’s posthoc
test was used to determine
differences between
individual groups. *P<0.05,
(n = 3 animals per group).
Data is presented as Mean ±
SD.
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Introduction
obesity and related metabolic disorders are associated with genetic and epigenetic alterations. Here,
we have examined the association between polymorphisms and methylation of the CD36 gene
promoter with obesity in Senegalese women.
Methods
the study was conducted with healthy lean control and obese women (age; 49.98 years ± 7.52 vs
50.50 years ± 8.76 and BMI; 24.19 kg/m² ± 2.74 vs 34.30 kg/m² ± 4.41). We determined three genetic
polymorphisms of CD36 i.e., rs1761667, rs1527483, and rs3211867 by real-time polymerase chain
reaction (RT-PCR), and methylation of CPG islands of CD36 was assessed by methylation-specific
polymerase chain reaction (MS-PCR) in DNA isolated from peripheral blood of each participant.
Plasma CD36 and DNMT3a were determined by ELISA. Biochemical parameters were analyzed
from fasting serum or plasma according to the standard laboratory protocol.
Results
for rs3211867, obese subjects harboring the AA/AC genotype had significantly higher BMI (35.3 ±
5.0 & 33.3 ± 3.5; p=0.02) than obese subjects harboring the CC genotype. At the same time, for
rs1527483, only the control subjects had statistically significant different parameters depending on
the genotypic distribution. The control subjects harboring the GG genotype had a significantly higher
BMI than the control subjects harboring the AA/AG genotype (p=0.003).
The CD36 gene methylation was 1.36 times more associated with obesity compared to lean control
(RR=1.36; p=0.04). DNMT3a levels were higher in subjects with CD36 gene methylation than in
subjects without CD36 gene methylation in each group. In the control group, an increase in sCD36
levels would be associated with a decrease in total cholesterol and triglyceride levels (coef = 7647.56 p=0.01 and coef=-2528.50 p=0.048, respectively) would be associated with an increase in
LDL cholesterol levels (coef = 11547.28 p<0.0001*). For the obese group, an increase in sCD36
levels would be associated with an increase in fasting insulin levels (coef=490.99 p=0.02) and a
decrease in glycated hemoglobin levels (coef = -1196.26 p= 0.03).
The AA/AC genotype of rs3211867 polymorphism was significantly associated with CD36 gene
methylation in the control group (p=0.05; 95% CI).
Conclusion
these observations suggest that polymorphisms and epigenetic changes in CD36 gene promoters
may be implicated in the onset of obesity in Senegalese women.
____________________________________________________________________________
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Several evidence indicates that an High Fat Diet (HFD) is involved in the onset of obesity and the
related metabolic diseases. The consuption of foods with anti-oxidant and anti-inflammatory
properties could help to lower the risk of the onset and progression of metabolic dysfunctions and
could be proposed as alternative or integrative therapeutic tool to treat dysmetabolic diseases. The
Aphanizomenon flos aquae (AFA) is a peculiar variety of microalgae considered one of the most
nutrient-dense foods rich of compounds with well-known antioxidant and anti-inflammatory
properties.Much evidence has shown AFA's ability to prevent the progression of chronic diseases
such as cancer and colitis. However, no data are about AFA’s beneficial effects on obesity and
related metabolic dysfunctions. Therefore, the purpose of the present study was to analyze if the
daily intake of one of the commercialized AFA extracts, KlamExtra, was able to accelerate the
reversion of the obesity-related metabolic dysfunctions in a mouse model of HFD-induced obesity.
For this purpose, we investigated the effects of switching HFD fed obese mice back to a standard
diet (STD), alone or in combination with KlamExtra (25 mg/die). C57BL/6J mice were divided into
four groups: 1) control animals fed with a standard diet (STD) for 18 weeks; 2) obese animals fed
with HFD (HFD) for 18 weeks; 3) mice fed HFD for 10 weeks followed by 8 weeks of the standard
cow (HFD→STD); 4) mice fed HFD for 10 weeks followed by 8 weeks of standard cow supplemented
with KalmExtra (25 mg/die) (HFD→STD+AFA). Bodyweight, food intake, lipaemia, hyperglycemia,
glucose tolerance, insulin sensitivity and insulin resistance (HOMA-index), hepatic steatosis,
adipocyte size, hepatic inflammation (protein expression of NfkB, TNF-α, IL-10), and hepatic gene
expression of lipid metabolism factors (FAT-P, FAS, SCD1, SREBP-1c), were analyzed and
compared among the different groups of animals.
The diet reversal supplemented with AFA’s extract resulted in marked reductions in body weight,
fasting glucose levels, insulin sensitivity, and HOMA index when compared to the obese control and
obese mice fed with the only standard cow. Cholesterol plasma level was significantly ameliorated
in obese mice fed STD+AFA in comparison with HFD and HFD→STD animals, while hepatic
steatosis was completely normalized and adipocyte size was significantly lower in mice fed
STD+AFA compared to both obese mice and obese mice fed only STD. AFA-diet was able to
strongly reduce HFD-induced hepatic overexpression of FAS, SCD1, and SREBP-1c compared to
HFD→STD mice. Similarly, STD plus AFA diet significantly ameliorated the hepatic expression
levels of NfkB, TNF-α, and IL-10 compared to the only STD diet.
In conclusion, our data show that AFA supplementation can accelerate the STD-induced reversion
of obesity-related dysfunctions by positively modulating the expression of hepatic genes linked to
lipid metabolism and inflammation.
____________________________________________________________________________

Introduction: Beta-glucans are a dietary fiber fraction naturally occurring in the cell walls of fungi,
yeast, seaweed, and higher plants such as cereals composed of D-glucose monomers linked by β1,3, β-1,4, or β-1,6 glycosidic bonds. Due to their specific structure, they are characterized by
attractive health-promoting properties, including an anti-inflammatory effect. Therefore, this study
aimed to evaluate the activity of oat beta-glucans in the early stage of colon cancer.
Methods: Forty-five male Sprague-Dawley rats were divided into two main groups: with early stage
of colon cancer experimentally induced by azoxymethane intraperitoneal (i.p.) injection (CRC group,
n=24) and control animals i.p. injected with 0.9% NaCl (control group, n=21). Both main groups were
divided into three dietary subgroups fed AIN-93M feed with 1% w/w (subgroup BGl+1%) or 3% w/w
(subgroup BGl+3%) low molar mass oat beta-glucan or AIN-93M feed without oat beta-glucan
(subgroup BGl-). After 8 weeks of experiment, rats were sacrificed and blood and colons were
sampled. The count of blood cells was analyzed by electrical impedance method (Coulter principle)
and the profile of colon lamina propria lymphocytes (LPL) subpopulations were analyzed by flow
cytometry. Results were expressed as a percentage of specific lymphocytes within LPL population
and as the number of leukocytes in whole blood samples.
Results: The results showed that colon carcinogenesis significantly influenced the immune cells
population both in the colon and systemic circulation. Significant differences were observed in T
cells subpopulation of the colon's LPL as well as in the number of white blood cells (WBC), and
lymphocytes (LYM) in blood. In CRC BGl- group populations of cytotoxic T lymphocytes (Tc:
CD3+CD8+) in LPL were significantly higher, and helper T lymphocytes (Th: CD3+CD4+) were
significantly lower than in the control BGl- group. Consumption of feed with 3% oat beta-glucan
resulted in restoring both T lymphocyte subpopulations to the level detected in the control group.
Moreover, the WBC and LYM counts were significantly lower than the control BGl- group and rats
with CRC fed with feed containing beta-glucan had similar numbers of these blood cells as the
control groups.
Conclusion: The early stage of colon carcinogenesis resulted in a significant increase in Tc cells
and a decrease in Th cells subpopulation within the lamina propria as well as a lower number of
WBC and LYM in blood. Low molar mass oat beta-glucan supplementation reversed this effect.
These results indicate the potential activity of low molar mass oat beta-glucan at the early stage of
colon cancerogenesis and suggest that these polysaccharides may be useful as a supporting agent
in the prevention of the early stages of colon cancer.
____________________________________________________________________________
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Introduction
Omega-3 has been studied in the improvement of different parameters of inflammation and sports
performance (1)(2)(3)(4). In the field of elite sport, this compound has become particularly important
in recent years, and numerous studies have been carried out to establish an administration protocol
and to obtain clearly defined biochemical effects (5). The aim of this study is to establish whether
the administration of an omega-3 supplement improves the parameters of Eicosapentaenoic acid
(EPA) and Docosahexaenoic acid (DHA) at blood level in professional football players (3).
Methods
The sample was divided into intervention group (n=11) and control group (n=7). Total of 18 players
of the first team of Udinese Calcio, an Italian first division football team (Serie A) were assessed.
During the pre-season period, subjects underwent a fasting blood test before and after a one-month
retreat in Austria, where they were monitored in terms of training, nutrition and rest. Arachidonic
Acid/Eicosapentaenoic Acid (AA/EPA) ratio and Arachidonic Acid/Docosahexanoic Acid (AA/DHA)
ratio values were assessed in blood. The product administered daily to the intervention group was
an omega-3 supplement providing a dose of 1 g EPA and 0.7 g DHA, and was delivered to the
players in individualised doses prepared by the TIMEDI JV-DEN dispensing robot. The intervention
group (n=11) achieved a weekly intake of more than 90% of the intakes. The control group (n=7)
did not receive omega-3 supplementation.
Results
The results obtained from the players are shown in the table. Supplementation significantly improved
the value of the AA/EPA ratio, as previously observed in other studies (6). In contrast, the value of
the AA/DHA ratio improved but not significantly, which may be due to the fact that EPA and DHA
compete with each other when administered together (7) or because the dose administered was not
sufficient. On the other hand, the players in the control group did not improve their values in both
parameters (AA/EPA and AA/DHA), and even worsened in the AA/EPA value.
Conclusion
Omega-3 supplementation over a controlled period of time is effective in improving biochemical
AA/EPA and AA/DHA ratios in professional football players. The administration of 1g of EPA daily
together with a correct diet supervised by the nutritionist is sufficient to achieve a better balance of
the AA/EPA ratio. In contrast, the administration of 0.7g of DHA is not sufficient to significantly
improve the AA/DHA ratio.
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Introduction
The mineraolcorticoid receptor (MR) belongs to the nuclear receptor family and regulates water and
electrolyte homeostasis in the body. In pathophysiological situations, the MR contributes to fibrosis
in various tissues. In healthy liver, the main cell types expressing MR are hepatocytes. In an
experimental cirrhosis model, reduction of MR mRNA and protein expression was observed.
Moreover, MR is already predominantly located in the nucleus of hepatocytes exposed to low
oxygen tension under baseline conditions, indicating an increased activation of MR due to
micromilieu changes. Treatment with the MR antagonist eplerenone reduced extracellular matrix
deposition, spleen weight (indicator of portal hypertension), and restored liver weight. Interestingly,
both the glucocorticoid receptor (GR) and MR share the same hormone response element in the
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nucleus but have different effects. In our current study, we investigate the changes in the
microenvironment and intracellular mechanisms involved in the activation of MR in hepatocytes.
Methods
We stimulated human hepatoma cells (HepG2) with lipopolysaccharides (1 & 10 µg/mL LPS),
extracellular acidosis (pH 6.6) and hypoxia (0.2% O2) for 24 hours and analysed MR expression at
protein and mRNA levels. In addition, we incubated our cells with the MR ligand aldosterone (10
nM) and the MR antagonist eplerenone (5 µM). As, MR and GR affect the expression of an
overlapping set of genes, we treated the cells with Ru 486 (1 µM), an antagonist of GR. We used
real-time qRT-PCR to determine the mRNA levels of various genes and Western blot to determine
the expression of MR protein. HEK cells were co-transfected with reporter gene plasmids for GRESEAP, NF-κB-SEAP and MR-construct or with an empty vector. 24 hours after transfection, cells
were exposed to normoxia (20% O2) or hypoxia (1% O2) with or without the addition of aldosterone
(10 nM).
Results
To analyse the functionality of MR in HepG2 cells, the expression of several MR-responsive genes
were analysed. PAI-1, SGK-1, TGF-ß, CTGF, Col1a1 are significantly upregulated upon stimulation
with aldosterone. As evidence for the functionality of our interventions, we analysed the expression
of TNF-α and HIF-2α. Both LPS and extracellular acidosis increased the expression of TNF-α but
only Hypoxia increased HIF-2α expression. Interestingly, only under hypoxic conditions, the
expression of MR mRNA as well as MR protein is reduced. Even though, MR expression was
reduced, there is an up-regulation of PAI-1 and TGF-β that can be reduced by eplerenone treatment.
This suggests MR activation under hypoxia. Interestingly, MR activity at the GRE element is
significantly reduced, while NF-κB reporter gene activity is significantly increased under hypoxia.
Conclusion
Our results revealed that hypoxia can induce activation of the MR in hepatocytes, which might lead
to a pro fibrotic phenotype in these cells.
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Introduction
A growing number of studies suggest dietary patterns influence skin physiology and might affect the
progression of several cutaneous diseases1,2. However, the effect of dietary patterns on skin health
has not been sufficiently characterized. Therefore, in the present study, we compared the cutaneous
physiology of vegan-vegetarian (VG) and omnivorous (OM) participants relating these to the highest
impact food groups.
Methods
Our study involved 122 healthy volunteers, both sexes. These included 82 omnivores (32.0 ± 13.1
y.o.) and 40 vegetarians (34.0 ± 9.62 y.o) with similar Body Mass Indices (23.20 kg/m 2 ± 4.16 and

745

23.20 kg/m2 ± 3.22, respectively). The protocol was previously approved by the institutional Ethical
Commission and all procedures respected the principles of good clinical practice applied to human
research. Food group intakes were assessed using a validated Food Frequency Questionnaire. The
skin functionality was characterized in each participant in five anatomical sites (forehead, cheek,
neck, hand, and leg) by transepidermal water loss (TEWL, Tewameter® CK electronics), hydration
(Moisturemeter® DTec), and biomechanics skin (Cutometer® CK electronics) parameters The
carotene skin content was determined in the hand palm by Multiple Spatially Resolved Reflection
Spectroscopy (MSRRS) (Biozoom® GmbH). Statistical analysis was performed by Jamovi®
Software. The dietary patterns and their impact on the skin were compared using Mann–Whitney
test and correlations were investigated by the Spearman rank correlation coefficient (p<0.05).
Results
Regarding skin physiology, skin biomechanics and hydration were not different between the two
groups. However, higher TEWL was consistently present in the VG group with significant differences
in the neck and leg areas. As expected, the carotenoid content was higher in the VG group. Looking
for a potential relationship between the most frequent foods consumed by these two groups of
participants and skin physiology we found that vegetables, vegetable drinks, milk, yogurt, and
cheese showed a significant positive relationship with epidermal water balance. On the other hand,
alcoholic beverages and fast food showed a significant negative relationship with those variables.
The VG group depicted a positive correlation with the carotenoid content, while red meat, viscera,
alcoholic beverage, and sugar-sweetened beverage consumption typical of the OM group were
negatively correlated.
Conclusion
Our results clearly suggest that dietary patterns influence and might determine skin physiology.
However, these results are still exploratory. Larger sample sizes and more narrow dietary
subgroupings are necessary to develop this research theme.
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Introduction
Phosphate and vitamin D homeostasis are controlled by fibroblast growth factor 23 (FGF23) from
bone. FGF23 suppresses renal sodium-dependent phosphate transporter NaPiIIa (Slc34a1) and
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enhances 24-hydroxylase (Cyp24a1), the key enzyme for inactivating 1,25(OH)2D3, active vitamin
D. Hyperphosphatemia and further mechanisms result in early elevation of plasma FGF23 in
patients with chronic kidney disease (CKD). Plasma FGF23 correlates with cardiovascular outcomes
not only in kidney disease, but also in other acute and chronic disorders. Fasting stimulates the
production of ketone bodies like β-hydroxybutyrate. Given the relevance of FGF23 as a disease
biomarker, we investigated whether short-term fasting (16 h) impacts on FGF23 production through
ketogenesis.
Methods
Osteoblast-like UMR106 cells and isolated neonatal rat ventricular myocytes (NRVM) were treated
with β-hydroxybutyrate. Wild type mice were fasted overnight or fed ad libitum, blood parameters
were determined by enzyme-linked immunoassay (ELISA) or colorimetric methods, and gene
expression by quantitative real-time polymerase chain reaction (qRT-PCR).
Results
β-hydroxybutyrate stimulated FGF23 production in UMR106 cells in a nuclear factor kappa-lightchain enhancer of activated B-cells (NFκB)-dependent manner, and in cardiomyocytes. Compared
to fed animals, fasted mice exhibited higher β-hydroxybutyrate, C-terminal and intact FGF23 serum
levels, cardiac Fgf23 and renal Cyp24a1 expression, and lower 1,25(OH)2D3 serum concentration
as well as renal Slc34a1 and αKlotho (Kl) expression. In contrast, Fgf23 expression in bone and
serum phosphate, calcium (Ca2+) and parathyroid hormone (PTH) concentration were not
significantly affected by fasting.
Conclusion
Short-term fasting increased FGF23 production at least in part through ketone body βhydroxybutyrate, an effect of high clinical relevance in view of the increasing use of FGF23 as a
surrogate parameter in clinical monitoring of diseases. The fasting state of patients is therefore likely
to strongly affect plasma FGF23.
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Introduction
NADPH oxidase organizer 1 (NoxO1), is a subunit of the ROS-producing Nox1 complex. NoxO1
plays a role in various cellular processes like angiogenesis and differentiation of colon epithelial
cells (2, 4, 5). Based on its higher expression levels compared to the other subunits, NoxO1 could
exert additional functions by interacting with other proteins than Nox1.
We recently identified and validated Erbin (ErbB2-interacting protein), a negative regulator
of epidermal growth factor receptor (EGFR) signaling (1, 3), as novel interaction partner of NoxO1.
Interestingly, neither the cellular consequences nor the mechanisms behind are uncovered so far.
Thus, we aim to explore the impact of NoxO1 on intracellular EGFR trafficking and signaling.
Methods and Results
Overexpression of NoxO1 in HEK293 cells induces the formation of early endosomes in the resting
state and on a short time course of EGF stimulation, thereby delaying EGFR-signaling. By
immunofluorescence, we examined several endosomal markers from which only Rab7 and LAMP-
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both markers of degradative pathways- were elevated in presence of NoxO1. Furthermore, we
visualized NoxO1 in proximity ligation assays where it enhanced the interaction of EGFR and
(phospho) Erbin. In a Western Blot-based degradation assay, NoxO1 reduced EGFR stability in
presence of the translation inhibitor cycloheximide. In order to establish a pathophysiological model
system in the future, we studied NoxO1 mRNA levels via RT-qPCR and found differing expression
in murine tissues and human cancer cell lines.
Conclusion
NoxO1, a novel interaction partner of Erbin, delays EGF signaling and might promote EGFR
degradation via the lysosomal pathway. We conclude that NoxO1 and Erbin cooperatively regulate
EGF-signal transduction and EGFR receptor turnover. The mechanism of NoxO1-mediated EGFR
downregulation and its pathophysiological relevance demands for further investigation.
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Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disorder with a high prevalence among women.
Collagen-induced arthritis (CIA) is the most widely used animal model of RA and is usually observed
for 5-7 weeks in both sexes. Sex differences and long-term effects of CIA are poorly described in
the literature.
Aim
To analyze the long-term effects of CIA on the joints in mice of both sexes.
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Materials and methods
CIA was induced in adult DBA/1 mice (12 females, 11 males) by immunization with bovine type II
collagen and complete Freund's adjuvant. Control mice (5 females, 5 males) received saline.
Arthritis score assessment, plethysmometry and thermal imaging of the joints were conducted
weekly for 4 months. Locomotor activity was analyzed in the open field at the end of the experiment
at the age of one year.
Results
A sex difference was proved neither in the prevalence of arthritis (10/12 females and 8/11 males)
nor in its severity. Following collagen injection, symptoms of CIA developed sooner in males (day
14 vs 35) and the RA score also peaked sooner in males (day 52 vs 55). The RA scores decreased
afterwards, the difference to the control group disappeared by day 70. Similar dynamics was
observed in paw volume and thermal imaging analyzing different aspects of joint inflammation.
There were no significant differences in locomotor activity of CIA mice in comparison to CTRL mice
in any of the sexes.
Conclusion
This is the first experiment to analyze sex differences in the CIA model in the long-term. Our results
indicate slight sex differences in the dynamics, but not the extent of arthritis. In contrast to previously
described sex differences in this model, we have used middle-aged animals that might be clinically
more relevant. However, the lack of major sex differences in the occurrence of symptoms and the
limited duration of their presence suggests that the pathogenesis of the model is far from the
mechanisms involved in RA in patients.
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Introduction
The renin-angiotensin-aldosterone system (RAAS) plays a pivotal role in cardiovascular physiology,
mediating the regulation of blood pressure and electrolyte balance. However, pathophysiological
RAAS effects can lead to inflammation and structural remodeling, thus promoting cardiac and
vascular damage. One of the RAAS players is the mineralocorticoid receptor (MR), a transcription
factor with aldosterone (Aldo) as an endogenous ligand. MR antagonists provide effective treatment
for patients with cardiovascular diseases, reducing morbidity and mortality. We aimed to identify and
characterize MR--regulated genes that play a role in cardiovascular diseases and aging.
Methods/Results
To assess MR-target genes, an inducible MR overexpression HEK cell clone was generated and
used for further analysis. RNA-seq data comparing aldo and vehicle treated MR expressing cells
yielded four hundred twenty four genes with a 1,5-fold induction. Among the novel MR--regulated
genes we identified several genes involved in energy homeostasis of which PDK4 (pyruvate
dehydrogenase kinase 4) was the most prominent one. All four known isoforms of PDK were
detectable but only PDK4, mostly expressed in skeletal muscle, heart muscle, and vasculature, was
differentially expressed by aldo. RNA-Seq results were validated by qRT--PCR and Western blot.
Furthermore, PDK4 activity was assessed by analyzing the phosphorylation of the downstream
target PDHA1. The pPDHA1/PDHA1 ratio was increased in aldo--stimulated cells compared to
control, which thus correlates with high PDK4 mRNA and protein levels in HEK cells. We studied
the functional consequences with enzymatic assays and Seahorse XF Analyzer and saw an
increase in glucose consumption and lactate production. Additionally, we found elevated caspase
and LDH levels (i.e., markers of apoptotic and necrotic cell death). We obtained similar results for
PDK4 expression and activity, from a human endothelium--derived cell line, EA.hy 926.
Conclusion
Thus, activated MR can enhance PDK4 expression, inducing a metabolic shift. Reduced oxidative
phosphorylation of glucose due to activated PDK4 may contribute to mitochondrial dysfunction that
in turn forces cell death mostly through apoptosis. Clinical data furthermore suggest a link between
upregulated PDK4 and calcification in vessels, oxidative stress, inhibited lysosomal function, and
decreased autophagy, which are also associated with cardiovascular diseases and aging.
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Introduction: Body composition evaluation is an important method for the identification of nutritional
status, requiring a precise, sensitive, and fast method for assessment. At the clinical level,
bioimpedance (BIA) is the main technique used for body composition evaluation, due to its relatively
lower cost and easy accessibility. However, it is important to keep in mind that BIA is an estimating
device. The dual-energy x-ray absorptiometry (DXA) is a gold standard, however, its bigger size and
high price can be limiting at the clinical level. The study aimed to compare BIA and DXA in body
composition assessment and to analyze the differences obtained mainly in Fat-Free Mass (FFM)
and Fat Mass (FM).
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Methods: A descriptive observational cross-sectional study was conducted with a final sample of
121 participants, 93 women, and 28 men (28,26 years old ± 9,72), and a mean Body Mass Index of
22,68 kg/m2. Data were collected from a BIA (Tanita TBF 300®), and DXA (Lunar Prodigy Advance
by General Electric Healthcare®), by trained dietitians. A correlation was observed by paired t-test
and agreement by the Bland-Altman method. Statistical significance was considered when the pvalue was less than 0.05.
Results: BIA underestimated FM by 5.56% and overestimated FFM by 2.90kg. There was a positive
correlation between the two types of equipment, which was higher for FFM (r=0.980) than for FM
(r=0.932). Despite the positive correlation, the methods were shown not to agree (p < 0.001).BIA
underestimated FM by 5.56% and overestimated FFM by 2.90kg. There was a positive correlation
between the two types of equipment, which was higher for FFM (r=0.980) than for FM (r=0.932).
Despite the positive correlation, the methods were shown not to agree (p < 0.001).
Conclusion: Although data obtained using DXA and BIA were correlated, they were not congruent
methods. Therefore, the risk of (mis)interpretation and bias is clear with BIA, potentially impacting
the nutritional planning of clinical dietitians and further results of its patients.
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Introduction
In contrast to the significance of the autophagosomal-lysosomal pathway (ALP) in diabetic
nephropathy (DN), little is known about the involvement of the ubiquitin-proteasome system (UPS).
Therefore, this study aimed at characterising important players of this degradative system in both
glomeruli and total kidney tissue in a DN type 2 model (BTBR ob/ob mice) at an early (8 weeks) and
a late stage (ca. 20 weeks) of disease. We focused on the assessment of proteasomal subtype
composition, the actual proteolytic activity and how these relate to cell-type specific mRNA and
protein levels of the corresponding proteasomal subunits.
Methods
Proteasome subtype composition and activity was quantified via in-gel activity assays and activitybased probes targeting the proteolytic subunits. Transcript and protein levels of important UPS and
ALP players were assessed via RNAseq (both bulk and single cell) and Western blot analysis. The
protein abundance of proteasomal proteins was correlated with the resulting catalytic activities.
Immunohistochemical analyses in mice and patient biopsies with diabetic nephropathy were used
to identify the renal cell-types which exhibited changes in proteasome abundance. During terminal
organ extraction, mice were treated with buprenorphin (0,1 mg/kg bodyweight subcutaneously, 30
minutes before surgery) and isoflurane (3.5 %, inhaled).
Results
Using activity-based probes and in-gel activity assays, a decrease in proteasomal catalytic activity
was observed in diabetic glomerular and kidney tissue, both for different proteasome subtypes and
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catalytic subunits, partly due to a downregulation of proteasomal components on the protein level.
These effects were exacerbated with disease progression as the impairment was stronger at 20
than at 8 weeks. Interestingly, most proteasomal subunits were not regulated on the mRNA level.
K48-ubiquitin, which commonly targets substrates for proteasomal degradation, showed a mild
accumulation in glomeruli at 8 weeks, and a decrease in kidney at 8 and 20 weeks, especially in
male mice. Immunohistochemical staining of proteasomal proteolytic subunits revealed an
accumulation and aggregation in glomerular endothelial cells and podocytes, but not in mesangial
cells
in
BTBR
ob/ob
mice
and
patient
biopsies.Conclusion
In the BTBR ob/ob mouse model of diabetic type-2 nephropathy, renal proteasomal activity is
already reduced at 8 weeks, especially in non-glomerular cells. Similarly altered glomerular cell-type
expression patterns between ob/ob and patient biopsies indicate a common pathophysiologic
proteasomal disturbance in diabetic nephropathy.
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Introduction
Ghrelin is an important peptide connecting physiological processes regulating food intake, body
composition, and growth (1, 2). It has also been shown that ghrelin has effects on anxiety-like
behavior (3-5). Attachment of a fatty acid, a rare post-translational modification (acylation), is
required for activation of ghrelin. Caprylic (octanoic) acid is a medium-chain fatty acid used for
ghrelin’s acylation (1). Whether activation of ghrelin, hence growth, increases in response to dietary
caprylic acid supplementation, is unclear. Therefore this study aimed to investigate the effect of oral
caprylic acid supplementation on somatic growth, serum acyl ghrelin, growth hormone, insulin-like
growth factor-1 (IGF-1), and insulin levels in rats. Anxiety-like behavior was also examined, which
is the most frequent psychiatric disorder in children and adolescents.
Methods
3-week-old male Wistar albino rats (n=30) were allocated into control and two caprylic acid groups.
Caprylic acid was administered orally 3 mg/kg and 6 mg/kg daily for 30 consecutive days (Figure 1).
Caprylic acid was dissolved in saline and the control group received only oral saline. Body weight,
tail length, and food consumption were recorded regularly. On the postpartum 54th day, the anxietylike behavior of rats was evaluated with elevated plus-maze and light/dark box tests. On the
postpartum 24th and 55th days fasting blood glucose was measured. On the postpartum 55 thday,
the animals were sacrificed with intraperitoneal ketamine (100 mg/kg) and xylazine (10 mg/kg)
anesthesia. Somatic growth was assessed by naso-anal length, body weight, and organ weights
(heart, liver, and kidney). Serum acyl ghrelin, growth hormone, IGF-1, and insulin levels were
measured by ELISA.
Results
Compared with the control group (4.7±0.22 ng/mL), growth hormone levels were lower in 6 mg/kg
caprylic acid group (4.01±0.14 ng/mL) (P < 0.05, one-way ANOVA). On the other hand blood
glucose, serum acyl ghrelin, IGF-1, and insulin levels were similar between groups. No significant
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difference was found between the groups in terms of somatic growth, food consumption, or anxietylike behavior of rats.
Conclusion
These datademonstrate that oral caprylic acid supplementation does not cause an increase in acyl
ghrelin levels and hence growth and anxiety-like behavior in healthy growing rats. As far as we
know, this is the first study investigating whether caprylic acid stimulates growth by changing the
levels of active ghrelin, growth hormone, insulin, and IGF-1 levels. More studies are needed to
elucidate the interaction between caprylic acid and ghrelin hormone and its effect on growth-related
hormones, somatic growth, and anxiety.
Figure 1
Experiment design
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Introduction
Uroguanylin (UGN) activates guanylate cyclase C, leading to cGMP synthesis. UGN is released
from the gut in plasma after a meal when activation of brown adipose tissue (BAT) occurs and leads
to browning after prolonged i.c.v. application. In this study, we determined the acute activation of
BAT by intranasal (i.n.) UGN application and possible mechanism of postprandial BAT activation via
UGN.
Methods
In this study, male and female mice in estrus (E) and diestrus (DE) C57Bl/6NCrl (WT) were used.
The activity of BAT was determined by infrared thermography (FLIR T-1020). The expression of
UGN in the hypothalamus upon i.n. insulin or GLP-1 stimulation was determined by ELISA. The
expression of GC-C was determined by immunohistochemistry. Membrane potential was measured
by whole-cell patch-clamp and changes in intracellular ion concentrations by specific fluorescent
dyes.
Results
BAT activity is activated far stronger by a five-time smaller amount of UGN applied i.n. (activation of
brain GC-C) compared to activation after i.p. application. This activation was smaller in female
animals in DE when compared to male mice and not present during E. Even though the
depolarisation of POMC neurons by UGN was similar in all tested animal groups, the ratio of GC-C
expression in POMC and dopaminergic neurons in the Arcuate nucleus of the hypothalamus was
different in male and female mice in DE and in E which could explain differences in BAT activation
during estrous cycle. Furthermore, UGN increased intracellular concentration of K+ and Ca2+ but
not Cl-, in hypothalamic cells, which leads to depolarization. Applied i.n., GLP-1 changed BAT
activity differently depending on gender and estrous cycle, similar to changes in BAT activation after
a meal. GLP-1 also changed pro-UGN expression in male but not female hypothalamus which was
not accompanied by similar changes in blood, suggesting the existence of brain UGN and
involvement of UGN in BAT activation via GLP-1 in male mice.
Conclusion
Metabolic studies, especially ones investigating the regulation of BAT activity, should pay special
attention to gender and the phase of estrous cycle. The interplay between UGN and GLP-1 is
especially important when the activity of BAT is measured in diabetic patients. Since BAT activation
leads to glucose expenditure1,2, similar studies could lead to the development of new approaches
involving the activation of BAT for the treatment of hyperglycaemia in diabetic patients, which will
improve glucose metabolism and postpone insulin application.
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Introduction
Neuropeptide B (NPB) and neuropeptide W (NPW) are neuropeptides, which constitute NPB/W
signalling systems together with G-protein coupled receptors NPBWR1. The location and function
of NPB/W signalling system have been predominantly detected and mapped within the CNS
including its role in modulation of inflammatory pain, neuroendocrine functions and autonomic
nervous system. Altered serum levels of both neuropeptides have been previously shown in patients
with DM, suggesting its potential role in pathophysiology of diabetes mellitus (DM). The aim of this
study is to investigate the impact of diabetes on neuropeptide B/W signalling system in different
heart compartments and within intracardiac nervous system in animal model of type 2 DM.
Methods
Zucker diabetic fat (ZDF) rats were sacrificed by decapitation at week 40 of age, heart atria and
ventricles, stellate ganglia and upper thoracic dorsal root ganglia were dissected. From gathered
samples, total RNA or protein was isolated. In addition, samples containing coronary arteries walls
from left ventricle tissues were collected via laser capture microdissection and used for RNA or
protein isolation. Obtained RNA was reverse-transcripted and subsequently RT-qPCR analysis was
done. Relative expression of mRNA of NPB, NPW and NPBWR1 was expressed as a ratio of target
gene concentration to control gene. Data obtained by qPCR were first subjected to Shapiro-Wilk
normality test and Mann-Whitney test was used for statistical evaluation. In WB analysis, the mean
of all the technical replicates (n=3) or (n=2) was used to analyse the expression of protein for each
analyte. The difference of expression between groups was calculated by t-test. Results were
considered significantly different when p<0.05. Additionally, sections of tissues were examined
using the methods of immunofluorescence.
Results
In RT-qPCR analysis, we observed the upregulation of mRNA for preproNPB in RV (3.0-fold, p =
0.018), for preproNPW in LA (3.2-fold, p = 0.022) and for NPBWR1 in DRG in diabetic rats. On the
contrary, expression of mRNA for NPBWR1 was downregulated in the LV (0.56-fold, p = 0.029) in
diabetic rats. In WB analysis, significant downregulation of NPBWR1 in LV (0.54-fold, p= 0.046) in
diabetic rats was observed at proteomic level. The presence of NPBWR1 was also confirmed in
dissected LCM section of cardiomyocytes. Moreover, specific NPB and NPW immunoreactivity was
detected in nerve fibers innervating intracardiac ganglia, as well as nerve cell bodies of these
ganglia, nerve fibers in between cardiomyocytes and smooth muscle cells of coronary vessels.
Conclusion
NPB/W signalling system is involved in regulation of heart functions and long-term diabetes leads
to changes in the expression of individual members of this signalling system differently in each
cardiac compartment, which is related to the different morphology and function of these cardiac
chambers.
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Introduction
Postoperative ileus (POI) is deceleration/cessation of bowel movements following abdominal
surgery. Amprical clinical data have indicated that coffee consumption shortens the postoperative
recovery of gastrontestinal dysmotility. Our aim was to assess the possible underlying
mechanisms of the beneficial effects of caffeine on POI.
Methods
InSprague-Dawley male rats, POI model was conducted under ketamine-xylazine anesthesia by
handling the small intestines smoothly for 3 minutes (n=32), while the anesthetized control rats had
no surgery (n=8). Different doses of caffeine (5, 10, 25mg/kg) or physiological saline were
administered twice subcutaneously at 15th minute and 21st hour following surgery. Locomotor
activity and fecal pellet outputs of rats were measured. A charcoal mixture was orogastrically
administered to evalaute 30-min small intestine motility and rats were decapitated at the 24th h of
surgery to determine the distance of propogated charcoal. Myeloperoxidase activity (MPO),
malondialdehyde and glutathione levels, luminol and lucigenin-mediated chemiluminescence (CL)
levels, which indicate formation of reactive oxygen metabolites (ROM), were measured in the small
intestine samples. Microscopic damage scores were assessed by hematoxylin-eosin staining.
Statistical evaluations were made using one-way ANOVA.
Results
Locomotor activity and fecal output counts were not statistically different among the experimental
groups. Mild handling procedure of the intestines has not resulted in any alterations in intestinal
MPO, malondialdehyde and glutathione levels. Small intestinal transit index was decreased in
saline-treated POI group as compared to control (p<0.01), while transit was facilitated in caffeinetreated groups (5 or 25 mg/kg; p<0.05). Both lucigenin-and luminol-enhanced CL levels in intestines
were higher in saline-treated POI group (p<0.01-p<0.001), but caffeine significantly reduced
lucigenin and luminol CL levels (p<0.05-p<0.01). Elevated microscopic damage score, presenting
with mild blunting in villi structure in saline-treated POI group was reduced in all caffeine-treated POI
groups, but a statistically significant difference was reached at 10mg/kg dose (p<0.05).
Conclusion
Our results demonstrated that post-operative administration of caffeine, at doses that had no impact
on general motor activity, suppressed the production of ROM in small intestines, protected epithelial
integrity, and improved gastrointestinal dysmotility. These results suggest that caffeine could be
used as a safe therapeutic agent for its antioxidant and prokinetic effects in shortening the duration
of postoperative ileus.
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Introduction
Cumulative reports have indicated that antibiotics may adversely affect testicular and sperm
function. Vancomycin is a glycopeptide antibacterial developed as an alternative to penicillin for
treating resistant Staphylococcus aureus strains [5]. Recently, few studies have suggested that
vancomycin could produce testicular toxicity and apoptosis. However, the mechanism of
vancomycin inducing testicular toxicity has not been investigated.
Methods
The study investigated the effect of vancomycin (200 mg/kg, i.p) for seven days on Wistar rats to
induce testicular toxicity. Resveratrol (20 mg/kg, oral gavage) was concomitantly used with
vancomycin. The rats were divided into three groups: the Control group( received saline i.p and oral
gavage), the vancomycin group received (200 mg/kg, i.p), the vancomycin + resveratrol group
received (200 mg/kg, i.p + 20 mg/kg, oral gavage).
Results
Vancomycin (200 mg/kg, i.p) treatment for seven days caused a significant reduction in testosterone
levels, sperm count, and sperm motility, while treatment of resveratrol attenuated vancomycin
effects and normalized testosterone levels, sperm count, and sperm motility. Vancomycin (200
mg/kg, i.p) treatment for seven days caused a significant increase in luteinizing hormone and
follicular hormone, while resveratrol treatment attenuated vancomycin effects and normalized
luteinizing hormone and follicular hormone. Histopathological examination showed that vancomycin
(200 mg/kg, i.p) treatment for seven days thin and splitting of the basal lamina atrophied and widely
separated seminiferous tubules, while treatment of resveratrol prevented the effect of vancomycin
on testicular tissues and thickness of the basal lamina.
Conclusion
This study showed resveratrol's potential antioxidant and anti-inflammatory effects on attenuating
vancomycin-induced testicular toxicity in Wistar rats.
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Introduction
The Zucker diabetic fatty (ZDF) rat is a common animal model for the study of type 2 diabetes.
Though most experimental studies consider ZDF rats as a uniform group, there are indices regarding
their growing inhomogeneity over time. The main objective of our study was monitoring biometric
and biochemical parameters of ZDF rats during development to type 2 diabetes and comparing them
with two control rat models - commonly used Zucker Lean and independent control - Wistar rats.
Moreover, we investigated the activity of matrix metalloproteinases (MMPs) - multifunctional
enzymes involved in tissue remodelling.
Methods
Males of 3 rat strains were included in the study: ZDF, Wistar (WIS) and Zucker Lean (LEAN). Body
weight, blood glucose, and plasma insulin levels were recorded regularly. Between the 38 th–39th
week of life, rats were subjected to 2.5-3 % isoflurane inhalation-induced anesthesia, trunk blood
was collected and plasma was separated. The heart was excised and the weight of the right and
the left ventricle was registered. Markers of oxidative stress, antioxidant capacity, carbonyl stress,
and MMP-2 and MMP-9 activities were analyzed both in plasma and 10% myocardial tissue
homogenate in phosphate-buffered saline.
Results
According to fasting glycaemia and insulin concentration, ZDF were split into two phenotypes obese (FAT) and diabetic (DIA). Glycaemia showed progressively rising tendency only in DIA which
also exhibited higher cholesterol levels compared with FAT. In addition, FAT revealed more
pronounced left ventricular hypertrophy and greater body weight, clearly differentiating them from
DIA. Rats in the FAT group had lower plasma MMP-2 and MMP-9 activity compared with DIA.
However, increased myocardial MMP-2 activity indicated left ventricular remodelling in both ZDF
phenotypes.
Conclusion
Our study suggests that ZDF rats increase inhomogeneity in basic biochemical and biometric
characteristics during aging. According to our observations, the generally accepted characteristic of
ZDF rats - hyperphagia, obesity, hyperinsulinemia, and insulin resistance, applies only to a part of
these animals. As diabetes in humans represents a heterogenous group of chronic metabolic
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disorders, the inhomogeneity of ZDF rats may be beneficial in the study of different aspects of this
pathology. Our experiments may also promote a discussion regarding the suitable normoglycemic
non-obese control counterparts for aged ZDF rats, especially when the experiments are focused on
myocardial tissue. The greater left ventricular weight, as well as the increase in carbonyl stress in
the left myocardial tissue and the increase in MMP-2 activity in both ventricles of Zucker lean rats,
could indicate remodeling of their heart in comparison with Wistar rats.
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Introduction
Diabetic neuropathy is one of the most common microvascular complications associated with
diabetes mellitus. Diabetic peripheral neuropathy (DPN) has been linked to hyperglycaemia and
long duration of uncontrolled type 2 diabetes mellitus (T2DM) as measured by glycosylated
haemoglobin (HbA1c). To our knowledge the estimated duration between diagnosis and developing
DPN and the level of HbA1c have not yet been investigated in Sudanese patients with type 2 DM.
Therefore, this study aims to investigate the relationship between the duration of diabetes and
HbA1c with nerve conduction velocity (NCV) in patients with type 2 DM.
Methods
This cross-sectional study recruited 63 male and female patients with T2DM who attended the
diabetic outpatient clinic of Academy Charity Teaching Hospital (ACTH) and Alzaytouna Private
Hospital for Nerve Conduction Velocity (NCV) and electromyography (EMG) tests. Nerve conduction
was done by using ADInstruments PowerLab series 26. SPSS was used to analyse the data and pvalue < 0.05 was considered significant.
Results
The mean duration of DM was 14.7 (± SD 9.24) years and the mean age of participants was 57.71
(± SD 12.2) years. The most common symptom was numbness (50%). Pearson’s correlation test
revealed a significant negative correlation between HbA1c and nerve conduction velocity (r = 0.4, p
< 0.05) and negative significant correlation between the duration and the amplitude (r = 0.35, p <
0.05).
Conclusion
There is a slowing of nerve conduction velocity in type 2 diabetic patients, which is accelerated by
the poor glycaemic control (HbA1c). These findings support the need for tight glycaemic control to
avoid drastic neuropathic complications of diabetes.
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Figure 1: Correlation
between HbA1c and sensory
nerve conduction velocity.
Shows a significant
negative correlation
between HbA1c and nerve
conduction velocity (r =
−0.4, p = 0.002).
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Figure 2: Correlation
between duration of DM and
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There was a significant
negative correlation
between amplitude and
duration in years of Type2
DM (r = −0.3, p = 0.005)
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Introduction
Acute exposure to Cadmium (Cd) can cause significant reproductive dysfunction via generation of
free radical and increased oxidative stress leading to histological alteration and spermatological
damage [1]. Palmitic acid (PA) acts as a biological antioxidant protecting tissues from the effect of
free radicals. Aims: This study investigated the ameliorative effects of palmitic acid against
cadmium-induced reproductive toxicity in male Wistar rats
Methods
Twenty male Wistar rats (150-170g) were randomly divided into four groups, (n=5), and treated as
follows: Control (1 ml/kg normal saline), Cd (2 mg/kg), Cd+PA (2 mg/kg+200 mg/kg), PA (200
mg/kg). Palmitic acid was administered orally for 4 weeks and a single dose of 2 mg/kg of cadmium
was injected intraperitoneally. The animals were then given 50 mg/kg BW of sodium thiopental,
laparoscopy was done and blood was obtained by cardiac puncture. Testicular magnesium, calcium,
zinc, cadmium levels were analysed by atomic absorption spectrophotometry technique.Semen
parameters were evaluated as aproved by WHO [2]. Serum follicle stimulating hormone (FSH),
luteinizing hormone (LH) and testosterone were measured by ELISA while testicular
cytoarchitecture was done by Haematoxylin and Eosin staining. Data were analysed using ANOVA
followed by turkey’s post-hoc test, and results were expressed as mean ± SEM at p<0.05 level of
significance. The study followed the Guidelines approved by the ethics committee of the University
of Medical Sciences, Ondo city, Ondo state, Nigeria
Results
Cadmium significantly decreased (p<0.05) serum FSH (0.39±0.008 vs 0.45±0.011 mIU/mL), LH
(0.20±0.09 vs 0.30±0.0012 mIU/mL) and testosterone (0.63±0.05 vs 0.91±0.08 ng/ml) levels, sperm
motility (50±5.30 vs 82±6.04 %), viability (44±4.7 vs 77±8.0 %), counts (7.2±1.54 vs 12.8±3.09
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million/ml), testicular magnesium (3.96±0.05 vs 4.95±0.037 mg/L), calcium (3.0±0.41 vs 4.30±0.47
mg/L) and zinc (0.30±0.039 vs 0.44±0.027 mg/L) compared with controls. Abnormal sperm
morphology (13.7±0.33 vs 12.1±0.39 %) and testicular cadmium levels (0.0180±0.00127 vs 0.0021
mg/L) were significantly increased (p<0.05) in cadmium group compared with controls. Coadministration of PA (200 mg/kg) with cadmium significantly improved (p<0.05) serum FSH
(0.53±0.017 mIU/mL), LH (0.32±0.032 mIU/mL) and testosterone (0.99±0.14 ng/ml) levels, sperm
motility (69±3.4 %), viability (62±6.6 %), counts (10.6±0.98 million/ml), testicular magnesium
(4.60±0.07 mg/L), calcium (3.60±0.45 mg/L), zinc (0.41±0.025 mg/L) and architecture when
compared with cadmium group. Also, abnormal sperm morphology (13.6±0.15 %) and testicular
cadmium (0.0140±0.0024 mg/L) levels were significantly decreased (p<0.05) when compared with
cadmium group respectively.
Conclusion
Palmitic acid ameliorated cadmium-induced testicular cytoarchitectural damages in rats, suggesting
its therapeutic efficacy in improving male reproductive functions in heavy metal toxicity.
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Introduction
Obesity is a worldwide public health concern associated with high morbidity and mortality. Evidence
of etiological links between the obesity and reproductive health problems. FDA has identified Gum
Arabic (GA) as one of the safest of dietary fiber . The present research aimed to study the effects
of gum Arabic on reproductive outcome in obesity induced by Western dietary model (Cafeteria
Diet).
Methods
Females Westar rats' weight about 120 -130 gram were divided randomly into two groups
distinguished by dietary composition, Control group (n=10), were fed only standard rodent chew
diet. Obese group n=20 were fed Cafeteria diet (varying menu of sausage, cheese, snacks,
peanuts, chocolate, biscuits) for 8 weeks, random selection of 10 obese rats was done and the
addition of 10% Gum Arabic dissolved in tap water (100 g/l) for 4 weeks, then rats were transferred
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to a mating cage and cohabit with proven fertility male rats (1:1). Mating, fertility, fecundity index,
the number of live pups and their body weights were recorded. In the first estrous phase rat
anathatazied and dissected. Then ovaries were removed. The Catalase and nitric oxide level in
the ovaries were measured. Ovary lipid peroxidation was evaluated by measuring the amount of
malondialdehyde (MDA) using a spectrophotometer.
Results
The mating index was found to be 100% all groups. The fertility index and fecundity index were
lower in obese rats p<0.05 and significantly improved in obese treated with GA. Number of live pups
were altered by obesity mean ( 12 ± 0.97) while for mother fed standard diet (15 ±1.45) (P< 0.05).
Pups weight was higher in fetuses from obese mothers (1.55 ± 0.05) gm than in control rats (1.31 ±
0.03) gm (P<0.05).Gum Arabic treated group showed no significant difference in weight and number
of pups when compared to control groups
The Malondialdehyde (MDA) and Nitric Oxide (NO) concentrations significantly increased in the
ovary of rats fed a CAF diet, while catalase level were decreased in ovarian tissues mean
P<0.05, Ovarian MDA and NO significantly reduced in gum Arabic treated group ,while
catalase was increased in this group . Furthermore, there is no statistically significant difference in
ovarian level MDA and catalase between the GA treated group and the control group.
Conclusion
GA treatment reduced lipid peroxidation and nitric oxide level and increased the activities of ovarian
antioxidant enzyme activity. Further more GA improved reproductive outcomes that have been
disrupted by obesity-induced by cafeteria diet in rats,
MDA level in ovarian tissues
p <0.05
***p<.001
# no
statistically significant
difference

Nitric oxide level in ovarian
tissue
*p <0.05
***p<.001
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Figure 1
Patients Allocation Figure
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Introduction
Polycystic ovary syndrome (PCOS) is the most common endocrine disease in women of
reproductive age, affects 6-20 % of women of reproductive age worldwide. PCOS associated with
multiple metabolic abnormalities, it increases the risk for type 2 diabetes mellitus, cerebrovascular
and cardiovascular events and one of the main causes of infertility. Pathogenesis remain unclear;
but increased Gonadotrophin releasing hormone pulsitility, altered gut microbiome and oxidation
stress play a major role. Gum Arabic (GA), edible, dried, gummy exudates from Acacia Senegal
tree, is known for its prebiotic and antioxidant properties. GA has a been recognized as lipid lowering
agent and has proven effect in reducing body weight.
In this study, we investigated the effect of oral ingested GA on the level of FSH, LH, insulin,
testosterone hormones and cholesterol and HBA1C in polycystic ovary syndrome patients. . We
assumed that Gum Arabic would reduce the LH/FSH ratio and improve the metabolic profile in PCOs
women by reducing the insulin and cholesterol level. To the best of our knowledge, this is the first
study conducted to investigate GA intake on PCOS patients.
Methods
Fifteen PCOS patients aged 20-40 years were recruited. All recruited patients met the inclusion
criteria ( Patients with PCOs based on Rotterdam criteria (2003), married aged from 20-40 and
having primary or secondary infertility).
The patients received 30 g/day of GA for 8 weeks dissolved in 200 ml of water. Follicular stimulating
hormone(FSH), luteinizing hormone(LH), total testosterone(TT) fasting insulin, cholesterol and
HBA1c were measured before and after GA intake. Ethical approval from the National Medicines
and Poisons Board was obtained. ClinicalTrials.gov Identifier: NCT04215380
Results
The study clarified that Gum Arabic ingestion significantly decreased in Luteinizing Hormone LH (P
value 0.001) mean Follicular Stimulating Hormone (FSH) slightly reduced post intervention with no
significant differences (P value =0.414), significant decreased in, FSH/ LH ratio and cholesterol pre
and post intervention (P values 0.001, 0.013 and 0.007) respectively, the mean testosterone, insulin
and HBA1c shows insignificant differences in pre and post intervention (p value 0.912, P value
0.555 and 0.579 (respectively).
Conclusion
Our study demonstrated that Gum Arabic ingestion for eight weeks in PCOS patients decreases the
Luteinizing Hormone (LH) and LH/FSH ratio and improve the metabolic profile by lessening the
cholesterol level.
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Figure 2
Effect of GA intake on LH
level (p.value=.001*)

766

References
[1]
Tremellen K, Pearce K. Dysbiosis of Gut Microbiota (DOGMA) - A novel
theory for the development of Polycystic Ovarian Syndrome. Med Hypotheses
[Internet]. 2012;79(1):104–12. Available from:
http://dx.doi.org/10.1016/j.mehy.2012.04.016
[2]
Dubey P, Reddy S, Boyd S, Bracamontes C, Sanchez S, Chattopadhyay M, et
al. Effect of Nutritional Supplementation on Oxidative Stress and Hormonal and
Lipid Profiles in PCOS-Affected Females. 2021;1–13.
[3]
Calame W, Weseler AR, Viebke C, Flynn C, Siemensma AD. Gum arabic
establishes prebiotic functionality in healthy human volunteers in a dosedependent manner. Br J Nutr. 2008;100(6):1269–75.
[4]
Babiker R, Elmusharaf K, Keogh MB, Saeed AM. Effect of Gum Arabic (
Acacia Senegal ) supplementation on visceral adiposity index ( VAI ) and blood
pressure in patients with type 2 diabetes mellitus as indicators of
cardiovascular disease ( CVD ): a randomized and placebo-controlled clinical
trial. 2018;1–8.
[5]
Kaddam L, Fadl-Elmula I, Eisawi OA, Abdelrazig HA, Saeed AM. Acacia
senegal (Gum Arabic) supplementation modulate lipid profile and ameliorated
dyslipidemia among sickle cell anemia patients. Journal of Lipids. 2019 Jun
18;2019.
____________________________________________________________________________

Methods
The studies included in this systematic review fulfilled the following inclusion criteria: (i) research
conducted with human participants, (ii) original articles in peer-reviewed publications, (iii) original
studies that had investigated only GT supplementation interventions on oxidative stress after a
protocol to induce muscle damage, (iv) research conducted with one control/placebo group, and (v)
articles published from inception to December 2020. SPORTDiscuss, PubMed, Scopus, and Web
of Science were searched. The methodological quality of the articles was assessed with the PEDro
scale.
Results
Eleven randomized or non-randomized placebo-controlled trials were included. (12-22). Four
studies evaluated the effects of acute GT ingestion and 7 studies evaluated the effects of a regular
GT ingestion. When sufficient data were provided, effect sizes (Hedges’ g) for the difference
between GT and PLA groups after exercise were calculated (figure).
Conclusion
GT supplementation before exercise for periods of more than 1 week, in a dose range of 400 to 800
mg of catechins per day, appears to be a good strategy to protect the cells against oxidative stress.
Nevertheless, none of the studies included in this review analysed oxidative stress markers more
than 24 h after exercise. Future investigations should focus on initiating GT supplementation more
than seven days before exercise and completing it two or three days after, monitoring the evolution
of oxidative stress markers up to 48/72 h after exercise.
Studies and markers
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Introduction
Strenuous muscular exercise leads to an increase in ROS production, generating oxidative stress
in cell structures, which has a negative impact on exercise performance (1,2). The elimination of
ROS is carried out by the body’s endogenous antioxidant defense system in conjunction with
exogenous antioxidants consumed through diet, which come primarily from ingestion of fruits and
vegetables (3,4). There is some evidence suggesting that ROS play an important physiological role
in supporting the recovery process and that antioxidant supplements may hinder the specific cellular
adaptations to exercise (5). However, it should be noted that the negative impact of antioxidant
supplementation on exercise training adaptation has not been reported with natural antioxidant
foods
(6).
Green tea is also popular among the beverages rich in polyphenol compounds (7). Its health benefits
are due to the antioxidant properties of catechins, of which epigallocatechin-3-gallate, considered
the most bioactive, accounts for between 50–80% of the total catechin content (8,9). The positive
effects of green tea (GT) supplementation on reducing oxidative stress after exercise have been
reported in animals (10,11). Therefore, the aim of this systematic review was to summarize the
effects of GT supplementation on exercise-induced oxidative stress found in the existing literature
to date in humans.
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Introduction
CO2 is an ancient physiological gas produced during aerobic respiration. As a consequence all cells
in the body are exposed to some level of CO2, and under normal physiological conditions the levels
of CO2 in the blood are tightly regulated. The levels of CO2 and O2 are inextricably linked with
regions of hypoxia co-associating with regions of elevated CO2 [1]. In disease states, elevated CO2
levels in the blood (hypercapnia >45mmHg) present in patients with chronic respiratory disorders
e.g. Chronic Obstructive Pulmonary Disease (COPD). Hypercapnia is risk factor in COPD [2] but
may be of benefit in the context of destructive inflammatory signalling [3]. The effects of CO 2
changes per se on cell signalling and signal transduction are poorly understood and warrant further
investigation. A better understanding of how CO2 elicits cellular signalling may be of benefit in the
treatment of patients experiencing hypercapnia.
In this study we aim to elucidate how increased CO2 influences the behaviour of immune cells,
through integration of state of the art RNA-sequencing, metabolic and metabolomic approaches in
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monocytes.
Methods
THP-1 monocytes were incubated in environmental chambers at different CO2 levels (5% CO2
~40mmHg (pH~ 7.3)/ 10% CO2 ~ 77mmHg (pH~ 7.4)) for 4 hours, +/-LPS under pH buffered
conditions. Gene expression was analysed by RNAseq and qPCR. Metabolite levels were
determined by targeted LC/MS. Mitochondrial oxidant production was measured using MitoSOX and
AmplexRed assays. Mitochondrial DNA content was measured by qPCR and mitochondrial protein
content was measured by acridine orange 10-nonyl bromide fluorescence and western blotting.
Cellular reductase activity was measured using 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) conversion to formazan.
Results
In hypercapnia, RNA-seq analysis identified hundreds of differentially expressed genes under basal
and LPS-stimulated conditions. Notably, transcripts relating to mitochondrial gene expression and
mitochondrial-encoded electron transport were enhanced in hypercapnia in both basal and LPSstimulated cells. Mitochondrial DNA content and protein expression did not appear to be enhanced
under similar conditions however, using a metabolomic approach we identified several key
metabolites to be altered in hypercapnia, particularly specific acyl-carnitines species.
Conclusion
Our results indicate that elevated levels of CO2 elicit metabolic shifts in lipid metabolism in
monocytes under pH buffered conditions. Taken together these data support the concept of CO2 as
a mild but consistent modulator of monocyte transcription that can influence immunometabolic
signalling in immune cells in hypercapnia. A better understanding of how immune cells respond to
elevated CO2 on a cellular and metabolic level may be of benefit in the treatment of patients
experiencing hypercapnia.
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Introduction
Age-related macular degeneration (AMD) is the most common blinding disease in the elderly
population. Although there are still many uncertainties regarding the pathophysiology of AMD,
oxidative stress and hypoxia in the retinal pigment epithelium (RPE) have long been considered
major risk factors leading to photoreceptor degeneration in the macula. Hypoxia leads to an
accumulation of hypoxia-inducible factors (HIF), dimeric transcription factors with an oxygen-labile
α-subunit and a constitutively expressed β-subunit, which enable adaptation to hypoxic conditions.
Albeit protective in the short-term, chronic induction of HIF signaling is associated with the
pathophysiology of many diseases.
Methods
In order to mimic AMD pathophysiology, we combined oxidative stress and HIF stabilization in a
human RPE cell line (ARPE-19). We induced oxidative stress by sodium iodate (SI) and HIF
accumulation by dimethyloxalylglycine (DMOG), a prolyl hydroxylase inhibitor. To separately
investigate the roles of the two HIF isoforms HIF-1 and HIF-2, we conducted siRNA-mediated
knockdowns of HIF-1α and HIF-2α and treated the cells with SI. Knockdown cells were treated under
hypoxic conditions with 1% O2 in a hypoxic incubator to induce HIF stabilization. Treatment effects
were analyzed with cell viability assays, Western Blot and quantitative Real-Time PCR.
Results
Co-treatment of ARPE-19 cells with SI and DMOG revealed that HIF stabilization by DMOG
exacerbated cell death compared to cell death induced by SI alone. By treating the cells with
different cell death pathway inhibitors, we could identify ferroptosis as the major cell death mode,
which is caused by iron accumulation and oxidative stress leading to lipid peroxidation. Knockdown
of HIF-1α and HIF-2α revealed that SI-treated cells were rescued by HIF-1α knockdown but
ferroptosis was exacerbated by HIF-2α knockdown. To find out if these effects are generally
applicable to ferroptosis, we used RSL3, which induces ferroptosis by inhibiting GPX4, a major antiferroptosis regulator. In contrast to SI-induced ferroptosis, RSL3-induced ferroptotic cell death was
decreased by knockdown of both, HIF-1α and HIF-2α. These findings suggest that HIFs play
differential roles in ferroptosis regulation depending on the mode of induction. The molecular
pathways responsible for these observations are currently under investigation.
Conclusion
Taken together, our findings provide important insights into the involvement of HIFs in ferroptosis
regulation. Ferroptosis is associated with the pathophysiology of several diseases and is also
discussed as a therapeutical strategy in cancer treatment. Hence, a better understanding of
ferroptosis regulation will contribute to novel treatment approaches not only restricted to AMD in the
long-term.
____________________________________________________________________________
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Introduction:
Malaria is caused by parasites of the genus Plasmodium and is transmitted to humans by
mosquitoes of the genus Anopheles. The disease is found in subtropical and tropical regions, where
specific conditions of temperature, humidity and precipitation are met. The symptoms are varied,
may be absent, moderate or severe and, if they occur, complications can even lead to death.
Artemisinin and its derivatives comprise the most important class of drugs used in medical practice
to treat malaria. When administered, it has been found that moderate side effects may occur, such
as dizziness, nausea or vomiting. Based on these considerations, we investigated the possible
effects of artemisinin on three ion channels: TRPM8, TRPV1 and TRPA1.
Methods:
Non-ratiometric calcium microfluorimetry experiments were performed on HEK293T cells,
transiently transfected with human TRPA1 (hTRPA1), mouse TRPA1 (mTRPA1), human TRPM8
(hTRPM8) or human TRPV1 (hTRPV1), as well as primary sensory neurons from adult mice. Mice
(male) were killed by inhalation of 100% CO2 followed by decapitation. Dorsal root ganglia (DRG)
were removed and DRG neurons were isolated and kept in primary culture. Cells were plated onto
poly-D-lysine-coated glass coverslips and used for experiments within 24 h.
Results:
Untransfected HEK293T cells (n=363), as well as HEK293T cells expressing hTRPV1 (n=177) or
hTRPM8 (n=257) showed no activation following the application of artemisinin (200 µM). However,
the application of artemisinin induced an influx of Ca2+ into HEK293T cells transiently transfected
with hTRPA1 (n=265) or mTRPA1 (n=133). The functional expression of hTRPV1, hTRPA1,
mTRPA1 and hTRPM8 was demonstrated by responses to specific agonists of these ion channels:
capsaicin (300 nM), AITC (50 µM) and WS-12 (5 µM). The response to artemisinin was reversibly
inhibited by the specific TRPA1 antagonist A967079 (1 µM). When artemisinin was applied in
calcium-free conditions (n=112), the response to artemisinin was reversibly suppressed, resulting
that the source of calcium is extracellular. A subpopulation of mouse DRG neurons (97 neurons in
a total of 437, ca. 22%) was also activated by artemisinin (400 µM). The viability of neurons was
tested using a high concentration of KCl (50 mM).
Conclusion:
Based on our data obtained on heterologous expression systems and on primary sensory neurons
from adult mice, we conclude that artemisinin acts as a TRPA1 agonist, which could explain the side
effects of the drug.
____________________________________________________________________________
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Introduction
Agouti-related peptide (AgRP)-expressing neurons in the arcuate nucleus (ARC) of the
hypothalamus are a major orexigenic population driving the food intake [1]. FAM163A, also named
neuroblastoma-derived secretory protein, is a 168 amino acid protein, with a putative signal peptide
and membrane binding domain [2]. It has been reported to found both intracellularly and
extracellularly, and act as an oncogene . However, functional studies on the FAM163A are scarce.
In this study, we aimed to investigate the effect of FAM163A knockdown in the ARC on food intake
and electrophysiology of AgRP neurons.
Methods
Male AgRP-IRES-Cre knock-in mice were infected with either control shRNA or FAM163A shRNA
lentivirus together with AAV-CAG-Flex-GFP virus, which tags the AgRP neurons,
intracerebroventricularly (posterior: -1.35 mm, lateral: ± 0.35 mm and vertical: 5.85 mm). Fifteen
days after infection, single animals were housed in cages and food intake was monitored for 25
days. After the experimental period, electrophysiological recordings were obtained ex vivo from the
brain slices. Hypothalamic expression profile was examined by confocal microscopy.
Results
Food intake and body weight of the animals were not affected by FAM163A knockdown. FAM163A
is ubiquitously expressed in the hypothalamus, while a subpopulation of AgRP neurons expresses
FAM163A. Firing frequency of AgRP neurons were significantly reduced by FAM163A knockdown.
Conclusion
Our results suggest that FAM163A may be a regulatory factor for the hypothalamic neuronal activity
in the regulation of energy metabolism.
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Introduction
Peripheral neuropathy is one of the most common diabetic complications in a chronic process in the
absence of glycemic control. Mitochondrial dysfunction and autophagic dysmodulation are novel
mechanisms to explain the cellular pathophysiology of many diseases, and effects of mitochondrial
dysfunction and autophagy/mitophagy modulation in diabetic peripheral neuropathy (DPN) are not
fully understood yet. The aim of this study was to examine the possible neuroprotective effects of
selected autophagy/mitophagy modulator and antioxidant agents on sensory neurons in DPN in vitro
mouse model.
Methods
Dorsal root ganglia -DRG- (as the cellular model of neuropathy) were cultured as primary sensory
neurons from 12-week-old male C57BL/6J mice (which is a diabetic-prone, genetically modified
model). Neuroprotective effects of selected mitophagy/autophagy modulators; anethole trithione
(10, 30, 100 µM), urolithin A (3, 10, 30 µM), rapamycin (0.03, 0.1, 0.3 µM) (three different doses
determined based on the literature) and their combination with metformin (1mM), a common
antidiabetic agent, on hyperglycemic DRG cells were examined in a concentration-dependent
manner, by cell viability analysis (xCELLigence real-time cell viability analysis - RTCA, ACEA
Biosciences, USA) for 36th hours. Cell indices obtained by xCELLigence RTCA were compared by
repeated measures ANOVA (RMA).
Results
In the hyperglycemic (HG) control groups, the cell indices of HG (only), HG+saline, and HG+dimethyl
sulfoxide groups decreased from 0th to 36th hours (p=0.034, p=0.022 and p=0.022, respectively,
RMA). In the HG and anethole tritione test groups, the cell indices of the low-dose and high-dose
anethole trithione groups increased from 0th to 36th hours (p=0.017 and p=0.037, respectively,
RMA). In the HG and urolithin A test groups, cell indices decreased from 0th to 36th hours in the
low dose urolithin A group (p=0.038, RMA). In the HG and rapamycin test groups, the cell indices of
the low and medium-dose rapamycin groups decreased from 0th to 36th hours (p=0.038 and
p=0.031, respectively, RMA). There were no significant changes in cell indices from 0th to 36th
hours in the test groups that combined with metformin and test agents separately (p>0.05, RMA).
Conclusion
Results from this in vitro analysis indicate that anethole trithione, an antioxidant which prevents
mitochondrial dysfunction, may have neuroprotective effects on diabetic sensory neuropathy.
____________________________________________________________________________

774

B 06-05
Frequency dependence of ATP generating pathways in an auditory brainstem nucleus
N. Palandt1,2, C. Resch3, P. Unterlechner1, L. Voshagen1, L. Kunz1
1
Ludwig-Maximilians University, Munich, Germany
2
Graduate School of Systemic Neuroscience, Munich, Germany
3
Technical University Munich, Munich, Germany
Funding: Graduate School of Systemic Neuroscience, German Research Foundation (DFG KU
1282/9-1)
Introduction: Neurons are extremely energy demanding. Especially during firing, large amounts of
ATP need to be produced in a short time. This holds particularly for neurons capable of firing at high
frequencies such as those in the medial nucleus of the trapezoid body (MNTB), that have a broad
range of firing frequencies up to 1000 Hz. Several metabolic pathways can supply neurons with
energy. We show that the contribution of different metabolic pathways is dependent on the firing
frequency.
Methods: We stimulate electrically the fibres leading to the MNTB in acute brainstem slices of the
Mongolian gerbil (Meriones unguiculatus). Varying frequencies are used within a physiological range
of 10 to 1000 Hz. By monitoring changes in the levels of NADH, FAD and O2, we have an indirect
track of ATP generation and with it a hint to which metabolic pathways are used. Additionally, we
are working on a linear-kinetic dynamic flux balance analysis (LK-DFBA) to calculate the contribution
of each metabolic pathway at different firing frequencies.
Results: At higher frequencies, MNTB neurons consume less oxygen compared to lower
frequencies. The NADH and FADH2 consumption are lowest at very low (below 100Hz) and higher
frequencies when stimulating with 400 electrical impulses. An increase in the glucose concentration
of the artificial cerebrospinal fluid (ACSF) in the recording chamber above physiological levels (from
2mM to 10mM) leads to a significant reduction in FAD production for all frequencies. Most likely due
to a shift to glycolysis for ATP production caused by the Crabtree effect.
Conclusion: Our results indicate a metabolic switch from oxidative phosphorylation (OXPHOS) to
glycolysis at higher frequencies above 200 Hz. Nevertheless, OXPHOS represents an important
pathway of ATP generation also for higher frequencies, as the recordings with higher glucose
concentration show. The computational model will help us to better understand our data and
calculate ATP levels based on the measured changes in levels of NADH, FAD and O 2.
____________________________________________________________________________
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Sufficient oxygen supply is fundamental for maintaining normal brain functions and to avoid hypoxia.
Prolonged hypoxia as in an ischemic stroke can lead to irreversible brain injury with symptoms like
epilepsy, speech and language deficits or even paralysis. In acute hypoxia, neuronal cells adapt in
different ways to the decreased oxygen supply for protection of neurons including synaptic signaling
decrease or changes in excitation and inhibition of neuronal and glial cells.
Key factors of the cellular response to low oxygen are the heterodimeric transcription factors
“hypoxia-inducible factors” (HIF-1, HIF-2 and HIF-3). HIFs are heterodimers composed of an
oxygen-sensitive alpha-subunit and a constitutively expressed beta-subunit. Under normoxic
conditions, the alpha-subunits are targeted for proteasomal degradation. HIFs alter the expression
of oxygen-related genes and play an important role during brain development and neural
regeneration after hypoxic events as it has been shown for HIF-1. However, the exact role of HIF-2
in the brain remains unknown.
By using brain-specific Hif-2α knockout (KO) mice, we showed that synaptogenesis is highly oxygendependent and a Hif-2α KO led, amongst others, to an altered expression of genes involved in
synaptic transmission in the animals in vivo, as well as in an in vitro neurosphere system where cells
were also challenged with hypoxic conditions [1]. Next, we addressed synaptic plasticity by
performing an in vivo environmental enrichment study with a complex combination of physical and
mental stimuli in the Hif-2a KO mice and wild-type littermates, followed by analysis of gene
expression. Although we found differently expressed synapse-associated genes due to housing
conditions, an overall effect of Hif-2α KO was absent. A first electron microscopy study of synapses
of wild type and Hif-2α KO mice furthermore showed a reduced postsynaptic density length and
area in Hif-2α KO animals indicating differences in synaptic ultrastructure, which will be further
analyzed in a larger mouse cohort.
We next addressed the regulation of synaptic transmission by HIF-2α in vitro by using a co-culture
system with combinations of primary wild type or Hif-2α KO hippocampal neurons and cortical wild
type or Hif-2α KO astrocytes, where we can directly challenge the cells with hypoxia. Both astrocytes
and hippocampal neurons showed a good response to hypoxia independent of their genotype, as
seen by up-regulation of HIF target genes like Vegf and Phd2. Quantitative real-time PCR data
furthermore showed differences between wild type and Hif-2α KO neurons on synapse-associated
genes like Synapsin and Neurogranin under normoxic, but not under hypoxic conditions, indicating
an effect of Hif-2α already under normoxic conditions.
How exactly and why HIF-2α, as an transcription factor which is normally active under low oxygen
levels, influences synapses even under normoxic conditions is still under investigation so far.
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Autophagosomal dysfunction in biallelic SPRED2 loss-of-function mouse model elicits a
neurodegenerative tauopathy
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Functionality of autophagy is essential for cell homeostasis and intracellular signaling pathway
inactivation. An important signaling cascade controlling cell homoeostasis but also important steps
of autophagy, is the ERK-MAPK pathway (1). Potent inhibitors of this ERK-MAPK pathway are
SPRED proteins. Due to the suppressive effect on this cascade (2), SPREDs play a role in a variety
of processes, in cardiovascular organ and brain development, hormonal homeostasis,
carcinogenesis and metastasis (3). Biallelic SPRED2 KO mice show clear alterations in autophagy
related processes. Further, SPRED2 interacts with the microtubule-associated LC3, thereby
increasing the conversion of LC3-I to LC3-II, which in turn regulates autophagy and cell death (4).
Among others, the protein Tau is phosphorylated by MAPKs and then dissociates from microtubules
and forms multimeric aggregates. We hypothesize that missing inhibition of MAPK by SPRED2
leads to an increase in Tau phosphorylation, dissociation from microtubules, and accumulation
within the cell, the pathogenic mechanisms of tauopathies.
We used pull down assays to check the interaction of SPERD2 with autophagy-related proteins. To
clarify if lack of SPRED2 influences Kinesin or Dynein ATPase activity, we used a Dynein/Kinesin
ATPase End-Point Kit. Brain morphology was investigated by MRI and histology. To analyze
phosphorylated Tau aggregates in brains of SPRED2 KO mice, we did Western blot (WB) analyses
and IHC.
We detected SPRED2 interaction with SQSTM1/p62, an adapter guiding ubiquitinated proteins to
LC3-mediated autophagy. GST pull-downs showed that full-length SPRED2 and the SPRED2-EVH1
domain interact with p62 in brain lysates. WB analyses revealed a decreased expression of p62 in
SPRED2 KO brains, indicating that SPRED2 is required for p62 recruitment and autophagy
induction. We detected a reduced autophagic flux (LC3-II/LC3-I ratio) in brains of SPRED2 KO mice.
The Dynein/Kinesin ATPase End-Point Kit with vesicle preparations from WT and SPRED2 KO mice
revealed that lack of SPRED2 impairs Dynein activity, responsible for retrograde transport in
neurons, but not Kinesin activity. MRI and histology studies revealed enlarged brain ventricles and
cortex atrophy in KO brains. WB and IHC demonstrated hyperphosphorylated Tau aggregation in
hippocampi of SPRED2 KO mice, a common finding in various neurodegenerative diseases.These
data indicate that the autophagosomal dysfunction in SPRED2 KO mice is connected to a tauopathy.
Identification of the molecular processes involved will be relevant in many areas of medical research,
as a variety of diseases are triggered by disorders of intracellular transport and lack of fusion with
lysosomes. In view of the fact that the first people with mutations in the SPRED2 gene have now
been identified (5), the knowledge gained from this project is very important for a possible diagnosis
or therapy of these surely rare diseases in humans.
References
[1]
Martinez-Lopez, N, Singh, R, 2014, ATGs: Scaffolds for MAPK/ERK
signaling, Autophagy, 10(3) (2014) 535-7
[2]
Wakioka, T, Sasaki, A, Kato, R, Shouda, T, Matsumoto, A, Miyoshi, K,
Tsuneoka, M, Komiya, S, Baron, R, Yoshimura, A, 2001, Spred is a Sproutyrelated suppressor of Ras signalling, Nature, 412(6847) (2001) 647-51

777

[3]
Bundschu, K, Walter, U, Schuh, K, 2007, Getting a first clue about
SPRED functions, Bioessays, 29(9) (2007) 897-907
[4]
Jiang, K, Liu, M, Lin, G, Mao, B, Cheng, W, Liu, H, Gal, J, Zhu, H,
Yuan, Z, Deng, W, Liu, Q, Gong, P, Bi, X, Meng S, 2016, Tumor suppressor Spred2
interaction with LC3 promotes autophagosome maturation and induces autophagydependent cell death, Oncotarget, 7(18) (2016) 25652-67
[5]
Motta, M, Fasano, G, Gredy, S, Brinkmann, J, Bonnard, AA, Simsek-Kiper,
PO, Gulec, EY, Essaddam, L, Utine, GE, Guarnetti Prandi, I, Venditti, M,
Pantaleoni, F, Radio, FC, Ciolfi, A, Petrini, S, Consoli, F, Vignal, C,
Hepbasli, D, Ullrich, M, de Boer, E, Vissers, LELM, Gritli, S, Rossi, C, De
Luca, A, Ben Becher, S, Gelb, BD, Dallapiccola, B, Lauri, A, Chillemi, G,
Schuh, K, Cavé, H, Zenker, M, Tartaglia, M, 2021, SPRED2 loss-of-function
causes a recessive Noonan syndrome-like phenotype, Am J Hum Genet,
108(11):2112-2129. doi: 10.1016/j.ajhg.2021.09.007
____________________________________________________________________________
B 06-09
Asprosin Can Have a Beneficial Influence on Male Rats' Sexual Behaviour
M.R. Ozdede1, Z.D. Oz1, A. Ucer2, T. Yalcin1, S.U. Orhan2, A. Yasar3, E. Kacar1, I. Serhatlioglu2, B.
Yilmaz4, H. Kelestimur1
1
Firat University, Faculty of Medicine, Department of Physiology, Elazig, Turkey
2
Firat University, Faculty of Medicine, Department of Biophysics, Elazig, Turkey
3
Firat University, Vocational School of Health Services, Elazig, Turkey
4
Yeditepe University, Faculty of Medicine, Department of Physiology, İstanbul, Turkey
This study was supported by TUBITAK (project# 220S744).
Introduction
Asprosin is a novel adipokine that is synthesized from white adipose tissue. Asprosin can pass the
blood-brain barrier, increase appetite, and improve smell on the olfactory bulbs of mice. Additionally,
asprosin increases sperm motility in male mice through the OLFR-734 receptor. However, the
effects of asprosin on sexual behaviour remain unknown. Therefore, the aim of the present study
was to examine the impact of exogenous asprosin administration on sexual behaviour in male rats.
Methods
In this study, 24 male Sprague-Dawley rats, 21 days old and 35 ± 2 g weight, were divided into two
groups (control and asprosin). The animals were administered daily intraperitoneally asprosin (500
ng/kg) for 10 weeks or saline from day 21. From the eighth week, male rats were performed sexual
behaviour tests simultaneously. Sexual behaviour tests were performed individually between 8 PM
and 10 PM. The recording was started after the receptive females were presented to the males. The
recording was performed for 30 minutes. The variables were measured: ejaculation frequency
(number of ejaculations in each copulatory series); intromission latency (time between the
introduction of the female into the cage and the first intromission). At the end, the animals were
decapitated, and their blood was collected. FSH, LH, Testosterone, Estradiol and AMH hormones
were measured from the blood serum using the ELISA method.
Results
In the sexual behaviour experiment of the male rats, in the asprosin group, intromission latency time
(10.18 ± 2.53) was observed much earlier than in the control group (38.7 ± 5.96), and it was
statistically significant (p<.001). When comparing the asprosin group (2.18 ± 0.40) to the control
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group (1.81 ± 0.40), it was found that the frequency of ejaculation was enhanced (p<.05). Compared
to the control group, the quantity of testosterone in the blood serum of animals treated with asprosin
hormone increased; nevertheless, the estradiol level decreased in the asprosin group compared to
the control group. AMH levels were significantly higher in the control group than in the asprosin
group. Furthermore, there was no significant difference in FSH or LH between the groups.
Conclusion
Our results show that chronic administration of asprosin increases ejaculation frequency and
reduces intromission latency. Additionally, testosterone levels increase in animals treated with
asprosin. Asprosin is known to improve the sense of smell in rodents. Therefore, asprosin may
confirm the significance of olfaction in male sexual behaviour.
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Characterisation of BK currents co-expressed with the putative regulatory subunits
LINGO1-4.
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Large-conductance, voltage and Ca2+ activated potassium (BK) channels are widely expressed in
both excitable and non-excitable cells. The biophysical and pharmacological properties of the poreforming ⍺ subunits are modulated by regulatory β and γ subunits1. The γ1-4 subunits are single
transmembrane proteins, which have an extracellular domain (containing 6 leucine rich repeat (LRR)
regions) and a short intracellular tail. LINGO1 is also an LRR containing protein2,3 and shares a
number of features with the γ subunits. It has a large extracellular domain containing 12 LRR
regions, a single TM helix and a short intracellular tail. Since LINGO1 is a regulatory subunit of BK
channels4, we wanted to examine if the three other LINGO proteins modulated the biophysical
properties of BK currents.
HEK cells were transiently co-transfected with BK⍺ and LINGO1-4 cDNA. Inside out patches were
studied at 37oC under voltage clamp using the patch clamp technique and all procedures accorded
with current EU legislation. Cells transfected with BK⍺:LINGO4 produced currents that were
indistinguishable from BKα alone (Table1). However, BK⍺:LINGO1-3 all produced rapidly
inactivating currents that could be distinguished from each other on the basis of their biophysical
properties. The half maximal activation voltage (V 1/2) of BK⍺:LINGO1 currents was 112±1 mV,
(n=6) compared to 162±3 mV (n=6) in BKα alone, in 100 nM Ca2+, as shown previously4. The
activation V1/2 for BK⍺:LINGO2 currents was 130±2mV (n=8), compared to BK⍺:LINGO3 which
was 198±3mV (n=8, p<0.05). As shown in Table 1, the steady state half-maximal inactivation voltage
(Inactivation V1/2) of BK⍺:LINGO2 and BK⍺:LINGO3 were indistinguishable but both were shifted
~+30 mV compared to BK⍺:LINGO1 channels. Co-expression of LINGO1-3 with BKα increased the
rate of activation ~10-fold in response to a step from -100 mV to +100 mV. The rate of inactivation
was approximately 2-fold slower in BKα:LINGO2 channels (9.2±0.95ms) compared to BKα:LINGO1
or BKα:LINGO3, as measured from a single exponential fit to currents at +100 mV.
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In conclusion, co-expression of LINGO1-3 proteins with BK⍺ subunits results in inactivating BK
currents in HEK cells.
Table 1.
Biophysical properties of
BK and BK:LINGO1-4
currents recorded in
excised patches from HEK
cells. The data for
Kinetics and Recovery from
inactivation were obtained
in 100 nM Ca2+. Mean±SEM
are shown and replicates
were n=5-9.
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The rodent olfactory bulb (OB) is a highly plastic brain region receiving new neurons throughout life.
Cumulative evidence revealed an important role of these cells in the fine-tuning of odor
perception/discrimination, facilitation of the task-dependent pattern separation, learning, and
memory. Generated in the subventricular zone of the lateral ventricle, adult-born cells migrate along
the rostral migratory stream into the OB and differentiate into local GABAergic interneurons: granule
cells (GCs) and juxtaglomerular cells (JGCs). While adult-born GCs (abGCs) migrate straight to
their final destinations, abJGCs enter the 3-4 weeks long pre-integration phase where abJGCs
undergo a millimeter-long lateral migration [1]; grow and prune their dendritic trees [2, 3] and
incorporate into the existent OB circuitry. This phase is unique to abJGCs and its regulating factors
remain unclear.
Therefore, we have tested the role of endogenous/sensory activity in migration, morphogenesis,
and survival of abJGCs. To do so, we genetically suppressed their excitability via viral
overexpression of either voltage-gated Kv1.2- or inwardly rectifying Kir2.1-channels and used
longitudinal in vivo two-photon imaging of cells labeled with the ratiometric Ca2+ indicator Twitch-2B
to monitor cell activity and morphology. Odor deprivation via nostril suture was used to test for the
role of sensory activity. To understand the molecular pathways involved, we analyzed the
transcriptome of adult-born cells right after their arrival into the OB.
In line with previous publications, whole-cell patch-clamp experiments in acute OB slices assured
spiking of both Kv1.2 and Kir2.1 overexpressing cells. Neither input resistance, nor the action
potential (AP) threshold, amplitude, or duration differed significantly between the control and Kv1.2
overexpressing cells. A functional signature of the Kv1.2 overexpression was, however, observed
in the magnitude of AP afterhyperpolarization.
The results of longitudinal in vivo experiments show that Kv1.2/Kir2.1 overexpression modified
spontaneous Ca2+ signaling of abJGCs and significantly impaired their migration, morphogenesis,
odor-evoked responsiveness, and survival rate. Interestingly, abJGCs in odor-deprived hemibulbs
displayed normal migration and morphology, thus stressing the importance of endogenous activity
for these processes. Further, our results showed that pCREB expression was down-regulated in
Kv1.2/ Kir2.1 overexpressing abJGCs. In accordance with the above findings, we observed a
decreased expression of pCREB-driven immediate early genes and downregulation of pathways
responsible for neuronal migration, differentiation, and morphogenesis in the Kv1.2/Kir2.1 groups.
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Our results demonstrate that the endogenous but not sensory-driven activity plays a key role in
regulating migration, morphogenesis, integration, and early-phase survival of adult-born OB
interneurons.
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Introduction
Neuro2A cells are a mouse neuroblastoma cell line used extensively to investigate neuronal
differentiation, axonal growth and cell signalling pathways . They are also used as an expression
system for studying ion channels. Neuro2A cells have been shown to endogenously express NaV
channels, predominantly NaV1.7 but also NaV1.2, 1.3 and 1.4[1], mechanosensitive channels Piezo
1[2,3], purinergic receptors[4] and glutamate receptors[5].
Methods
We used medium and high throughput automated patch clamp devices to record different ion
channels endogenously expressed in Neuro2A cells.
Results
We recorded voltage-gated sodium channels that were blocked by TTX, tetracaine and lidocaine,
with an IC50 of 4.1 ± 0.8 nM (n = 8), 9.9 ± 1.9 µM (n = 8) and 702.9 ± 57.2 (n=14), respectively. The
Vhalf of activation was -19.4 ± 0.6 mV (n = 8), although there was some variation between cells. We
also recorded Piezo1-mediated responses in Neuro2A cells activated by Yoda1. In addition, we
recorded a heat-activated response to external solution heated to 42°C. This heat-activated
response could be attributed to TRPV3 or TRPV4 but not TRPV1 as ligand-gated responses to 2APB and GSK1016790A were observed but no response to the TRPV1 ligand, capsaicin.
Conclusion
Neuro2A cells can be used on automated patch clamp devices with success rates of 60-80% for >1
GOhm seals and are a suitable cell type for investigating endogenous NaV currents, as well as
Piezo1 and some TRP channels.
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NaV recorded in Neuro2A
cells
Data were fit with a
Boltzmann equation
revealing a Vhalf of
activation = -19.4 ± 0.6 mV
(n = 8).

TRP channels are expressed
in Neuro2A cells
TRP-mediated currents were
activated first using 42°C,
followed by different TRP
channel activators. No
activation was seen with
capsaicin in 8/8 cells,
whereas all cells (8/8)
responded to GSK1016790A
and 4/8 cells responded to
2-APB. Shown are raw
current traces from an
example cell (left) and the
timecourse of the
experiment (right).
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Introduction
Pain is a critical health problem imposing significant socioeconomic burdens. So many reserchers
stdudied neuromous analgesics. Despite the availability of a variety of analgesics, including opioids
and non-steroidal anti-inflammatory drugs (NSAIDs), on the market, these drugs are insufficient in
terms of the efficacy or tolerability required for adequate pain management. This unmet medical
need has fueled significant research efforts aimed at finding more effective therapeutic strategies
toward the development of new analgesics.
Garcinia mangostana Linn. (mangosteen) is a tropical tree cultivated in Southeast Asia. α-mangostin
is a major xanthone derived from the pericarps of the mangosteen fruit, with multiple biological
activities demonstrated, including antioxidant, pro-apoptotic, and anti-inflammatory
effects. However, the precise mechanism underlying these activities of α-mangostin has not yet
been elucidated. We revelated that α-mangostin exerts analgesic action by blocking both the
transduction and conduction of nociceptive signals.
Methods
Using patch clamp study.
Used Cells : Isolation of DRG neruons from C57BL/6 male mice and cultured.
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HEK293T
stably
overexpressed
cells
:
hTRPV1,
rTREK-1,
rTREK-2,
hTRAAK, mTRESK genes. ND7/23 cells .
Cell viability test : MTT assay.
Molecular docking model : AutoDock Vina, In silico ADME analysis.
Results
Under the zero-current clamp condition, α-mangostin (1–3 μM) hyperpolarized the resting
membrane potential of mouse small dorsal root ganglion (DRG) neurons with increased membrane
conductance, inhibited the action potential generated by current injection at 3 μM, and increased
the activities of two-pore domain potassium channels TREK-1, TREK-2, and TRAAK, but not
TRESK, overexpressed in HEK293T cells. Under the voltage-clamp condition, 3 μM α-mangostin
inhibited the tetrodotoxin-sensitive voltage-gated Na+ channel (NaV) currents in small DRG neurons
and ND7/23 cells by ~40% and potently inhibited capsaicin-induced but not proton-induced TRPV1
currents in TRPV1-overexpressing HEK293T cells and DRG neurons. Molecular docking simulation
revealed that multiple oxygen atoms in α-mangostin form stable hydrogen bonds with TREKs,
TRAAK, TRPV1, and NaV channels. In silico ADME tests revealed that α-mangostin satisfies druglikeness
properties
and
does
not
penetrate
the
blood-brain
barrier.
Conclusion
α-Mangostin stabilizes the membrane potential and inhibits AP firing by activating TREK/TRAAK as
well as by inhibiting the TTX-S Nav channel. Furthermore, α-mangostin potently inhibits TRPV1, one
of the most well-known nociceptive channels, which might suppress pain transduction. Therefore,
α-mangostin can be a very effective analgesic candidate targeting multiple ion channels.
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α-Mangostin hyperpolarizes
the membrane potential of
dorsal root ganglion (DRG)
neurons and increase
(A,B) Whole-cell currents
(IK), demonstrating the
generation of AP from DRG
neurons with 0.3 and 1 mM
α-mangostin. Black curves
represent the control (1),
blue (2) and red (3) curves
represent currents after
treatment with 0.3 mM and 1
mM α-mangostin,
respectively. (C) Summary
of the RMP before and after
1 mM α-mangostin and 3 mM
α-mangostin treatment. (D)
Summary of current density
at 40 mV in the control, 1
mM α-mangostin and 3 mM αmangostin groups. (E) APs
were evoked by current
injection at 280 pA in the
control and at 320 pA in
the 1 mM α-mangostin
treatment group.
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Molecular docking
simulation of α-mangostin
to the ion channels.
(A–E) Predicted binding
poses and interacting
residues of α-mangostin to
TWIK-related K+ channel
(TREK) -1, TWIK-related K+
channel (TREK) -2, TWIKrelated arachidonic acid
activated K+ channel
(TRAAK), voltage-gated Na+
channel (NaV), and
transient receptor
potential vanilloid 1
(TRPV1), respectively. (F)
Calculated binding energy
of α-mangostin to each ion
channel.
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Introduction
Glucocorticoid hormones (GCs) are of critical importance for physiological regulation and
behavioural adaptation across the circadian cycle and during stressful events. They act through
mineralocorticoid (MR)- and glucocorticoid (GR) receptors in the hippocampus, which in turn
translocate to the nucleus where they bind to glucocorticoid response elements (GREs) within the
genome to regulate transcription1. Dysregulation of GCs has been associated with psychiatric
disorders like major depression but much of the underlying physiology of GC action in healthy
individuals was unknown. This work identified MR- and GR-regulated genes under physiological
conditions (circadian variation, acute stress) that stimulate differing GC secretion patterns.
Methods
We conducted genome-wide MR and GR ChIP-seq and Ribo-Zero RNA-seq studies on
hippocampal samples collected from rats killed under basal conditions across the circadian cycle or
at various timepoints after exposure to an acute swim stress 2. Subsequent bioinformatic analysis
integrated these datasets. Pathway analysis was performed using software packages such as Gene
Ontology (GO) and Ingenuity Pathway Analysis (IPA). Validation experiments confirmed key
findings. All animal procedures accorded with current UK legislation.
Results
Both circadian and stress-induced changes in GC concentrations resulted in altered MR and/or GR
to genome binding and related gene transcriptional changes in a subset of genes. MR and GR
binding occurred at overlapping as well as distinct loci 2. Pathway analysis uncovered that MR and
GR regulate a substantial number of neuroplasticity-related pathways with a high level of statistical
significance, such as those involved in synaptic plasticity (e.g. Ptk2b, Dlgap1, Camk2a, Grin2a) and
axonogenesis (e.g. Rtn4r, Slit1, Sema7a, Plxna2 ). Surprisingly, we also discovered the almost
exclusive MR regulation of over 50 cilium-associated genes (e.g. Cep41, Ift43, B9d2). This subset
of genes was expressed constitutively in the hippocampus, irrespective of circulating GC levels.
Subsequent studies using human foetal neuronal progenitor cells (hfNPCs) demonstrated that MR
function and ciliogenesis are linked as part of the neuronal differentiation process. Moreover, the
transcription factor recognition site composition within genomic MR and GR binding peaks showed
marked differences depending on physiological condition. For example, MR peaks related to
ciliogenesis were often devoid of GC response elements (GREs) but likely to contain regulatory
factor for X box (RFX) recognition sites. Studies are ongoing to further elucidate the relationship
between glucocorticoid binding receptors, transcription factor recognition sites, and molecular and
cellular functions.
Conclusion
Our results show that hippocampal MRs and GRs, constitutively and dynamically, regulate genome
activities that underpin the molecular basis of neuronal development, adaptation, and resilience.
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Motivation
Naturally occurring mutations in SLC1A2 encoding the glutamate transporter EAAT2 have been
associated with severe forms of epileptic encephalopathy. EAAT2 is expressed in both, glial and
neuronal cells. Beside its secondary active transporter function, it also acts as an anion channel.
How disease-associated mutations modify these two transport functions of EAAT2 and how such
alterations cause epileptic syndromes is insufficiently understood.
Methods
We studied the functional consequences of the three disease-associated missense mutations,
p.Gly82Arg, p.Leu85Pro and p.Pro289Arg, by heterologous expression in mammalian cells,
biochemistry, confocal imaging, and whole-cell patch clamp recordings of EAAT2 L-glutamate
transport and anion currents.
Results
G82R and L85P exchange amino acid residues that contribute to the formation of the EAAT anion
pore. They enlarge the pore diameter sufficiently to permit the passage of L-glutamate and thus
function as L-glutamate efflux pathways. The mutation P289R decreases L-glutamate uptake, but
increases anion currents despite a lower membrane expression.
Conclusion
L-glutamate permeability of the EAAT anion pore is an important functional consequence of naturally
occurring missense mutations. L-glutamate efflux through mutant EAAT2 anion channels will cause
glutamate excitotoxicity and neuronal hyperexcitability in affected patients. Thus, antagonists that
selectively suppress the EAAT anion channel function could serve as therapeutic agents in the
future.
____________________________________________________________________________
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Introduction
The selfish brain mechanism proposes that hypertension is a compensatory mechanism that aims
to maintain cerebral blood flow (CBF) by increasing systemic blood pressure through an increase in
cardiovascular sympathetic tone. There is evidence that hypertension is associated with reduced
CBF and cerebrovascular reactivity (CVR)1.
The amplitude of low frequency fluctuations (ALFF) in the resting-state functional MRI (rfMRI) signal
has previously been applied as an index of cerebrovascular function2. The physiological basis of
ALFF is multifactorial3, but there is evidence that ALFF between 0-0.1164Hz correlates with CVR4.
We hypothesise that ALFF in areas of central autonomic activity is different between hypertensives
and normotensives.
Methods
rfMRI data was obtained from UK Biobank5, a large biomedical database. Regional analysis
minimises the contribution of thermal noise to ALFF3. Therefore, a targeted hypothesis-driven
analysis of ALFF in selected regions involved in autonomic activity in 141 hypertensive and 141
matched normotensives was undertaken. ALFF values were normalised against frontal grey matter
and are expressed as z-scores±standard deviation. A fractional correction which suppresses noise
was also applied (fALFF)2.
The results prompted a whole-brain exploratory analysis, in which a general linear model with blood
pressure group as the independent variable and age, sex and BMI as covariates was applied to
whole-brain fALFF maps for 2054 hypertensives and 1724 normotensives. Unpaired two-sample ttest was performed to look for significant fALFF clusters.
Results
In the initial regional analysis, a two-way ANCOVA comparing blood pressure group and brain
region, with age, BMI and sex as covariates, found no significant effect of blood pressure group on
fALFF (mean fALFF z-score in hypertensives = -1.25±0.84 and in normotensives = -1.24±0.93,
F(1)=1.67, p=0.20, partial η2=4.8x10-4).There was a significant regional difference in fALFF
((F(12)=569.0, p<2 x10-16, partial η2=0.72). However, there was no statistically significant effect of
the interaction between region and blood pressure group (figure 2, F(12 =1.36, p=0.17, partial
η2=0.005). In the larger whole-brain analysis, there were no statistically significant clusters of fALFF
anywhere in the brain.
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Conclusion
fALFF was compared between hypertensives and normotensives in the context of the selfish brain
mechanism. Of interest to our hypothesis, fALFF was lower in the brainstem than in other cortical
and subcortical regions, but there were no significant differences in regional fALFF between
hypertensives and normotensives. The results of this study suggest that regional changes in fALFF,
which is a possible index of CVR, are not associated with hypertension. . However, fALFF contains
contributions from sources other than CVR, including neuronal fluctuations and noise. Further
studies using more specific measures of CVR in hypertensives are currently planned.
Figure 2: Regional fALFF
variation according to
blood pressure group
No significant difference
in the pattern of regional
fALFF variation between
blood pressure group, as
demonstrated by red
(hypertensive) and green
(normotensive) lines.

Figure 1: Overall mean
fALFF z-score
Mean fALFF z-score not
significantly different
between hypertensives and
normotensives.
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Introduction
The conduction velocity of a nerve fiber is not absolutely constant, but can vary. We have now
investigated the influence of acute metabolic changes on nerve conduction velocity (NCV) of spinal
fibers in mice in vivo.
Methods
We have developed an electrophysiological setup for in vivo recording of CNS fibers in the fasciculus
gracilis of the spinal dorsal column [using intravenous anesthesia and artificial ventilation; cf. P.
Dibaj and E. D. Schomburg (Physiol Res. 2017; 66:545-548)] and measured NCV under different
metabolic conditions: a) under low and high state of anesthesia, indicated by relatively high and low
heart rate, respectively; b) under normoxia and hypoxia.
Results
The increase in the state of anesthesia, as well as the decrease in oxygen saturation in the blood,
led to a decrease of NCV, which indicates an immediate influence of acute metabolic changes on
the speed of signal propagation in nerve fibers. The decrease in NCV under the various systemic
metabolic challenges mentioned above was rescued by the local supply of lactate, which has already
been shown to be secreted by glial cells and metabolized by axons to generate ATP. In the deeply
anesthetized state, a similar rescue by lactate was observed during tetanic stimulation in terms of
reduction in compound action potential amplitude. The metabolic support of the axons by glial cells
is impaired in the motor neuron disease ALS, which is a major contributor to the pathophysiological
progression of axonal damage in the course of the disease. We confirmed the critical role of glia in
metabolic support by breeding ALS mice (SOD1G93A) with inducible conditional knockout mice
lacking GLUT1 (a glucose transporter) in oligodendroglia. In ALS mice lacking oligodendroglial
GLUT1, disease onset was earlier and motor performance was worse. Also, they died earlier. In the
case of SOD1G93A, in electrophysiological experiments similar to those mentioned above, we
observed an improvement in the reduced NCV in clinically affected mice after lactate administration.
Conclusion
Local lactate energization leads to the rescue of metabolically induced changes in the NCV of spinal
fibers in vivo, not only in acute systemic challenges such as deep anesthesia or hypoxia, but also in
the chronic paradigm of ALS.
____________________________________________________________________________
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Introduction: Irisin is an adipomyokine that is released into the circulation due to exercise. Recently,
it has been revealed that irisin hormone has effects on the reproductive system, such as pubertal
maturation, reproductive hormones, reproductive organs, sexual behavior, and sexual dysfunction
(1-3). However, the effectiveness of irisin on the neurotransmitter system associated with the sexual
behavior is precisely unknown. Given that exercise can alter the levels of dopamine, noradrenaline,
and serotonin in several brain regions associated with the reproductive system (4, 5), it is
hypothesized that irisin, an exercise hormone, may also affect brain monoamine levels. Based on
this hypothesis, we aimed to investigate the effects of irisin on monoamine levels in the specific
brain regions, including nucleus accumbens (NAc), medial preoptic area (mPOA), and medial
amygdala (MeA), which are relevant to the sexual behavior in male rats.
Methods: For the experimental studies, a totally of 12 male Sprague-Dawley rats (21 days old and
35 ± 2 g weight) were used. All animals were randomly divided into two groups: the control group
(n=6) and the irisin group (n=6). All rats in the irisin group were intraperitoneally injected with irisin
(100 ng/kg/day) daily for 10 weeks, while the control group received an equivalent volume of
deionized water. At the end of the experiment, all rats were sacrificed by decapitation and then the
brains were rapidly removed and frozen on dry ice. The levels of dopamine (DA), DOPAC (a
metabolite of dopamine), norepinephrine (NE), DHPG (a metabolite of norepinephrine), serotonin
(5-HT), and 5-HIAA (a metabolite of serotonin) were measured in the micropunched NAc, mPOA,
and MeA by high-performance liquid chromatography-electrochemical detection (HPLC-ECD)
method.
Results: In the NAc,it was observed that irisin treatment significantly increased DHPG and DA levels
(p<0.05). Depending on these changes, it was determined that dopaminergic turnover (DOPAC/DA
ratio) decreased and noradrenergic turnover (DHPG/NE ratio) increased (p<0.05). When compared
to the control group, 5-HT and 5-HIAA concentrations in the MeA were found significantly lower in
the irisin group (p<0.01 and p<0.05, respectively). On the other hand, it was shown that irisin
treatment did not change the monoamine levels in the mPOA.
Conclusion: Our results showed that irisin caused changes in neurotransmitter levels in specific
brain regions associated with the sexual behavior in male rats. All these results suggest that irisin
hormone may play an essential role in the central effects of exercise on the sexual behavior.
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Obesity is a major public health challenge, and its prevalence has reached epidemic levels. Most
pharmacological approaches to target appetite-regulating brain circuitry produced underwhelming
results. The most efficacious single approach to date is GLP-1 receptor agonists (GLP-1RAs) which
produce widespread activation throughout the CNS. However, it is largely unclear how this activation
relates to pathways engaged by other drugs producing hypophagia. Additionally, previous studies
suggest that systemic GLP-1RAs and GLP-1 released from preproglucagon (PPG) neurons reduce
food intake via mostly separate pathways. Here we explore the circuitry employed by the 5-HT2C
receptor agonist lorcaserin, the MC4 receptor agonist melanotan II (MTII), the GLP-1RA liraglutide
and brain-derived GLP-1, and assess whether combination therapy might provide an effective
therapeutic strategy for obesity.
We first confirmed using single nucleus RNA sequencing analysis that 5HT2c receptors are widely
expressed in the mouse brainstem, including in PPG neurons and GLP-1R expressing neurons. In
contrast, MC4 receptors are not expressed in PPG neurons. Additionally, lorcaserin (10 mg/kg, i.p.)
increased c-fos immunoreactivity in PPG neurons. We then specifically ablated nucleus tractus
solitarius (NTS) PPG neurons in Glucre mice by stereotaxically-delivered cre-dependent viral
expression of diphtheria toxin subunit A (DTA). The anorexigenic effect of lorcaserin (7.5 mg/kg
i.p.), but not of MT-II (3 mg/kg i.p.) was significantly attenuated in mice lacking NTS PPG neurons
(n=8/group). We next used 5-HT2CRCre mice injected into the NTS with cre-dependent AAV
encoding hM3Dq to demonstrate that selective activation of NTS 5HT2C receptor expressing cells
with CNO (2mg/kg) strongly reduces food intake, but that this effect is lost when NTS GLP-1R
expression is knocked down with virally delivered GLP-1R shRNA. Collectively, this suggests that
NTS PPG neurons are necessary for the anorexigenic effect of lorcaserin and may produce this
effect by activation of GLP-1Rs in the NTS. We then tested whether NTS GLP-1R knockdown also
prevents the hypophagic action of liraglutide, but that effect was retained, suggesting that the NTS
GLP-1Rs are primarily a target for PPG neurons, but not systemic GLP-1RAs, and that lorcaserin
activated circuits are separate from those activated by GLP-1RAs. Consequently, we examined the
effect of liraglutide (0.1 mg/kg, s.c.) and lorcaserin (7.5 mg/kg, i.p.) in combination. As expected, a
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greater reduction in food intake was observed following administration of the drug combination than
either monotherapy.
We conclude that lorcaserin, unlike MTII, mediates its hypophagic effect partly through PPG
neurons, and that lorcarserin can be combined with liraglutide for more effective appetite
suppression. These findings support that this combination strategy has potential to improve current
anti-obesity therapies.
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Long-term potentiation (LTP) induced by theta-burst stimulation (TBS) undergoes postweaning
developmental adaptations, likely relying on GABAergic circuit maturation1. Endogenous
modulation of LTP by VIP acting on VPAC1 receptors involves regulation of GABAergic
transmission2. VPAC1 receptor expression is developmentally regulated during embryogenesis but
little is known on the influence of postweaning development on hippocampal VPAC1 expression and
function. In this work we investigated the time-course of alterations in VPAC1 modulation of LTP
from weaning to adulthood and its relation to GABAergic circuit and synapse maturation. LTP
induced by TBS (5x4) (5 bursts of 4 pulses delivered at 100Hz) was increasingly greater from
weaning to adulthood. TBS delivered in the presence of the VPAC1 receptor antagonist PG 97-269
(100nM) induced a much larger potentiation in juvenile (3-week-old) than in young adult (7-weekold) or adult (12-week-old) rats. This effect was not associated to a developmental decrease in
VPAC1 receptor expression in hippocampal membranes or synaptosomes but was linked to an
increase in synaptic GABAergic markers suggesting an increase in the number of total GABAergic
synaptic contacts. Conversely, endogenous VPAC2 receptor activation did not significantly influence
CA1 TBS-induced LTP even though a major enhancement in VPAC2 receptor expression was
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observed during postweaning development. Given the recently reported involvement of VIP
interneurons in several aspects of hippocampal-dependent learning, neurodevelopmental disorders
and epilepsy3,4, these findings could provide important insights into the role of VIP modulation of
hippocampal synaptic plasticity in normal and altered brain development and in epileptogenesis.
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Introduction
A quarter of people living in the UK with diabetes suffer from neuropathic pain, and receive minimal
pain relief as current painkillers are ineffective. Pain perception is modulated by the somatosensory
nervous system that relies heavily upon not only sensory neurons, but also the interplay of a
heterogenous cell population (endothelial cells, astrocytes). This heterogenic cell population
encapsulates the somatosensory nervous system (including the spinal cord) with a protective
vascular barrier – blood neural barrier, providing critical nutritional support and protection. We have
identified in rodent models of diabetic (type 1 and type 2) neuropathic pain that this blood spinal
cord barrier is damaged. Astrocytes are a fundamental modulator of nerouvs system health.
Furthermore, a pathological hallmark of chronic pain is astrogliosis, a hub that acts as a potent
source of inflammatory response, impacting upon vessel integrity and sensory neuronal activity. To
date it remains unclear how diabetic neuropathic pain develops and how microvessels are damaged.
Here we elucidate using chemogenetic activation, the role of astrogliosis in the modulation of the
blood spinal cord barrier and nociception.
Methods
All rodent studies were performed in accordance with local AWERB authorisation, ASPA and
ARRIVE guidelines. Male C57 bl6 (~25g) mice were intrathecally administered AAV consisting of
either GFAP hMD3gq mCherry (GFAP-hMD3gq) or GFAP-mCherry (~2% oxygen isoflurane
anaesthetic). Rodents were left 2 weeks before nociceptive behavioural assays (Von Frey Hair and
Hargreaves Test) were performed. Baseline nociceptive behavioural values were acquired prior to
delivery of either vehicle or clozapine n oxide (CNO 0.3mg/kg ip). Animals were terminally
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anaesthetised (sodium pentobarbital 60mg/kg ip) and cardiac perfused with 4% paraformaldehyde,
lumbar region of the spinal cord was extracted and cryosectioned for confocal microscopy.
Results
GFAP positive astrocytes were mCherry positive in the lumbar dorsal horn. CNO induced
nociceptive behavioural hypersensitivity in GFAP-hMD3gq mice (Von Frey P<0.001 Two way
ANOVA, n=8-14), which was accompanied by increased astrocyte number (**Mann Whitney test,
n=5) and GFAP fluorescence in the dorsal horn (** Mann Whitney test, n=5). Furthermore, the
volume of the microvessel (CD31) network in the dorsal horn of GFAP-hMD3gq mice was reduced
versus controls (**Mann Whitney test, n=5).
Conclusion
This demonstrates astrocytes in the dorsal horn have an extensive role in modulating nociception
via interactions with the blood spinal cord barrier.
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Heatwaves are becoming more frequent and severe as climate change progresses, which calls for
a better understanding of the physiological mechanisms enabling animals to cope with high
temperatures. Central to this topic, studies have measured ectotherms’ upper thermal limit (CTmax),
the temperature at which locomotor function is lost and movement becomes disorganized. Yet,
despite decades of research, the physiological mechanisms limiting the upper thermal tolerance of
animals are currently unclear and remain hotly debated. One of the hypotheses posits that whole
organism’s upper thermal tolerance is limited by that of the brain, which controls coordinated
movement. To test this hypothesis, we developed methods for measuring the upper thermal limit in
larval zebrafish (Danio rerio) with simultaneous recordings of brain activity using epifluorescence
imaging of the pan-neuronal calcium indicator GCaMP6s, in free-swimming or in agar-embedded
fish. We discovered that during warming, CTmax measured as the loss of touch-evoked escape
occurs before a slowly propagating wave of intracellular calcium indicative of a global brain
depolarization. CTmax coincides with a pronounced reduction in locomotor-related neural activity in
the medulla and of sensory-evoked responses in the optic tectum. Using bidirectional manipulation
of water oxygen levels, we found that oxygen availability during heating affects locomotor-related
and sensory-evoked neural activity, CTmax and the onset of the brain depolarization. Our results
therefore suggest that the mechanism limiting the upper thermal tolerance in zebrafish larvae is
reduced oxygen availability causing impaired brain function.
____________________________________________________________________________
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Background
Stroke is a global health problem affecting over 13 million people annually. While often overlooked,
post-stroke depression is a common complication experienced by around one third of survivors.
Post-stroke depression is associated with poorer rehabilitation outcomes, impaired quality of life and
increased mortality rates. To better understand the complex pathology of post-stroke depression
and develop more effective treatment strategies, robust animal models are required. Stress-based
models including a chronic unpredictable mild stress paradigm and social isolation are commonly
used to induce depressive-like behaviours in rodents. Several groups have used these models
following cerebral ischaemia to specifically model post-stroke depression. However, there appears
to be no consensus on which combination of models should be used and the methods for
phenotyping depressive-like behaviours. The aim of this systematic review was therefore to explore
which models and behavioural tests are most commonly used to study post-stroke depression.
Methods
We conducted a keywords literature search of PubMed and Ovid databases to identify relevant
studies. Study characteristics including post-stroke depression model, species and age were
extracted from the included studies. We assessed study quality and bias using a 10-point
CAMARADES checklist.
Results
A total 46 studies were included in the systematic review. The vast majority used the transient middle
cerebral artery occlusion (MCAO) model of stroke (n=30) and the unpredictable chronic mild stress
model of depression (n=31). The sucrose preference test (n=41) followed by the forced swim test
(n=19) were the most widely used tests for phenotyping depressive-like behaviours. The median
score of the CAMARADES checklist was 5/10 (IQR 4-6). In particular, reporting of blinding and
sample size calculations was low.
Conclusions
The unpredictable chronic mild stress model of depression and sucrose preference test, used by
the majority of studies, have high validity. We recommend that these become standardised methods
for modelling post-stroke depression. However, we did identify a need for improved study design
and reporting in future research. An outstanding question is whether cerebral ischaemia alone
induces a robust depressive-like phenotype. Our ongoing meta-analysis is investigating the effects
of the addition of a depression model on depressive-like behaviours and lesion volume in stroke
animals.
____________________________________________________________________________
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Dopamine substantia nigra (DA SN) neurons are a major target of Parkinson disease (PD) and their
loss is thought to contribute to the motor impairments in PD. Da Silva et al. (2018) demonstrated
that subpopulations of DA SN neurons either increased or decreased their firing rates shortly before
movement initiations. However, the functional topography of this diversity among DA neurons across
the SN has not been fully characterized. We performed chronic multi-electrode recordings of
pharmacologically identified DA SN neurons in awake freely-moving mice, while simultaneously
tracking their head and body movements. Overall, our data set of n=59 (N=16) DA SN neurons was
in accordance with the results by Da Silva and colleagues (2018) with about 30% of DA SN neurons
(n=17/59) transiently increasing their firing rate (baseline to maximum: +5.3 ± 4.8Hz, mean ± SD)
and also about 30% of DA SN neurons (n=18/59) transiently decreasing their firing rate (baseline to
minimum: -3.6 ± 1.2Hz, mean ± SD) shortly before initiation of self-paced movement in the open
field. A more fine-grained topographical analysis revealed that DA neurons with transient rate
reductions were predominantly found in the medial SN (n=11/22) compared to central SN (n=7/30).
These responses were absent in the lateral SN (n=0/7). In contrast, the proportion of DA neurons
with transient rate increases were more prominent in central SN (n=13/30) compared to medial SN
(n=3/22) and lateral SN (n=1/7). In light of the functional topography of axonal projections of DA SN
neurons (Farassat et al., 2019), our data suggest a differential involvement of distinct nigrostriatal
projections in self-paced movement initiation. However, definitive experiments require selective
molecular tagging of distinct DA SN projections.
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For many hereditary degenerative diseases of the retina, like retinitis pigmentosa (RP), there is
currently no approved treatment. In case of RP the primary degeneration of rod photoreceptors
leads to a secondary loss of cone photoreceptors and eventually to blindness. An early, common
symptom for many RP forms is the dysregulation of cGMP homeostasis. Thus, rod degeneration is
thought to be triggered by an over-activation of cyclic nucleotide-gated (CNG) channels and
excessive Ca2+ influx through these channels. Pharmacological strategies to inhibit selectively the
cGMP targets were already considered, but so far with no conclusive outcome. Selective modulation
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of rod CNG channels without compromising cone-mediated vision has proven to be the most
challenging aspect of these therapies.
Here we present a novel approach, based on a cGMP-analogues cocktail, which enables the
selective modulation of either rods or cones. This strategy was first tested by means of the patchclamp technique on retinal CNG channels, heterologously expressed in Xenopus oocytes and
further confirmed by micro electroretinography (µERG) recordings on wild-type mouse retina.
The cGMP-analogues mixture contained a general CNG-channel inhibitor (Rp-8-Br-PET-cGMPS)
and a cone-selective CNG-channel activator (8-pCPT-cGMP). While Rp-8-Br-PET-cGMPS, when
applied alone, behaved as a partial agonist and inhibited both cone and rod CNG channels equally,
8-pCPT-cGMP behaved as a very potent agonist and showed a strong concentration-dependent
cone selectivity. Co-application of both compounds inhibited rod CNG-channel function under RPlike conditions and preserved cone functionality under physiological and pathological cGMP levels.
Next, we tested the effect of this treatment on both the kinetics of CNG-channel gating and on the
photoreceptor function. While the kinetics of rod channels was not changed, we observed a slower
deactivation kinetics of cone CNG channels. Surprisingly, this aspect did not affect the physiological
cone responsiveness to light, indicating possible intracellular compensatory mechanisms.
In conclusion, this straightforward strategy, by delaying primary rods degeneration and protecting
secondary cone survival at functional level, may successfully either postpone the onset or slow down
the RP development. Beyond the treatment of retinal diseases, using cGMP analogues with desired
properties may elegantly address the isoform-specificity problem in future pharmacological
therapies of related diseases.
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Introduction
Generalized epilepsy is a chronic neurological disease characterized by recurrent seizures due to
neuronal hyperexcitability, which is exacerbated by glia-mediated excitation and inflammation1.
Irisin, a myokine and adipokine, is also found in the cerebrospinal fluid and hypothalamus 2. Irisin
levels were shown to increase after epileptic seizures3, while anti-inflammatory effects of irisin were
demonstrated in neurodegenerative disease models. The aim of the study was to investigate the
possible neuroprotective effects of irisin on seizure-induced oxidative brain damage.
Methods
Under anesthesia, female Sprague Dawley rats were equipped with intracerebroventricular
cannulas (n=48). Half of the rats were injected intraperitoneally with pentylenetetrazole (PTZ, 45
mg/kg) to induce epileptic seizure, while the control rats received saline. Ten minutes before PTZ
or saline injection, irisin (7.5 µg/2 µl) or saline was administered intracerebroventricularly. In order
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to induce the endogenous release of irisin by muscle contraction, a group of rats performed an
exhaustive swimming exercise for 10 minutes (with weights on their tails) before PTZseizure. Seizures were evaluated using the Racine score. To evaluate memory performance,
passive avoidance test was performed before and after PTZ injection. Rats were decapitated at 24th
hour following seizure induction. Brain tissues were taken for histopathological examination and for
evaluating oxidative damage, antioxidant capacity and the neurotransmitter levels. Data were
analyzed by one-way ANOVA.
Results
Irisin reduced the average of stage scores, reduced the duration of generalized tonic-clonic seizures
(p<0.05). Increased lipid peroxidation and decreased glutathione and catalase levels observed in
the brain tissues of saline-treated PTZ rats as compared to control rats (p<0.05) were reversed in
exercised or irisin-treated rats with seizures (p<0.05). Reduced GABA levels in saline-treated PTZrats were elevated in irisin-treated or exercised rats, while PTZ-induced elevation in glutamate was
decreased (p<0.05). PTZ-induced memory dysfunction and microscopically observed neuronal
damage were improved in rats treated with irisin (p<0.05).
Conclusion
Exogenous irisin or its possible release by strenuous exercise improved the severity of PTZ-induced
seizures and alleviated memory dysfunction, which appear to occur by modulating neurotransmitter
homeostasis and by limiting oxidative neuronal damage.
GABA levels
Brain GABA levels of ip Saline or
pentylenetetrazole treated
saline, exercise, irisin groups.
** p<0.01 compared to salinetreated control group; ++p<0.01
compared to saline-treated PTZ
group. Data expressed as
Mean±SEM.

Racine scores
Racine scores of ip Saline or
pentylenetetrazole treated
saline, exercise, and irisin
groups. +p<0.05 compared to
saline-treated PTZ group. Data
expressed as Mean±SEM.
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Introduction
Stroke is the 2nd leading cause of death and the 3rd leading cause of disability worldwide. The
diagnosis of stroke remains largely clinical, yet widely used stroke scoring systems (e.g., FAST
TEST or CINCINNATI STROKE SCALE) do not allow distinction of patients with acute stroke from
those with mimics (e.g., migraine, seizures, mass brain lesions). A computed tomography (CT) scan
can confirm haemorrhage, but many patients with suspected stroke are subsequently confirmed to
have alternative pathologies. Diffusion-weighted magnetic resonance imaging (DW-MRI) helps to
distinguish between acute stroke and mimic but requires longer scanning time and is insufficiently
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sensitive in minor stroke. Recently, the blood biomarkers strategy showed a promising diagnostic
method in the research field. This study aims to examine circulating biomarkers in acute stroke
patients compared to mimics identified by clinical scoring systems as well as CT and MRI scans.
Methods
In this study 49 patients with acute ischaemic stroke and 17 patients with stroke mimics were
recruited. The levels of biomarkers [e.g.,Glial fibrillary acidic protein (GFAP), Neuron-specific
enolase (NSE), Neurofilament light chain (NfL), Occludin, Zonula occludens protein (ZO-1) and
Claudin-5] in blood obtained from stroke patients and stroke mimics were measured by enzymelinked immunosorbent assay (ELISA) technique. Estimations of infarct volumes based on CT Alberta
Stroke Program Early CT Score (ASPECTS), MRI apparent diffusion coefficient (ADC) values and
T2 signal intensity were determined. Statistical analysis of circulating biomarkers was performed
using Mann–Whitney U test. Spearman’s correlation was used to assess the linear relationships
between blood biomarkers and imaging markers.
Results
The results showed a significant difference in circulating GFAP, NfL, Occludin, ZO-1 and Claudin-5
but not NSE in stroke patients compared to mimics. ZO-1, Occludin and NfL are significantly different
between ischemic patients with ASPECTS ≤ 7 or ASPECTS > 7 and mimic patients. A positive
correlation between NSE, NfL and Claudin-5 and volume of infarct in MRI was observed. A positive
correlation between GFAP and ZO-1 and ADC values in ischemic patients was observed.
Conclusion
Our data suggest that circulating GFAP, ZO-1, Claudin-5, Occludin and NfL can differentiate
between ischaemic and mimic patients. Occludin and ZO-1 can differ significantly between
ischaemic and mimic patients even when blood is collected after 2 days. NSE, NfL and Claudin-5
are correlated with the MRI volume of infact size. GFAP and ZO-1 levels are correlated with ADC
values in ischaemic patients.
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Introduction
Oxaliplatin (OXA) is a platinum-derived chemotherapeutic drug widely used against cancers, but it
causes a serious side effect, painful neuropathy. It has been demonstrated that one of the main
factors in the development and maintenance of this OXA-induced painful neuropathy is
mitochondrial dysfunction. However, the effects of humanin, the first discovered mitochondrial
polypeptide, on OXA-induced neuropathic pain remains unclear as a scientific gap. Our main
purpose in the present study was to investigate the effects of humanin, a mitochondrial polypeptide,
on pain threshold in mice with OXA-induced neuropathic pain.
Methods
Forty-seven male BALB/c mice were randomly divided into five groups; healthy, OXA (control),
OXA + humanin (4 mg/kg, ip), OXA + gabapentin (50 mg/kg, ip), and OXA + humanin (4 mg/kg, ip)
+ gabapentin (50 mg/kg, ip) (n=7, healthy group; n = 10, other groups). OXA was prepared at a
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concentration of 2 mg/mL in a 5% dextrose solution according to the weight of each animal and was
administered intraperitoneally (ip) at a dose of 2 mg/kg twice a week for 4.5 weeks. Cold allodynia
was evaluated with the Cold Plate test as paw withdrawal latency (PWL), while mechanical
hyperalgesia was evaluated with the von Frey filament test as the paw withdrawal threshold (PWT).
Results
Compared to the healthy group, the OXA group had significantly lower PWT and PWL values (n=7,
p<0.001). Both PWT and PWL values were significantly higher in the OXA+humanin group
compared to OXA group (n=10, p<0.05). When the OXA + humanin+ gabapentin group was
compared with the OXA + gabapentin group, PWT and PWL values were higher, but only the PWL
value was statistically significant (n=10, p<0.05).
Conclusion
These results demonstrate that humanin suppresses OXA-induced cold allodynia and mechanical
hyperalgesia, and its combination with gabapentin produces an additional analgesic effect. Humanin
can be a promising therapeutic strategy in OXA-induced neuropathic pain.
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Dystonia is a neurological syndrome that alters muscle control for voluntary movement and
sustained posture. Although the basal ganglia play a role in dystonia, an abnormal cerebellar
function is also involved (Pizoli et al., 2002).
Deep brain stimulation (DBS) is a standard treatment option for drug-refractory dystonia, and the
most promising targets are Globus Pallidus internus (GPi) or subthalamic nucleus (STN) (Paap et
al., 2020; Spiliotis et al., 2021). The mechanisms of DBS, however, are as yet unclear. In this
context, we were interested in the impact of DBS on cerebellar activity, and specifically the role of
GABAergic transmission in DBS-induced changes.
We explored this question in a genetic model of primary paroxysmal dystonia (dt sz hamster, 6-8
weeks old) and appropriate controls, bilaterally implanted with bipolar DBS electrodes in the
entopeduncular nucleus (homolog to the GPi in humans).
To gauge cerebellar activity, parasagittal cerebellar slices (200 µm thick) were recorded in a highdensity microelectrode array (HD-MEA - BioCAM X, 3Brain AG, Wädenswil, Switzerland, 4,096
recording electrodes arranged in a 3.8 mm x 3.8 mm area), perfused with first Krebs solution for 10
minutes, (3 mL/min, at room temperature), and thereafter adding 5uM of Gabazine (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany). Neuronal activity was sampled at 19,753.78 Hz/electrode and
analyzed with BrainWave 5 (3Brain AG).
Our preliminary results indicate that blocking the GABA A receptor with gabazine modulates the
Purkinje cell spike firing, with respect to amplitude and frequency differentially between the DBS

804

and sham-DBS groups. Based on these findings, DBS appears to alter GABA-receptor dependent
cerebellar output.
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CENTRAL ADMINISTRATION OF CANNABINOID LIGANDS MODULATES ANXIETY-LIKE
BEHAVIOR IN OLFACTORY BULBECTOMIZED RAT
M. S. Velikova1, D. K. Doncheva1, R. E. Tashev2
1
Medical University of Varna, Physiology and Pathophysiology, Varna, Bulgaria
2
Medical University of Sofia, Physiology and pathophysiology, Sofia, Bulgaria
Introduction
Accumulating studies reveal that cannabinoid receptor (CBR) signaling plays role in the control of
emotional behavior. CBRs have been also implicated in anxiety and depressive disorders, but their
role in these states is not well-established (1). There are two types of CBR (CB1 and CB2), the CB1
is expressed predominantly in the brain. The aim of the study was to examine the effects of CB
ligands (HU210, CB1/CB2 agonist) and SR141716A (CB1 antagonist) applied i.c.v. on the anxietylike behavior of rats with olfactory bulbectomy model of depression, using elevated plus-maze (EPM)
test.
Methods
Male Wistar rats were anesthetized with Calypsol (50mg/kg, i.p); OBX was performed as described
(2). Cannulae were implanted into the right ventricle and HU 210(5μg/1μl), SR141716A(3μg/1μl) or
saline(1μl) were injected i.c.v. for 7 days (n=7) as described (3,4). Results were analyzed by oneway ANOVA and post hoc SNK test.
Results
ANOVA showed a significance for “depression” in OBX rats for the number of open arm entries
(nOA)(F1,23=16,05P≤0.001), time spent in open arms (tOA)(F1,23=111,77 P≤0.001); ratio open/total
number of entries (O/T)(F1,23=26.44P≤0.001).The OBX rats showed an increased anxiety-like
behavior demonstrated by decreased nOA(P≤0.001), tOA(P≤0.001),O/T(P≤0.001).There was a
significance
for
“drug”
factor
in
the
OBX
rats
for
nOA(F2,20=30,5
P≤0,001);tOA(F2,20=57,461P≤0,001);O/T(F2,20=68,232P≤0,001);number
of
closed
arm
entries(nCA)(F2,20=39,027P≤0,001);time spent in closed arms (tCA)(F2,20=57,461P≤0,001);total
number of entries(Tn)(F2,20=17,186P≤0,001). HU210 microinjected to OBX rats increased
nOA(P≤0.001),tOA(P≤0.001),O/T(P≤0.001);decreased
nCA(P≤0.001),tCA(P≤0.001),Tn(P≤0.01);while SR141716A increased nCA(P≤0.05),tCA(P≤0.05)
compared to the OBX-controls. ANOVA showed a significance for “drug” in the sham-operated rats
for
nOA(F2,20=11,571P≤0,001);tOA(F2,20=27,358
P<0,001);O/T(F2,20=71,675P≤0,001);nCA(F2,20=84,00
P≤0,001);tCA(F2,20=27,358
P≤0,001);Tn(F2,20=26,823 P≤0,001). HU210, injected to the sham-controls increased the
nOA(P≤0.01); tOA(P≤0.02); O/T(P≤0.001) and decreased nCA(P≤0.002), tCA (P≤0.02); while
SR141716A decreased nOA(P≤0.01); tOA (P≤0.001), O/T (P≤0.001); and increased nCA (P≤0.001);
tCA( P≤0.001), Tn(P≤0.001) as compared to the saline-treated sham controls (SSC). HU210,
injected to OBX rats increased the nOA(P≤0.03), O/T(P≤0.003), decreased nCA(P≤0.003) and
Tn(P≤0.05);SR141716A increased nCA(P≤0.001),tCA(P≤0.001),Tn(P≤0.001) and decreased
nOA(P≤0.002),tOA(P≤0.001),O/T(P≤0.001) compared to SSC.

Conclusion
The results demonstrated that the activation of CBR decreased the anxiety-like behavior in both
sham-operated and OBX rats. The selective CB1 antagonist produced a significant anxiogenic-like
effect in these rats. Our data support the suggestions that CB1 receptors are involved in the altered
anxiety behavior in OBX rats and that the enhanced CB receptor signaling may be beneficial for the
treatment of anxiety.
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Ionotropic purinergic receptors (P2XRs) are expressed in several cell types. They are involved in
diverse physiological and pathophysiological processes like pain, inflammation or synaptic
transmission. Binding of extracellular ATP at the interphases of two neighbored subunits induces a
conformational change of the pore forming transmembrane domains TM2, resulting in a nonspecific
cation flux. A central role of the b-14 sheet, which connects the binding pocket with the pore, and in
particular the amino acid H319 has been suggested for transmission of the signal within a subunit.
Here we performed global fit strategies to kinetically unravel the activation of the three subunits in
rat P2X2 receptors. The strategy is based on four complex and intimately coupled kinetic schemes,
sharing the majority but not all parameters, which were fitted to multiple current data sets recorded
from wild-type receptors and mutated receptors, sensitized by the mutation H319K, with either ATP
or its fluorescent derivative 2-[DY-547P1]-AET-ATP (fATP) as ligand. The extended global fit
allowed us to determine 26 rate constants for wild -type P2X2 channels and to gain new insights
into the gating mechanism.
Conclusions from our results are: 1. The steep concentration-activation relationship typical for wildtype P2X2 channels is caused by a subunit flip reaction with strong positive cooperativity that
overbalances a pronounced but lesser negative cooperativity for the three ATP binding steps. 2.
The net probability fluxes in the kinetic scheme are characterized by a marked hysteresis in the
activation-deactivation cycle for the third binding step. 3. The facilitated opening in the H319K mutant
is caused by a significantly enhanced flip reaction when only one ligand is bound.
____________________________________________________________________________
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Introduction
Stroke is one of the main cause of neurological disability worldwide and the second cause of death
in people over 65 years old, resulting in great economic and social burden. Ischemic stroke accounts
for 85% of total cases, and the approved therapies are based on re-establishment of blood flow, and
do not directly target brain parenchyma. Thus, novel therapies are urgently needed. Preconditioning,
or simply conditioning, is a noxious stimulus below damage threshold, which is able to activate
endogenous mechanisms of defence and to promote tolerance and cytoprotection. Remote
ischemic conditioning (RIC) is the ischemic conditioning of non-vital organs with low-risk (such as
arms) that provide protection in another organ, such as the brain. Thus RIC emerges as a potential
therapy against ischemic stroke.
Methods and Results
Herein we have explored the underlying mechanisms of RIC, namely what is activated in the arm
that responds in the brain. RIC procedure was applied to young and senior healthy volunteers for
the assessment of circulating biochemical factors and immune cells at 4 different time points, as
well as autonomous nervous system during RIC procedure. Three different hypothesis for interorgan communication were explored:
(i) The autonomous nervous system is involved in RIC signalling. RIC procedure modulates both
parasympathetic and sympathetic autonomic nervous system, which was assessed by heart rate
variability, namely the increase on the non-linear parameter SD2 [1].
(ii) Circulating immune cell were analysed at 4 time points following RIC procedure for the
characterization of the innate and adaptive circulating immune cell populations [2]
(iii) Circulating humoral factors were identified following RIC procedure in healthy volunteers.
Circulating protein pattern was characterized by proteomic analysis (mass spectrometry). Moreover,
nitric oxide, biliverdin and carboxyhaemoglobin (COHb) levels were quantified, revealing an
increase on COHb levels following RIC.
Finally, functional validation of conditioned human plasma was performed in experimental models
for assessing potential cytoprotective properties. Human cell lines were treated with conditioned
human plasma for the analysis of different features: neuronal viability, morphology and synaptic
formation; neuroinflammation (microglia cells) and blood brain barrier permeability (brain
microvascular endothelial cells). Although RIC-induced changes in biochemical composition of
human plasma, no improvement on cell function was found induced by conditioned human plasma
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when compared to human plasma. One can speculate that a more chronic application of RIC is
needed for leading to cytoprotection and neuroprotection.
Conclusion
In this work an extensive characterization of RIC inter-organ communication was performed using
human samples and healthy volunteers. By disclosing the underlying mechanisms one can better
explore the potential use of RIC as therapy.
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Introduction
Naturally occurring mutations in ClC-3 or ClC-4 Cl-/H+ exchangers lead to neurodevelopmental
disorders, with intellectual disability and epilepsy as the main symptoms. Most of the patients show
also behavioral and mood disorders such as anxiety, depression, and hyperactivity, conditions that
are associated with an imbalance in the monoaminergic system (dopamine and serotonin) 1. We
recently demonstrated that vesicular Cl-/H+ exchangers regulate the granular monoamine
accumulation process in chromaffin cells, likely by acidifying secretory vesicles via a Cl - -driven H+
import. However, CLCs Cl−/H+-exchangers have also been proposed to accumulate Cl− in
endosomes harnessing existing pH gradients2,3
Methods
We used chromaffin cells from newborn mice, a suitable neuroendocrine and neural cell model,
high-resolution membrane cell capacitance, carbon fiber amperometry, and rescue experiments to
investigate the importance of CLC chloride/proton transport functions for monoamine accumulation.
Results
In a double mutant (Dmut) knock-in/out mouse model (Clcn3E281Q/E281Q/Clcn4-/) that express only
a transport deficient ClC-3 and lacks any ClC-3/4-associated Cl-/H+ exchange, we observed similar
exocytotic responses as in Clcn3-/- cells4. Moreover, a significant reduction in the vesicle
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catecholamine content was observed in the Dmut chromaffin granules as compared to the control
condition. To assess the importance of stoichiometric Cl −/H+-exchangers, we reinserted the WT
ClC-3c, the variant mainly found in mature LDCV 4, as well as the E255A ClC-3c, that mediate Cluniport into DMut chromaffin cells. Amperometric measurements showed only full rescue of the
catecholamine content in the Dmut+ WT ClC-3c but not in the Dmut+ E255A ClC-3c- demonstrating
that coupled Cl−/H+-exchange is necessary for proper monoamine accumulation.
Conclusion
We conclude that the ClC-3-associated Cl-/H+ exchange regulates the priming process of large
dense-core vesicles as well as vesicle monoamine accumulation by contributing to the acidification
of these organelles in adrenal chromaffin cells.
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Introduction
The novel brain peptide, neuropeptide-S (NPS) was initially identified as a ligand of the orphan Gprotein coupled receptor GPR154, thereafter called neuropeptide-S receptor (NPSR). In mammalian
brain, NPS is predominantly produced by a group of cells between locus coeruleus and Barrington's
nucleus; whereas, the mRNA of the NPS precursor has been detected in several forebrain structures
including the amygdala and hypothalamus (Xu et al., 2007; Xu et al., 2004). In rodents, centrally
administered exogenous NPS was demonstrated to increase locomotion (Li et al., 2015), moreover,
it was found to improve the parkinsonian dysfunctions by inducing dopamine release and neuronal
survival (Bulbul et al., 2019; Didonet et al., 2014). In fact, the role of brain NPS in motor functions
remains insufficiently identified. Therefore, the present study was designed to investigate the
regulatory role of central endogenous NPS in locomotion.
Methods
For central drug delivery, adult male Sprague-Dawley rats underwent intracerebroventricular (icv)
cannulation prior to the experiments. A day after surgery, rats received angiotensin-II (150 ng, icv)
and they were returned to the home cages with access to a water bottle. The latency to drink was
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recorded and rats failed to exhibit drinking behavior within 120 sec were excluded from the study.
Following 7-day recovery period, rats were centrally treated with NPSR antagonist ML154 (n=12) or
dimethyl sulfoxide as vehicle (n=10) 30 min prior to the motor tests. Motor performance and motor
coordination were assessed by rotarod test and measuring the locomotor activity and the state of
catalepsy. Following the measurements, coronal frozen brain sections were harvested and the
neurochemical profile of NPSR-expressing cells was visualized by double immunofluorescence.
Data were expressed in means ± SE; whereas, Student’s t-test was used to analyze the differences
among the treatments.
Results
Compared with the vehicle-treated rats (3370 ± 313 activity/5 min, n=10) ML-154 significantly
reduced the locomotor activity (1572 ± 308 activity/5 min, n=12, p=0.001). In rotarod test, the
duration of the activity was found to be significantly lower (70.2 ± 14.5 sec, n=12, p=0.001) in the
ML154-treated rats compared with the vehicle-treated counterparts (161.3 ± 24.3 sec, n=10).
Compared to the vehicle-injected rats (1.61 ± 0.14 sec, n=10), icv administration of ML154 led to a
prominent cataleptic behavior (4.23 ± 0.87 sec, n=12, p=0.001). NPSR was found to be coexpressed with tyrosine hydroxylase and corticotropin releasing factor in neuron of basal forebrain
and brainstem.
Conclusion
The present findings revealed that NPS may affect neuronal circuits associated with the regulation
of motion in central nervous system. Therefore, NPSR appears to be a potential therapeutic target
for the treatment of movement disorders.
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Dopamine midbrain neurons (DA) are intrinsic pacemakers engaged in a variety of neuronal circuits
that control voluntary movement, emotion and reward-based learning. Disruptions in the functional
activity of DA neurons are believed to be associated with major brain disorders such as
schizophrenia or addiction. Investigating the biophysical mechanisms of how electrical activity of
specific DA subpopulations is regulated and disturbed, will be crucial to improve our understanding
of these afflictions.
The diversity of the mesolimbic DA system is anatomically organized and comprises relevant
functional differences in biophysical properties as e.g. varying dynamic range of firing and rebound
properties (Lammel et al. 2008; Knowlton, Ziouziou et al. 2021). So far, the characterization of DA
neurons has been based on the key assumption that all DA neurons operate as intrinsic pacemaker
cells. This implies that high frequency burst firing of DA neurons, often observed in vivo, are
exclusively trigged by synaptic inputs. However, by combining retrograde tracing and in vitro on-cell,
whole-cell and perforated patch-clamp recordings, we recently identified a small subset (< 10%) of
medial shell of Nucleus accumbens-projecting (mNAcc) DA VTA neurons that intrinsically generate
high-frequency burst discharges. Stimulation of muscarinic receptors by 1 µM Oxotremorine M
increased the occurrence of these bursts in mNAcc-projecting DA VTA neurons to about 30%
(perforated patch: n = 7/16; on-cell: n = 6/21) but did not induce burst firing in lateral shell of Nucleus
accumbens-projecting (lNAcc) DA neurons (perforated patch: n = 0/6; on-cell: n = 0/12). The burst
properties of mNAcc DA VTA neurons were reminiscent of recently observed in vivo plateau bursting
(Otomo et al. 2020) with 2-4 high-frequency spikes and a significant depolarizing shift in action
potential thresholds (intraburst frequency: 45.9 ± 28.6 Hz; spikes in bursts: 2.4 ± 0.7; threshold shift
between 1st and last intraburst spikes: 4.4 ± 3.8 mV; n = 7, N = 9; mean ± SD).
Since muscarinergic receptor stimulation increased bursting, we further investigated the contribution
of downstream targets, in particular the role of M-channel (Kv7) inhibition, for burst generation. We
show that Kv7 channel inhibition by 10 µM XE991 was sufficient to induce high-frequency burst
discharges in the majority of mNAcc-projecting DA neurons (on-cell: n = 16/18, N = 5; whole-cell: n
= 6/6, N = 1). In contrast, in ongoing experiments Kv7 channel inhibition of lNAcc-projecting DA
neurons did not lead to bursting (on-cell: n = 0/5, N = 2; perforated patch: n = 0/3, N = 2). Our data
might provide a mechanism for the effects of Kv7 modulators on in vivo burst firing of DA neurons
(Drion et al. 2010). However, to reveal the functional role of ACh-facilitated bursting in mNAcctargeting DA neurons in vivo, we must await projection-specific molecular interventions.
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Introduction
Theobromine is one of the methylxanthine derivatives that are enriched in cacao. Preclinical studies
in rodents have shown that long-term oral intake of theobromine improves cognitive function as
assessed using a three-lever task, a Y-maze, and a novel object recognition task (NOR). Moreover,
we reported that cacao-enriched dark chocolate intake for about 1-month improved brain function in
healthy young subjects as assessed by the Stroop color word test and the Digit cancellation test.
However, it is unclear whether oral intake of theobromine improves age related cognitive decline. In
this study, we examined the effects of theobromine-containing diet on cognitive function in
senescence-accelerated mouse-prone 8 (SAMP8) mice.
Methods
This study was conducted in accordance with the Guidelines for Animal Experimentation of Shimane
University, compiled from the Guidelines for Animal Experimentation of the Japanese Association
for Laboratory Animal Science and the experiments were approved by the Animal Experiment
Committee of Shimane University (approval number: IZ30-97). The SAMP8 mice (15-week old)
were divided into two groups; a normal diet intake group (P8CN: n = 8) and a TB-containing (0.05%)
diet intake group (P8TB: n = 8) for 50 days under the free feeding and drinking water. The SAMresistant 1 (SAMR1) mice were used as normal aging controls and were a normal diet intake group
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(R1CN: n = 8). After theobromine-containing diet intake, cognitive function was assessed using a
NOR task. After the NOR task was completed, blood was collected under anesthesia, and the brain
(cerebral cortex, hippocampus) were sampled. The brain-derived neurotrophic factor (BDNF)
concentrations in the cerebral cortex and hippocampus were quantified by the ELISA method.
Results
Body weight, amount of food intake and amount of water intake did not differ between the P8CN
and P8TB groups through the intervention period (all, P>0.17). In the NOR task, short-term memory
in the P8TB group was significantly improved compared to that in the P8CN group (P < 0.05). Also,
BDNF concentrations in the cerebral cortex and hippocampus were significantly increased in the
P8TB group compared to the P8CN group (P < 0.05). In addition, BDNF concentrations in the
cerebral cortex and hippocampus were significantly higher in the R1CN group compared to the
P8CN group (P < 0.05).
Conclusion
These results suggest that long-term intake of theobromine-containing diet may improve cognitive
function even in SAMP8 mice. In the future, we plan to investigate the anti-inflammatory and
antioxidant effects of the brain. (COI: No)
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Introduction
The hypothalamic magnocellular neurosecretory cells (MNCs), located in the supraoptic (SON) and
paraventricular nucleus (PVN), play a crucial role in the regulation of water and salt balance by
secreting oxytocin (OT) and vasopressin (VP) in an osmolality-dependent manner1. MNCs react
precisely to hypertonic stimulation with membrane depolarization, which is generated by cell
shrinkage-induced opening of an N-Terminal-truncated variant of TRPV1 channels2. However, a
couple of in vitro electrophysiological studies propose a product of TRPV1 gene commits to
osmosensory transduction in hypothalamic neurons to regulate VP secretion2,3 , in an in vivo study,
it has been clearly shown that TRPV1 channels are not obligatory for VP secretion and thirst
stimulated by hypernatremia4. Insight into this information, we aimed to 1) investigate whether OT
or VP are colocalized with TRPV1 in the hypothalamic MNCs, 2) test the role of hyperosmolarity
(Mannitol), Capsaicin, Glutamate or Potassium on dissociated MNCs from SON and 3) assess the
role of Capsaicin, Glutamate or Potassium on brain slices include SON.
Methods
Adult male Sprague-Dawley rats (weighing 150–250 g) were used in all experiments5.
Immunohistochemistry: For the detection of TRPV1 proteins and either VP or OT, 25 µm
hypothalamic coronal sections containing the SON and PVN were processed according to a doubleimmunofluorescence protocol5.
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Calcium imaging: For measurements of [Ca2+]i, dissociated MNCs were loaded with 1 µM Rhod2 and Pluronic F-127 for 45-60 min in Tyrode’s solution. After washing with Tyrode’s solution, cells
were mounted on the stage of an inverted microscope in an open bath chamber and superfused by
Tyrode’s
solution
(1–3
ml/min)
at
room
temperature
(RT)5.
Preparation and maintenance of brain slices: 300 µM coronal sections were collected and
maintained in an incubation chamber at RT for at least 2 h in artificial cerebrospinal fluid (aCSF). A
single slice was loaded with Rhod-2 (6 µM) for 60 min in aCSF and was superfused with aCSF at
RT (flow rate 2-3 ml/min). Throughout all procedure, aCSF was saturated with carbogen gas (95%
O2, 5% CO2).
Results
We show that TRPV1 channels are colocalized with OT or VP in SON (Pearson´s coefficient
colocalized volume; 0,46 and 0,30 respectively), but not in PVN (Pearson´s coefficient colocalized
volume; -0,005 and -0,88 respectively) Fig. 1. Mannitol, Capsaicin, Glutamate or Potassium
increased mean intensity value in dissociated MNCs from SON Fig. 2. Capsaicin (36,17±4,08,
p<0,01), Glutamate (32,97±2,44, p<0,01) or Potassium (32,14±2,18, p<0,01) administration
increased 36 out of 50 cells network oscillations compared with aCSF perfusion (26,47±2,17) in
brain slice include SON.
Conclusion
As a conclusion, MNCs in SON express TRPV1 and these non-specific cation channels together
with other factors like glutamate receptors can contribute to network activity in SON and hence
participate in regulation of water and salt balance.
Figure 1
TRPV1 and either oxytocin
or vasopressin
immunohistochemistry of
supraoptic nucleus. A, a
merge image (yellow)
showing double-labeled
TRPV1 immunoreactive cells
(green) and oxytocin
immunoreactive cells (red).
B, colocalization of TRPV1
and oxytocin (white). C, a
merge image (yellow)
showing doublelabeled TRPV1
immunoreactive cells
(green) and vasopressin
immunoreactive cells (red).
D, colocalization of TRPV1
and vasopressin (white).
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Figure 2
Dissociated hypothalamic
magnocellular neurons from
supraoptic nucleus.
Intensity mean value change
after 40 mOsm Mannitol, 10
µM Capsaicin, 200 µM
L_Glutamate or 140 mM
Potassium administration.
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Introduction
Chronic low back pain (CLBP) is a clinical condition of large magnitude with great socio-economical
effect. In about 90% of patients the cause of CLBP cannot be ascertained and is termed as
nonspecific CLBP (NSCLBP). Patients with low back pain often suffer from altered autonomic
balance. Dysregulation of autonomic nervous system (ANS) is also implicated to be an underlying
cause in the initiation and persistence of chronic muscle pain. Exercises can improve pain, disability
and physical fitness. High intensity interval exercise (HIIE) is a newer modality where short bursts
of high intensity exercise are interspersed with rest intervals. HIIE might prove more useful and
effective for individuals with nonspecific CLBP and could have a better adherence rate in the long
run. This study evaluated the efficacy of six weeks HIIE training program on pain, disability and
autonomic balance in patients with nonspecific CLBP.
Methods
Ethical approval was obtained from Imam Abdurrahman bin Faisal University. Eighty patients with
NSCLBP and mild to moderate disability/pain according to Oswestry Disability Index (ODI) were
recruited from King Fahd University Hospital. Patients signed an informed consent form and then
they were randomly assigned to one of the two groups: Experimental Group ( n= 40) was assigned
for HIIE in addition to standard regular physiotherapy, and standard regular physiotherapy group
was designated as control group (n=40). Deep breathing test to obtain expiratory to inspiratory ratio
(E:I) and orthostatic tolerance test to obtain 30:15 ratio were performed at the beginning of the study
to exclude cardiovagal autonomic dysfunction and repeated at the end of the study for comparison.
Pre and post intervention assessment included pain intensity through Numerical Rating Scale,
disability through ODI and autonomic balance through heart rate variability (HRV, time domain and
frequency domain parameters) and baroreflex sensitivity (BRS) at rest and in response to an
orthostatic challenge. Data was analyzed using SPSS version 20. Normality of data was tested with
Shapiro Wilkinson test Level of significance was set at p<0.05.
Results
HIIE intervention with standard physiotherapy for 6 weeks led to a significantly greater improvement
in pain and disability compared to standard physiotherapy alone in patients suffering from mild to
moderate NSCLBP. The classical autonomic tests were normal for both groups indicating normal
cardiovagal regulation. HRV parameters and BRS were also within normal limits and did not show
significant changes over the period of intervention in this group of patients. A better reactivity to
orthostatic stress and a faster HR recovery in HIIE group after 6 weeks of treatment indicated an
improved sympathovagal balance and a faster reactivation of parasympathetic system in HIIE group
compared to control.
Conclusion
HIIE can be a useful addition to the exercise regimens in practice for patients with CLBD.
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Introduction
The carotid bodies (CB), peripheral chemoreceptors classically defined as an O2 sensors, are also
metabolic sensors involved in the regulation of energy and glucose homeostasis [1]. Moreover, CBs
dysfunction is key for the development of metabolic diseases, since the resection or electric
modulation of the carotid sinus nerve (CSN), the CB sensitive nerve, prevents and reverses
dysmetabolic pathological features in prediabetes and type 2 diabetes (T2D) animal models [2-4].
Increased caloric intake is one of the major causes of dysmetabolism, also promoting an increase
in the CB and CSN activity [1,2,5]. Aiming to develop selective therapeutic tools to modulate CBCSN activity to treat diseases associated with overnutrition, as T2D and obesity, we characterized
CSN neural activity in rats in different nutritional status and submitted to different nutritional
interventions.
Methods
Three groups of male Wistar rats were used: control (normal chow diet, NC), high-fat group (HF,
60% lipid-rich diet, 21 days) and high-fat/high-sucrose group (HFHSu, 60% fat+35% sucrose, 25
weeks). CSN ex vivo recordings in normoxia (20%O2+5%CO2) and in response to hypoxia
(0%O2+5%CO2) were performed in CB-CSN preparation collected from animals in fasting state, ad
libitum or after the ingestion of Fortimel, a high protein nutritional supplement (1,46g/2ml). Insulin
sensitivity was evaluated through an insulin tolerance test. Spike sorting and clustering were
performed, and CSN activity correlated with insulin sensitivity and fasting glycemia. Animals were
killed by an intracardiac overdose of pentobarbital sodium (60mg/kg i.p.). Experiments followed the
2010/63/EU European Union Directive and were approved by NOVA Medical School Ethics
Committee and Portuguese Authority for Animal Health. Differences between means were
calculated using One-Way ANOVA and considered significantly different for p<0.05.
Results
CSN activity is characterized by 4 different types of action potentials (AP). In NC animals, basal
CSN activity increased by 76 (p<0.05) and 80% (p<0.05) in postprandial and ad libitum states,
respectively, when compared with fasted animals, an effect characterized by an increase in type 2
AP (p<0.05) in the postprandial state. Also, hypoxia-evoked CSN response increased by 776
(p<0.05) and 361% (p<0.01) in postprandial and ad libitum NC animals vs fasted animals,
respectively, an effect that is characterized by the increase in type 2 (p<0.05) and 3 (p<0.05) AP. In
ad libitum animals, HF and HFHSu diets increased by 195 and 301% CSN basal activity,
respectively, an effect characterized by increased type 2 (p<0.0001) and 4 (p<0.05) AP, and
correlated with insulin resistance but not with fasting glycemia. CSN response to hypoxia was similar
between ND and hypercaloric animal models.
Conclusion
Nutritional status and interventions modulate differently CSN neural activity. CSN neural signatures
might be a good parameter to distinguish overnutrition states.
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Introduction
The smokeless tobacco (SLT) is a perilous addiction ruining the physiological systems in slow
implacable way. The frequency of SLT use in India is about 25%, with high mortality. Absorbable
nicotine is higher in SLT than cigarettes and orally absorbed nicotine stays longer in the
bloodstream. Some critical components penetrate deep into the cells perturbing the entire cellular
metabolic processes enhancing the systemic toxicity and possibly neurodegeneration. Current study
was intended to address specific mechanism of SLT-mediated neuronal cell death and its prevention
using phytochemical naringin (NG), a flavanone-glycoside.
Methods
To emphasize the systemic distresses, Swiss albino mouse model was developed using a wide
range of doses of orally administered SLT. Graded doses of water soluble lyophilized SLT upto
1000mg/kg bw on mouse as well as 0-10mg/ml on differentiated PC12 (rat pheochromocytoma) and
SH-SY5Y (human neuroblastoma) cell lines were applied. A plethora of cellular and molecular
toxicity parameters were evaluated using cell culture, animal behavior study tools,
immunochemistry, flowcytometry and microscopic techniques.
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Results
A dose-dependent systemic physiological change, alterations of mouse behavioral patterns and
indications of neuronal death was observed upon chewing tobacco treatment. Oral SLT
administration reduced the horizontal ambulatory activity and induced anxiolytic function. In vivo
studies have given certain insights into mechanistic neuronal cell death. Concurrent with the
neuronal death pattern, differentiated neuronal cell culture model of PC12 and SH-SY5Y were
employed to underpin the SLT induced threats. SLT reduced the oxidative phosphorylation and
aerobic glycolysis as determined by the diminution of ATP production and basal respiration. There
was breakdown of mitochondrial health and structure with concomitant membrane potential drop
along the increasing SLT doses. The involvement of mitochondria and its downstream factors were
further confirmed by immune-blot, flowcytometry and microscopic techniques. Hallmark apoptotic
signals like leakage of cytochrome c was observed after 24hr (6mg/ml) SLT treatment. We observed
time dependent increase of t-Bid levels and down-regulation of Bid gave significant protection from
cell-death upto 72hr in neurons and NG pretreatment significantly reduced (1.49X) t-Bid expression.
Bid authoritatively mediated mitochondrial membrane permeabilization and subsequent cytochrome
c release leading to apoptosis, neurotoxicity and neurodegeneration. In protective studies, citrus
flavonoid NG ameliorated the challenges of SLT mediated systemic stress responses particularly
on neuronal cells.
Conclusion
The present study is a comprehensive, in-depth report portraying the fatal effects of SLT identifying
some specific clues of neurodegeneration. Another bright side of the work was identification of role
of NG against the prevention of SLT mediated perils.
____________________________________________________________________________
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An experimental study of mental activity in healthy individuals using simple and complex
sensorimotor reaction times to various visual stimuli
K. Janashia, A. Chikviladze, G. Sanadiradze, A. Ramishvili, N. Tvildiani
David Tvildiani Medical University, Central scientific research laboratory, Tbilisi, Georgia
Introduction
Studies have shown that first-year medical students, experience psychological stress and, in some
cases, mental illness due to new environments and stressful study regimes, which negatively affect
their ability to study, academic performance, and full participation in life (1, 2).
Methods
An experimental study was conducted on first and next (2-3) year medical students, out of which 17
were males and 21 females. Participants were exposed to two randomized order simulated virtual
tasks that differed in their demand levels. Some derivative indices - correct answers in percent
(CA%), reaction sustainability (RS), and functional ability level (FAL) of mental activity were
calculated based on the simple and complex reaction time measures (SSMRT, CSMRT) (3-5).
Results
No significant difference in mental activity between the two genders in 2-3 year medical students,
except for CA% in the males' group (p=0.044) during CSMRT which indicates that males are able
to concentrate better; There were significant differences in parameters of SSMRT (FAL p=0.001)
and CSMRT (RS p=0.007; FAL p=0.007) between first-year males and females; Significant
differences were found also in parameters of SSMRT (RS p=0.012; FAL p=0.016; CA% p=0.001)
and CSMRT (RS p=0.009; FAL p=0.013; CA % p= 0.014) between first and next-year medical
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students in the females' group and significant differences in the males' group only in CA% (p=0.049)
of SSRT.
Conclusion
Independent of gender, in 2-3 year medical students the sensorimotor and cognitive abilities are
almost the same. The better mental performance parameters in the male group of first-year students
can be explained only by the presence of certain stress in the female group, which can be related
to the difficulty adapting to new environments and stressful learning regimes of the medical
universities. In addition, male students are able to concentrate better compared to females on acute
visual stress. Our results contribute to a better understanding of the psychophysiology of mental
activity and further demonstrate how a virtual model can be used to investigate acute cognitive
stress effects.
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Introduction
Several mechanisms are identified for peripheral sympathetic–parasympathetic interactions on
cardiac regulation thus understanding the factors affecting main neurotransmitter acetylcholine
levels is crucial. Our previous studies showed that different types of vagotomy may affect cardiac
function distinctly. This study was designed to evaluate different branches of acute vagotomy that
may distinctly affect the levels of acetylcholine levels released from vagus nerve endings which
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might be responsible for the contralateral vagus over-activity causing hemodynamic parameters (1).
Methods
The experimental study was approved by the local Ethics Committee for Animal Experimentations.
12-16 weeks old male Wistar rats (288,6 ± 34,23 g, n=40) were used for experiments to eliminate
the effect of the menstrual cycle on HRV parameters. Animals were randomly divided into five
groups (each n=8): sham, right vagotomy, left vagotomy, bilateral vagotomy, and atropine. During
the experimental procedure right, left, or bilateral vagotomy was performed. In the sham-operated
group, the right and left vagal nerves were exposed and fixed, but no incision was made. In the
Atropine group, vagal innervation was chemically prevented with Atropine Sulfate (5 mg/kg, i.p.).
After the experiments rats were sacrificed with urethane (1.5 g/kg, i.p.). Totalcholine/acetylcholine
levels in heart tissues of experimental groups were measured by a commercially available kit
according to the manufacturer’s instructions by spectrophotometer. One-way analysis of variance
(ANOVA) with Tukey test for multiple comparison tests was used for statistical analysis. p<0.05 was
accepted statistically significant.
Results
Total choline/acetylcholine levels were significantly higher only in right vagotomy group compared
to sham (10,09 ± 6,964 nM, p<0.001) and bilateral vagotomy groups (12,00 ± 3,588 nM,
p<0.01). The levels were not statistically differs between Atropine-treated group (8,720 ± 1,923 nM),
left vagotomy group (10,24 ± 4,951 nM) and in right vagotomy group (22,05 ± 4,494 nM).
Conclusion
Asymmetrical vagal innervation produces change in acetylcholine release in heart tissues. Our data
showed that acute right vagotomy significantly increased the total choline levels. Together with our
previous findings, this data showed that right vagotomy may induce compensatory hemodynamic
recovery through contralateral vagus overactivity along with the enhancement of total
choline/acetylcholine levels in heart tissue (2).
Figure 1
Total choline levels in
heart tissues in groups of
Sham, Atropine, Bilateral
Vagotomy, Left Vagotomy
and Right Vagotomy.
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Introduction
The global population is rising and so is the number of patients living with neurodegenerative
diseases (NDDs). Approximately one million people are affected by NDDs in the UK, and 50 million
people worldwide suffer from dementia. The accumulation of intra- or extra-cellular protein deposits
is a histopathological hallmark of a number of NDDs. Reduced activity of the ubiquitin-proteasome
system (UPS) may be one of the molecular mechanisms that could lead to reduced clearance of
potentially toxic protein aggregates. To examine this further, the activity of the UPS was quantified
in post-mortem tissue in the brains of a cohort of aged individuals (n = 40, age range 23-93 years)
and from brain regions of Parkinson’s disease (PD) patients (n = 11) and controls (n = 10).
Methods
The activity of theUPS was quantified using a fluorometric assay for the chymotrypsin-like activity
of the 20S proteasome. Protein profiling was also performed using denaturing polyacrylamide gel
electrophoresis to detect the accumulation of protein aggregates.
Results
UPS activity did not change significantly between samples from the ageing brain cohort or between
brain regions from PD patients vs controls (p > 0.05). Protein profiling revealed cytoskeletal protein
reductions during ageing with reduced α- and β-tubulin expression in brains of individuals of ≥60
years of age, and there were differences in cytoskeletal protein expression between PD brain
samples and controls.
Conclusion
Collectively, our results suggest that the ATP-dependent chymotrypsin-like activity of the UPS is
stable in the ageing brain and for PD patients, but that molecular changes to the cytoskeleton are
present.
____________________________________________________________________________
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Effects of human monoclonal anti-GluN1 autoantibody on NMDA receptor channel function
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2
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Autoantibodies from patients with autoimmune encephalitis are pathogenic and induce typical
disease signs upon passive-transfer [1, 2]. Intermediate and long-term antibody effects on synaptic
target antigen internalization and on disturbance of synaptic protein function NMDA receptor
(NMDAR) have been described [3, 4]. However, direct and acute effects of specific human
autoantibodies on ionotropic receptor function are largely unexplored. Here, we use cell-attached
single channel recording in HEK cells to investigate the direct effects of specific monoclonal human
autoantibody (IgG 003-102) against the GluN1 subunit of the NMDAR. Our preliminary results
showed that NMDAR displays high heterogeneity regarding channel open probabilities. IgG 003102 reduces the simultaneous channel opening of the NMDAR receptor. However, prolonged
channel open duration was also observed upon acute antibody exposure. We, therefore, suggest
that IgG 003-102 might reduce the mobility of the GluN1 subunit and increase the barrier for the
conformational transition of NMDAR. i.e., both channel opening and closing. In addition, the effects
of Fab fragments on NMDAR channel functions are under investigation now.
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Introduction
Elevated intracranial pressure (ICP) is observed in many neurological pathologies, e.g.
hydrocephalus and stroke. This condition is routinely relieved with neurosurgical approaches, since
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effective and targeted pharmacological tools are still lacking. The carbonic anhydrase inhibitor,
acetazolamide (AZE), may be employed to treat elevated ICP. However, its effectiveness is
questioned, its location of action unresolved, and its tolerability low. Here, we determined the
efficacy and mode of action of AZE in the rat brain.
Methods
We employed in vivo approaches including ICP and cerebrospinal fluid secretion measurements in
anaesthetized rats and telemetric monitoring of ICP and blood pressure in awake rats in combination
with ex vivo choroidal radioisotope flux assays and transcriptomic analysis.
Results
The drug effectively reduced the ICP, irrespective of the mode of drug administration and level of
anaesthesia. The effect appeared to occur via a direct action on the choroid plexus and an
associated decrease in cerebrospinal fluid secretion, and not indirectly via the systemic action of
AZE on renal and vascular processes. Upon a single administration, the reduced ICP endured for
approximately 10 h post-AZE delivery with no long-term changes of brain water content or choroidal
transporter expression. However, a persistent reduction of ICP was secured with repeated AZE
administrations throughout the day.
Conclusion
AZE lowers ICP directly via its ability to reduce the choroid plexus CSF secretion, irrespective of
mode of drug administration.
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Introduction
Acute pain mediates certain behavioural impairments leading to neuroinflammatory changes and
initiates plasticity events. Existing analgesics regulate pain however at the cost of limited efficacy
and side effects. The present study explored efficient and exclusive analgesic effects of Ibogaanalogues against acute pain model. To determine the induction of neuroinflammatory changes
evoked by formalin; To evaluate the antinociceptive and anti-inflammatory properties of novel
ibogaine derivatives; To find any concomitant neuomodulatory effect leading to early plasticity
events.
Methods
Male Swiss Albino mice were grouped as control, formalin treated, formalin+ iboga-alcohol (C1),
formalin + iboga-amide (C2), formalin + iboga-methylamide, formalin + 11b (C4). Pain
assessment was done by paw diameter, paw licking and tail immersion test. Open field test (OFT)
and elevated plus maze (EPM) were employed to assess locomotor movement and anxiety
phenomena. Inflammatory mediators, neurotransmitters and neurotrophic factors were measured
from isolated serum, hind paw tissue and spinal L4-L6 segment. One-way ANOVA following
Student’s t-test were performed. p<0.05 was considered as significant.
Results
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Increase in paw diameter (80%) after formalin injection was significantly reduced in ibogaineanalogue treated groups. Decreased tail flick latency in acute pain was significantly reversed in
iboga derivative treated group (35-40% in C1, C3). Ibogaine analogues intervention significantly
altered the restricted locomotor activity, anxiogenic behaviour in pain (3.5-4.5x). Post sacrifice hind
paw Substance P, COX-2, p65 nuclear translocation confirmed the inflammatory pain model. Serum
IL-6 & TNF-α level were significantly decreased in C1 treated group (25% & 30%). Pain induced
downregulation of GABA and Dopamine (23% & 13%) were upregulated in compound treated
groups (33% & 14% in C1) whereas, elevated SP and Glutamate levels were ameliorated. Fall in
BDNF in acute pain was reversed by iboga-analogues whereas, GDNF elevation was further
exaggerated as a survival que to the formalin induced noxious stimuli.
Conclusion
The novel Iboga derivatives particularly iboga-alcohol executed effective antinociceptive action and
prevented neuroinflammation. The present evidence-based work serves as strong clinical drug
development clues.
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Introduction
Chemical synaptic transmission relies on the action potential (AP) induced fusion of neurotransmitter
containing vesicles at presynaptic release sites and on transmitter detection by postsynaptic
receptors. Synaptic plasticity, the change of this transmission, forms the basis of temporal
processing, stable information flow, and information storage. The number of synaptic vesicles
exceeds that of the release sites by several orders of magnitude, making the sites gatekeepers of
synaptic transmission and prime plasticity targets, but whether this is the case and by which
mechanisms this may be achieved is largely unknown. The evolutionarily conserved protein Unc13A
determines release sites and its local levels change for long-term plasticity. However, on shorter
timescales presynaptic plasticity is realized without detectable changes in Unc13A levels, raising
the question whether and how available Unc13A undergoes activity-dependent switching to
plastically adapt release site participation.
Methods
We here use mathematical modelling and experimental analysis of the Drosophila melanogaster
neuromuscular junction to explore the contribution of acute Unc13A regulation to release site-based
plasticity and its relevance for temporal coding and homeostasis. By combining genetic and
pharmacological manipulation with electrophysiology and super-resolution microscopy we find a
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pivotal role of Unc13A regulatory domains for synaptic plasticity on a timescale of milliseconds and
minutes.
Results
Mutation of the conserved Calmodulin binding domain revealed its relevance in Ca 2+-dependent
release site population, millisecond short-term facilitation, and presynaptic homeostatic potentiation
of transmitter release to compensate reduced postsynaptic transmitter sensitivity within minutes.
Our data are consistent with impaired plasticity being causing by “maxing out” release site
participation and super-resolution imaging revealed a slight redistribution of the catalytically active
MUN domain to the plasma membrane which may be responsible for this. Acute activation of the
Unc13A regulatory C1 domain by phorbol esters elicited similar effects on wildtype synapse which
were occluded by the mutation of the Calmodulin binding domain, indicating that either domain
induces a binary release site switch.
Conclusion
Thus, our findings indicate that Unc13A regulatory domains are tuned to integrate a multitude of
signals on various timescale to switch release site participation for synaptic plasticity.
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Identification of a new secreted Protein 1 (SEP1) specific for ASIC1
S. J. Kuspiel, S. Gründer, D. Wiemuth
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Acid-sensing ion channel 1 (ASIC1) is an ionotropic receptor directly activated by extracellular
protons. It is a member of the Deg/ENaC family of ion channels and highly abundant in the CNS.
ASIC1 plays a role in various physiological and pathophysiological processes e.g. synaptic
transmission, long-term potentiation and stroke. ASIC1 is well characterized, the identity and role of
possible modulatory binding partners, however. remains elusive. In a recent Knock-out (KO)controlled proteomics screen we identified possible binding partners, one being highly specific for
ASIC1: Secreted Protein 1 (SEP1). We verified direct interaction between SEP1 and ASIC1a using
co-immunoprecipitation. Interestingly SEP1 strongly increased current density (4-5 fold, p<0.001) in
heterologous expression systems without changing the biophysical properties of ASIC1a. We show
that SEP1 is secreted and therefore most likely interacts with the extracellular domain of ASIC1a.
The specific site of interaction and the mechanism underlying the effect of SEP1 on ASIC1 remain
unclear. Currently, we investigate the role of SEP1 in neurons. We conclude that SEP1 may be
important in various physiological and pathophysiological processes related to ASIC1a.
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Hyposalivation in Streptozotocin-Induced Diabetes: Role of Cholinergic System
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Introduction
The association between diabetes mellitus and hyposalivation has been well documented. .
However, there is a paucity of data on the activity of the cholinergic system in diabetes-induced
hyposalivation. This current research aimed to investigate one of the probable underlying
mechanisms of diabetes-induced salivary hypofunction in male Wistar rats.
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Methods
Institutional Ethical committee guidelines were adhered to. Two weeks after acclimatization, a total
of thirty-two (32) male adult Wistar rats (180-250 g) was randomly divided into control (C) and
diabetic (D) groups, followed by a subdivision into two equal subgroups (n = 8/subgroup) based on
the number of weeks [one (C1, D1) and two (C2, D2) weeks]. Diabetes was induced using a single
intraperitoneal dose of streptozotocin (60 mg/kg). Following the confirmation of diabetes, rats were
euthanized using ketamine (75 mg/kg, i.p.) and xylazine (0.5 mg/kg, i.m.), followed by the collection
of stimulated saliva (using pilocarpine, 10 mg/kg, i.p.) for 10 minutes. Biochemical analysis of the
saliva and gland samples was done using standard methods. Histological evaluation of the salivary
glands was done using the Phosphotungstic Acid Iron Hematoxylin Special Staining Method
(PTAH). Data were presented as mean ± SEM and analyzed using student t-test statistic at p less
than 0.05.
Results
There was a significant reduction in the body weight and submandibular glandular weight of the
diabetic groups compared with their controls in the first- and two-week periods. The fasting blood
sugar levels were significantly higher in the diabetic groups compared with their controls in the firstand two-weeks periods. There was a significant decrease in the salivary flow rate of the diabetic
groups compared with their controls. Similarly, there was a significant decrease in the salivary total
protein levels of the diabetic groups compared with their controls. However, the salivary lag time
was significantly higher in the diabetic groups compared with their controls. There was a significant
reduction in the levels of salivary gland acetylcholine in the diabetic groups compared with their
controls. Similarly, levels of submandibular total protein and nitric oxide were significantly lower in
the diabetic groups compared with their controls. There were no significant differences in the
submandibular gland acetylcholinesterase, Na+/K+-ATPase and calcium levels. Histological
examination of the glands showed that the density of the myoepithelial cells was significantly lower
in the diabetic groups compared with the controls.
Conclusion
These findings showed that the diabetes-induced salivary hyposecretion may be mediated via
suppression of acetylcholine production, nitric oxide downregulation, myoepithelial cells repression
and total protein reduction in the submandibular salivary gland.
Figure 1
Effects of Streptozotocininduced diabetes on Fasting
Blood Glucose, Salivary
Flow Rate and Salivary Lag
Time

827

Figure 2
Effects of Streptozotocininduced diabetes on
Submandibular gland
Acetycholine,
Acetylcholinesterase,
Nitric Oxide and Total
Protein
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interleukin-6 in Sprague Dawley rats.
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Introduction
Cross-barrier signalling from molecules in the intestinal lumen can impact on intestinal secretomotor activity and gut-to-brain signalling. In addition to facilitating lipid digestion and absorption,
hepatic bile acids (BAs) also act as signalling molecules, where their bioactivity is determined by
their conjugation status and whether or not they have been microbially modified. The aim of this
study was to explore the physiological effects of primary and secondary BAs on colonic function with
a focus on the pro-inflammatory cytokine, interleukin-6 (IL-6) and incretin hormone, Glucagon-like
peptide-1 (GLP-1).
Methods
Fluorescent immunolabeling was used to investigate expression of G protein-coupled bile acid
receptor 1 (GPBAR1, also called TGR5) and IL-6 receptors in colonic tissue from healthy Sprague
Dawley rats. The pro-secretory effects of primary and secondary BAs were assessed by measuring
basolateral secretion of IL-6 and GLP-1 using an enzyme-linked immunosorbent assay (ELISA).
Calcium imaging was used to assess the neurostimulatory effects of primary and secondary BAs on
submucosal neurons.
Results
TGR5, GLP-1 and IL-6 receptors are expressed on colonic submucosal neurons. However,
exposure of submucosal neurons to both primary and secondary bile acids had no direct stimulatory
actions in calcium imaging studies. Moreover, mucosal secretion of GLP-1 was not modified by
primary or secondary BAs. Interestingly, secondary (CDCA, LCA, and TLCA) but not primary BAs
(CA and DCA) inhibited colonic basolateral secretion of IL-6, which has neurostimulatory actions on
sub-mucosal neurons.
Conclusion
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BAs do not directly stimulate submucosal neurons, nor do they appear to stimulate mucosal L-cells.
However, consistent with previously reported inhibitory actions of BAs in the gut, unconjugated and
conjugated secondary BAs inhibited basal colonic secretion of IL-6 when applied to the mucosal
side. As IL-6 has neurostimulatory actions on submucosal neurons, this could indirectly modify
colonic absorpto-secretory function.
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Acid-Sensing Ion Channel 1a (ASIC1a) belongs to the degenerin/epithelial Na+ channel superfamily
and is expressed in the mammalian nervous system. Activated by local extracellular acidification,
ASIC1a plays an important role in synaptic transmission, brain ischemia and inflammation. We
identified the potential binding partner (SEP1), which modifies the function of ASIC1a through
interaction. By denaturating and native polyacrylamide gel electrophoresis (PAGE), we further
investigated the effect of SEP1 on ASIC1a. For this, ASIC1a and SEP1 were expressed in HEK
ASIC1 knock-out cells, purified and resolved by SDS-PAGE and high resolution clear native PAGE.
We found that SEP1 promoted the assembly of ASIC1a into its trimeric state. This effect seems to
be specific to ASIC1a, as it was not observed for the other ASIC subunits. Taken together, our
results suggest a role of SEP1 in ASIC1a assembly.
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Introduction
Astrocytes, a subtype of neuroglial cells with key homeostatic brain functions, are ideally
anatomically positioned between the blood vessels and neurons to mediate the delivery of Dglucose from the circulation to the energy-consuming neuronal networks. Many studies suggest that
neurons rely heavily on the availability of metabolites, such as L-lactate, derived from astrocytes.
Astroglial produce L-lactate in aerobic glycolysis, a process during which D-glucose despite the
normal oxygen levels is converted to L-lactate, which can act as a brain fuel and/or signal. Aerobic
glycolysis in astrocytes is regulated by activation of plasma membrane receptors, such as
adrenergic receptors (ARs). Activation of AR increases in astrocytes intracellular Ca 2+ and cAMP
signals, however the extent to which the Ca2+ and cAMP signals regulate astroglial glucose
mobilisation, aerobic glycolysis and lipid metabolism is not well understood.
Methods
To determine the role of intracellular Ca2+ and cAMP in the regulation of astroglial free glucose
mobilization and aerobic glycolysis, we performed real-time fluorescence microscopy using glucose
and lactate nanosensors and measured the cytosolic concentration of free D-glucose ([glc]i) and Llactate ([lac]i) in isolated cortical astrocytes upon α-/β-AR activation. We also determin the effect of
noradernergic activation on lipid droplet formation by labeling lipid droplets with Nile Red dye.
Results
We have showed by using AR agonists to selectively stimulate intracellular Ca 2+ or cAMP signals
that intracellular Ca2+, but not cAMP, triggers an increase in intracellular [glc]i and [lac]i in astrocytes,
suggesting Ca2+-mediated glucose uptake and aerobic glycolysis in astrocytes. Astrocytes are
glycogen storing cells in the brain. When the glycogen shunt, a process of glycogen remodelling,
was inhibited, the increases in [glc]i and [lac]i were reduced by ∼65 % and ∼30 %, respectively,
indicating that at least ∼30 % of the D-glucose utilization is linked to the glycogen remodelling and
aerobic glycolysis. Moreover, an increase in lipid droplet accumulation, typically seen in brain
pathologies, was observed in astrocytes upon chronic exposure to endogenous AR agonist
noradrenaline, the effects of which were mediated by activation of β- and α2-ARs, but not α1-ARs,
implying a role of cAMP, but not Ca2+ signals, in the adrenergic regulation of lipid metabolism in
astrocytes.
Conclusion
Taken together, an increase in the intracellular Ca2+ upon adrenergic activation is the prime
mechanism of augmented aerobic glycolysis in astrocytes, while cAMP has only a moderate role,
but importantly contributes to regulation of lipid metabolism in astrocytes. The results provide novel
information on the signals regulating brain metabolism and open new avenues to explore whether
astroglial Ca2+ or cAMP signals are dysregulated and contribute to neuropathologies with impaired
brain metabolism.
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Astrocyte–neuron coupling
of L-lactate and lipid
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Introduction
Stress during pregnancy is termed prenatal stress (PS), and this stress has adverse effects on dams
and pups: PS impairs cognition via the oxidative stress pathway. Animals treated with vitamin E or
selenium-yeast showed better tolerance to immobilization stress. Several gaps have been observed
in previous studies, ranging from the stress models used, for cognitive assessments, and the
absence of effective therapeutic targets to mitigate the adverse effects of prenatal oxidative stress.
Methods
Thirty-five virgin female Wistar rats were mated with males counterpart, and pregnancy was
confirmed by the presence of a vagina plug; the first day of pregnancy was tagged day zero (D0),
and the rats were randomly divided on day 3 of pregnancy into seven groups (n=5), non-stressed;
group 1 (negative control, given 1 mL/kg of distilled water) and six stress groups exposed to 4 h
(09:00 – 01:00) of noise using white noise generator connected to a 15 Watt speaker emitting sound
at 100 dB placed 30 cm above animal cages for 15 days; group 2 (positive control, given 1 mL/kg/
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day of distilled water, orally), group 3 vitamin E (200 mg/kg/day orally), group 4 selenium (0.05
mg/kg), group 5 yeast (50 mg/kg/day, orally), group 6 selenium-yeast (0.4 mg/kg, orally) and group
7 vitamin E (200 mg/kg/day) + selenium-yeast (0.4 mg/kg/day, orally). On pregnancy day 19 novel
object recognition test (NORT) and Y-maze were used to evaluate the cognitive performance of the
dams and pups on lactation day (LD) 21. The rats were anesthetized with ketamine at 60 mg/kg and
sacrificed; tissues were harvested on LD 10 and LD22, blood serum was used for CORT assay and
brain tissue for antioxidant enzymes markers, and hippocampus for immunohistochemical staining
using GFAP-antibody. Data were expressed in mean (± SEM). And values of p<0.05 were
considered to be statistically significant. The difference between the mean was ascertained using a
one-way analysis of variance (ANOVA). Using Graph pad prism 8.0
Results
The mean CORT concentration significantly (p< 0.05) increases in group 2 compared with group 1
and antioxidant-treated groups of PD and pups. The mean discrimination index (DI) significantly
(p<0.05) decreases in group 2 compared to group 1. However, the mean decrease in DI was
attenuated in the antioxidants treated groups. The mean percentage alternation significantly
(p<0.05) reduced in group 2 compared to group 1, this effect was attenuated in the antioxidants
treated groups. The values for SOD, CAT, and GPx significantly (p<0.05) reduces and MDA
increased in group 2 compared to group 1, Photomicrograph reveals an increase in the proportion
of astrocytes activation in group 2 compared with group 1, and the antioxidant groups of the dams
and pups.
Conclusion
Prenatal oxidative stress induces cognitive impairment probably as a result of astrocyte activation
in PD, and this effect can be reversed with the pre-administration of antioxidants.
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Introduction
The current research in the autism field suggests that the urinary metabolomic analysis could be a
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useful tool in clarification of etiopathogenesis and searching for the potential biomarkers for autism
spectrum disorders (ASD). ASD is a group of heterogeneous neurodevelopmental disorders,
characterized by impairments in communication, reciprocal social interaction and restricted,
repetitive behaviors or interests. The multifactorial nature of ASD is one of the reasons there is still
no biological marker identified to confirm the diagnosis of ASD. In our study, we aimed to analyze
urine samples of children with ASD and controls by targeted metabolomics, verify our results from
the pilot study, and test the factors influencing the final results of the analysis.
Methods
The first–morning urines of 70 children with ASD and 60 typically developing controls were analyzed
in two sets by quantitative LC–MS/MS metabolomic analysis performed by combining direct injection
mass spectrometry with a reverse-phase LC–MS/MS. Data were statistically evaluated and
visualized using web-based platform Metaboanalyst v5.0.
Results
In the first set of samples included in our pilot study, we found differences in 3 metabolites – 2
acylcarnitines and glycerophospholipid. However, after subsequent analysis with the second set of
samples, we did not confirm previously found differences between children with ASD and healthy
developing children. In addition, we were not able to detect all of 185 analyzed analytes in all
samples. Thus, we assumed that different factors could influence the results of urinary
metabolomics, such as pre-analytical factors – processing and storage of urine samples, but also
the inclusion criteria for participant selection – age, gender, behavioral characteristics of ASD and
control samples. Our results showed that there are no significant differences between samples
stored at -20 ˚C compared to – 80 ˚C but the repeated freezing-thaw cycle may influence the results
of urinary metabolomics. On the other hand, the selection of homogenous group of ASD patients in
terms of severity of autism, behavioral characteristics, age is crucial in identification of potential
biomarkers of ASD. At the same time, gender has no significant effect on the results analysis in our
group of samples.
Conclusion
Our results indicate that the urinary metabolomic may show an ASD-specific metabolic pattern and
has great potential in ASD research. However, it is necessary to consider the factors influencing the
results and examine in o more detail the diagnostic sensitivity and specificity of the markers. Last
but not at least, it is necessary to focus also on their relationships with behavioral parameters and
common comorbidities such as gastrointestinal symptoms.
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Methods
In this work we undertake the first in-depth characterization of in vivo histamine dynamics in real
time using fast-scan cyclic voltammetry at carbon fiber microelectrodes. We measure electrically
evoked histamine in the mouse hypothalamus and find that histamine release is sensitive to
pharmacological manipulation at the level of synthesis, packaging, autoreceptor control of release,
and metabolism.
Results
We find two breakthrough aspects of histamine modulation. First, there are differences in
H3 receptor regulation of histamine between sexes showing that histamine release in female mice
is much more tightly regulated than in male mice under H3 or inflammatory drug challenge. We
hypothesize that this finding may contribute to hormone-mediated neuroprotection mechanisms in
female mice. Second, we find that a high dose of a commonly available antihistamine, the
H1 receptor inverse agonist diphenhydramine, rapidly decreases serotonin levels.
Due to the inaccessibility of the human brain, there is a need to find neuroinflammation indicators in
the body to characterize the histaminergic system in humans. It has been found that systemic
inflammation induces neuroinflammation, but there is a lack of knowledge on the physiological
mechanisms that underlie this process.
Conclusion
Therefore, we have designed and are characterizing a skin probe that measures histamine in the
reticular dermis to understand how histamine levels change in response to pharmacological distress.
By developing a method to measure histamine levels in the skin and comparing the measurements
to brain data, we hope to describe how systemic inflammation induces neuroinflammation.
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Introduction
Histamine is infamous for mediating peripheral inflammation; but histamine is also found in high
concentrations in the brain. While it’s been known for some time that histamine is a signaling
molecule in the brain, histamine dynamics are very difficult to measure and thus several fundamental
aspects of the mechanisms that control the extracellular and modulatory behavior of this messenger
remain undefined.
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Introduction
The consumption of high fructose corn syrup (HFCS) has increased considerably during the past
years and is partially responsible for the high incidence of metabolic diseases. The lifestyle during
postnatal development can result in altered metabolic programming, thereby impairing the sexual
motivation during adulthood. Therefore, the aim of this study was to evaluate the effects of HFCS
feeding on male rats sexual motivation.
Methods
Twenty male Sprague-Dawley rats that have sexual experience and weighing between 200 and 250
grams were randomly divided into two groups: the control group (n=10) and the HFCS group (n=10).
The control group received drinking water in addition to standard feed, whereas the HFCS group
received a 15 % fructose solution (~15 % w/v) instead of drinking water. After eight weeks of HFCS
feeding, all rats were subjected to a sexual incentive motivation test. As seen in the figure (fig),
sexual motivation test apparatus consists of three parts and measures 100x50x40 cm. Each male
test rat was allowed 20 minutes to investigate the three chambers in the first arena after being placed
in the central chamber. Scores were recorded for the first pass latency, the time spent in the end
zone, and the time spent in the approach zone. The student's t-test was used for statistical analysis.
Results
The rats in the HFCS group had a significant increase in the time spent by the male rat compared
to the control group in the Approach zone (p<0.05). There was no statistically significant difference
in the time spent in the End Zone and the first pass latency. Rats in the HFCS group compared to
the control group; It was observed that the female rats significantly decreased the time spent in the
Approach zone and End Zone (p<0.05).
Conclusion
Long-term consumption of HFCS reduces sexual motivation in adult male rats, according to
research. The amount of time spent with the male animal used as a social stimulus increased,
however. Our findings suggest that long-term HFCS consumption may result in decreased
heterosexual motivation.
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Abnormal functionality in the basal ganglia plays a considerable role in the pathophysiology of
dystonia. However, recent studies considered dystonia more and more a network disorder
comprising the cortico-basal ganglia-thalamo-cortical and cerebellar-thalamo-cortical networks
(Jinnah et al., 2017). Current theories tend to examine the spatial and temporal coding of activity
patterns within the motor circuitry (Gernert et al., 2002; Neumann et al., 2017; Silberstein et al.,
2003). Additional to the basal ganglia, the cerebellum is increasingly coming into focus to describe
a model for the pathogenesis of dystonia (Prudente et al., 2014). In animal studies, for example, it
has been shown that abnormal excitatory activity resulted in generalized dystonia (Pizoli et al.,
2002).
For the presented study, we analyzed the cerebellar gene expression in the animal model of the
dtsz mutant hamster, which represents the motor phenotype of paroxysmal generalized dystonia
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(Richter and Richter, 2014). We designed amplification primers of genes already published to be
critical in the cerebellar function. The following table summarizes the investigated genes:
Gene
Name
Function
Glutamate ionotropic kainate receptor,
Grik2
Glutamatergic signaling
subunit 2 (beta 2)
Glutamate ionotropic kainate receptor,
Grik5
Glutamatergic signaling
subunit 5 (gamma 2)
Glutamate ionotropic AMPA receptor,
Gria2
Glutamatergic signaling
subunit 2
Voltage-gated sodium channel, subunit
Scn8a
Firing pattern of the Purkinje neurons
alpha 8
Gabra6
GABAA receptor, subunit alpha 6
GABAergic signaling
Adrb2
Beta 2 – adrenergic receptor
Catecholamine signaling
Gad1
Glutamate decarboxylase 1
GABA synthesis
We were also interested in the effect of the pallidal deep brain stimulation (DBS), effective treatment
of generalized or cervical dystonia, on the gene expression. The dtsz mutant hamster was
continuously stimulated with a 50 µA current pulse at 130 Hz for 11 days. To facilitate unrestricted
movement of the animals with continuous stimulation, we utilized the software defined implantable
modular platform, STELLA (Plocksties et al., 2021), implanted in the hamsters’ flank. In stereotactic
surgery, bipolar electrodes were implanted bilaterally in the entopeduncular nucleus (homolog to the
globus pallidus internus in humans) under deep isoflurane anaesthesia. For comparing the gene
expression of stimulated and non-stimulated dtsz mutant hamsters, we removed the cerebellum
directly after the DBS turned off or after the appropriate period. After tissue processing, gene
expression was analysed with the quantitative RT-PCR. On the one hand, our results indicate the
effect of pallidal DBS on the cerebellar gene expression and, on the other hand, give information on
the pathophysiology of dystonia.
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Introduction
Sleep deprivation (SD) is the condition of not having adequate duration and/or quality of sleep to
support good alertness and performance in the daytime. The pathogenesis of SD is not clarified yet
and there is no specific treatment. In addition to clinical studies, recent evidence indicates hope
from in silico analysis. This study aimed to detect possible pathophysiological factors in SD by
examining the expression levels of genes, using bioinformatics tools.
Methods
Gene expression levels in the GSE98582 dataset obtained from Gene Expression Omnibus (GEO)
database were re-analyzed in the R program for this research. In the dataset, 343 SD and 213
control DNA samples derived from human blood were recruited. Gene set enrichment analyses were
performed in Gene Ontology (GO) and ENRICHR tools. Based on Benjamini-Hochberg correction,
adjusted p-values <0.05 were accepted as significant.
Results
Gene expression levels indicated that autophagy-related proteins-2B,7,13 (ATG 2B,7.13), ectopic
P-granules autophagy protein-5 (EPG5), lysosomal associated membrane protein-2 (LAMP2),
mechanistic target of rapamycin (MTOR), phosphatidylinositol 3-kinase catalytic subunit type-3
(PIK3C3) [responsible for autophagy] were down-regulated (p<0.05); and mitofusin-2 (MFN2),
PTEN induced putative kinase-1 (PINK1), microtubule-associated protein-1 light chain-3 beta
(MAP1LC3B), optineurin (OPTN), ubiquitin A-52 (UBA52), GABA type-A receptor-associated
protein (GABARAP) [responsible for mitophagy] were up-regulated (p<0.05) in SD group, compared
with the control group.
Conclusion
This study indicates down-regulation in autophagic process and on the contrary, up-regulation in
mitophagic process in SD patients. This interesting contradistinction, implicates impaired autophagy
and mitophagy, may play a role in the basis of cellular pathophysiology of SD.
____________________________________________________________________________
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Introduction
According to the definition of the International Association for the Study of Pain, pain is subjective
and emotional experience related to tissue damage (Treede, 2018, Wiesenfeld-Hallin, 2005).
Individual pain perception depends on multiple factors, including metabolic status of the body
(Zmarzty et al., 1997).
Our study aims to assess experimental pain induced by irritation during different satiety levels.
Methods
The sample of the study was comprised of volunteer male and female students aged 18-25
(n=50=25+25).). The main selection criterium for participants was their health state; Prior to the start
of the study, participants were given information about their rights – they could refuse taking part in
the study at any stage. Accordingly, written informed consents were obtained from every participant.
All procedures and protocol of the study are approved by Tbilisi State Medical University Biomedical
Research Committee. The study was conducted in compliance with all requirements.
Mechanical pain sensitivity was evaluated using computerized algometer - AlgoMed (Medoc, Ltd,
Ramat Yishai, Israel), delivering mechanical stimuli to the participants; Meanwhile, mechanical
pressure threshold, mechanical pain threshold and pain tolerance threshold were determined. A flat
probe of algometer was applied to the participant’s palm delivering increasing and quantifiable
pressure at a rate of 30kPa/sec. The quantitative assessment of the parameters was automatically
performed by pressing the remote control button. To prevent sensibilization of skin, sequential
stimuli were given with 30sec intervals. For minimazing adaptation, after each episode, probe was
displaced.
The experiment was carried during physiologic starvation and 30 minutes after getting meal- in
primary, sensory-motor satiety.The data was analysed with Student criteria,statistical reliability was
P<0.05.
Results
According to data, mechanical pain threshold is higher in primary satiety,than in starvation.During
analysis of mechanical pain threshold,primary satiety theshold equaled 350±2,6 kPa and starvation
threshold equaled- 297±1,98 kPa.As for individual resistance threshold to mechanical
pain,measured value during primary satiety made up 610±3,9 kPa and during physiological
starvation 459±2,9kPa (Table).
Conclusion
For further studies it is recommended to analyse individual pain perception during metabolic satiety
too.This correlation can be beneficial for managing pain and improving life quality in chronic patients.
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Introduction
Achalasia is a primary motility disorder of the esophagus characterised by loss of relaxation of lower
esophageal sphincter and absence of peristalsis in the esophagus (1). The peristaltic relaxations
and contractions are regulated by vagal fibres (2). The present study was designed to study the
cardiovascular autonomic functions in patients diagnosed with achalasia.
Methods
This study is a case control study. 30 patients with clinical and radiological sign of achalasia were
recruited from the Departments of Surgical disciplines and Gastroenterology and human nutrition.
Both males and females were recruited. Subjects less than or equal to 60 years were recruited. A
high resolution manometry was performed in patients with clinical and radiological features of
achalasia to confirm the diagnosis. Parasympathetic reactivity and sympathetic reactivity were
evaluated using-head up tilt test (HUT), deep breathing test (DBT), Valsalva manoeuvre (VM), hand
grip test (HGT) and cold pressor test(CPT) and compared with those of 30 healthy controls obtained
from laboratory historical data.
Results
We found that parameters for parasympathetic autonomic reactivity such as 30:15 ratio, Valsalva
ratio and parameters for sympathetic autonomic reactivity change in diastolic blood pressure during
HGT and CPT of achalasia patients were significantly lesser than healthy controls.
Conclusion
Parasympathetic and sympathetic autonomic reactivity of achalasia patients were lesser than
healthy controls. Autonomic dysfunction is not restricted to the gastrointestinal tract and systemic or
global autonomic dysfuction coud be present in achalasia patients.
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Introduction
A multitude of sensory modalities are involved in humans’ experience of wetness, yet we know little
of how common haptic interactions are affected by the integration or absence of other sensory cues
such as vision. Therefore, we aimed to quantify the effect of physical stain volume, chroma and size
on the perception of wetness. An additional aim was to compare wetness perception under different
sensory conditions, including visuotactile and visual only interactions.
Methods
Eighteen participants (10 female: 23.0 ± 3.9 years; 22.4 ± 2.1 kg/m2 body mass index; 8 male: 21.4
± 3.2 years; 22.4 ± 1.8 kg/m2 body mass index) visually observed and / or used their index fingerpad
to perform controlled dynamic interactions with stimuli varying in physical wetness (0, 2.16x10 -4
or 3.45x10-4 ml mm-2), stain chroma (clear, light, dark) and stain size (1150 or 5000 mm 2). After
interaction participants rated wetness perception using a 100 mm visual analogue scale (very dry to
very wet) and dichotomous choice paradigm (dry or wet).
Results
During visual only conditions the magnitude of wetness perception increased with physical wetness.
Participants were only able to differentiate whether the stimuli was dry or wet, but could not
accurately assess the magnitude of wetness in a visual only context. However, during visuotactile
conditions the magnitude of physical wetness could also be distinguished, with wetness
discrimination improving at lower and higher extremes of physical wetness level. Overall, there was
a significant difference between the magnitude estimation of wetness in visual only compared to
visuotactile conditions (F1, 17 = 20.03, P < 0.001). In both visual only and visuotactile conditions
greater stain chroma resulted in increased wetness perception (F2,16 = 14.8, P < 0.001; F2,34 = 27.5,
P < 0.001). In contrast, stain size did not have a significant effect on wetness perception in either
visual only (F1, 17 = 0.952, P = 0.330) or visuotactile conditions (F1, 17 = 3.09, P = 0.079).
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Conclusion
The results show that certain visual aspects have an independent influence on wetness perception,
as participants perceive wetness differently when interacting with different chromas of saline such
that higher intensities result in greater wetness perception. However, there was no significant effect
of stain size on wetness perception. While the presence of specific visual cues had an influence on
wetness perception in this instance, tactile inputs significantly build on the perceptive abilities of
visual only conditions such that visual dominance does not apply to these sensory integrations. This
research has identified several factors involved in the visual perception of wetness, contributing to
the knowledge of the overall multisensory network of human wetness perception. Findings are
relevant for the design of products with wetness management properties and may be furthered in
digital contexts such as virtual and augmented realities.
Wetness perception in
visuotactile conditions
across three different
stain chromas.
x
̄ ± 95 % CIs (n = 18)
wetness perception (mm) in
visuotactile conditions
collapsed over three
different stain chromas
with significantly
different pairings
indicated (*).
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Wetness perception at three
different wetness levels
under visuotactile and
visual only conditions.
x
̄ ± 95 % CIs (n = 18)
perceived wetness (mm)
plotted at three wetness
levels (ml mm-2) under
visuotactile and visual
only sensory conditions
with linear regression
equations.
____________________________________________________________________________
B 06-70
A crosstalk between the central and peripheral immune parameters in an optimized
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Introduction
Induction of neuroinflammation is possible after intracerebroventricular(ICV) injection of
streptozotocin(STZ) in experimental animals (Salkovic-Petrisic et al., 2013). This is a wellestablished procedure which ultimately results in dementia (Hoyer S, 2004). An optimization of the
dose of STZ which exhibits pronounced repeatable neuroinflammatory changes is already reported
(Ghosh et al., 2020). There is an extensive communication between the central and the systemic
immune responses in neurodegeneration. Ongoing neurodegeneration and neuroinflammation
leads to efflux of inflammatory mediators across the blood-brain barrier inducing systemic immune
reactions and in turn myeloid or lymphocytic cells move into the central nervous system (Britschgi
M and Wyss-Corray,2007). It has also been found that signals and immune molecules from AD
brains of patients modulate peripheral immune responses. The peripheral immunological pattern is
yet to be reported in ICV STZ rat model of dementia.
Methods
In the present study, 30 male albino rats were ICV injected with 3 mg of STZ per kg of bodyweight.
Inflammatory markers i.e. TNF-α, IL-1β, ROS and nitrite were quantified in the hippocampus and
serum at 3 weeks and 8 weeks. Rat TNF-Flex Set and BD Cytometric Bead Array rat soluble protein
master buffer kit (BD Biosciences, USA) was used to assess TNF-α levels and the values was
analysed in BD FACS verse instrument using FCAP Array software. Commercial rat IL-1β ELISA
Kit (Ray Bio, Norcross, GA) was used for estimation of hippocampal IL-1β levels. ROS and nitrite
levels were measured using spectrophotometric and spectroflurometric principles. Memory function
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was assessed by the radial arm maze test following STZ injection (Mizuno et al., 2000). The
institutional animal ethical committee rules and regulations were strictly followed during the
experimental procedures (IAEC/IV/Proposal/TKG-04/2015 dated 19.01.2015). All the rats were
sacrificed under ether anaesthesia(inhalation) followed by decapitation.
Results
STZ treatment significantly (p<0.05) increased neuroinflammatory markers and decreased memory
functions at 3 weeks and 8 weeks.The neuroinflammation was also reflectedin the serum
inflammatory parameters which has indicated a crosstalk between the central and peripheral
immune systems. However, marked changes werenot found between the 3 week and 8-week study.
No significant results were obtained in both central and peripheral inflammatory markers in the two
time points of the study.
Conclusion
Therefore, induction of neuroinflammation with streptozotocin at the dose of 3mg/kg was able to
modulate the peripheral immune parameters significantly in a 3-week study.
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Motivation
Short or longer lasting pain of a limb muscle caused by an acute or a longer lasting myositis
promoted a bilateral flexion reflex response to activation of group III/IV afferents in the feline spinal
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cord i.e. a pattern distinct from the classic crossed extension reflex (Schomburg et. al. 2015). The
aim of the present study was to test whether acute muscle damage and pain induced by eccentric
muscle stretch may induce a similar effect.
Methods
All terminal experiments were made on anaemically decapitated (under full volatile anaesthesia),
high spinal cats. Using selective chemical activation of group III/IV afferents in the left extensor
gastrocnemius-soleus (GS) muscles injection we investigated bilaterally their reflex responses
conditioned by unilateral strong eccentric muscle stretch of the GS muscle (stretching the muscle
during supramaximal electrical stimulation of the muscle nerve. The reflex activity of the extensor
GS and the flexor PBSt were bilaterally recorded by monosynaptic reflex testing.
Results
Short lasting activation of group III and IV muscle afferents by intra-arterial injection of KCL into the
gastrocnemius-soleus (GS) muscle, evoked an ipsilateral FRA (flexor reflex afferents) pattern of
flexor excitation and extensor inhibition without any clear contralateral effects. This pattern remained
also after low spinalisation. Approximately 10 min after strong eccentric contraction of the left
GS reflex transmission to the ipsilateral PBSt and GS was facilitated compared to control and a
clear facilitation of transmission to the contralateral PBSt was now apparent. This facilitation
persisted for up to 1 hour following the eccentric contraction and was by 2 hours absent.
Notwithstanding a strong right PBST response to chemical activation of the afferents in the right GS
no corresponding crossed facilitation of the left PBST occurred after eccentric contraction of the left
GS.
Conclusion
An acute as well as a longer lasting nociceptive input to the spinal cord may influence the outcome
of motor activity. Possibly, this has to be considered, if experiments with extensive operative
preparation are performed.
Reference: Schomburg ED et al., 2015. Long lasting activity of nociceptive muscular afferents
facilitates bilateral flexion reflex pattern in the feline spinal cord. Neurosci. Res. 95, 51-58
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Introduction
Enormous health problems of humanity depends also on odontology. First reports about dental
pathophysiology are given [1-5]. In Germany will be discussed about complex pathophysiology of
Bert SAKMANN (Nobel-price together with Erwin NEHER) some years ago, because it appeared
sepsis, caused by dental-infection. This led to enormous psychic disturbances: “I had a bloodpoisoning and was in fever-delusion. I saw myself as dead-person, who lives farther as internetfigure. A frontier-experience” [5]. Actually are given new approaches in this matter.
Methods
Diagnosis by clinical observations and X-rays in dental -practices (n>30 patients).
Treatment by antibiotics, phytotherapy, diet,etc. Lasertherapy of caries dentium & periodontitis
(Erbium:YAG 2940nm+1064nm/Fotona & diode laser 810nm/ARC) [3,4].
Results
Combined dental therapy prevents pulpitis, i.e. destruction of dental vitality (vascular&neuroregulation), also tooth-extraction, leading to artificial teeth. In a patient (85years) tooth was
eliminated spontaneously, i.e. physiologically, contrary to example of Bert SAKMANN. Patients with
conservative and laser therapy – of caries dentium and periodontitis - demonstrate possibility for
existence of natural teeth during whole life!
Table: Patients with
a. Caries Dentium: Therapy Effect, n=20 Laser > 1year; n=10 Antibiotics < 6 months
b. Periodontitis: Therapy Effect, n=10 Laser asymptomatic; n=5 Antibiotics asymptomatic
Further analysis will be given by presentation.
Conclusion
Paradigm changes in dentological education&research in context of an integrative physiology
supporting biological way of life – diet, sport, etc. is necessary, related to somatopsychic (Yujiro
IKEMI) and psychosomatic theories (Thure von UEXKÜLL). During opening ceremony of WorldCongr-Psychosomatic-Med Emperor AKIHITO honoured congress by strategical ideas. “Total
symptoms of mind and body seeking ways of holistic care ... It is extremely important for patients …
my hope contributes … the progress of medical science and people's happiness in the entire world”
[1c]. This could support future odontology in context of UNO-AGENDA21 for better healtheducation-ecology-economy on global level [1a].
Dedications Neu et al. FEPS-2022: Nobel Laureates (ICSD-IAS members supporting ICSDProjects)
REF: Michailov,Neu,Joseph et al:
[1a]-Philosophy: FISP-2018-Univ.-Peking, Abs-Book (AB) p.1348-50,1373-4, 1420.
[1b]-Psychology:
IUPsyS-2020-Prague,
Int.J.Psychol.
Suppl,
abstractno.5024,5076,5079,6950,6964,7018.
EFPA-2019-Moscow, AB p.1520,1530,1549
[1c]-ICPM-2005 Kobe: J.Psychosom.Res, p. 58: 85-86.
[2a]-Physiology: IUPS-2022-Peking:Abstract-Book:918,919,934,935.
[2b]-Pharmacology: GTPS/DGPT-2022-Bonn, Arch.Pharmacol. 396/S1:S11,S73-74,S75.
[3]-Pathology: ESP-2019-Nice, Eur.J.Pathol.475/Suppl.1: E-PS-03-023, 17-032&033, 25066&067;
[4]-Rad.Res: IARR-2019-Manchester, Paper-No.658/Po.117, 653/192,654/116,659/124.
[5]-Daily Munich Journal „tz“:17.12.18/p.21, 11.02.19/p.13.
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Omega-3 supplementation attenuates cardiac autonomic neuropathy in a rat model of type
2 diabetes through BDNF dependent mechanism
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Introduction
Cardiac autonomic neuropathy (CAN) in diabetes mellitus (DM) is associated with high morbidity
and mortality. So far, there is no available definitive treatment for CAN. BDNF depletion may be
involved in DM-associated CAN. On the other hand, BDNF level was shown to improve with
enhanced dietary supplementation of omega 3 fatty acids (omega). Thus, we investigated the role
of BDNF in a DM-CAN rodent model and the potential effect of omega 3 fatty acids in normalizing
BDNF and improving CAN.
Methods
Seventy Wistar rats were equally divided into 7 groups (G). GI: Normal control (N). GII: N+BDNF
blocker, where normal rats received intra-peritoneal injection (IP) of Trkb receptor antagonist
(K252a) daily at a dose of 50 µg/kg body weight for the first 2 weeks (1). GIII: (DM), rats were
subjected to STZ-NA induced type II diabetes (2).GIV: DM+BDNF group, diabetic rats received
human recombinant BDNF at a dose of 0.4 µg /kg/day IV via tail vein for 4 weeks after diabetes
confirmation (3). GV: DM+Early omega group, omega-3 supplementation, at a dose of 0.5 g/kg/day
by oral gavage, was started directly after diabetes confirmation and continued for 8 weeks. (4).GVI:
DM+Omega+BDNF blocker group, in which BDNF blocker was added daily on 7th and 8th
weeks. GVII: DM+Late omega group, omega-3 supplementation was initiated after the occurrence
of CAN and continued till the 12th week with the same dose as in groups V and VI.
Baroreflex sensitivity was assessed by recording the slope of the bradycardic response to
phenylephrine (slope) at the 4th, 8th and 12th weeks using BIOPAC MP150 according to the manual
guidelines after anesthesia of rats by thiopental sodium (60 mg/kg) IP (5). All the experimental
animals received humane care according to the guidelines of the institutional research ethical
committee (3081). One-way ANOVA was used to compare results between the groups.
Results
At the 12th week, the slope was lower than both that of the 4th and 8th weeks (0.47 vs 1.02 & 0.67
respectively*). Blocking BDNF action in normal rats also decreased the slope relative to normal
controls (1.2 vs 2.47*). Treatment of the diabetic rats with BDNF elevated the slope compared to
the diabetic controls (2.01 vs 1.02*). Early oral supplementation of omega-3 increased the slope
compared to GIII at the 4th (1.69 vs 1.02*) and 8th weeks (2.1 vs 0.67*). It also restored the normal
slope by the 8th week. Late omega supplementation increased the slope compared to diabetic rats
at the 12th week (2.01 vs 0.47*). Injection of BDNF blocker in GVI decreased the slope at the 8th
week compared to the 4th week of the same group (0.8 vs 1.7*) and compared to GV group (0.8 vs
2.1*). At the 8th week the bradycardic slope of the GVII group was lower than that of GV (1.63 vs
2.1*).
Conclusion
Omega-3 supplementation, especially when used early, can be a low-cost intervention for diabetic
CAN.
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Introduction
Gestational diabetes mellitus (GDM) and maternal obesity account for 10-25% of pregnancies in the
UK1. They are associated with the development of cardiometabolic complications later in life
including hypertension, stroke, or type 2 diabetes 2,3. Current interventions show limited benefit in
reducing these risks, leaving demand for new treatments. Sulforaphane (SFN), an isothiocyanate
found in cruciferous vegetables, is an inducer of the Nrf2 antioxidant pathway. SFN has
demonstrated the ability to attenuate obesity, diabetes and/or cardiovascular complications in
humans and non-pregnant mouse models4,5. Using an established model of obese insulin resistant
mouse pregnancy, I sought to assess if SFN can ameliorate vascular dysfunction in dams and
offspring.
Methods
Wildtype C57BL/6J dams are fed a high fat high sugar (HFHS) diet for ~7 weeks inducing obesity
and insulin resistance. Upon mating vehicle (corn oil, Ob) or SFN (ObSFN) were supplemented
orally at 2.5mg/kg 6 days a week. Additionally, a delayed intervention began E15.5 (ObSFN-Late),
to coincide with the typical period of GDM diagnosis in humans. Dams were terminated on postnatal day 35 and male offspring maintained on HFHS diet were terminated at 15 weeks of age.
Second order mesenteric arteries were harvested to assess vascular reactivity ex vivo through wire
myography in response to Noradrenaline (NA), Acetylcholine (ACh) ± Indomethacin [10-9 to 10-4 M].
Results
Dams supplemented with continuous and late SFN intervention demonstrated attenuated maximal
vasoconstriction compared to vehicle treated dams (%NA 188±7 Ob vs. 129±9 ObSFN or 140±6
ObSFN-Late). Vessels of SFN treated dams preincubated with cyclo-oxygenase (COX) inhibitor,
indomethacin, demonstrated enhanced vasodilation vs Ob (%ACh 19±2 Ob vs 45±5 ObSFN or 48±6
ObSFN Late), indicating SFN enhances dilation independently of COX. Surprisingly, preliminary
data suggests late SFN intervention augments maximal vasodilation (%ACh 49±2 Ob vs. 79±3
ObSFN-Late). In offspring, trends towards reduced NA-induced constriction in HFHS fed offspring
of SFN dams (OS+HFHS) (%NA 129±11 OO+HFHS vs. 99±11 OS+HFHS or 109±16 OSL+HFHS)
were observed, however, ACh induced vasodilation was similar between groups (%ACh 50±2
OO+HFHS vs. 63±2 OS+HFHS).
Conclusion
In conclusion, my data demonstrates gestational SFN supplementation exerts vasoprotective effects
in dams and to a lesser extent in offspring. SFN-mediated protection was apparent in both
continuous and late SFN intervention groups suggesting that even a late intervention is effective for
treatment of obese and GDM mothers.
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Figure 1: Maternal
sulforaphane
supplementation improves
vascular reactivity in dams
Maximal vasoconstriction
(%) of Noradrenaline dose
response (NA) [10-9 to 10-4
M] in obese (Ob), Obese
sulforaphane (ObSFN) and
Obese late Sulforaphane
(ObSFN Late) treated dams
(A). Maximal vasodilation
responses following
Acetylcholine dose response
(ACh; 10-9 to 10-4 M) (B)
and with vessels
preincubated in
indomethacin (INDO) (C).
Data represent mean±SEM,
n=3-7, analysed by 1-way
ANOVA, *p<0.05, **p<0.01,
***p<0.001, ****p<0.0001
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Introduction
Differentiation of smooth muscle cells (SMCs) depends on the transcriptional co-activator myocardin
(MYOCD). The role of MYOCD for the SMC program of gene transcription is well established. In
contrast, the role of MYOCD in control of SMC-specific alternative exon usage, including exon
splicing, has not been explored.
Methods
RNA correlation analyses and an RNA-sequencing experiment were done to detect potential splicing
factors regulated by MYOCD. Adenoviral vectors and siRNAs were used for overexpression and
knockdown. RT-PCR and western blots were performed for confirming mRNA and protein
expression changes. Agarose gel electrophoresis was used together with variant-specific PCR
primers to quantify defined splicing events.
Results
We identified four splicing factors (MBNL1, RBPMS, RBPMS2, and RBFOX2) that correlate with
MYOCD across human SMC tissues. Forced expression of MYOCD in human coronary artery SMCs
in vitro upregulated these splicing factors. For global profiling of transcript diversity, we performed
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RNA-sequencing after MYOCD transduction. We analyzed alternative transcripts with three different
methods. Exon-based analysis identified 1637 features with differential exon usage. For example,
usage of 3’ exons in MYLK that encode telokin increased relative to 5’exons, as did the 17 kDa
telokin to 130 kDa MYLK protein ratio. Dedicated event-based analysis identified 239 MYOCDdriven splicing events. Events involving MBNL1, MCAM, and ACTN1 were among the most
prominent, and this was confirmed using variant-specific PCR analyses. In support of a role for
RBPMS and RBFOX2 in MYOCD-driven splicing, we found enrichment of their binding motifs
around differentially spliced exons. Moreover, knockdown of either RBPMS or RBFOX2 antagonized
splicing events stimulated by MYOCD, including those involving ACTN1, VCL, and MBNL1.
Conclusion
We conclude that MYOCD, via RBPMS and RBFOX2, writes the SMC-specific splicing code as part
of the broader program of SMC differentiation.
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Introduction
The voltage-gated Kv7.4 and Kv7.5 channels contribute to the β-adrenoceptor-mediated
vasodilatation. In arteries from hypertensive rats, the Kv7.4 channel is downregulated and function
attenuated, contributing to the reduced β-adrenoceptor-mediated vasodilatation in these arteries.
Recently, we found that disruption of microtubules (with colchicine), or inhibition of the microtubule
motor protein dynein (with ciliobrevin D), increased the membrane levels and function of Kv7.4
channels in smooth muscle cells. The aim of this study was to investigate whether colchicine or
ciliobrevin D could improve Kv7.4 function in third-order mesenteric arteries from the spontaneously
hypertensive rat (SHR), thereby restoring the β-adrenoceptor-mediated vasodilatation.
Methods & results
Ciliobrevin D enhanced the relaxation to the β-adrenoceptor agonist, isoprenaline, in rat mesenteric
arteries both ex vivo and in vivo. The Kv7 channel blocker, linopirdine, partially inhibited the
ciliobrevin D-enhanced isoprenaline response. The β2-adrenoceptor antagonist ICI 118551 (100nM)
attenuated the ciliobrevin D-enhanced isoprenaline relaxation, whereas the β1-adrenoceptor
antagonist, bisoprolol (10nM) had no effect on the ciliobrevin D-enhanced relaxation. In mesenteric
arteries from the SHR, ciliobrevin D and colchicine both improved the isoprenaline-mediated
vasorelaxation and relaxation to the Kv7.2-7.5 activator, ML213. With immunostaining, we confirmed
that ciliobrevin D enhanced the Kv7.4 membrane abundance in isolated vascular smooth muscle
cells. In addition, ciliobrevin D increased the functional contribution of the β2-adrenoceptor to the
isoprenaline-mediated relaxation. Immunostaining experiments showed that ciliobrevin D prevented
isoprenaline-mediated internalization of the β2-adrenoceptor.
Conclusion
These data show that colchicine and ciliobrevin D can restore β-adrenoceptor-mediated
vasodilatation in arteries from the SHR by increasing both the Kv7.4 channel and β2-adrenoceptor
contribution.
____________________________________________________________________________
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Investigation of the mechanisms underlying the development and maturation of human blood
vessels is important for understanding disease circumstances and consideration of procedures to
minimise dysfunction associated with these. However, the molecular processes involved are difficult
to study in healthy human biospecimens. During pregnancy, the placenta is an organ forming de
novo and access to biospecimens at different gestational endpoints offers the potential to investigate
the molecular processes contributing to physiological blood vessel development and maturation.
Previously, we have reported on proteomic analysis of human chorionic plate placental arteries
extracted from organs obtained, following written informed consent (LREC 10/H0906/71), from first
(7-12 weeks gestation, n=9) and third (39-40 weeks gestation, n=8) trimesters of normal pregnancy
[1]. Homogenised arteries were trypsin digested and peptides analysed in triplicate via liquid
chromatography mass spectrometry (LC-MS) using SWATH [2]. In this study, of the 3586 proteins
quantified and 1078 differentially expressed between 1st and 3rd trimesters (quantified using ≥5
unique fragment ion intensities per peptide, log(2) transformed and median-corrected before
unpaired t-test analysis with multiple corrections FDR<0.01, and magnitude changes >1.5-fold
between conditions), we explore if human blood vessel maturation was associated with changes in
cytosolic and/or mitochondrial ribosomal protein abundances.
Placental artery maturation was associated with substantial reductions in cytosolic ribosomal
proteins. Of 40 proteins of the 60S large ribosomal unit identified, 34 were significantly reduced in
3rd trimester compared to 1st trimester. Of the 40S ribosomal subunit, 26 of the 31 identified proteins
were reduced. The three proteins with largest changes were RPL31 (log(2)FC values of 4.1 ± 0.3 in
1st trimester and 0.9 ± 0.4 in 3rd trimester; ~9-fold decrease), RPL34 (log(2)FC 4.7 ± 0.1 versus 2.5
± 0.1; ~5-fold decrease)and RPS27 (log(2)FC 1.3 ± 0.3 in first trimester and -0.8 ± 0.3; ~4.2-fold
decrease). Of note, similar widescale changes were not observed in the mitoribosome. Of the 22
mitochondrial proteins quantified, only three were significantly changed between 1st and 3rd trimester
(MRPL21: log(2)FC -1.7 ± 0.2 versus -3.4 ± 0.2, ~3-fold decrease; MRPL55: log(2)FC -2.6 ± 0.2
versus -4.2 ± 0.2, ~3-fold decrease; MRPS25: log(2)FC -4.0 ± 0.2 versus -3.1 ± 0.2, ~2-fold
increase).
Our data suggest that the end-stage of human blood vessel maturation is marked by widescale
reduction in cytosolic ribosomal protein abundances perhaps indicative of the acquisition of
differentiated cell phenotype. Given the reported involvement of some ribosomal proteins in
regulating vascular smooth muscle growth and tumourogenesis [3;4], it will be informative in future
studies to investigate the dynamic nature of these switches with the examination of biosamples from
other gestational timepoints.
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Introduction
Chronic mountain sickness (CMS), a high-altitude maladaptive syndrome, is a public health problem
experienced primarily by Andean countries (1). Impaired systemic vascular endothelial function
subsequent to a free radical-mediated reduction in nitric oxide (NO) bioavailability [oxidativenitrosative stress (OXNOS)] may contribute to the increased cardiovascular risk observed in CMS
patients (CMS+) (2, 3, 4, 5). The observation that antioxidant defences are depressed in CMS+
tentatively suggests that inadequate dietary intake may predispose to vascular dysfunction. Hence,
the aim of the study was to investigate the intake of dietary antioxidant vitamins, fruit and vegetable
consumption, and systemic vascular function in CMS+ and healthy, well-adapted highlanders (CMS). We hypothesised that CMS+ will show impaired systemic vascular function subsequent to a low
intake of dietary antioxidant vitamins.
Methods
Thirty-three male Bolivian highlanders with CMS (n=20, CMS+; age 58±8 y), without CMS (n=13,
CMS-; age 54±7 y), and thirteen British male lowlanders born and bred close to sea level (n=13
controls; 60±7 y) consented to the study. Participants were interviewed to collect a 48-hour
structured dietary recall. Dietary data were analysed using NetWISP dietary analysis software
(Version 4.0, Tinuviel Software; Anglesey, UK). Systemic vascular function was assessed using
flow-mediated dilation (FMD, duplex ultrasound), arterial stiffness (applanation tonometry), the latter
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defined by carotid-femoral pulse wave velocity (c-f PWV), augmentation index normalised for a heart
rate of 75 beats/minute (AIx@75) and carotid intima-media thickness (cIMT). Data were tested for
normality using Shapiro-Wilk W tests and analysed using one-way ANOVAs and post hoc
Bonferroni-adjusted independent samples t-tests. Significance level was established at P<0.05.
Results
CMS+ patients reported lower intake of vitamin C (P = 0.003 vs. CMS-; P = <0.000 vs. controls) and
carotene (P = 0.050 vs. CMS-; P = 0.058 vs. controls) due to inadequate consumption of fruit (P =
<0.000 vs. controls) and vegetables (P = <0.000 vs. CMS-; P = <0.000 vs. controls). CMS+ exhibited
impaired FMD (P = <0.001 vs. controls) and greater c-f PWV (P = <0.001 vs. controls) and AIx@75
(P = 0.022 vs. controls) compared to lowlander controls along with increased cIMT (P = 0.027 vs.
CMS-) compared to CMS-.
Conclusion
Collectively, these findings demonstrate that CMS+ are characterised by inadequate intake of
dietary antioxidant vitamins due to reduced consumption of fruit and vegetables. A corresponding
reduction in dietary antioxidant vitamin intake may contribute to systemic OXNOS-mediated
impairments in vascular function. Public health programmes need to consider targeted dietary
interventions, including nutrition education and dietary modification, that may help improve the
overall health of highlanders, especially CMS+ who may be at increased cardiovascular risk.
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molecule. In addition, it is considered a potential therapeutic agent. Recently, several different CO
releasing molecules (CORMs) have been synthesized, including enzyme-triggered CORMs (ETCORMs) allowing a better control over CO release. The HO-1/CO system contributes considerably
to the function of the circulatory system, in particular to vasodilation. Thus, CO and CORMs have
been shown to relax vessels through activation of soluble guanylate cyclase (sGC) and different
types of potassium channels. Effects of CO were observed to be mediated preferentially by calciumactivated potassium channels whereby effects of CORMs were found to be mediated by voltagedependent potassium channels. However, ET-CORMs have not been studied in this regard so far.
Recently, voltage-dependent Kv7 channels have been shown to contribute considerably to the
regulation of vascular tone. Therefore, this study tested the hypothesis that vasorelaxation induced
by ET-CORMs is mediated by sGC and Kv7 channels.
Methods
The study was performed on rat mesenteric arteries using real-time PCR based on TaqMan
microfluidic card technology and isometric myography as well as either acetate-containing (rac-1
and rac-4) or pivalate-containing (rac-8) ET-CORMs. Approval for the use of laboratory animals in
this study was granted by a government committee on animal welfare (I-17/17).
Results
Both acetate containing ET-CORMs (rac-1 and rac-4) strongly relaxed the arteries, while we did not
observe an effect of the pivalate containing ET-CORM (rac-8). Thus, further experiments focused
on rac-4. The rac-4-induced vasorelaxation was not mimicked by byproducts of rac-4 hydrolysis,
suggesting that CO is mediating its effect. After pre-treatment of the vessels with the sGC inhibitor
ODQ we did not observe any rac-4-induced vasorelaxation. Further, we did also not observe an
effect of rac-4 in vessels pre-contracted with a solution containing a high extracellular KCl
concentration suggesting the involvement of potassium channels. Several different potassium
channels, Kv1, Kv2, Kv3, Kv7, Kv11, Kir2, Kir6, BK and SK, were abundantly expressed in the
vessels studied. The role of Kv3, Kv11, and SK channels was not further studied, since no specific
inhibitors or no published data suggesting their involvement in GC-mediated vasorelaxation are
available. Vessels were pre-contracted by methoxamine in combination with mixtures of potassiumchannel blockers composed to leave only one potassium channel (either Kv1, Kv2, Kv7, Kir2, Kir6
or BK channel) available. Vasorelaxation induced by rac-4 was observed only when Kv7 channels
remained available. In addition, after pre-treatment of vessels with the Kv7 channel blocker XE991
we did not detect any effect of rac-4.
Conclusion
In summary, the presented results suggest that the effect of the CO-releasing ET-CORM rac-4 is
mediated by sGC and Kv7 channels.
____________________________________________________________________________

Introduction
Carbon monoxide (CO), a product of endogenous heme oxygenases, is an important signalling
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Introduction
Formation of DNA:DNA:RNA triplex through Hoogsteen base-pairing has been observed in artificial
systems, but whether these interactions occur in cells and impact on cellular function is
controversial. Moreover, the physiological relevance, the mechanistic mode of action and
participating
protein
complexes
of
triplex
forming
lncRNAs
are
unclear.
The long non-coding RNA (lncRNA) HIF1α-AS1 is located antisense to the important Hypoxiainducible factor 1α gene, but the function is, however, unknown and was identified here.
Methods and Results
To identify functionally important DNA:DNA:RNA triplex-forming lncRNAs in human endothelial
cells, we used a combination of bioinformatic techniques, RNA/DNA pulldown and biophysical
studies. The lncRNA HIF1α-AS1 was retrieved here as a top hit. Knockdown of the lncRNA in
endothelial cells increased their angiogenic capacity. The lncRNA was reduced in endothelial cells
isolated from glioblastoma and from lungs of patients with pulmonary arterial hypertension. In
contrast, reoxygenation after hypoxia induced HIF1α-AS1. The lncRNA reduced the expression of
numerous genes, including EPH Receptor A2 (EPHA2) and Adrenomedullin, through
DNA:DNA:RNA triplex formation. Exchange of the triplex forming region of HIF1a-AS1 with other
known triplex forming regions by CRISPR Arcitect abolished its effects on gene expression. Protein
interaction studies revealed that HIF1α-AS1 interacts with the human silencing hub (HUSH)
complex, which contains the epigenetic repressor MPP8. An assay for transposase-accessible
chromatin followed by sequencing revealed that HIF1α-AS1 acts as an adapter for the HUSH
complex on EPHA2 and Adrenomedullin.
Conclusion
As exemplified here with HIF1α-AS1, DNA:DNA:RNA triplex formation is operative in vascular tissue
to limit the angiogenic response and important for trans-acting gene expression control through the
recruitment of epigenetic silencer complexes.
____________________________________________________________________________
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Introduction
Smoking is a major CVD risk factor. This is because it causes endothelial injury and dysfunction in
both coronary and peripheral arteries and an increased risk of thrombosis. Therefore, it is no surprise
that it remains the second-leading mortality risk factor in the world, mainly due to cancer, lung
disease and cardiovascular disease (CVD).Thankfully, smoking cessation offers CVD risk-reduction
benefits, which increase as time since cessation increases. Vaping products or electronic cigarettes
(e-cigarettes) have been the most popular choice of support for smoking cessation in England, and
by 2020 were being used by 27% of smokers making a cessation attempt. Nevertheless, evidence
on the effect of e-cigarettes on cardiovascular health of smokers making a quite attempt, remains
limited.
Methods
We conducted a single-center, U.K.-based, pragmatic three-arm randomized (1:1:1) controlled trial,
which recruited from the community, adult smokers (≥10 cigarettes/day), who were willing to attempt
to stop smoking with support.
Exclusion criteria were: i) inability to walk, ii) recent (within 6 months) CVD events or cardiac surgery,
iii) insulin-controlled diabetes mellitus, iv) coexisting skin conditions, leg ulcers, vasculitis or deep
venous occlusion, v) pregnancy, vi) major surgery scheduled during the study, vii) contraindications
/unsuitability for NRT, viii) current daily use of e-cigarettes and ix) current cessation attempt
supported by a stop smoking service.
Participants (n=248) were randomized to receive behavioral support with either a) e-cigarettes with
18mg/ml nicotine; b) e-cigarettes without nicotine; c) NRT. Flow Mediated Dilation (%FMD) were
recorded at baseline, 3- and 6-months after stopping smoking.
Results
%FMD showed an improvement at 3- and 6-months follow-up, over baseline in all three groups (e.g.,
β= 2.40, 95% CI: 1.66 to 3.14 p < 0.0001 at 3-months over baseline and β= 2.99, 95% CI: 2.22 to
3.77 p < 0.0001 at 6-months over baseline). There was no statistically significant difference in
%FMD between the intervention groups.
Conclusion
None of the groups (i.e., nicotine-containing and nicotine-free e-cigarettes or NRT) offered superior
cardiovascular benefits to the others, although in overall, smokers making a quit
attempt experienced positive cardiovascular impact after both a 3- and 6-month period.
____________________________________________________________________________
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Introduction
Heart Failure with preserved Ejection Fraction (HFpEF) is a cardiovascular disease characterized
by telediastolic dysfunction. Main risk factors include advanced age (> 67 years old), sex (women
being more susceptible to develop the disease), and several comorbidities, particularly obesity and
diabetes (1). HFpEF has been shown to be associated with the rarefaction of coronary
microvascularisation (2). The aim of our study was to characterize quantitatively the 3D topological
reorganization of the coronary microvasculature of the capillary coronary network in a mouse model
of HFpEF.
Methods
Experiments were done on 14-week-old female C57BL/Ks leptin receptor-deficient (Leprdb/db ) mice
(n=7), a physiopathological model of HFpEF accumulating human risk factors of HFpEF (3).
Leprdb/db mice develop early obesity and type 2 diabetes, and C57BL/Ks mice have increased risks
of renal dysfunction. 8-week old male C57BL/6J mice (n=7) were used as normal control, i.e. without
any known human risk factor of HFpEF. 3D imaging of the coronary capillary network was done by
light-sheet microscopy on iDISCO+ optical cleared hearts after lectin-labeling of the capillaries by
retro-orbital injection on anesthetized animals (Isoflurane 3%). Image processing consisted of
skeletonization and distance mapping of greyscale segmented images using ImageJ software.
Capillary network in the left (LV), and right (RV) ventricles, and septum (S) was characterized by the
volume network density, the fractal dimension, the average length (L), diameter (D), and tortuosity
(T) of the segments, and (normalized per mm3 of cardiac tissue) the number of segments and nodes
and the total network length. Data are given as mean±SD. Using Graphpad Prism software, data
were compared by Student t test, and frequency distribution of L, D, and T was fitted by exponential
decay curve (L, T) and Gaussian curve (D) and compared by F test. Differences were significant if
p<0.05.
Results
Compared to controls, Leprdb/db mice LV showed a significantly reduced volume density (40±6 vs
49±9 %), number of segments (402,000±68,000 vs 518,000±110,000), number of nodes
(220,000±39,000 vs 280,000±60,000) and total length (55±1.2 vs 54±1.7 m). LV capillaries were
significantly more tortuous than control. Representative images of LV capillaries are represented in
figure 1. Leprdb/db mice RV showed a significantly reduced fractal dimension (2.4±0.03 vs 2.4±0.02),
number of segments (339,000±24,000 vs 401,000±43,000), number of nodes (180,000±14,000 vs
220,000±25,000) and total length (53±0.6 vs 54±1.3 m). RV capillaries were significantly larger than
control. S capillary network was not different from the control.
Conclusion
Our study showed that the LV capillary network presented signs of rarefaction and structural
alterations that may contribute to LV dysfunction in HFpEF. It also evidenced specific alterations of
the RV capillary network architecture, suggesting possible function impairment.
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Figure 1. 3D imaging of
coronary capillary network.
Representative segmented
image of the left
ventricular coronary
capillary network. A:
C57BL6/J mouse. B: Leprdb/db
mice. The average diameters
of each segment are encoded
in false colors from red
(small diameter) to white
(large diameter).
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Endothelial dysfunction involving the loss of nitric oxide (NO) is an early hallmark of cardiovascular
disease and is associated with increased abnormal vasoconstriction (vasospasm) and reduced
vasorelaxation. Endogenous methylarginines, such as NG-monomethylarginine (L-NMMA)
and asymmetric dimethylarginine (ADMA) inhibit endothelial NO synthase (eNOS), reducing NO
bioavailability. Plasma ADMA concentration is a strong independent predictor of cardiovascular
disease and mortality. Intracellular ADMA levels are tightly regulated by a family of dimethylarginine
dimethylaminohydrolase (DDAH) enzymes. The present study investigated the interaction between
DDAH and ADMA in resistance arteries. Third-order mesenteric arteries (160 – 320 µm diameter)
from male Wistar rats (210 – 285 g) were studied with wire myography. Arteries were pre-contracted
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with phenylephrine (1 – 3 µM), and NO-dependent vasorelaxation was assessed with acetylcholine
(ACh; 0.001 – 1 µM) in the presence of inhibitors of endothelium-dependent hyperpolarisation (EDH;
apamin (Ap; 100 nM) and NS6180 (NS; 1 µM)). Data are presented as percentage vasorelaxation
to 300 nM ACh and values expressed as mean ± SEM of n biological replicates unless otherwise
stated. Statistical analysis was performed with two-way ANOVA with Tukey’s multiple
comparisons. After block of EDH, ADMA (300 µM) markedly attenuated ACh-induced NOdependent vasorelaxation (Control: 99.26 ± 0.20%; Ap, NS, ADMA: 68.35 ± 7.67%; P < 0.05 at
0.001 – 1 µM; n = 7) and shifted ACh EC50 [95% CI] (Control: 5.88 [4.99 – 6.82] nM; Ap, NS, ADMA:
38.18 [18.69 – 72.74] nM; n = 7). The addition of a synthetic DDAH1 inhibitor, L-257 (100 µM), was
associated with block of vasorelaxation by ADMA (Ap, NS, ADMA, L-257: 28.08 ± 5.30%; P < 0.05
at 0.3 – 1 µM versus Ap, NS, ADMA; n = 6–7). Exogenous L-arginine (1 mM) reversed this ADMA
block of ACh-induced vasorelaxation (Control: 99.57 ± 0.73%; ADMA, L-Arg: 91.72 ± 6.01%; ADMA,
L-257, L-Arg: 91.30 ± 7.92%; ns; n = 7 – 14). In summary, our data indicate that in rat mesenteric
resistance arteries: i) ADMA attenuates NO-dependent vasorelaxation by reducing NO
bioavailability; ii) DDAH1 activity can limit the inhibitory effects of ADMA; iii) L-arginine rescues NOdependent vasorelaxation in the presence of ADMA and L-257, indicating a competitive inhibition.
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Introduction
Arachidonic acid (AA, 20 carbons w-6 PUFA) is a precursor of various vasoactive lipids. The
cytochrome P450 monooxygenases (CYP450) such as CYP450 2C and 2J isoenzymes, metabolize
AA to epoxyeicosatrienoic acids (EETs) through epoxygenation of any of its four double bounds.
Alternatively, AA is metabolized to prostacyclin, prostaglandins or thromboxane by
cyclooxygenases. The vascular effects of the later class of lipids is well understood. However,
despite over 30 year of research on EETs, their mode of action in the vascular system is still
incompletely understood.
Methods
Since all 60 isoforms of CYP450 enzymes depend on the cytochrome P450 reductase enzyme
(POR) for their function, we have generated an endothelial-cell-specific, tamoxifen-inducible
knockout mouse of POR (ecPOR-/-).
Results
Knockout of POR in endothelial cells resulted in impaired endothelium-dependent relaxation to
acetylcholine as determined by isometric tension recordings of isolated mouse aortic rings. Lipid
measurements revealed reduced aortic levels of EETs (lipidomics, LC/MS) but increased aortic
levels of prostanoids such as thromboxane and prostaglandins after endothelial-specific deletion of
POR. The sensitivity to the thromboxane receptor agonist U46619 and prostaglandin E2 (PGE 2),
was also increased by deletion of POR. Ex vivo incubation with a non-hydrolyzible EET (14,15-EE8(Z)-E, EEZE) reverted the increased sensitivity to U46619 in ecPOR-/- to the levels of control mice.
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EETs had no effect on vascular tone in phenylephrine-preconstricted vessels but dilated vessel
contracted with U46619 or PGE2. As U46619 acts through RhoA-dependent kinase, this system
was analyzed. Deletion of POR impacted gene expression of this pathway and inhibition of RhoGTPase with SAR407899 decreased the sensitivity to U46619.
Conclusion
These data suggest that EETs act as competitive antagonists of prostanoid receptors and that lack
of EET production sensitizes to vasoconstriction by the induction of the Rho kinase system.
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Introduction
Excess formation of reactive oxygen species by mitochondria may decrease nitric oxide
bioavailability and cause endothelial dysfunction. This study examined the influence of hypertension
and the mitochondria targeted antioxidant MitoQ on mitochondrial respiration, redox potential and
nitric oxide formation in rat primary endothelial cells isolated from skeletal muscle.
Methods
Limb skeletal muscle tissue from spontaneously hypertensive rats (SHR) and from Wistar control
rats (WRcon) was used for isolation of microvascular endothelial cells. The cells were used for
analysis of mitochondrial respiration, H2O2 and nitric oxide (NO) formation with high resolution
respirometry, glycolysis, and the content of related proteins was determined. Measurements were
conducted in control conditions and after 7 days of treatment of cells with MitoQ.
Results
The results reveal that, whereas mitochondrial respiration was similar in endothelial cells from SHR
and WRcon, mitochondrial ROS formation was 109% higher and NOX 2 protein levels were 97%
higher in SHR endothelial cells compared to WRcon cells (fig. 1). The expression of glutathione
peroxidase-1 was 52% lower in SHR than WRcon cells. Incubation of cells with MitoQ lowered ROS
formation in SHR cells, elevated the expression of superoxide dismutase and increased basal NO
formation (fig. 1).
Conclusion
The results reveal spontaneously hypertensive rats presented a higher mitochondrial ROS
formation. Furthermore it was demonstrated that redox balance and nitric oxide bioavailability is
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markedly improved by treatment of with MitoQ in primary microvascular endothelial cells from
skeletal muscle of spontaneously hypertensive rats.
Figure 1. Redox potential
including mitochondrial
H2O2 emission and nitric
oxide formation
(A) mitochondrial H2O2
emission in permeabilized
cells at LEAK respiration
in Complex I + II (n=8 for
CON and n=4 for MitoQ
treated cells for
spontaneously hypertensive
rats and Wistar control
rats), (B) NOX2-gp91
protein expression (n=8 in
each group), (C) Basal
nitric oxide formation in
intact cells (n=5 in each
group) for endothelial
cells from hypertensive
and normotensive rats with
and without MitoQ *
denotes significantly
different from CON,
p<0.05. # denotes
significantly different
from Wistar CON, effect of
hypertension, p<0.05. ###
denotes p<0.001. Data are
presented as mean ± SEM
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Introduction
Respiratory and vascular inflammation lead to airway/vessel wall remodeling including hyperplasia
and/or hypertrophy of smooth muscle cells. Azithromycin, a macrolide antibiotic, is used in low-dose,
long-term treatment of chronic respiratory and cardiovascular inflammatory diseases. The aim of the
present study was to investigate the effect of azithromycin on vessels, using both rabbit aortic SMC
primary cultures (cellular level) and rabbit aortic rings (tissue level).
Methods
Cells and tissues were incubated with azithromycin (1-10μM) in the presence and absence of 10%
FBS for 24-72 h. In cell cultures, the effect of azithromycin on autophagy was observed
microscopically, in the presence or absence of the autophagy inhibitor 3methyladenine (3MA, 5mM).
Cell viability was evaluated with Trypan blue staining. In aortic rings, the azithromycin (10μm) effect
was studied after tissue sectioning and with the use of Cresyl Violet and Toluidine Blue stains as
well as immunofluorescent localization of the autophagy markers Beclin and LC3.
Results
In vascular smooth muscle cell cultures, cell incubation for 24-72 h with azithromycin (1-10μΜ), in
the presence or absence of 10% FBS, reduces cell number and induces the appearance of
autophagic vacuoles (Fig. 1). The presence of 10μM AZM in the culture medium for 48h reduced
VSMC number from 150000±12760 to 109400±7439 (p<0.05) while its presence for 72h reduced
cell number from 154700±15390 to 39060±4688 (p<0.001; Fig. 1A). In the presence of 10% FBS,
VSMCs proliferated and the effect of AZM on their number became apparent as early as after 24
hours in culture (Fig. 1B). Indicatively, in the presence of 10% FBS, after 24h 10μM AZM reduced
cell number from 239100±19160 to 134400±28920 (p<0.001), after 48h from 360900±5337 to
243800±2552 (p<0.001) and after 72h from 435900±8606 to 315600±7439 (p<0.001; Fig. 1B). It is
worth noticing, that even in the presence of AZM for 72h, VSMCs maintained their capability to
proliferate in 10% FBS supplemented medium (p<0.001; Fig. 1B).
This effect was reversed by either azithromycin exclusion from the incubation medium or in the
presence of 3MA (5mM). Furthermore, incubation of aortic rings for 24h with azithromycin (0.1 οr
10μΜ) increased Beclin and LC3 immunoreactivity (Fig. 2) and promoted a wavy smooth muscle
appearance.
Conclusion
In conclusion azithromycin, induces autophagy in vascular smooth muscles both in the cellular and
the tissue level. The observed effect could demonstrate a positive way of azithromycin action beyond
its anti-microbial and anti-inflammatory properties.
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Contribution of hypertension to microvascular smooth muscle bioenergetics in rats
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Background
We know that macro- and microvascular dysfunction is present in people with essential
hypertension. Functional changes such as reduced nitric oxide availability occur in the vascular cells
and is most likely due to an inactivation by reactive oxygen species (ROS). The mitochondria have
been shown to be dysfunction in cardiovascular diseases, however, it is not known in which cell
type, or in which segment of the vascular tree the dysfunction is found in.
Aim
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To study the contribution of macro- and microvascular smooth muscle and endothelial cells on
cellular metabolism in normo- and hypertensive rats.
Methods
Procedures were approved by the Danish National Animal Experiments Inspectorate. All animals
received ad libitum tap water and standard chow. Microvascular cells were harvested from
microvasculature found in skeletal muscle biopsies, and macrovascular cells from larger conduit
vessels dissected from 13–14-week-old male normotensive Wistar rats and spontaneously
hypertensive rats. Once isolated and confluent, mitochondrial respiration and ROS production were
measured with high-resolution respirometry (O2k Oroboros) in isolated cells from normotensive (n=
4) and hypertensive (n= 3) male rats.
Results
The pilot study showed that there was no difference in respiration and ROS production between
microvascular cells and the larger, conduit vessels (aorta and femoral) in normo- and hypertensive
rats. In the microvascular smooth muscle cells, respiration was lower in the hypertensive rats
compared to the normotensive, this was significant in the following: Complex I (p<0.01), Complex I
+ II (at physiological and maximal concentration, both p<0.001), Complex V/ATP synthase
(p<0.001), with inhibition of Complex V and maximal respiration without Complex V (both p<0.001),
and after inhibition of Complex I and Complex III (p<0.001). However, no difference was found in
respiration between groups in the microvascular endothelial cells.
The ROS production in the microvascular smooth muscle cells was significantly higher in the
hypertensive rats, with the inhibition of Complex V (p<0.01). In the large, conduit vessels there was
a significantly higher ROS production in the hypertensive rats at Complex I (p<0.001).
Conclusion
According to the result of the pilot study, the microvascular smooth muscle cells seem to be
dysfunctional in hypertensive rats compared with normotensive rats.
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The retinal neurovascular unit (NVU) performs a crucial role in matching blood delivery to meet the
metabolic demands required of processing light signals for visual sensation. The NVU consists of
many cell types including those of the capillary vasculature (endothelium and pericytes), macroglia
(Müller glia and astrocytes), microglia and neurons (ganglion cells, bipolar cells, horizontal cells and
amacrine cells; Simo et al., 2014). However, the three-dimensional complexity of heterocellular
arrangements, certainly at the level of nanometre spatial resolution, remains to be fully
characterised. This is important to establish in order to gain a deeper understanding of the possible
mechanisms of neurovascular coupling and how these may be altered in diseases such as diabetic
retinopathy. In this study, therefore, we have employed serial block face-scanning electron
microscopy (SBF-SEM) and computational image reconstruction to obtain new information on the
three-dimensional nature of heterocellular arrangements of the murine NVU.
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Retinas were obtained from 3 month-old adult C57BL/6 mouse mice (killed by schedule 1
procedures), fixed, stained and embedded for analysis by SBF-SEM (Cocks et al., 2018). Up to 150
serial scanning electron microscopy images (70-100nm section depth; image pixel resolution of
6nm) of four individual capillaries in the superficial plexus were obtained (covering, in transverse
cross-section, capillary lengths of 12μm-18μm). Examination of the data in the x-, y- and z-planes
was performed with the use of semi‑automated computational segmentation of cell features of
interest, followed by 3D model reconstruction as required, using Micriscopy Image Browser(MIB
v2.1; http://mib.helsinki.fi/), Amira (http://www.fei.com/software/amira-3d-for-life-sciences/) and/or
Imaris (https://imaris.oxinst.com/) software. Upon 3D examination, a notable feature of retinal
capillaries was the extensive sheath-like coverage by singular pericytes intervoven closely in a
mesh-like manner with the basement membrane. Close approach of pericytes (<10nm) to the
underlying endothelial cells was evident particularly in the regular appearance of peg-and-socket
formations. Extremely thin processes of macroglia, especially Müller cells, typically made close
contact to the basement membrane and, occasionally, pericytes. They usually formed a cellular
barrier between the capillaries and neuronal cells of the NVU via a tortuous 3D arrangement albeit
distances separating each cell membrane featured could be < ~20nm total.
This study presents new data on the nanoscale spatial characteristics in x-, y- and z-planes of
hetrocellular and extracellular matrix components of the murine retinal NVU. This provides a
platform from which to better inform our understanding of the structure-function relationships
involved in the regulation of retinal neurovascular responses to physiological and
pathophysiological stimuli.
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Introduction
A well-known correlation between diet and disease is the relationship between fish consumption
and cardiovascular disease prevention. Fish are a great source of cardioprotective ω-3 PUFAs,
namely docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA). One of the effects of ω-3
PUFAs is their ability to evoke vascular relaxation and contribute to the maintenance of healthy
blood pressure and vascular function. While their exact mechanism of action is largely unknown,
many studies suggest that PUFAs may target specific ion channels in vasculature. Here we
demonstrate that relaxations produced by ω-3 PUFAs are Kv7 dependent. We also further
characterize the structural properties required to activate these channels.
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Methods
Adult male Wistar Kyoto rats were killed by an overdose of isoflurane followed by cervical dislocation
and 2 mm segments of aorta were dissected. Wire myography was used to examine the vasodilator
activity of various PUFAs. U46619, (TP receptor agonist) was used to elicit a sub-maximal
contraction (EC70-95%). Cumulative concentration response curves to PUFAs (100 nM-30 μM)
were generated and repeated in the presence of a non-selective Kv7 channel blocker, XE-991.
PUFAs were assessed to check the impact of the chain length, degree of saturation, head unit
charge and position of the first ω and Δ double bonds on the relaxation. Data was expressed as the
mean ± SEM and analysed using two-way ANOVA and Bonferroni post- hoc test (n≥5).
Results
The effects of PUFAs chain lengths were assessed by comparing relaxations to DHA (ω-3, 22:6),
EPA (ω-3, 20:5) and stearidonic acid (SDA, ω-3, 18:3), which showed no significant difference
between the compounds. Head unit charge was tested using DHA-gly (negative; ω-3, 22:6), DHAmethyl ester (neutral; ω-3, 22:6) and DHA-amine (positive; ω-3, 22:6). The charge is an important
property that allows PUFAs to act on the Kv7 channels as DHA-gly was able to cause a significantly
larger relaxation than DHA-methyl ester and DHA-amine. Monounsaturated FA, oleic acid (ω-9,
18:1), and a PUFA, SDA, were used to test the importance of FAs’ saturation level which showed
that they needed to be polyunsaturated to cause relaxation. Lastly, the effects of the position of the
first double bond at the ω and Δ positions were measured using docosapentaenoic acid (DPA; ω-3,
20:5) and ω-6 DPA (ω-6, 20:5), respectively. The results from these experiments indicated that the
position of the Δ double bond is one of the key features required for the relaxation within the aorta.
Conclusion
These results suggest that PUFAs cause relaxation of the aorta via Kv7 channels. Key structural
properties appear to contribute to the responses observed, including a polyunsaturated aliphatic
chain, negative head charge and position of the first Δ double bond. Future work will aim to confirm
the subtypes of the Kv7 channels on which PUFAs act within the aorta, well as their expression and
localisation within the tissue.
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Introduction
G protein-coupled receptors (GPCRs) are important regulators of pulmonary blood pressure. The
adenosine A2B receptor is a GPCR that can activate Gs, Gq/11, Gi and G12/13 and was found to be
upregulated in humans suffering from pulmonary hypertension (PH). In addition, adenosine levels
are elevated under hypoxic conditions and adenosine is known to be involved in the regulation of
vascular tone as well as smooth muscle cell growth, both pathophysiological characteristics of PH.
Therefore, we were interested in the role of adenosine/A2B signaling in pulmonary arteries.
Methods
The effect of adenosine, A2B receptor agonists and antagonists on tone regulation of mouse large
pulmonary arteries (PAs) was analyzed in isometric force measurements in a wire-myograph.
Because small intrapulmonary arteries determine pulmonary vascular resistance and are therefore
of pathophysiological relevance, we then also examined adenosine signaling in functional lung
slices.

868

Results
In isometric force measurements, preincubation of mouse PAs with adenosine or the A2B specific
agonist BAY 60-6583 (BAY) reduced a subsequent vascular tone increase by the vasoconstrictor
5-HT as demonstrated by a right shift of 5-HT dose response curves (EC50 Ade: -6.5 ± 0.02 (n=7)
vs EC50 DMSO: -7.0 ± 0.03 (n=7), p<0.001; EC50 BAY: -6.5 ± 0.05 (n=7) vs EC50 DMSO: -6.9 ±
0.05 (n=7), p<0.001 (Two-way ANOVA)). These effects could be abrogated by additional
preincubation with the A2B specific antagonist PSB-603 (PSB) (EC50 PSB+BAY: -6.5 ± 0.08 (n=7)
vs EC50 DMSO: -6.6 ± 0.02 (n=7), p>0.05 (Two-way ANOVA)). In addition, single dose application
of BAY after 5-HT-induced contraction caused a pronounced vasorelaxation in PAs (BAY: 21.0 ±
3.5% (n=8) vs DMSO: -0.6 ± 2.7% (n=8), p<0.001 (unpaired student’s t-test)). Similar to the results
in large PAs, adenosine caused a vasorelaxation in small intrapulmonary arteries of functional lung
slices that was even stronger when BAY was applied (Ade: 36.3 ± 2.8% (n=7) vs DMSO: 7.6 ± 2.5%
(n=10), p<0.01; BAY: 74.1 ± 10.4% (n=5) vs DMSO: 7.6 ± 2.5% (n=10), p<0.001 (One-way
ANOVA)). Moreover, our experiments demonstrate a dose-dependent effect in response to different
BAY concentrations (10-7M: 0.8 ± 2.8%, p>0.05; 10-6M: 12.1 ± 2.5%, p<0.01; 10-5M: 33.5 ± 3.5%,
p<0.001; 10-4M: 49.6 ± 2.6%, p<0.001 compared to solvent control (Two-way ANOVA)) in functional
lung slices.
Conclusion
These results reveal that adenosine and A2B agonists induce a prominent vasorelaxation in large
and small PAs. Further experiments are required to determine the underlying signaling pathway and
potential therapeutic effects of A2B activation in PH.
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Sphingosine-1-phosphate receptor 2 activates gastrointestinal smooth muscle cell
contraction via signaling pathways shared with prostaglandin E2
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Background & Motivation: Sphingosine-1-phosphate (S1P) signaling is involved in a plethora of
physiological processes like cell migration, differentiation and contraction. Synthetic S1P-analogues
are used as immunomodulators in multiple sclerosis and chronic inflammatory bowel disease. The
prodrug FTY720 induces contractions of isolated rat gastric fundus which are mediated via the S1Preceptor 2 (S1PR₂)[1]. The cell-type specific expression of this receptor and the mechanisms
underlying its activation are yet unknown.
The aim of this study was to elucidate the actions and cellular targets of intrinsically active S1Panalogue FTY720-P in isolated gastric fundus muscle from rats and mice.
Methods: Animals were anesthetized with ether (rats) or isoflurane (mice) and decapitated. Circular
smooth muscle strips were excised and transferred to organ baths for isometric force recording or
fixated for immunofluorescence staining. Following reference contractions evoked by high-K⁺,
FTY720-P induced effects and their modulation by preincubation with calcium channel blockers and
responses to receptor antagonists were studied and quantified as % of the initial high-K⁺-response.
Indomethacin was used to exclude possible interactions between endogenous prostaglandins and
FTY720-P.
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To investigate their localization, double stains were made with antibodies labeling the S1PR₂receptors and the cell-type specific markers c-kit (interstitial cells of Cajal, ICC), b-tubulin (neurons)
and Iba1 (macrophages).
Results: The contractile actions of FTY720 could be prevented by blocking its endogenous activation
by S1P-kinase using ABC294640. Exogenous application of FTY720-P induced similar
concentration dependent increases in muscle tone in rats and mice (rats: 10µmol/L: 16.3%±11.8%,
p<.001, n=25). Inhibiting the L-type calcium channels by nifedipine cancelled the FTY720-P effect
almost completely whereas inhibiting the S1PR₂ by 1µmol/L JTE013 lead to a decrease of the
FTY720-P effect (rat: 10µmol/L FTY720-P after JTE013: 5.6%±1,4%, p=.002, n=9). The application
of the stable prostaglandin-E2-analogue dmPGE2 lead to the annulment of FTY720-P effect:
10µmol/L FTY720-P after 5*10-10 mol/L dmPGE2: -1,7%±6,4%, p<.001, n=14. Immunofluorescence
of murine muscle strips revealed that S1PR₂ was expressed exclusively in smooth muscle cells
(SMC).
Discussion: S1PR₂-receptors are expressed in rodent gastric fundus SMC and may contribute to
the control gastric tone and filling. Both sphingosine- and prostaglandin pathways have been
described to inhibit potassium channels, thereby subsequently activating voltage-dependent
calcium channels [2–4]. We assume that this common pathway of both FTY720-P and
prostaglandins may give rise to interactions between the S1P and the prostaglandins on the level of
gastrointestinal motility.
References
[1]
Kraft M, Zettl UK, Noack T, Patejdl R. The sphingosine analog
fingolimod ( FTY 720) enhances tone and contractility of rat gastric fundus
smooth muscle. Neurogastroenterol Motil 30. Oktober 2018
[2]
Ren J., The actions of prostaglandin E2 on potassium currents in rat
tail artery vascular smooth muscle cells: regulation by protein kinase A and
protein kinase C. Journal of Pharmacology and Experimental Therapeutics, April
1996.
[3]
Coussin F, Scott RH, Nixon GF. Sphingosine 1-phosphate induces CREB
activation in rat cerebral artery via a protein kinase C-mediated inhibition of
voltage-gated K+ channels. Biochemical Pharmacology. November 2003;66(9):1861–
70.
[4]
Chang WT, Liu PY, Wu SN. Actions of FTY720 (Fingolimod), a Sphingosine1-Phosphate Receptor Modulator, on Delayed-Rectifier K+ Current and
Intermediate-Conductance Ca2+-Activated K+ Channel in Jurkat TLymphocytes. Molecules. 2. Oktober 2020;25(19):4525.
____________________________________________________________________________
B 07-22
Evaluation of in vitro activities of guanine based purines in rat uterus
M.G. Zizzo1,2, A. Cicio1, R. Serio1
1
University of Palermo, Biological, Chemical and Pharmaceutical Sciences and Technologies
(STEBICEF), Palermo, Italy
2
University of Palermo, ATen Center, palermo, Italy
Introduction: Recently, guanine-based purines have been shown to act not only as metabolic
agents, but also as extracellular signaling molecules in nervous and muscular preparations,
suggesting that guanine-based purines, as the well know adenine-based purinergic family, could
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play a role in the modulation of the smooth muscle contractility. The goal of this study was to
investigate the effects of guanine-based purines on spontaneous and pharmacologically –induced
uterine contractions and the possible mechanism(s) of action.
Methods: Uterine horns from virgin Wistar rats were dissected out and isometric force was
measured in vitro in strips of longitudinal myometrium. The effects of guanosine and guanine on the
spontaneous uterine contractions were observed. Then the guanine based purine response was
evaluated in uterine strips contracted by KCl (60mM) or oxytocin (5 nM).
Results: After establishing regular phasic contractions, cumulative application of guanosine (10 μM
-3 mM), significantly inhibited spontaneous uterine contractility. Guanine (10 μM -3 mM) had no
effects. The inhibitive effect of guanosine on the contraction of uterine smooth muscle in rats was
blocked by NBTI, nucleoside uptake inhibitor, but it was not influenced by adenosine based receptor
antagonist, by inhibitors of guanylate or adenylate cyclase or by potassium channel blockers.
Guanosine was able to inhibit the external calcium (Ca2+) influx-induced contraction, but it had no
effect on the contraction induced by high-KCl solution. In addition, Guanosine significantly reduced
the contraction induced by oxytocin, also in the absence of external Ca2+ entry.
Conclusions: Our data demonstrate a potent and consistent tocolytic effect of guanosine in rat
myometrium both on spontaneous and oxytocin-induced contractions subsequently to its
intracellular intake. Guanosine-inhibitory effects seem to involve the blockade of extracellular Ca2+
influx and modulation of intracellular Ca2+ release from the intracellular store. However, guanosine
does not interact with L-type voltage gated calcium channel. K+ channels or with cAMP or cGMP
pathways. Although further studies are needed to identify the intracellular mechanism/s activated by
guanosine, we feel that guanosine could be investigated as promising drug effective in the treatment
of uterine spasmodic disorders.
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Introduction
Coronary artery disease (CAD), the most common type of heart disease and the leading cause of
death in developed countries, is clinically manifested with established endothelial dysfunction (ED),
which presents one of the earliest symptoms underlying various cardiovascular diseases (CVDs). It
has been extensively reported that flow-mediated dilation (FMD) of the brachial artery in response
to post-occlusive reactive hyperemia, assessed with ultrasounds, is impaired in patients with CAD,
reflecting both local and systemic ED. Increased oxidative stress levels has been identified as a key
pathophysiological mechanism mediating the development of ED. Thus, this study aimed to assess
the effect of supplementation of cardiovascular protective and antioxidant nutrients (e.g.
polyunsaturated fatty acids (n-3 PUFA), selenium, vitamin E and lutein) in a form of functional food
on brachial artery FMD in patients with chronic stable CAD.
Methods
Thirty patients with diagnosed chronic stable CAD (9 women and 21 men) were instructed to eat
three hard boiled hen eggs per day during study protocol that lasted for 21 days (total of 63 eggs).
Subjects were divided in experimental NUTRI4 group (15 subjects) which consumed n-3
polyunsaturated fatty acids (n-3 PUFAs), selenium, vitamin E and lutein enriched hen eggs (1050
mg of n-3 PUFA/day, 0.06 mg of selenium/day, 3.29 mg of vitamin E/day, and 1.85 mg of lutein/per
day), and in control group (15 subjects) which consumed regular hen eggs produced on the same
farm (249 mg of n-3 PUFA per day, 0.05 mg of selenium/day, 1.79 mg of vitamin E/day, and 0.33
mg of lutein/per day). Brachial artery FMD (following 5-minute vascular occlusion) and nitroglycerin
(NTG) dilation (following 400 mcg of NTG sublingual administration) were assessed using
ultrasound and appropriate vascular probe (GE Healthcare Vivid iQ R2). Obtained images were
analyzed by Brachial Analyzer for Research v.6 software (Medical Imaging Applications, USA).
Results
Brachial artery FMD significantly increased in NUTRI4 group following respective dietary
intervention (FMD % of dilation before 6.84 ± 3.60 vs. after 9.14 ± 4.79, P=0.015), while it remained
unchanged in controls (FMD % of dilation before 9.67 ± 3.60 vs. after 9.89 ± 3.26, P=0.850). Brachial
artery NTG dilation did not significantly change in both NUTRI4 (NTG % of dilation before 13.70 ±
7.19 vs. after 12.38 ± 6.12, P=0.502) and Control group (NTG % of dilation before 14.42 ± 6.40 vs.
after 14.46 ± 5.95, P=0.985) following respective dietary protocol.
Conclusion
Supplementation of n-3 PUFA, selenium, vitamin E and lutein in a form of functional food improves
brachial artery FMD (endothelium dependent vasodilation), but not NTG dilation (endotheliumindependent) in chronic CAD patients, potentially by providing more favorable lipid and antioxidant
milieu.
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Uncovering the mechanisms responsible for intravenous paracetamol-induced
hypotension:NAPQI formation by the endothelial cells in the vascular wall
J. Dannesboe, J. Bastrup, T. A. Jepps, C. L. Hawkins
University of Copenhagen, Department of Biomedical Sciences, Copenhagen, Denmark
Introduction
Intravenous Acetaminophen (APAP) is used commonly in the intensive care unit or post-surgery for
its analgesic effect. Intravenous administration of APAP is well documented to cause severe
transient hypotension. The mechanism underlying these hemodynamic changes is still not clear, but
the APAP metabolite N-acetyl-p-benzoquinone-imine (NAPQI) can directly and indirectly activate
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voltage-gated Kv7 channels in vascular smooth muscle cells promoting a vasodilation. APAP
metabolism to NAPQI requires cytochrome p450 enzymes. These enzymes are abundant in the
liver, where oral APAP is metabolized, but are also present in the endothelial cells of the vascular
wall.
Methods
Human Coronary Artery Endothelial Cells (HCAEC) and HEK293 cells were treated APAP (0 – 50
mM) or APAP metabolites to see the effect on viability and thiol concentration levels. The formation
of APAP-adducts and cytochrome P450 expression and location was investigated by mass
spectrometry, immunocytochemistry and immunohistochemistry of HCAEC and rat mesenteric
arteries (rMA), respectively.
Results
APAP decreased HCAEC viability and thiol levels in a concentration dependent manner. The
cytochrome P450 inhibitor Ketoconazole partially rescued the drop in viability and thiol levels. When
cells are treated with NAPQI it decreases viability and thiol levels similarly to APAP and can partially
recover the thiol levels after 24 h. Immunocytochemistry and immunohistochemistry showed that
APAP-adducts are formed when treating HCAEC with APAP. Mass spectrometry revealed that
CYP20A1 was one of the only cytochrome P450 enzymes both expressed in rMA and HCAEC and
confirmed by immunocytochemistry and immunohistochemistry making it a strong potential
candidate for being involved in APAP metabolism.
Conclusion
The decreased thiol levels suggest that HCAECs can metabolize APAP to NAPQI. CYP20A1 is a
potential candidate endothelial P450 enzyme involved the metabolism of APAP. By improving our
understanding of the metabolism of IV APAP, we might be able to prevent the iatrogenic
hypotension.
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Gastroparesis is a burdensome disease characterized by impaired gastric emptying in absence of
a physical obstruction, which is most often caused by dysfunctional coordination of smooth muscle
cells (SMC) contraction due to loss of function of interstitial cells of Cajal and enteric nervous system.
Unfortunately, there is currently no treatment that can effectively restore gastric emptying.
We have recently demonstrated direct optogenetic stimulation of SMC using the unselective cation
channel Channelrhodopsin 2, allowing selective depolarization with high spatio-temporal resolution
and thereby control gastric contractility and motility.
Herein, we explore direct optogenetic stimulation of SMC with human Neuropsin (OPN5). Human
OPN5 is highly selective for Gq-proteins and can be activated by UV light (385 nm). We used a
transgenic mouse model expressing human OPN5 in fusion with eYFP controlled by the chicken-βactin-promotor. Macroscopic pictures of explanted stomachs showed clear eYFP signals in both
longitudinal and circular muscle layers. Immunohistochemistry staining of cryosections revealed
eYFP signals within smooth muscle actin positive SMC, which could not be found within enteric
neurons or ICC, therein proving that OPN5 expression is restricted to SMC in the stomach. After
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single cell dissociation, we found eYFP expression in 38 ± 4% (n = 4) of SMC. To prove the function
and characterize the efficiency, we performed isometric force measurements of antral smooth
muscle strips, comparing UV light effects with the responses to electrical field stimulation (EFS),
global depolarization by 60 mM K+ and muscarinic receptor activation by 10 µM Carbachol. UV light
(1.8 mW/mm2, 5 s) induced 1.5 ± 0.2 mN (N = 5, n = 20) corresponding to ~72% of the force induced
by electrical field stimulation and ~36% of the force induced by global depolarization with high K +.
Wiltype mice did not react to UV light but responded similarly to all other stimuli. When applying 1
µM TTX, a significant decrease was observed in EFS response (p = 0.0089, paired t-test, N = 2, n
= 8) but not in UV light mediated response, further proving direct stimulation of SMC. To evaluate
the role of electrical coupling via gap junctions for Gq-protein mediated activation spread within SMC
layers, we investigated the effects of 30 µM Carbenoxolone on UV light mediated activation. The
application of Carbenoxolone was abolishing the spontaneous activity of antral strips, which could
not be observed for UV light stimulation.
In conclusion, we were able to demonstrate OPN5 ability to facilitate antral contractions in mouse
stomachs by direct stimulation of SMC making it an exciting new option for optogenetic control of
smooth muscle contraction. Although ChR2 mediated membrane depolarization was able to
generate stronger contractions before, OPN5, being a human protein, is less likely to trigger immune
responses and therefore a possible candidate for future treatment of gastroparesis.
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Introduction
Post-translational modifications (PTMs), such as acetylation, have been shown to contribute to the
onset of various diseases, due to their ability to manipulate protein function, localization, and
signaling pathways. PTMs affect the dynamic integrity of the microtubule network, with acetylation
of the α-tubulin Lys40 site being linked to enhanced microtubule stabilization. Therefore, the aim of
this study was to assess α-tubulin acetylation in the hypertensive model, as it relates to spontaneous
hypertensive rat (SHR) vasorelaxation.
Methods
Vascular smooth muscle cells (VSMCs) were isolated from the mesenteric arteries of Wistar Kyoto
(WKY), SHR, and control rats. To mimic increased acetylation, control VSMCs were subsequently
treated with the histone deacetylase (HDAC)-6 inhibitor, tubacin. Isolated VSMCs were stained with
α-tubulin and acetylated tubulin antibodies.Acetylation of the vessels was assessed by using
Western Blot (WB) analysis to gauge acetylated tubulin and α-tubulin levels. Arteries were treated
with tubacin and the eNOS inhibitor, L-NAME, which prevents nitric oxide release from the
endothelium.
Results
Isolated VSMCs from SHR and WKY arteries showed an increase in the colocalization of acetylated
tubulin with α-tubulin (P=0.03). Similarly, tubacin-treated VSMCs indicated an increase in this
colocalization of acetylated tubulin (P=0.003). This was confirmed using WBs, to indicate an
increase in acetylation of tubacin-treated arteries (P=0.009). Using wire myography, we were able
to show that treatment of arteries with tubacin produced an endothelium-dependent bimodal effect
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on the isoprenaline relaxation. Tubacin enhanced the isoprenaline-mediated relaxation when the
endothelium was intact, but attenuated the relaxation in vessels treated with L-NAME (P<0.01).
Conclusion
HDAC-6 inhibitors, such as tubacin, are suggested as novel treatments for hypertension. Our
findings show that HDAC-6 inhibition can improve vasorelaxations when the endothelium is intact,
through a nitric oxide-dependent mechanism. Importantly, we also show that increased tubulin
acetylation in vascular smooth muscle might be a hallmark feature of hypertension, contributing to
reduced vasorelaxation in vascular beds with endothelial dysfunction. Thus, use of HDAC-6
inhibitors in humans with vascular disease needs to be carefully considered and monitored in future
studies.
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Introduction
The Na,K-ATPase is a known regulator of numerous cellular functions, including dynamic regulation
of ion concentrations and downstream signaling. Inhibition of the Na,K-ATPase with ouabain
potentiates vascular contraction and this has been suggested mediated via elevation of intracellular
Ca2+ and sensitization of contractile machinery to Ca2+ (1). The large conductance Ca2+-activated
K+-channels (BK) co-localize with the Na,K-ATPase and regulate vascular tone via membrane
potential control of Ca2+ influx (2). We aim here to examine a potential agonist-dependence procontractile action of ouabain, and an effect of simultaneous inhibition of both the Na,K-ATPase and
the BK channels.
Methods
Rat mesenteric small artery segments were used for assessment of isometric force development to
agonist stimulation with either thromboxane A2 analog, U46619, or methoxamine, Mtx. The effects
of preincubation with either 10 µM ouabain, or 100 nM iberiotoxin (IbTx), or both on the contractile
concentration-response curves were compared to matching time-controls with vessels from the
same rat. The concentration-response curves were fitted to a four-parameter, nonlinear regression
curves and derived parameters were compared with an extra sum-of-squares F test. Data are
presented as means ± standard error of the means and P < 0.05 were considered significant.
Results
Ouabain significantly potentiated agonist-induced contraction during U46619 stimulation (n=4; Fig.
1) but not Mtx stimulation (n=7; Fig. 2). Inhibition of the BK channels with IbTx potentiated
contraction in response to both U46619 (n=4) and Mtx stimulation (n=7). However, a combination
of IbTx and ouabain had an additive effect only for U46619 concentration-response curve, while for
Mtx-induced contraction, there was no difference between IbTx effect alone and in the presence of
both IbTx and ouabain.
Conclusion
The data suggest that micromolar ouabain potentiates agonist-induced contraction of small
mesenteric rat arteries in agonist-dependent manner, with no significant effect for Mtx contraction.
The ouabain-dependent potentiation of U46619-induced contraction is additive to the pro-contractile
action of the BK channel inhibition.
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Figure 1.
The additive potentiating
effect of both ouabain and
iberiotoxin (IbTx) on
U46619 concentrationresponse curve. The
simultaneous recording of
active wall tension changes
(n=4). Mesenteric small
arteries from the same rat
were incubated with either
10 µM ouabain, or 100nM
IbTx, or both, and compared
to time-control. The curves
were compared with an extra
sum-of-squares F test and
significant difference
between time-control and
ouabain (P<0.05), or IbTx
(P<0.001), or both
(P<0.001) was found.

876

Figure 2.
Iberiotoxin (IbTx), but not
ouabain, potentiated
mesenteric artery
contraction to methoxamine
(n=7). The simultaneous
recording of active wall
tension changes of arteries
from the same rat,
incubated with either 10 µM
ouabain, or 100nM IbTx, or
both. The curves were
compared with an extra sumof-squares F test and
significant difference
between time-control and
IbTx (P<0.001), or both
(P<0.001) was found.
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Since its discovery, the potent vasoconstrictor peptide, endothelin-1 (ET-1) has been the subject of
much research regarding its roles in various pathologies. Remarkably, there are still significant gaps
in our knowledge regarding the mechanisms of storage and release of ET-1. Isolated rat pulmonary,
mesenteric and coronary arteries were mounted in a wire myograph to record tension, and the same
arteries were fixed and processed for en face immunohistochemistry. We show that in these arteries,
basal expression of ET-1 in endothelial cells (ECs) is low; in mesenteric arteries, the percentage of
ECs expressing ET-1 in arteries is 5 ± 2 % (n = 8), in pulmonary 7 ± 3 % (n = 9) and in coronary 19
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± 7 % (n = 8). Importantly, the formation and release of ET-1 in mesenteric arteries could be rapidly
stimulated by the PAR1 thrombin receptor agonist TFLLR (5 µM), such that 29 ± 8 % of cells (n = 9)
expressed ET-1 within 5 mins (p = 0.033, one way ANOVA with multiple comparisons using Tukey
correction). To assess any paracrine actions, the subsequent release of ET-1 was assessed against
TFLLR-mediated tone. The non-selective ET receptor antagonist bosentan (blocks both ETA and
ETB receptors, 10 µM) reduced contraction to TFLLR such that at 10 and 20 mins incubation, it
reduced from 6.9 ± 0.3 and 5.9 ± 0.3 mN/mm to 5.2 ± 0.5 and 4.3 ± 0.5 mN/mm, respectively (p =
0.0232 and p = 0.0195 respectively, two way ANOVA with multiple comparisons using Šidák
correction). Nitric oxide (NO) is thought to inhibit ET-1 expression, yet L-NAME, a NO synthase
inhibitor (100 µM), did not alter vasoconstriction to TFLLR (p > 0.05, mixed-effects analysis with
multiple comparisons using Šidák correction). TFLLR enhancement of ET-1 expression was not
observed in either the pulmonary or coronary arteries. The ability of thrombin receptor stimulation
to increase expression and release of ET-1 in some but not all arteries is an important consideration
in identifying the mechanisms operating in health and disease, and is the subject of ongoing
investigation.
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Introduction
Paracetamol is a widely used pharmacological agent as an analgesic and antipyretic. The
effectiveness of paracetamol, which is also widely used in urinary system diseases, on bladder
contraction is unknown. The aim of this study was to investigate the effects of paracetamol on
contractile activity of the isolated urinary bladder smooth muscle.
Methods
In the study Wistar-albino intact female rats were used (n=7). Urinary bladder strips (2 mm× 10 mm)
were mounted in 5 mL organ baths containing with krebs solution at 37°C and pH 7.4, constantly
bubbled with 95% oxygen-5% carbon dioxide. The area under the curves (AUC) and peak to peak
(p-p) of isometric contractions of strips were measured. After the regulation period, paracetamol was
added non-cumulatively at 1000μM and 2000μM concentrations. The AUC and p-p values were
standardized as a % change before and after the application. The data was statistically analyzed
using the SPSS 22.0 program with paired t test.
Results
Paracetamol caused a statistically significant decrease in the AUC and p-p values of spontaneous
bladder contractions at 1000 µM and 2000 µM doses (p<0.05).
Conclusion
The results indicated that paracetamol had a significant inhibitory effect on urinary bladder smooth
muscle contractions in vitro. This effect of paracetamol should be considered when used in clinical
conditions where bladder contractile activity changes (overactive bladder, neurogenic bladder, etc.).
This study may be a guide for its use in the treatment of bladder pathology in the future.
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Introduction
Salt-inducible kinase 3 (SIK3) is one of three members of a family of kinases related to AMPK.
These kinases regulate several metabolic and proliferative pathways (1). Correlation analyses have
show that SIK3 is positively correlated with smooth muscle specific genes and that SIK3 is the
isoform with highest expression in smooth muscle. The most well-known substrates of SIKs are
class II histone deacetylases (HDAC) and cAMP-regulated transcriptional coactivators
(CRTC). SIKs regulate the subcellular localization of these substrates by promoting cytoplasmic
retention. Class II HDACs act on myocyte enhancer factor 2 (MEF2) in the nucleus and inhibits the
transcription of genes (2). We propose that SIK3 can modulate the phenotype of smooth muscle
cells by indirect regulation (derepression) of MEF2, which induces smooth muscle genes.
Methods
Human coronary artery smooth muscle cells (HCASMC) were transduced with ad-CMV-null, MEF2A, or -SIK3. First we assessed if SIK3 overexpression induced smooth muscle specific genes.
Then, an RNAseq was performed to assess the overlap in expression between SIK3 and MEF2A.
A SIK inhibitor (HG 9-91-01) as well as a virus overexpressing a SIK3-mutand which lacks kinase
activity was used to investigate the if gene expression is dependent on the kinase activity. We
assessed mRNA and protein expression using western blot and qPCR respectively.
Results
We found that SIK3 upregulated a set of smooth muscle specific genes and that SIK3 and MEF2
showed a significant overlap of genes that were regulated in a similar manner, suggesting that MEF2
is involved in SIK3-mediated gene regulation. To study if the effects of SIK3 are mediated via
phosphorylation of HDACs, we inhibited SIK by HG 9-91-01. However, we did not find a
signifcant reduction in pHDAC or total HDAC7. When assessing the effect of the SIK3-kinase dead
mutant, most of the genes that we studied did not seem to be dependent on the kinase activity.
Conclusion
We conclude that both SIK3 and MEF2A can regulate genes involved in the contractile phenotype
of vascular smooth muscle, however, we cannot confirm a direct regulation through class II HDACs.
Further studies are needed to shed light on the regulatory pathways of SIK3 in vascular smooth
muscle cells.
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Anthracyclines are a class of anticancer agents widely employed in the treatment of solid organ
tumours and haematological malignancies, with doxorubicin (DOX) considered most efficacious (1).
While extensive research has highlighted DOX-induced cardiotoxicity, insight into vascular toxicity
remains more elusive. Recent evidence suggests anthracyclines can mediate endothelial
dysfunction and arterial stiffening, both during and after treatment (2, 3). Doxorubicin was recently
shown to reduce phenylephrine mediated contraction, induce ex-vivo vascular stiffness, and impair
endothelium-dependent relaxation (4). Hence, further insight into the changes in vascular function
mediated by DOX is important as the vasculature is the primary tissue exposed to its toxic effects
culminating in progressive vascular dysfunction, an antecedent to the development of future
cardiovascular disease.
Methods
Briefly, male Wistar animals were culled, and mesenteric arteries removed for use on a WireMyograph following culture at 16°C in PSS (48h) and treatment with 1 µM DOX (24 h). 2nd order
vessels were mounted from Wistar animals and held at a tension equivalent to a pressure of 90
mmHg.
Results
Contractile responses to Angiotensin II were reduced compared to untreated vessels (p<0.01) and
restored in vessels co-treated with CDDO-me. Contractile responses in DOX treated vessels to
cumulative concentrations of phenylephrine, UTP and endothelin I were attenuated and rescued by
DOX/CDDO-me co-treatments. Dilatation by P1075, a potent KATP channel activator expressed as
percentage of peak constrictor remained unchanged in DOX and DOX/CDDO-me cotreatments. Contractile desensitization was assessed for UTP using 5 min pulse of EC 50
concentration of UTP, 5 mins washout, desensitising maximal concentration for 5 mins, wash and a
final re-application of EC50 concentration of UTP for 5 mins. Desensitization was expressed by
measuring the second response as a percentage of the first, a lower percentage representing more
desensitization (REC50(2)/REC50(1)). Both, DOX (p<0.01 vs. untreated) and DOX/CDDO-me
(p<0.01 vs. untreated) abrogated contractile desensitization. All data from 24 vessels from 4 animals
were compared using one-way ANOVA (with Bonferroni’s post-hoc test).
Conclusions
The results demonstrate that DOX attenuates contractile response and desensitization, with
DOX/CDDO-me mediating contractile recovery in response to agents of known vasoconstriction and
abrogated desensitization. Additionally, neither DOX nor DOX/CDDO-me mediated relaxation of
tone, suggesting the effects of DOX at least in part for vasodilation may be driven through
mechanisms other than those governed by potassium channels. These data are indicative that the
deviation in vascular tone observed may be driven through the well cited pro-oxidant activity of DOX
and the potential effect the potent activator of the NRF2 antioxidant pathway, CDDO may have in
mediating recovery of vascular function.
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Introduction
The vascular response to vasoconstrictors, dilators and pharmacological modulators is not
equivalent in all vascular beds [4]. Smooth muscle cells (SMCs) are distinguished by their ion
channels and receptors, which play an important role in regulating blood flow and vessel diameter
[1,5]. Ion channels and receptors play a key role in the physiological function of arteries [3], but their
expression profiles remain unclear [2]. This study aimed to assess the hypothesis that the
expression profiles of ion channels and receptors differ according to the vascular bed. To specifically
address this in a model system, the contractile response to uridine-5′-triphosphate (UTP) was
investigated in arteries of various diameters in the rat mesentery.
Methods
Thoracic and abdominal aortic, 1st and 2nd order pulmonary and 1st to 4th order mesenteric arteries
were dissected from Wistar rats. The vessels were used to perform deep RNA sequencing (nextgeneration sequencing) to determine gene expression profiles. A bioinformatics approach was then
used to analyse the functional interactions. To confirm altered expression profiles, the effect of UTP
on vessel tension was tested using a wire myograph.
Results
16814 differences in gene expression were identified between the vascular beds. The heat map
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revealed patterns of differential expression, while distance matrices indicated patterns of
expression. In a principal component analysis plot, the first and second components for gene counts
explained approximately 54 % of the total variance. The gene networks created from protein-protein
interaction data presented biological processes that are affected by specific variations in gene
expression. Furthermore, the concentration responses for UTP in different orders of arteries
illustrated substantial differences in artery sensitivity based on the size of the vessels, which is
confirmed by transcriptomics changes in P2X and P2Y receptors.
Conclusion
Our study demonstrated the physiological heterogeneity of vascular tissues between arterial beds,
as reflected by our transcriptomic analysis. This finding may have significant implications for
developing new treatments for vascular diseases. The study also established that arteries have a
heterogeneous contractile phenotype throughout the vascular bed and that properties vary with
artery size.
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Introduction
Venous Pulse Wave Velocity (vPWV) has been recently reconsidered as a possible marker of total
blood volume changes thanks to the development of a non-invasive methodology adequate for
human applications (1–3). However, unlike arteries, no reliable Pulse Waves (PWs) are present in
the venous flow, making their exogenous generation necessary (e.g., by a rapid compression of the
limb extremity). However, the PWV is generally dependent also on the magnitude of the perturbation
and, more precisely, on the ratio among the local increment of pressure and volume (i.e., dP/dV),
as theoretically stated by the Bramwell-Hill equation (4). Aim of this study is to experimentally
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investigate the influence exerted by the magnitude of the elicited venous PW on the vPWV
measurement, as a possible confounding factor.
Methods
vPWV was measured on the upper limb of 9 healthy volunteers (5M, age 22-32 yrs.) while they were
lying supine, after 15 minutes of rest. Three different compression levels (100, 200, 300 mmHg of
1-s duration), in a randomized order, were delivered at the wrist by means of a pneumatic cuff. Eight
compressions were delivered 15-s apart for each level. The passage of PW was proximally detected
at the level of the basilic vein by Doppler ultrasound and vPWV computed as cuff to US-probe
distance, divided by the pulse transit time (see Figure 1). The peak frequency of the Doppler shift
was used as an indication of the vPW amplitude.
Results
Overall, the compression level did not have a significant effect on vPWV (p=0.06), as assessed by
a Repeated Measures ANOVA (RM-ANOVA), while it did have on the peak frequency of the Doppler
shift (p<0.01). However, increasing the compression extent from 100 to 300 mmHg induced an
increase in vPWV of 9 ± 8 % (p<0.05, RM-ANOVA with Bonferroni adjustment for multiple
comparisons) accompanied by an increase in the peak frequency of the Doppler shift of 52 ± 29 %
(p<0.01, RM-ANOVA with Bonferroni adjustment for multiple comparisons). A visual representation
of the whole results is given in Figure 2. Finally, the average Pearson correlation coefficient
(computed after proper Fisher z-transformation) between vPWV and peak frequency values of each
generated PW was 0.60 ± 0.41 (p<0.01, Wilcoxon signed-rank test).
Conclusion
In accordance with the Bramwell-Hill equation, we showed that the magnitude of the exogenously
generated venous PWs, varied across a wide range, significantly affects their propagation velocity,
although the observed changes in vPWV were on average moderate. The results suggest that the
delivery of the compressive stimulus should be carefully implemented and monitored. Further
studies are needed to elucidate whether monitoring the frequency peak of the Doppler shift can help
to control for this confounding factor while measuring vPWV.
Figure 1
Experimental set-up for
venous Pulse Wave Velocity
(vPWV) measurement, which
is computed as the ratio
among the PW travelled
distance (Δx) and the PW
transit time (Δt). Further
details are available
elsewhere (1,2).
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Figure 2
A) Distributions of the
average venous Pulse Wave
Velocity (vPWV) values for
three different Cuff
Pressure levels.
B) Distributions of the
average Peak frequency of
the Doppler shift values,
related to the elicited
Pulse Wave, for three
different Cuff Pressure
levels. The horizontal line
within the colored boxes
represents the median,
while the vertical black
bars represent the lower
and upper quartiles.
Asterisks indicate
statistically significant
differences, assessed by
Repeated Measures ANOVA
with Bonferroni adjustment
for multiple comparisons:
*p<0.05, **p<0.01.
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Introduction
Salt sensitivity, the propensity to respond with significant changes in blood pressure in response to
dietary salt change, has been reported among NT and HT Nigerians. 1 Regardless of blood pressure
status, salt sensitivity worsens mortality especially among blacks. 2 Exposure to HAART has been
reported to increase blood pressure after 5 years.3 This study was designed to determine the effect
of exposure to highly active antiretroviral therapy (HAART) on salt sensitivity among normotensive
(NT) and hypertensive (HT) HIV patients in a tertiary hospital in Lagos.
Methods
Ethical approval was obtained from Lagos State University Teaching Hospital, Ikeja. Forty-four
participants who had been on HAART for at least 6 months were recruited and divided equally into
Group I (NT) and Group II (HT) after giving informed consent. All experiments were performed in
accordance with the Helsinki Declaration. After measuring baseline parameters, blood pressure
(BP), plasma and urine electrolytes were measured. Salt taste threshold (STT) was thereafter
determined by having participants taste increasing concentrations (15 mmol/L to105 mmol/L) of
freshly prepared NaCl solution; they were blinded to the identity and concentration of the
preparations. Participants were divided into Low Salt Taster (LST), if their taste threshold was
<60mmol/L and High Salt Tasters (HST) if >60mmol/L. 4 Statistical analysis was carried out using
unpaired Student t test and two-way Analysis of variance (ANOVA) followed by Tukey’s post-hoc
test. Statistical significance was accepted at P < 0.05 level.
Results
Low Salt Tasters were higher among NT (73%) vs 46% among HT while High Salt Tasters were
more among HST (55%) vs 27% among NT. The SBP and DBP in hypertensive LST were
significantly higher (P<0.0001) compared to normotensive LST. Similarly, SBP and DBP were higher
among hypertensive HST (P<0.0003) than normotensive HST. Plasma and urine sodium
concentration in NT and HT LST and HST were not significantly different. Irrespective of duration,
mean SBP and DBP among HT participants were significantly higher (P< 0.003; P<0.0012) than
that of NT participants. Among both groups, SBP and DBP increased significantly from the 4-6y of
exposure to HAART followed by a significant dip (P<0.05) in SBP and DBP at 7-9y duration HT,
followed by further increase with increased duration. However, among the NT, DBP reduced
significantly at 13-15y of exposure followed by a very significant increase in those with >15y of
exposure. Plasma and urine electrolytes for NT and HT HIV participants were similar and within
normal ranges throughout the different durations of HAART use.
Conclusion
The effect of HAART on blood pressure was significant from 4-6y of exposure although duration of
exposure did not seem to affect salt sensitivity among the participants.
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Introduction
We investigated the vasodilatory effect of omarigliptin, an oral antidiabetic drug in the dipeptidyl
peptidase-4 inhibitor class, and its related mechanisms using phenylephrine (Phe)-induced precontracted aortic rings.
Methods
Arterial tone measurement was performed in aortic smooth muscle cells.
Results
Omarigliptin dilated aortic rings pre-constricted with Phe in a dose-dependent manner. Pretreatment
with the voltage-dependent K+ channel inhibitor 4-aminopyridine significantly attenuated the
vasodilatory effect of omarigliptin, whereas pretreatment with the inwardly rectifying K+ channel
inhibitor Ba2+, ATP-sensitive K+ channel inhibitor glibenclamide, and large-conductance Ca2+activated K+ channel inhibitor paxilline did not alter its vasodilation. Pretreatment with the
sarco/endoplasmic reticulum Ca2+-ATPase (SERCA) pump inhibitors thapsigargin and
cyclopiazonic acid significantly reduced the vasodilatory effect of omarigliptin. Neither cAMP/PKArelated signaling pathway inhibitors nor cGMP/PKG-related signaling pathway inhibitors modulated
the vasodilatory effect of omarigliptin. Removal of endothelium did not diminish the vasodilatory
effect of omarigliptin. Furthermore, pretreatment with the nitric oxide synthase inhibitor L-NAME or
small-conductance Ca2+-activated K+ channelinhibitor apamin, together with the intermediateconductance Ca2+-activated K+ channel inhibitor TRAM-34, did not influence the vasodilatory effect
of omarigliptin.
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Conclusion
Omarigliptin induced vasodilation in rabbit aortic smooth muscle by activating voltage-dependent K+
channels and the SERCA pump independently of other K+ channels, cAMP/PKA- and cGMP/PKGrelated signaling pathways, and the endothelium.
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Atherosclerotic cardiovascular disease is the leading cause of mortality worldwide in spite of
progress in risk factors prevention and in medical treatments. A major reason for this trend is the
ongoing epidemic of obesity-induced insulin resistance and type 2 diabetes (T2DM). T2DM is
associated with an increased prevalence of vascular disease, with more aggressive forms of disease
and worse outcomes after revascularization. Under T2DM conditions, chronic inflammatory
signaling in the vasculature sustains endothelial dysfunction, leukocyte infiltration, and a prothrombotic environment. This low-grade metabolic inflammation appears to be triggered by the
recruitment and activation of macrophages, which upon metabolic dysfunction switch to a metabolicdisease-specific phenotype (MMe) different from the classical M1 phenotype observed during
infection (1).
We have previously found that Kv1.3 blockers inhibit smooth muscle cell proliferation, representing
a novel target against restenosis. Moreover, systemic application of Kv1.3 blockers also ameliorates
metabolic dysfunction in a T2DM mice model (2), acting on other yet unidentified cells different from
vascular smooth muscle. In light of the importance of the macrophage in the pathogenesis of
atherosclerosis in diabetes, we propose to explore the functional changes in macrophages
metabolic phenotype (MMe), which could contribute to the increasing risk of vascular complications
in T2DM, with a focus on ion channel remodeling upon metabolic dysfunction.
To generate a model with metabolic syndrome and T2DM, hypertensive (BPH) mice were fed on a
high fat diet (HFD) for 12 weeks. Mice were anesthetized by isoflurane inhalation (5% O2 at 2.5
Lmin-1) and sacrificed by cervical dislocation following the EC guiding principles regarding the care
and use of animals (Directive 2010/63/UE). We used bone marrow derived macrophages (BMDM)
isolated both from male and female mice to evaluate possible gender-related differences, both under
control and HFD conditions. We measured the mRNA expression levels of common macrophages
markers (TNFα, IL10, CD36, iNOS). We characterized the expression profile of ion channels (Kv1.3,
Kv1.5, Kir2.1, KCa3.1, P2RX1, P2RX1) and their functional contribution by electrophysiological
studies, using kinetic and pharmacological tools to dissect the components of the currents.
A larger population of BMDM from HFD mice expressed CD36 marker, indicating a phenotypic
change towards a metabolic phenotype. We found gender-related differences in ion channel
expression. Compared to male, female BMDM from HFD mice showed changes in the relative
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contribution of Kv1.3 and KCa3.1 to outward K+ currents. Also, a decreased amplitude of the P2X1
component in female BMDM was observed both in control and in HFD.
Altogether, these changes in ion channel profile could contribute to define the metabolic-specific
phenotype of macrophages that associates with the increase vascular risk in T2DM.
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Introduction
Arterial stiffness is an independent predictor of all-cause and cardiovascular mortality in many
populations. Our recent research showed that loss of aggrecan integrity associates with age-related
arterial stiffening in humans1, and others have shown that inhibition of ADAMTS or aggrecanase
enzymes, known to degrade aggrecan protein, improves cardiac function in an aortic banding rat
model of heart failure2.
Currently, there are no drug treatments that specifically target arterial stiffening in humans. However,
we hypothesise that the ADAMTS inhibitor, Pentosan Polysulfate (PPS), used for treating interstitial
cystitis in humans (Elmiron; oral capsule) and osteoarthritis in a veterinary setting (Cartrophen;
injectable solution), represents an attractive candidate molecule that can be repurposed as a firstin-class drug treatment for age-related arterial stiffening.
Methods
To test this we performed an in vivo pharmacological experiment using 15wk old spontaneous
hypertensive male rats (SHR) that were administered either PPS or vehicle control (n=7 per group)
subcutaneously 3 times per week for 4 weeks. Animals were sacrificed on day 28, and fully intact
aortae including other tissues (blood, cartilage, brain, etc.) were harvested and fixed in either
RNALater or formaldehyde or frozen and stored at -80C for further investigations. Arterial wall
thickness, stress-strain and failures stress biomechanical measurement were recorded, and tensile
elasticity was calculated ex vivo as young’s elastic modulus.
Results
Preliminary analysis showed that PPS significantly reduced the aortic wall thickening normally
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associated with arterial stiffening in hypertension (Vehicle 225±6µm vs 204±6µm, p=0.0143). PPS
also decreased aortic stiffening significantly at supraphysiological pressures in treated rats, and
treated rats had a higher failure stress relative to vehicle controls.
Conclusion
This proof-of-principle study demonstrated that an aggrecanase inhibitor pentosan polysulfate can
modulate aortic stiffness markers in SHR rats, but the short treatment period may not be adequate
to reveal clinically significant differences. Further longitudinal studies are therefore, needed to
establish if longer exposure to PPS can reduce aortic stiffness at clinically significant levels in older
animals.
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Introduction
Increased vascular permeability is a surrogate marker for the development of atherosclerotic
lesions. During the progression of atherosclerosis, the expression of several cytokines, including
interferon gamma (IFN-γ), is upregulated. The role of IFN-γ in the development and progression of
atherosclerosis is a matter of debate due to evidence for both pro- and anti-atherogenic actions.
While endothelial cell (EC) activation and loss of endothelial integrity is one of the major factors
contributing to the progression of atherosclerosis, little is known about the effects of IFN-γ on EC
barrier function and related signaling.
Methods
The study was carried out using cultured human umbilical vein ECs. Endothelial barrier function was
determined by measuring the flux of albumen through EC monolayers cultured on filter membranes.
Gene expression was measured by qPCR-based assays. Actin cytoskeleton remodeling was
analyzed immunocytochemistry.
Results
Chronic treatment of confluent EC monolayers with IFN-γ (10 ng/mL) for 48 h attenuated thrombininduced EC hyperpermeability, actin cytoskeleton remodeling, and loss of cell-cell junctions (n=5;
p<0.05 for all further parameters). Thrombin induced a robust activation of RhoA, Rho kinase, and
phosphorylation of myosin light chain (MLC; a marker of EC contractile activation), responses that
were significantly attenuated by pre-treatment of EC monolayers with IFN-γ. Likewise, adhesion of
freshly isolated human monocytes was significantly reduced on EC monolayers pre-treated with
IFN-γ. When ECs were primed towards the classical IFN-γ/stat1 signaling pathway by short-term
pre-treatment with PDGF (10 ng/mL; 3 h), all IFN-γ-mediated protective effects on endothelial barrier
function, contractile activation, and cell-cell junction formation were surprisingly lost. In addition,
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IFN-γ transformed the PDGF-primed endothelial monolayers into the inflammatory state, resulting
in increased adhesion of non-activated monocytes.
Conclusion
The present study demonstrates that the effects of IFN-γ on EC monolayers depend on the basal
state of the ECs. In non-primed ECs, IFN-γ exerts EC barrier-protective effects, whereas in ECs
primed for the classical pathway, IFN-γ has barrier-disruptive and pro-inflammatory effects.
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Introduction
The roles of RNA in epigenetics are numerous and important. Understanding the mechanisms by
which RNA affects the epigenome is of great importance for physiology, basic research and RNA
therapeutics alike1. One such mechanism is the formation of RNA:DNA:DNA triple helical structures
at genomic regulatory elements, and subsequent modulation of gene expression and other
epigenetic processes giving rise to downstream physiological consequences. Prediction of
RNA:DNA:DNA interactions has previously relied on base-pairing rules established in artificial cell
free, aqueous systems. However, novel sequencing methodologies capturing RNA-DNA
interactions in a genome-wide manner provide input for improved predictive models.
Hypothesis
We hypothesised that by using triplexDNA-sequencing and triplexRNA-sequencing2 as input to
machine learning algorithms, the rules governing the formation of RNA:DNA:DNA triple helices
could be learned and applied in the prediction of physiologically relevant RNA-DNA interactions.
Methods
Sequences underpinning triple helix formation in DNA and RNA were identified from sequencing
data. These were used as input to an expectation-maximisation algorithm, which returned multiple
probabilistic models linking DNA and RNA nucleotides. These models were then applied in a local
alignment tool, TriplexAligner.
Results
TriplexAligner outperformed previously published predictive tools in accurate recall of genome-wide
RNA-DNA interactions identified by either RADICL-sequencing3 or RedC4. In particular,
TriplexAligner performed best in prediction of trans RNA-DNA interactions. Using TriplexAligner,
published RNA:DNA:DNA triple helix interactions with physiological consequences could also be
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predicted. Amongst these were interactions involving the non-coding transcripts HOTAIR, NEAT1,
and SARRAH5. Alignments arising from the novel models were validated biophysically using circular
dichroism spectroscopy, electrophoretic mobility shift assays, and melting analysis.
Conclusion
RNA:DNA:DNA triple helix formation in cellular contexts is more complex than canonical methods
suggested. Predictive models learned from genome-wide sequencing data predict RNA-DNA
interactions more accurately than previous methods. This is of vital importance to the elucidation of
RNA regulatory mechanisms responsible for changes in molecular physiology, as well as screening
of potential RNA therapeutics.
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Introduction
Recent research and developments in the field of functional imaging indicate it to be an useful path
for relevant exploration of vascular physiology and pathophysiology [1]. Multi-spectral optoacoustic
tomography (MSOT)offers an interesting potential for real-time assessment of in vivo vascular
function. Following previous studies[2,3] we studied the vascular effects of a Post-Occlusive
Reactive Hyperemia (PORH) maneuver in the forearm of healthy women of different ages using
MSOT.
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Methods
This exploratory study selected six healthy women divided by age in group I (GI),26.5 ± 5.0 years
old and group II (GII), 49.0 ± 6.3 years old, after informed written consent. The protocol was
previously approved by the institutional ethical committee (CE.ECTS/P10.21). The PORH was
obtained in one forearm after occlusion of the brachial artery (the same side) with a cuff inflated
(200 mmHg) for 1 minute. Recordings were obtained with an MSOT instrument (iThera Medical,
Germany) at 900 nm for HbO2, and 760nm for Hb The signal evolution of these chromophores was
followed continuously during rest, occlusion, and post-occlusion until full recovery. Statistical
analysis was performed in Graphpad Prism version 9 and a 5% significance level was applied.
Results
MSOT videos were reconstructed to quantify HbO2 and Hb within our defined 15mm3 volume
regions of interest (ROI). From these, the mean saturation of oxygen (mSO 2) and total Hb (HbT)
could be calculated. Unlike the classical POHR decay obtained with laser Doppler flowmetry usinga
single measurement point, occlusion evokes chromophore increase in larger vessels due to stasis.
After pressure release, perfusion is resumed and velocity and recovery times calculated. Our results
indicate that both recovery and reoxygenation times are longer in the older participants.
Conclusion
MSOT offers a different functional approach to vascular study. The depth and extension (spatial
resolution) obtained with this instrument contrasts with the limited single-point measurements
provided by laser Doppler flowmetry or by photopletysmography. As shown with this exploratory
PORH maneuver, this possibility to test vascular performance and involved adaptive mechanisms
in real-time opens a wide area of applications with clinical interest that should be explored.
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Introduction
With age, arterial functionality changes, including increased vasoconstriction and decreased
vasorelaxation, affecting blood flow and organ function, leading to cardiovascular disease. The agerelated decrease in endothelium-dependent vasodilation is not necessarily associated with structural
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changes in the arterial wall. NO is the primary dilatation mediator in many vascular beds, such as
mesentery and kidney.
The role of the endothelial compartment has been widely investigated, whereas knowledge about
NO-induced signalling in aged vascular smooth muscle cells (VSMC) is still very limited.
Methods
We analysed the vessel function of mesenteric arteries of juvenile (~13 weeks) and aged (~40
weeks) male mice (C57BL/6) with a wire myograph. A direct cGMP ELISA kit was used to measure
the cGMP concentration in isolated mesenteric arteries. mRNA expression of sGC subunits and
PDE isoforms were analysed by qPCR. Van Gieson staining was used to compare arterial dimension
of juvenile and aged aorta and mesenteric arteries.
Results
Aged vessels in comparison to juvenile vessels showed a reduced Acetylcholine (Ach)-induced
relaxation. Bolus application of vasorelaxans such as NO donor sodium nitroprusside (SNP) as well
as soluble guanylyl cyclase (sGC) activation by runcaciguat caused slower responses in aged
vessels. This was accompanied by lower cGMP concentrations and a weaker response to the PDE5
inhibitor (sildenafil) in aged vessels. The mRNA expression of the α1 and α2 subunits of sGC as
well as PDE5 mRNA was higher in juvenile animals. Beside differences in function and gene
expression, no histological changes in mesenteric arteries and aortas was observed between
groups.
Conclusion
Altered NO signalling in VSM can already be seen in mice at an early age, even in the absence of
histopathological changes. Decreased sGC activity hallmarks aged vessel dysfunction.
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Endothelial cells (EC) constitute the inner layer of blood vessels and are key players in vascular
homeostasis and inflammation. Usually considered uniform in experimental settings, EC can
however originate from structurally and functionally different vessels, suggesting inherent
differences in between cells from various vessels and different responsiveness to external stimuli.
Here we performed a deep transcriptomic analysis to compare human aortic endothelial cells
(HAoEC) and coronary endothelial cells (HCAEC), combining RNA-sequencing and functional
analysis. Additionally, we subjected these cells to stimulation with Epidermal Growth Factor (EGF),
a well-described vascular active substance, in order to compare their reactivity.
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Our analysis revealed that HAoEC and HCAEC had different transcriptomic footprints and that their
differentially expressed genes were partly found enriched in pathways related to inflammation
(based on Gene Ontology Enrichment analysis), suggesting distinct inflammatory profiles in aortic
and coronary arteries.
Additionally, the activation of these cells by EGF appeared to trigger both a general and a cell-type
specific effect, not only quantitatively (number of regulated genes) but also qualitatively (putatively
affected cellular functions). Indeed, further analysis (based on QIAGEN Ingenuity Pathway Analysis)
suggested that the EGF-induced changes in gene expression associate with vasculature-related
functions for both cells types. However, EGF also appeared to potentially enhance the intrinsic
differences in inflammatory profiles, by specifically increasing a HCAEC-driven leukocyte attraction,
while downregulating the expression of adhesion molecules and chemoattractants in HAoEC.
Finally, we selected inflammation markers in order to confirm experimentally some of the
hereinabove bioinformatics predictions. We thus observed that HAoEC and HCAEC displayed
different basal expression levels for cytokines (IL-8 and MCP-1) and adhesion molecules (VCAM1
and ICAM1), that were additionally regulated by EGF in a cell type-dependent manner.
Taken together, our study highlights that, although they are both vascular endothelial cells, HAoEC
and HCAEC are distinguishable, especially regarding inflammation regulation, what may be
particularly relevant for vascular maintenance but also dysfunction.
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Structural and functional abnormalities in the microvasculature (vessels ≲100µm in diameter) are
associated with leading causes of disability worldwide1, including hypertension, stroke, diabetes,
and dementia. Furthermore, these abnormalities precede noticeable changes in blood pressure or
sugar levels making monitoring them pivotal in early diagnostics 2. Some critical biomarkers, such
as small arteries' stiffness and local hemodynamic resistance, can theoretically be measured noninvasively by characterizing the pulse wave propagation through the microvasculature. In practice,
however, conventional tools cannot accurately capture the pressure wave propagating through the
small vessels due to spatial and/or temporal resolution limitations. Because of these limitations,
assessment of stiffness and pulse waveform characteristics remain primarily available in large
arteries and aorta.
To resolve this problem, we have developed High-Speed Laser Speckle Contrast Imaging3,4 (HSLSCI) – the first optical technique to allow full-field blood flow imaging at >5000 frames per second.
In HS-LSCI we utilize a high-speed camera (6000 frames per second at 1024x1024 pixels, Photron
Nova s6, USA) and an optimized optical system to record laser speckle fluctuations over a large
field of view while maintaining laser radiation below the maximum permissible exposure level.
Recorded intensity passes through several layers of contrast analysis and segmentation to produce
low-noise high-framerate blood flow index images, which are then used for further biomarkers
extraction.
We demonstrate HS-LSCI's ability to image propagation of the cardiac pulse wave in the
microcirculation by using it to image brain perfusion in an anaesthetized mouse (C57BL/6J, 3
months old, 2% isoflurane, chronically implanted cranial window). We use the captured blood flow
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data to estimate the pulse wave velocity, stiffness, pulsatility and resistivity indexes (see Fig 1 for
examples of measured biomarkers). Furthermore, we demonstrate that HS-LSCI provides more
than ten times improved sensitivity to the blood flow changes in small arteries compared to the
conventional laser speckle contrast imaging (LSCI). Overall, we conclude that HS-LSCI provides
new, invaluable information for vascular research and has the potential to become the first tool to
monitor microcirculatory stiffness in animal models and humans.
Figure 1. Exemplary
biomarkers measured with
HS-LSCI.
A - Quantitative blood
flow index (s-1). B Diameter and flow changes
during a single cardiac
cycle in parent-daughter
small artery branches. C –
Corresponding pulsatility
index. D and E - Pulse
wave delay relative to the
pulse onset in the artery
and corresponding
stiffness estimate.
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Introduction
Cardio-ankle vascular index (CAVI) is a measure non-invasively estimating arterial stiffness from
aortic arch to distal arteries of the lower extremities. CAVI reflects not only the structural changes in
the vessel wall, related to the atherosclerotic process, but also the functional stiffness – i.e. arterial
tone modulated by sympathetic activity. An alternative index kCAVI, measured from heart to knee,
covers smaller part of the peripheral circulation able to react to changes in autonomic nervous
system. The aim of our study was to evaluate the effect of changes in systemic vascular resistance
(SVR) modulated by sympathetic activity elicited by head-down tilt (-10°) and head-up tilt of two
inclinations (20°, 40°) on parameters CAVI and kCAVI.
Methods
In our study we examined 16 volunteers (4 females, age 21.8 ± 1.8 y).CAVI and kCAVI were
measured using VaSera VS1500 device. SVR was assessed using the formula: SVR=80*(mean
MBP/mean CO), where MBP is mean blood pressure measured on beat-to-beat basis (Finometer)
and CO is cardiac output measured using impedance cardiography (Itamar Medical). Median values
of 300 heart beats of MBP and CO were used for the calculation of SVR. All parameters were
measured in supine position, in head-down tilt position (-10°) and two head-up tilt positions (20°,
40°). ANOVA with Post Hoc test for repeated measures with Bonfferoni correction was used for
statistical analysis.
Results
Compared to the supine position, CAVI as well as SVR were significantly higher at both angles of
HUT(CAVIs = 5.81 ± 0.54, CAVI20 = 6.75 ± 0.53, CAVI40 = 7.76 ± 0.93; SVRs = 1041.1 ± 170.9,
SVR20 = 1176.7 ± 216.3, SVR40 = 1214.7 ± 209.1). Stiffness index kCAVI was significantly higher
than kCAVI in supine position only in 40° head-up tilt (kCAVIS = 5.61 ± 0.54, kCAVI20 = 5.99 ± 0.44,
kCAVI40 = 6.76 ± 0.99). Head-down tilt did not provoke significant changes in the monitored
parameters. See Fig.1.
Conclusion
The results of our study suggest that CAVI is sensitive to changes in systemic vascular resistance
provoked by head-up tilt. Alternative stiffness index kCAVI, measured form heart to knee, seems to
be less sensitive to changes in systemic vascular resistance, because stronger stimulus (HUT in
40°) was needed to elicit significant changes in kCAVI. In addition, from our results we can
hypotetize that in addition to peripheral vasomotor activity (affecting the diameter of the peripheral
arteries), sympathetic activity also affects the arterial stiffness of the aorta and femoral arteries,
which can be documented by increased kCAVI in 40° HUT.

896

Fig.1
Cardio-ankle vascular index
(CAVI), knee CAVI (kCAVI),
systemic vascular
resistance (SVR) in supine
position, -10° HDT, 20°
HUT, 40° HUT, * p < 0.05,
*** p < 0.001
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Introduction
Pulmonary arterial hypertension (PAH) is a rare, but serious disease with poor prognosis. To
elucidate its pathogenesis, monocrotaline (MCT) model was developed. After injection, MCT is
bound to erythrocytes. In the oxygen-rich environment of pulmonary precapillary arterioles and
capillaries, MCT is released and causes endothelial cell damage, leading to vascular remodeling
and PAH development. Several parameters of erythrocytes, including their deformability,
aggregability and nitric oxide production are worsened in patients with PAH. However, changes in
erythrocyte parameters have not yet been fully described in the MCT model of PAH. Bosentan is an
available medicament used in treatment of PAH. Therefore, we focused on erythrocyte parameters,
oxidative stress parameters and components of renin-angiotensin-aldosterone system in the MCTinduced PAH as well as possible effects of bosentan treatment.
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Methods
We used 12-week-old male Wistar rats (n = 30) divided into 3 groups: control, MCT-treated (60
mg/kg), and MCT- and bosentan-treated (300 mg/kg/day) rats. Four weeks after MCT
administration, rats were subjected to 2.5-3 % isoflurane inhalation-induced anesthesia and the
blood was drawn. Erythrocyte deformability was determined by the filtration method and erythrocyte
nitric oxide production using DAF-2 DA fluorescence probe. Parameters of oxidative stress in
plasma, erythrocyte osmotic resistance and Na,K-ATPase kinetics were measured
spectrophotometrically/spectrofluorometrically. The angiotensin peptide and aldosterone
concentrations were determined by liquid chromatography-tandem mass spectroscopy.
Results
We confirmed PAH development after MCT administration. It also resulted in decreased hematocrit,
increased Vmax and decreased KNa kinetic parameters of erythrocyte Na,K-ATPase. An activation
of the alternative pathway of renin-angiotensin system (increased Ang I, Ang 1-7, and Ang 1-5
without changes in Ang II level) and down-regulation of aldosterone was also observed. Bosentan
treatment improved erythrocyte deformability, decreased AOPP and fructosamine levels as well as
increased GSH/GSSG ratio.
Conclusion
Our findings do not completely match the findings in patients with PAH reporting an increase in Ang
II, increased oxidative stress and deterioration in erythrocyte deformability. MCT administration
impaired Na+ binding properties of erythrocyte Na,K-ATPase, which probably led to a compensatory
increase in the number of active enzyme molecules. Bosentan treatment enhanced erythrocyte
deformability, which may contribute to the improvement of hemodynamics in PAH. This effect is
most likely due to the antioxidant effect of bosentan, as several markers of oxidative stress
improved. To obtain more comparable erythrocyte parameters to human PAH, adjustments to used
model might be appropriate (e.g. different age of animal, MCT dosage, experiment duration).
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Prorenin can affect vascular tone by modulating the intracellular pH of vascular smooth
muscle cells.
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The levels of plasma prorenin, the precursor of renin, have been shown to be elevated in stroke
prone SHR animals compared to WKY1. The C-terminal fragment of the prorenin receptor ((P)RR)
is an accessory protein of the vacuolar H+-ATPase2,3, which is involved in intracellular
compartmental acidification and cellular pH homeostasis. In vascular smooth muscle cells (VSMCs),
an elevation of external pH by 0.1 increases the frequency of Ca2+ sparks originating from the
ryanodine receptors (RyR2), which cause vasorelaxation. Furthermore, a 0.2 pH increase can shift
Ca2+ sparks to Ca2+ waves, which elicit vasoconstriction4. The overall aim of this study is to
investigate the effect of prorenin on vascular tone and its potential involvement in hypertension. We
hypothesized that an increase in intracellular pH following binding of prorenin to its receptor could
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increase Ca2+ sparks, and further alkalynisation could lead to Ca2+ waves thereby shifting prorenin
from a vasodilator to a vasoconstrictor.
We performed proximity ligation assay on rat mesenteric artery VSMCs to study the co-localization
between the (P)RR and RyR2. We used rat mesenteric arteries and pressure myography to
investigate the effect of prorenin on the lumen diameter and calcium imaging to detect live changes
of [Ca2+]i.
We show that the (P)RR and the RyR2 are within a distance of 40 nm in VSMCs. The frequency and
amplitude of STOCs are attenuated in VSMCs when incubated with 10 nM prorenin. Finally the
pressure myography revealed that 1 nM prorenin can induce a constriction, which was correlated
with a higher Ca2+ spark duration, as well as a raise in rise and decay time.
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Introduction
Sepsis, a life-threatening organ dysfunction, is characterized by (i) altered metabolism, which leads
to a lactic acidosis with high serum lactate levels and (ii) vasodilation-mediated hypotension. The
vasculature of septic patients shows a strongly reduced reactivity to vasopressor substances, which
leads to vasodilation and hypotension followed by a high mortality rate. The underlying mechanisms
are not well understood. In our study, we investigate the influence of lactic acid (LA)-induced
acidosis on primary human aortic smooth muscle cells (HAoSMCs). We compare the effect of LAinduced acidosis with the effect of acidosis per se-induced by hydrochloric acid (HCl - pH 6.8) - as
well as to the respective control (pH 7.4; NaLactate - pH 7.4).
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Methods
HAoSMCs were cultured under the following conditions for 48 h: (i) Control - pH 7.4; (ii) HCl - pH
6.8; (iii) LA - pH 6.8 and (iv) NaLactate - pH 7.4. Subsequently, treatment-related metabolic changes
(intracellular pH measurement, ATP production, glucose consumption, mitochondrial oxidative
phosphorylation (OXPHOS)), alterations of the transcriptome (next generation sequencing (NGS),
GO Term enrichment), and phenotypic changes (vascular calcification, vascular senescence) were
analysed.
Results
Both forms of acidic treatment led to a similar and sustained intracellular acidification. The glucose
consumption (glycolytic rate) was strongly reduced by acidic treatment whereby the effect was
greater for LA than for HCl treatment. The ATP-dependent oxygen consumption rate of the
mitochondria showed no differences between the treatment groups, as revealed by the seahorse
measurement. The relative contribution of glycolysis and oxidative phosphorylation to ATP
production changed under acidosis. Under control conditions, ATP was mainly generated by
glycolysis, whereas under acidic conditions the relative contribution of OXPHOS increased. Cellular
ATP levels were maintained at control levels under single acidic conditions, but were reduced in LAinduced acidosis. The metabolic changes induced by acidic treatments were accompanied by
changes of the cellular transcriptome. Acidic treatment induced pathways involved in vascular
calcification (VC), which is most pronounced in LA treatment. This was confirmed by enhanced
activity of alkaline phosphatase (ALP), vascular senescence and a reduced rate of DNA synthesis.
Conclusion
In summary, acid treatment of HAoSMCs leads to rapid intracellular acidification and changes in
cellular metabolism, transcriptome and vascular phenotype, which in turn leads to vascular
calcification. In general, LA-induced acidosis shows a stronger effect than HCl-induced acidosis.
The LA-induced metabolic and phenotypic changes in HAoSMCs may be partly responsible for the
vascular hyporeactivity against vasoconstrictor agents that occurs in sepsis.
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Introduction
Benztropine is an inhibitor of the acetylcholine muscarinic receptor and is FDA-approved as an
adjunctive therapy for all forms of parkinsonism. In this study, We investigated the effect of the
acetylcholine muscarinic receptorinhibitor benztropine on voltage-dependent K+ (Kv) channels in
rabbit coronary arterial smooth muscle cells.
Methods
Whole-cell patch-clamp technique was performed in native coronary arterial smooth muscle cells.
Results
Benztropine inhibited Kv currents in a concentration-dependent manner, with an apparent IC50 value
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of 6.11 ± 0.80 μM and Hill coefficient of 0.62 ± 0.03. Benztropine shifted the steady-state activation
curves toward a more positive potential, and the steady-state inactivation curves toward a more
negative potential, suggesting that benztropine inhibited Kv channels by affecting the channel
voltage sensor. Train pulse (1 or 2 Hz)-induced Kv currents were effectively reduced by the
benztropine treatment. Furthermore, recovery time constants of Kv current inactivation increased
significantly in response to benztropine. These results suggest that benztropine inhibited vascular
Kv channels in a use (state)-dependent manner. The inhibitory effect of benztropine was canceled
by pretreatment with the Kv 1.5 inhibitor, but there was no obvious change after pretreatment with
Kv 2.1 or Kv7 inhibitors.
Conclusion
Benztropine inhibited the Kv current in a concentration- and use (state)-dependent manner.
Inhibition of the Kv channels by benztropine primarily involved the Kv1.5 subtype.
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Endothelial cell (EC) dysfunction is an early hallmark of cardiovascular disease, associated with
reduced bioavailability of nitric oxide (NO) and raised vasoreactivity. Despite this, the current
techniques do not appear to reliably measure NO synthesis in intact arteries. Here, we optimise a
novel protocol to extend the use of DAR-4M AM, a sensitive cell-trappable NO dye, into living cells
of rat small mesenteric arteries. By using confocal fluorescence microscopy, we found that in cellfree chambers, Krebs buffer containing Cu2FL2E (1 µM FL2E and 2 µM Cu2+), or DAR-4M AM (5
µM, Cu2+-free), the addition of the NO-donor molecule, S-nitroso-N-acetylpenicillamine (SNAP, 10
µM) caused a time-dependent and significant increase in fluorescence compared to baseline. This
was further enhanced by the addition of 1 µM and 10 µM Cu2+, for each dye respectively (by
increasing NO-availability from SNAP). To assess biological relevance, wire myography showed
that 10 µM SNAP fully reversed contraction to phenylephrine in rat mesenteric arteries. However, in
the same system, >2 µM Cu2+ caused vascular smooth muscle (VSM) and EC dysfunction in
mesenteric arteries. Next, using confocal microscopy and pressure myography, we showed that
both Cu2FL2E and DAR-4M AM could be loaded into arterial cells, and each also labelled the elastin.
The role of this elastin label was assessed by co-loading Alexa Fluor 633 hydrazide (AF-633, 1 µM).
However, despite many types of approaches, we were unable to measure increases in fluorescence
to either ACh (1 µM) or SNAP (10 µM) when cells were loaded with Cu 2FL2E. Instead, we turned
our attention to DAR-4M. Increases in the ratio of DAR-4M and AF-633 were visualised in
pressurised, isolated rat mesenteric arteries stimulated with the EC-dependent agonist ACh (1 µM)
or SNAP (10 µM). The addition of either drug evoked an accumulating, time-dependent (and by 20
mins) significant increase in fluorescence in both EC and VSM above baseline. This response did
not require the addition of Cu2+, thus simplifying the protocol and more reducing the possibility of
cellular damage. These experiments will be repeated in the presence of L-NAME, an NO synthase
inhibitor, to further consolidate the link between DAR-4M T fluorescence and NO production. Moving
forward, these preliminary data will facilitate the advance of our understanding of vascular function,
and potentially elucidate the basal vs. stimulated NO release conundrum.
____________________________________________________________________________
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Introduction
The subjective perception of the radial pulse is common in medicine. However, the mechanical
upward and downward movement of the arterial wall (pulse beat) is not measureable neither
objective nor precise in terms of time. Alternatively, only photoplethysmographic and sonographic
examinations are currently done, or experimentally since 2012 light microscopic examinations are
also possible. The goal was to make the pulse beat precisely measurable. There were three main
problems to be solved: In daily medical practice, the radial pulse is palpated with different finger
pressures. A precise fixation of a device on the forearm is problematic due to the different layers of
tissue. It must be possible to record the pulse beat in real time in an exactly measurable and
reproducible manner.
Methods
The touching finger was the model for the measuring device to be developed. After years of work,
a structure for the mechanical pulsemeter turned out to be suitable. The pulse beat of the radial
artery was recorded by converting the up and down movement of the arterial wall to the rotational
movement of the axis of a microdynamo. Depending on the direction of rotation and the speed of
rotation, it generates voltages of between (+/-) 0.05 and 0.5 mV, which can be recorded with an
accuracy of fractions of a second. This rotational movement is achieved by means of a lever
construction whose fulcrum is the axis of the microdynamo. A probe is placed near the pivot point
and placed on the palpable radial artery. Constant, defined pressure on the artery is mediated via
the lever. This can be done with attached weights or spring balancers. With stronger pressure, the
probe sinks further and the lever changes its position; therefore the pivot point is height-adjustable.
The precise fixation of the mechanical pulse meter takes place in dorsiflexion of the hand, whereby
the forearm is placed on a padded splint. The device is fixed over the flexor tendons using circular
retaining straps. The special shape of its base plate helps to largely avoid pressure on the radial
artery, that is examined.
Results
The evaluation of the mechanical pulsemeter was carried out on voluntary patients after their
expressed approval. 52 pers. (10 - 82 y., mean 55 y. 30 f., 20 m.) have been examined so far. At
rest, constant, reproducible curves resulted, which on the one hand varied individually from patient
to patient, but on the other hand showed constant characteristics and remained stable for minutes.
Pulse rate, time points of fastest, maximum and minimum arterial expansion could be recorded.
Arrhythmias and other individual chances could be recorded and provisionally interpreted.
Conclusion
The mapping of the pulse beat in real time opens many new possibilities. The data can be related
to others from ECG, skin resistance, photoplethysmography or blood pressure. Additional
information about the cardiovascular system is possible and findings by palpation can be evaluated.
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Background
Long non-coding RNAs (lncRNAs) play essential roles for epigenetics and gene transcription.
Interaction of lncRNAs with DNA occur mainly through RNA:DNA duplex (R-loop) or RNA:DNA:DNA
triplex formation. Importantly, recent research highlighted the importance of triplexes for the
cardiovascular system, but unlike R-loops, triplex-associated proteins are not known and were
identified here.
Methods and results
To identify triplex-associated proteins, several techniques were established. An all-to-all approach
was developed to map globally all triplex-proximal proteins in intact endothelial nuclei using
quantitative mass spectrometry. This approach, called RADICL-MS (RNA And DNA Interacting
Complexes Ligated and mass spectrometry) allowed the identification of proteins associated with
all RNase H-resistant triplex structures in the cell. To identify proteins interacting with specific
triplexes, such as the MEG3-TGFBR1 triplex, IDAP (Isolation of DNA Associated Proteins) was
used. Here, synthetic labeled lncRNA oligos mimicking the triplex-forming region of lncRNA MEG3
were used in combination with the corresponding TGFBR1-DNA target site cloned in a plasmidbased system in endothelial cells. These two approaches led to the identification of proteins involved
in pre-RNA processing, DNA/RNA unwinding and repair, chromatin organization and transcriptional
regulation.
Conclusion
IDAP and RADICL-MS are useful tools to identify critical triplex-associated proteins. Nuclear
proteins such as helicases, histones and components of the transcriptional machinery potentially
act in the assembly and disassembly of triplexes to maintain and participate dynamic remodeling of
chromatin.
____________________________________________________________________________
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Introduction
Cardiovascular diseases (CVDs) are a leading health problem worldwide. High blood pressure is
one of the main risk factors for their development and blood pressure levels are closely associated
with salt intake. The plasma sodium concentration in population generally varies between 134 and
148 mmol/l. The aim of this study was to assess the effects of elevation of NaCl concentrations in
cell culture media on oxidative stress and survival of human aortic endothelial cells (HAEC).
Methods
HAEC cells (from Innoprot; Barcelona, Spain) were grown at 37℃, 5% CO2 in Endothelial Cell Basal
Medium (Medium 200) supplemented with low serum growth supplement (LSGS). The osmolality of
this medium (Control medium) was 270 mosmol/kg (133 mmol/l sodium). High NaCl medium was
prepared by adding NaCl to the total osmolality of 320 mosmol/kg (158 mmol/l), 350 mosmol/kg
(173 mmol/l) and 380 mosmol/kg (188 mmol/l). To elevate NaCl, control medium was replaced by
the high NaCl medium. The experiments were performed on cells at about 80% confluence. For all
experiments, cells were used at passage P5.
MTT test: The cells were seeded in 96 well plate. After 24 h, 48h and 72h 10 µL of MTT stock
solution was added into each well and the plate was placed in an incubator for 4 h to produce
formazan crystals. After incubation, 100 µL of MTT solvent was added to dissolve created formazan
crystals and microplate was read at 595nm.
Intracellular Reactive Oxygen Species (ROS) Production by Human Aortic Endothelial Cells
(HAEC): Cells were seeded in T-25 flasks. The samples were collected after 72-hour exposure to
two concentrations (320 mosmol/kg and 350 mosmol/kg) of NaCl. The cells were washed in 1x
phosphate-buffered saline (PBS) and prepared for staining protocol. Dihydroethidium (DHE) was
used to determine the level of O2∙− in HAECs. The cells were resuspended in 100 µL of 1x PBS
and incubated with DHE (10 µM final concentration) for 30 min at +4 °C. Following the incubation
period, samples were rinsed and resuspended in 350 µL of 1x PBS and analysed. After initial
readings, 50 μL of 1 mM phorbol 12-myristate 13-acetate (PMA) was added to each sample to
stimulate ROS production. After a 15-minute incubation, the samples were read again on the
cytometer. FACS Canto II flow cytometer (BD Bioscience; 488 excitation laser and 530/30 BP
analysis filter) was used for the assessment of intracellular ROS production. Data analysis and
visualization were performed using Flow Logic software (Inivai Technologies, Mentone, Australia).
Results
The cell viability was significantly reduced after 24h at 350 mosmol/kg and 380 mosmol/kg
concentrations of NaCl, while after 48h and 72h viability was reduced at 320 mosmol/kg, 350
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mosmol/kg and 380 mosmol/kg concentrations. The level of O2∙− was significantly increased in both
experimental groups.
Conclusion
Increased NaCl concentration significantly reduces cell viability and increases cellular oxidative
stress.
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Activation of endothelial TGF-β signaling may be an important driver of atherogenesis and plays a
key role in the induction of vessel wall inflammation and the development and progression of
atherosclerosis. Previously, our studies on the consumption of n-3 polyunsaturated fatty acids (n-3
PUFAs) enriched eggs have shown a beneficial effect, by changing the free fatty acid profile to a
more favorable lower n6/n3 ratio, lowering total cholesterol and LDL-cholesterol levels in
cardiovascular patients with no adverse effects of daily eggs' consumption. The aim of this study
was to determine the effect of eggs enriched with n-3 PUFAs, vitamin E, selenium and lutein on the
serum levels of pro-inflammatory cytokines. A randomized, double-blind, controlled, interventional
study (Clinical Trials ID: NCT04564690) was conducted on patients with chronic coronary syndrome
(diagnosed according to ESC guidelines for the diagnosis and management of chronic coronary
syndromes, 2019) who consumed 3 hen eggs per day for 3 weeks. Control patients consumed
ordinary: n3-PUFAs (438 mg/day), lutein (110 mg/day), selenium (0.181 mg/day) and vitamin E (595
mg mg/day) hen eggs and Nutri4 group patients consumed enriched hen eggs: n3-PUFAs (1026
mg/day), lutein (616 mg/day), selenium (0.191 mg/day) and vitamin E (1098 mg mg/day). All patients
used statins and other standard drug therapy for CAD (ACE inhibitors, beta-blockers, antiplatelet
drugs), and some of them used ezetimibe depending on their lipid profile. Written informed consent
was obtained from each subject. The study protocol and procedures conformed with the standards
set by the latest revision of the Declaration of Helsinki and were approved by the Ethical Committee
of Osijek University Hospital. Serum levels of TGF-β, C3a, IFN-gamma, IL-6, IL-10, IL-17A(CTLA-
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8), IL-23, MCP-1 (CCL2) and TNF-alpha were measured with ThermoFisher Scientific ProcartaPlex
antibody-based magnetic bead reagent kits and panels for multiplex protein quantitation using the
Luminex 200 instrument platform. Quantitation was performed using ProcartaPlex Analysis
Application and expressed as concentration in pg/ml, (sample N=9-10 per group). For group
comparisons an OneWayANOVA test was used. Within-group comparisons were performed using
paired t-test or Wilcoxon test, statistical significance was set as P <0.05. The results showed
significantly decreased levels of TGF-β and IL-17A after consuming Nutri4 eggs compared to values
prior eggs’ consumption and consumption of ordinary eggs. These results suggest that the
consumption of n-3 PUFAs enriched eggs can decrease proinflammatory cytokines and contribute
to their beneficial effects on the cardiovascular system.
____________________________________________________________________________
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Dilatation of descending vasa recta regulated by NO-sGC-cGMP pathway after hypoxia/reoxygenation
M. Xu, F. B. Lichtenberger, C. Erdogan, P. B. Persson, A. Patzak, P. H. Khedkar
Charité – Universitätsmedizin Berlin, Institute of Translational Physiology, Berlin, Germany
A.P. and P.B.P. were funded by DFG For 1368, and SFB 1365
Purpose
Acute kidney injury (AKI) goes along with impaired renal medullary blood flow. Hypoxia is involved
in the pathogenesis of renal damage and can influence the function of renal microvessels. Dilating
these vessels improves renal medullary flow, and this may be renoprotective. Here, we characterize
the NO-sGC-cGMP signaling pathway in descending vasa recta (DVR), and test potential
vasodilators after hypoxia/re-oxygenation.
Methods
Rat DVR) were isolated and perfused under isobaric conditions. A hypoxia chamber was used to
provide the hypoxia (0.1% oxygen) environment.
Results
Sildenafil, a PDE5 inhibitor (10-6 mol/l), induced vasodilatation in angiotensin II (Ang II, 10-6 mol/l)pre-constricted vessels. In L-NAME (10-4 mol/l) pre-treated and Ang II (10-6 mol/l) pre-constricted
vessels, BAY 60-2770, an sGC activator (10-6 mol/l), dilated vessels NO-independently. The
application of Ang II (10-12 to 10-6 mol/l) showed a stronger constriction effect in vessels after
hypoxia/re-oxygenation. Sildenafil failed to dilate the vessels after hypoxia/re-oxygenation. SNP, an
NO donor (10-3 mol/l), and BAY 60-2770 both induced dilatation in DVR, while BAY 60-2770 dilated
DVR faster than SNP under these conditions.
Conclusion
The results emphasize the role of the NO-sGC-cGMP signaling pathway in regulating the tone of
renal medullary micro-vessels. The sGC activator BAY 60-2770seems to be the best choice to
restore renal blood flow after hypoxia/re-oxygenation compared to SNP as well as sildenafil.
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Targeted disruption of PDE4 and phospholamban interaction in rabbit cardiomyocytes
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Introduction
Phosphodiesterases (PDE) regulate local cellular cAMP levels and are targeted to many cellular
proteins which are PKA substrates. Phospholamban (PLB) phosphorylation is known to be regulated
by PDE3A and a previously unknown PDE4 isoform which we identify here as PDE4D5. PDE3 and
4 inhibition has failed to produce useful inotropic actions and was shown to worsen survival in heart
failure patients. This may be due to the action of PDEs on multiple cellular targets. Targeting
PDE4D5 could have an inotropic action through its action on PLB without the deleterious effects on
other proteins.
Methods
Magnetic beads were used to pull down proteins attached to PLB. The samples were then processed
by mass spectrometry to identify proteins associating with the SERCA/PLB complex. An array of
peptides 25 amino acids long spanning PDE4D5 was prepared and homogenate from rabbit left
ventricle was applied. SERCA antibody was added to show the regions on the PDE4D5 where
interaction with the SERCA complex occurred. Peptides designed to disrupt (Drp-P) the SERCAPDE4 interaction and scrambled control (Scram-P) were synthesised. Adult rabbit myocytes were
incubated with 10uM Drp-P or scram-P. Cells were fixed and proximity ligation assay (PLA) was
used to quantify SERCA-PDE4 interactions. Rabbits were given a myocardial infarction (MI) by left
coronary artery ligation. Rabbit myocytes were electrically stimulated, and images of contraction
were recorded. Contraction parameters were quantified using a custom ImageJ macro.
Results
PDE4D5 was identified through mass spectrometry of lysates from PLB pulldown and verified via
western blot. PLA assays in Drp-P incubated myocytes showed a 74% reduction in SERCAPDE4D5 interactions relative to scram control (N=3, P<0.01 T-test). Contractility was increased in
Drp-P incubated cells versus scram control (N=3, P<0.05 T-test).
Conclusion
In conclusion, PDE4D5 is responsible for regulating SERCA activity via modulation of PLB
phosphorylation. Targeted disruption of PDE4D5-SERCA complex interaction is a promising
inotropic therapy in MI.
____________________________________________________________________________
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The Effect of Chronic Humanin Administration on Apoptosis and Inflammation in STZInduced Cardiac Dysfunction in Mouse Model
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2
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Introduction
Long-term cardiovascular complications and especially coronary heart disease are the principal
causes of morbidity and mortality among diabetic patients. In diabetes, increased apoptosis and
inflammation raises the incidence of atherosclerosis and cardiovascular diseases. Humanin is a
mitochondrial-derived peptide, comprises of 24 amino acids. Humanin is known to have a protective
role in many studies such as ischemia-reperfusion injury, cardiomyopathy and cardiac dysfunction.
However, the effect of chronic humanin administration on apoptosis and inflammation in
streptozotocin (STZ)-induced cardiac dysfunction in mouse model is not fully known. In the present
study, we investigated the effects of chronic humanin administration against STZ-induced cardiac
dysfunction in diabetic mice.
Methods
Thirty adult mice were randomly selected for this study. The mice were divided into three groups
(10 mice in each group): the control group (saline), the STZ group (diabetic control) and the
STZ+Humanin group (treated with 4 mg/kg humanin), . Mice were administered humanin daily for
15 days intraperitoneally. The left ventricle was taken and subjected to the necessary enzymatic
processes. by ELISA method, caspase 3, caspase 9, IL-1β, IL-6 and IL-10 were measured from the
obtained tissue homogenate.
Results
The administration of chronic humanin decreased caspase 3 and caspase 9 levels in left ventricle
of diabetic animals. In addition, while humanin decreased IL-1β level and IL-6 level, it did not change
IL-10 level left ventricle of diabetic animals.
Conclusion
In conclusion, based on the above findings, we conclude that humanin possesses protective effects
against STZ-induced cardiac dysfunction through decrease the proinflammation levels and inhibiting
the apoptotic signaling pathway.
____________________________________________________________________________
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Introduction
Chronic heart failure (CHF) is associated with remodeling of cardiac energy metabolism; however,
human studies have been largely limited to its final phases - the end-stage CHF (1-4). In the current
study, we examined mitochondrial function in myocardium of patients undergoing coronary artery
bypass graft surgery (CABG) and being at various levels of cardiac contractile spectrum. Our aim
was to investigate if alterations in mitochondrial ability to oxidize substrate are present even before
the end-stage contractile failure ensues.
Methods
Samples of left ventricular myocardium from forty patients undergoing CABG were obtained by
subepicardial needle biopsy. All patients had left ventricular ejection fraction (LVEF) higher than
>40%. Mitochondrial oxidation of carbohydrate and fatty acid metabolites (pyruvate and palmitoylcarnitine, respectively), as well as maximal respiratory capacity were assessed measuring oxygen
consumption rate in saponin-permeabilized myocardial fibers. Expression of key factors influencing
mitochondrial oxidative function (respiratory complexes, beta-oxidation enzymes, mitofusin-2 and
PGC-1α) was assessed by immunoblotting. Accumulation of ceramide was evaluated by
immunofluorescence. Univariable and multivariable linear regression analysis was used for testing
the association between ejection fraction and mitochondrial respiration under different conditions.
Pearson correlation analysis was used to assess potential relations between EF and other
parameters.
Results
LVEF was positively associated with mitochondrial respiratory capacity, but not with rate of oxidation
of individual substrates (Figure 1A-C) and this relationship persisted after adjusting for age, sex,
body mass index and diabetes status (β=0.11; P=0.03). Citrate synthase activity (indicator of
mitochondrial content) did not associate with LVEF (Figure 1D). LVEF was positively correlated with
mitochondrial biogenesis and remodeling factors (PGC-1a and mitofusin-2), as well as with
expression of key β-oxidation enzymes (VLCAD and HADHA; Figure 1E-H). Moreover, LVEF was
negatively associated myocardial accumulation of ceramide (Figure 1I).
Conclusion
Our study shows that relationship between cardiac contractility and mitochondrial functional capacity
exists even in patients with normal-to-moderately decreased cardiac systolic function. Also, it
suggests that reduced capacity for fatty acid oxidation and increased accumulation of toxic ceramide
is present in the early phases of cardiac systolic decline.
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Cardiac systolic function
of patients is related with
their mitochondrial
respiratory function
Shown are correlations
between left ventricular
ejection fraction (LVEF)
and the following:
mitochondrial respiratory
capacity (A); pyruvate- and
palmitoyl-driven
mitochondrial respiration
(B-C, respectively);
citrate synthase activity
(D); expression of PGC-1a,
Mfn-2, VLCAD and HADHA (EH, respectively); and
ceramide accumulation (I).
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In cardiomyocytes cAMP/PKA-dependent phosphorylation of L-type Ca2+ channels (LTCC) and
Ryanodine receptors type 2 (RyR2) increases contractile force but due to the close vicinity of both
proteins, it is unclear if their cAMP/PKA microdomains are functionally separated or cross-talking.
To investigate differences from selective phosphorylation we aim to generate LTCC and RyR2
cAMP microdomains by light using a novel optogenetic approach of subcellular targeting the photoactivated adenylate cyclase from Turneriella parva (TpPAC). TpPAC was targeted together with
EYFP or mCitrine to the RyR2 by fusion with the high affinity protein FKBP12.6 and to the LTCC ß
subunit by fusing with a specific nanobody (nb.F3). TpPAC-EYFP served as control for global
cytosolic
cAMP
generation.
Intact TpPAC light-dependent cAMP generation by fusion proteins was shown in HEK293 cells coexpressing the cAMP-sensitive GloSensor in which blue light elevated cAMP levels in a light dosedependent
manner.
After expression in neonatal mouse cardiomyocytes TpPAC-EYFP showed homogeneous
distribution. TpPAC-mCitrine-FKBP12.6 localized near z-discs indicating RyR2 targeting and nb.F3TpPAC-EYFP showed some cell membrane targeting but also aggregates and both targeted TpPAC
show some background cytosolic expression. Brief blue light flashes resulted in transient
acceleration of spontaneous beating frequency by all constructs in a light dose-dependent manner.
Production of cAMP globally in the cytosol or locally at the RyR2 by brief light pulses of 250 ms
results in a long-lasting constant plateau (> 50 s) of elevated beating rate effect. In contrast, the
effect of cAMP generation locally at the LTCC declined after its peak without a clear plateau but with
a longer lasting small cAMP effect. Ca2+ imaging of electrically (0.75-1 Hz) paced cardiomyocytes
with the red shifted dye Cal630 showed light-induced increase of Ca2+ transient height with all three
constructs. Interestingly, local generation of cAMP at the RyR2 also result in increase of diastolic
Ca2+ levels, which was significantly higher than after localized LTCC or global cytosolic cAMP
generation.
Altogether the kinetic differences point towards light-induced generation of a “large” cAMP pool in
the cytosol and the RyR2 microdomain and a high PDE expression or activation mechanism in the
LTCC microdomain. Furthermore, the higher increase of diastolic Ca2+ by cAMP in RyR2
microdomains is highlighting PKA-dependent Ca2+ leak from the sarcoplasmic reticulum and might
be important to understand cardiac arrhythmia mechanisms.
____________________________________________________________________________
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Introduction
Heart failure constitutes insufficient cardiac output that fails to meet systemic metabolic demands,
arising from impaired heart muscle. Altered calcium handling underpins cardiac muscle inefficiency,
with a decline in calcium transients observed in failing hearts with reduced ejection fraction (1). Ttubules are key structures involved in efficient contractile function within cardiomyocytes by
propagating action potentials to facilitate synchronous calcium release from sarcoplasmic reticulum
stores, resulting in immediate interaction with sarcomere units to generate effective contractile force,
suggesting that disruption to the T-tubule network would produce a phenotype akin to the failing
heart, based on calcium dysregulation (2). Recent evidence suggests the anti-depressant
imipramine can act as a detubulating agent through interaction with T-tubules to breakdown their
integrity and lose functionality (3). The research presented aimed to establish the functional impact
imipramine has on freshly isolated cardiomyocytes and their contractile behaviour.
Methods
Cardiomyocytes were isolated from adult male Wistar rats and perfused with either normal Tyrode’s
solution to act as control conditions or imipramine (30, 100 or 300 μM) at 32±2°C, with 1 Hz electric
field stimulation to induce contraction. Contractile force generated by the cardiomyocytes was
determined by measuring the length of contracting cardiomyocytes using an edge detection system,
whilst corresponding intracellular calcium changes under both control and imipramine conditions
were determined using fluo-4 AM dye loaded into cardiomyocytes (emissions collected >512 nm
upon excitation at 480 nm). To visualise the effects of imipramine on T-tubules, staining of the
cardiomyocytes was achieved using the fluorescent membrane probe FM 1-43, alongside control
images of cardiomyocytes that had not undergone imipramine treatment.
Results
At the lowest concentration observed, imipramine resulted in reduced contractile behaviour across
the cardiomyocytes, with many losing contractile ability all together (mean AUC ***p<0.001). Such
observations were synonymous with blunted and inhomogeneous calcium transients (mean AUC
**p<0.01), whilst staining of the T-tubule network showed a clear disruption to these organised
membrane invaginations, confirming that T-tubule disturbances explain the irregularities in calcium
signalling observed.
Conclusion
These data suggest inefficient intracellular calcium signalling underpins the dysfunctional contractile
activity observed, which can further be attributed to disrupted T-tubules. Imipramine is suspected to
interfere with the T-tubule network via PI(4,5)P2, causing a breakdown of its integrity (4). This
hinders the T-tubules ability to facilitate contraction, resulting in reduced contractility that effectively
mimics heart failure in-vitro and may provide insight into the clinical manifestation of
pathophysiological heart failure.
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Cardiotoxicity screening is crucial in drug development to reduce risks to patients and economic
losses. Different in-vitro approaches have been developed, but they are still lacking normal tissue
composition and physiological load. Herein, we explore biomimetic cultivation (BMC) of myocardial
slices from healthy pigs as a new cardiotoxicity screening approach.
Pig left-ventricular samples were cut into 300 µm thick slices. X-Ray diffraction analysis revealed an
average lateral spacing of actin and myosin filaments of ~ 45 nm. After mounting into the BMC
chambers, slices were pre-stretched by 1.5 mN. The twitch force was recorded during electrical
stimulation to determine the force-frequency relationship (FFR), the frequency dependence of
contraction duration, the effective refractory period (ERP), and the pacing threshold.
Slices generated 2.4 ± 1.4 mN twitch force at 1 Hz electrical pacing, showed a positive FFR, and a
shortening of contraction duration with increased pacing rates. The addition of 300 µM lidocaine, a
selective blocker of Na+ channels, increased the pacing threshold by ~300%. The L-type Ca2+
channel activator Bay K8644 (300 nM) increased the twitch force to 295 ± 195% (n = 7), while the
Ca2+ channel blocker nifedipine (100 nM) decreased the force to 21 ± 5.6% (n = 9). The hERG K +
channel blocker dofetilide (3 nM) prolonged the ERP and contraction duration to 220 ± 36% and 161
± 4 % (n = 5), respectively. The ß-adrenergic and potassium channel inhibitor sotalol (10 µM)
prolonged the ERP from ~400 ms to ~600 ms, and addition of JNJ 303 (1 µM) further prolonged the
ERP to ~850ms, suggesting that the Iks current could be detected after blocking I kr. Late sodium
currents could be provoked by 100 nM dofetilide after 12 h treatment, but not by moxifloxacin (100
µM) and were identified by the inhibitory action of ranolazine (10 μM).
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To validate our new approach for cardiotoxicity screening, we tested five drug candidates selected
from the CiPA list as well as acetylsalicylic acid, PBS, and DMSO as controls in a blinded test. The
Na+ channel blocker disopyramide increased the pacing threshold by ~200%. ERP and contraction
duration were prolonged after applying the IKr blockers. The L-type Ca2+ channel blocker Bepridil
decreased the contraction force and increased the diastolic force, presumably by blocking NCX.
Thus, we were able to detect all arrhythmic drugs and their specific effects on cardiac
electrophysiology.
In conclusion, we established a new approach for cardiotoxicity assessment and demonstrate its
efficiency. Importantly, this approach uses pig myocardium, which is of high relevance for humans
and can be upscaled to medium throughput screening due to the large number of slices that can be
obtained from one heart. Thus, we suggest that our approach can reduce animal numbers and
improve the predictive value and efficiency of preclinical cardiotoxicity screening.
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The neonatal mouse heart has an increased regenerative capacity after injury. However, the extent
of this regenerative potential is under debate partially due to the technical limitations of current injury
models. To investigate the full capacity of neonatal heart regeneration, we developed a highly
reproducible neonatal ischemic injury model for the left ventricle by cauterization of the stem of the
left coronary artery.
Our histological analysis of hearts after cauterization at postnatal day 1 (P1) demonstrated that this
model consistently reproduced large lesions in the left ventricle at 2 days post-surgery (dps). By
analyzing cell cycle activity and authentic cell division in cardiomyocytes after the injury using
transgenic mouse models, we showed that cardiomyocytes underwent both increased proliferation
and binucleation to compensate for the loss of myocardium. In addition, P1 injured hearts were able
to form new arteries in the left ventricle, which could be an important factor affecting initial cellular
viability and proliferation of cardiomyocytes. Furthermore, longitudinal echocardiography
examination for P1 infarcted mice showed that the regeneration process progressed from an initially
severely impaired left ventricular function at 1dps to relatively healthy hearts with only moderately
reduced function in adulthood. Interestingly, we also found that the regenerative capacity was largely
lost when inducing the injury as early as P3. These mice had substantially lower survival rates in
comparison to P1 mice and no signs of cardiac regeneration. In addition, transcriptome analysis
performed shortly after injury revealed for P1 injured hearts increased proliferation rates and
angiogenesis especially in the right ventricle, attributing a potentially important compensatory
mechanism to the uninjured part of the heart. Taken together, our neonatal myocardial
infarction model demonstrated a prominent regenerative capacity in P1 hearts, which is associated
with proliferation of cardiomyocytes, neo-arteriogenesis and compensatory growth.
____________________________________________________________________________
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Pulmonary arterial hypertension (PAH) causes the development of compensatory right ventricular
(RV) hypertrophy and - if severe and prolonged - may lead to RV failure. An increased production
of reactive oxygen species (ROS) from mitochondria is involved in the development of RV
hypertrophy and failure; however, the proteins involved in ROS generation still have to be identified.
Monoamine oxidases (MAO), located at the outer mitochondrial membrane, can degrade
neurotransmitters leading to increased ROS production and indeed, inhibition of monoamine
oxidase B (MAO-B) decreases ROS production.
Therefore, we analysed heart-specific, inducible MAO-B-knockout mice undergoing PAH by
„pulmonary artery banding“ (PAB). Echocardiography was used to determine RV geometry and
function in vivo and in isolated mitochondria, ROS production and respiration was measured.
Our data showed a significant decrease of ROS molecules for MAO-B-KO mice during a treatment
of PEA (Phenethylamin, a common MAO-B substrate), suggesting a successful deletion of MAO-B.
Additionally, the right ventricules of MAO-B-KO mice seem to be unaffected in response to PAB
surgery. Echocardiography analysis revealed significant differences of functional parameters in the
two control groups.
RVID (mm)
RVWT (mm)
TAPSE (mm)
SHAM PAB
SHAM PAB
SHAM PAB
C57BL6/J
1,18
1.69**
0,28
0.48**
1,36 0.78**
1,23
1.85**
0,28
0.59**
1,25 0.79**
MAO-Bfl/fl
fl/fl
1,19
1.24
0,25
0.29
1,33 1.15
Myh6-MCreM_x_MAO-B
RVID (right ventricular internal diameter), RVWT (right ventricular wall thickness), TAPSE (tricuspid
annular plane systolic excursion), C57BL6/J (SHAM n= 4, PAB n=4); MAO-Bfl/fl (SHAM n= 4, PAB
n=5); Myh6-MCreM_x_MAO-Bfl/fl (SHAM n= 5, PAB n=6), **p<0.01
In conclusion, MAO-B-KO mice seem to be protected from RV dilatation and functional impairment
compared to the control groups.
____________________________________________________________________________
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Introduction
Aortic valve stenosis (AVS) is a prevalent disease characterized by a sclerotic aortic valve and
known to increase the risk of death from cardiovascular disease by 50%. Until today, there is no
curative therapeutic approach for AVS. In particular bicuspid AVS (bAVS) is of interest because the
hereditary malformation of leaflet fusion predisposes to AVS development at relatively young age
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and bAVS is often associated with aortic aneurysm formation indicating that the underlying
molecular mechanism of bAVS may be critical for vascular disease more in general.
Methods
We therefore isolated RNA from human bicuspid aortic valves obtained from the department of
cardiac surgery at the University Hospital Bonn and investigated gene expression by RNA-seq
analysis. In addition, also cell biological characterization by qPCR and immunostainings combined
with high resolution microscopy was performed. As controls, valves from patients with aortic
insufficiency were used.
Results
By using RNA-seq and differential gene expression analysis we could identify Serpine1 and Apelin
as interesting targets that were found to be strongly upregulated (adjusted p-value < 0.001; log2FC
> 2) in bAVS. Interestingly, both genes are known to have important roles in the maintenance of
cardiac contractility and also in cardiac tissue remodeling, atherosclerosis and progression of
fibrosis. Upregulation of these genes in bAVS was confirmed by qPCR and immunostainings
demonstrating pronounced Serpine1 and Apelin protein expression in valve interstitial cells (VICs)
of bAVS.
Conclusion
Thus, we have identified Serpine1 and Apelin as interesting targets in the pathophysiology of bAVS.
Their contribution to valve pathophysiology will be further investigated by overexpression and
downregulation of these genes in VICs and valvular endothelial cells (VECs) in vitro.
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Introduction
Chronic fetal hypoxia, a common complication of pregnancy, increases susceptibility to systolic and
diastolic dysfunction in the adult offspring (Giussani. Circulation144(17):1429-1443, 2021).
However, whether developmental hypoxia programmes a pro-arrhythmogenic risk is completely
unknown. Recent evidence suggests that cardiac myocytes from adult offspring of hypoxic
pregnancy have abnormal calcium cycling and adrenergic hypersensitivity (Lock et al. Reprod Sci
28:87A, 2021). These properties increase the risk of arrhythmia in many models of cardiac disease.
Therefore, we investigated whether hypoxic pregnancy increases the propensity to develop
arrhythmic events in adult progeny in rats.
Methods
Time-mated female Wistar rats were randomly assigned to Normoxia (21% O 2) or Hypoxia (13%
O2). Chronic hypoxia was induced via an isobaric hypoxia chamber between gestational day 6-20
(Term=23d). Offspring were culled to 4 males and 4 females at birth. At 4 months of age, 1 male
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and 1 female offspring per litter was humanely killed (CO2 inhalation). Optical mapping was
performed on Langendorff perfused hearts with an oxygenated KH solution. Hearts were loaded
with intracellular calcium indicator (Rhod-2) and voltage sensitive dye (RH237) for simultaneous
measurements of calcium transients and membrane potential across the left ventricle. Following dye
infusion the left ventricle was burst paced from the apex at increasing frequencies (10-20hz) to
induce arrhythmias before and after treatment with 100nmol Isoprenaline.
Results
Hearts from hypoxic pregnancies become arrhythmic at an earlier stage of the burst protocol than
Normoxic animals. Hypoxia also increased the duration of the action potential compared to
Normoxic animals after bust pacing (10hz paced APD90; Figure 1B). Females seem relatively more
protected than males against arrhythmia. Combined, the data show abnormal calcium handling in
offspring of hypoxic pregnancy resulting in increased arrhythmic events.
Conclusion
These data support the developmental programming of an increased risk of cardiac arrhythmia in
adult offspring of hypoxic pregnancy. Prolonged action potentials as seen in the hypoxic hearts are
a common feature associated with cardiac disease and in line with the ‘second hit’ phenomenon.
The mechanism is yet unknown; but is likely to be related to the known change in calcium handling
in hypoxic hearts along with an increased susceptibility to adrenergic stimulation.
Figure 1.
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D. M. Johnson1,2, S. O'Brien1, A. Holmes1, C. O'Shea1, S. N. Kabir1, M. O'Reilly1,3, A. Avezzu4, J.
Reyat1, A. Hall5,6, C. Apicella1, P. Ellinor5,6, S. Niederer4, N. Tucker6,7, L. Fabritz1,8, P. Kirchhof1,8,
D. Pavlovic1
1
University of Birmingham, Institute of Cardiovascular Sciences, Birmingham, UK
2
The Open University, School of Life, Health and Chemical Sciences, Milton Keynes, UK
3
Amsterdam UMC, Amsterdam, Netherlands
4
King's College London, London, UK
5
Massachusetts General Hospital, Boston, USA
6
The Broad Institute of MIT and Harvard, Boston, USA
7
Masonic Medical Research Institue, Utica, USA
8
University Heart and Vascular Center, Hamburg, Germany
Funding Statement :
Wellcome trust (109604/Z/15/Z, 221650/Z/20/Z); BHF
(PG/17/55/33087,RG/17/15/33106,FS/19/12/34204, FS/19/16/34169,PG/17/30/32961,
AA/18/2/34218, FS/13/43/30324), EU (633196), Leducq Foundation, AHA (18SFRN34110082)
Introduction
Atrial fibrillation (AF) affects over 1% of the population and is a leading cause of stroke and heart
failure in the elderly. Sodium channel blockade is a common treatment for AF. A feared side effect
of inhibitors of the cardiac voltage-gated sodium current (INa), such a flecainide, however, is
ventricular arrhythmia. We investigated the biophysical reasons for the relative safety of sodium
channel blockers.
Methods
Whole cell patch clamping was performed to measure INa and action potentials (APs). Optical
mapping of the LA and LV was performed in the intact mouse heart using voltage dye Di-4- ANEPPS
and analysed using ElectroMap (1). LA and LV INa data were used to model changes in AP
morphology using a modified mathematical model of the ventricular cardiomyocyte (2). Expression
of NaV1.5, NaVβ2 and NaVβ4 was measured by Western blotting and SCN5A, SCN4B and SCN2B
by RNAseq analysis in matched mouse and non-failing human LA and LV.
Results
At physiological holding potentials (-75mV), LA peak INa current density was significantly reduced
compared to LV. Western blotting data demonstrate that this is not due to reduced atrial
NaV1.5/SCN5A expression in either mouse or human. AP recordings revealed LA cells exhibit
reduced upstroke velocity (238.6±27.7vs304.2±27.9mV/ms, p=0.0018) compared to the LV (n=2340/5 cells/mice). Modelling studies confirmed these findings. At all holding potentials, 1µM flecainide
inhibited INa to a larger extent in the LA compared to LV cells (Figure 1). Furthermore, flecainide
decreased AP upstroke velocity to a higher degree in LA (47.9±18.8%) when compared to LV cells
(18.6±9.8%, p=0.04, n=4 mice). Optical mapping demonstrated reduced conduction velocity in the
LA (24.4±2.7cm/s) compared to LV (36.1±6.2cm/s, p=0.03, n=5). Flecainide significantly decreased
conduction velocity in the LA (-40.4±7.2%, p<0.05 vs time control), but not LV.
Conclusion
Significant differences exist in the biophysical properties of sodium channels in the LA and LV, and
their response to flecainide. The reduced effectiveness of flecainide in the LV can explain the relative
safety of sodium channel blocker therapy.
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Flecainide inhibits atrial
INa to a larger extent than
ventricular INa
Figure 1
A) Representative raw INa
traces from left atrial
(LA) and left ventricular
(LV) cardiomyocytes with
and without flecainide.
B) % inhibition of INa in
left atrial (LA) and left
ventricular (LV)
cardiomyocytes from a
variety of holding
potentials, when
stimulating INa by a
voltage step to -30 mV
(n = 11/6 cells/mice).
C) LA and LV INa inhibition
by flecainide from a
holding potential of 120 mV.
D) LA and LV INa inhibition
from a holding potential of
-70 mV.
n = 12/6 cells/mice for LA
and 14/4 for LV.

References
[1]
O’Shea C, Holmes AP, Yu TY, Winter J, Wells SP, Correia J, et al.
ElectroMap: High-throughput open-source software for analysis and mapping of
cardiac electrophysiology. Sci Rep. 2019 Feb 4;9(1):1389.
[2]
Pandit, S. V., Clark, R. B., Giles, W. R., & Demir, S. S. (2001). A
mathematical model of action potential heterogeneity in adult rat left
ventricular myocytes. Biophysical journal, 81(6), 3029–3051.
https://doi.org/10.1016/S0006-3495(01)75943-7
____________________________________________________________________________

921

B 08-12
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Introduction
Exposure to circulating cobalt levels in patients with metal-on-metal hip replacements has been
implicated in the development of cardiac hypertrophy and heart failure, yet the specific underlying
causative mechanism(s) are unknown.
Methods
We have used a rat model to examine both chronic and acute effects of cobalt chloride (CoCl 2) on
cardiac parameters at both whole organ and cellular levels. For chronic effects, experimental adult
male rats (180-220g) received daily intraperitoneal (IP) injections of either vehicle (n≤10) or 1mg/kg
CoCl2 (n≤14) for 28 days. Heart function was assessed post-treatment using echocardiography and
the cobalt content in whole blood, heart tissue and cardiac myocytes (CM) measured by ICP-MS.
Rats were anaesthetised via IP injection with 0.1µg/kg Dolethal containing 0.1µl heparin sodium and
upon loss of reflex, hearts removed for processing. CM were isolated from both experimental and
naïve rat hearts to assess both the chronic (28 day) and acute effects of cobalt on intracellular
calcium handling studied using live single cell confocal microscopy. Naïve CM were treated with 1,
10 and 100µM CoCl2 for 5min, 1h and 24h.
Results
Rats treated with CoCl2 for 28 days showed normal weight gain over the experimental period
(vehicle: 59.6±4%, n=10; CoCl2: 55.9±2.3%, n=14) with no changes in heart weight (vehicle:
1.3±0.2g, n=5; CoCl2: 1.3±0.1g, n=6) but evidence of impaired contractility (% fractional shortening;
vehicle: 61.5±3.5%, n=10; CoCl2: 53.6±1.4%, n=14; p<0.05, student’s t-test). Cobalt levels were
significantly increased in whole blood (vehicle: 3.9±1.1µg/l, n=7; CoCl 2: 53.7±2.3µg/l, n=9;
p<0.0001, student’s t-test), heart tissue (vehicle: 13.3±3.2ng/g, n=4; CoCl2: 81.7±10.6ng/g, n=4;
p<0.001, student’s t-test) and CM (vehicle: 0.4±0.1µg/l, n=4; CoCl2: 2±0.4µg/l, n=4; p<0.01,
student’s t-test). Ca2+ transients measured in CM from chronic cobalt-treated rats showed a
significant reduction in Ca2+amplitude compared to controls (vehicle: 1.27±0.08; N=2 rats, n=32
cells; CoCl2: 1.05±0.04; N=6 rats, n=133 cells; p<0.05, unpaired t-test). Similarly, a concentration
and time-dependent reduction was observed in the Ca2+transient amplitude and first transients for
acute cobalt treatments of naïve cells after 5min ( N=4 rats; control - 2.30±0.13, n=33; 1µM 1.95±0.09, n=36; 10µM - 1.75±0.10, n=38; 100µM - 1.37±0.07, n=31), after 1h (N=4; control 1.55±0.09, n=25; 1µM - 1.61±0.09, n=31; 10µM - 0.81±0.06, n=22, or after 24h (N=2; control 1.46±0.12, n=6; 1µM - 1.48±0.11, n=5; 10µM - 1.18±0.11, n=10; P<0.0001, one-way ANOVA).
Importantly, CoCl2 (100µM) treatment for >1h consistently resulted in deterioration of CM viability.
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Conclusion
Taken together, these results suggest that CoCl2 has a negative chronic inotropic effect on the heart.
These effects are associated with reduced Ca2+ release in isolated myocytes exposed to CoCl2
acutely and chronically. Future work will focus on the cellular mechanisms involved.
Fig 1. Chronic exposure to
cobalt reduces % FS and
increases metal content in
blood, heart, and CM.
Bars and dots show
means±SEM of (A) percentage
fractional shortening
measured by
echocardiography, and (B-D)
cobalt content in (B) whole
blood, (C) heart tissue,
and (D) isolated
cardiomyocytes measured by
ICP-MS from rats which
received daily
intraperitoneal injections
of vehicle (n≤10) or 1mg/kg
CoCl2 (n≤14) for 28 days.
FS = fractional shortening,
CM = cardiac myocytes.
*=p<0.05, **=p<0.01,
***=p<0.001, ****=p<0.0001,
significance tested by
student’s t-test.

Fig 2. CoCl2 treatment
reduces Ca2+ transient
amplitude in cardiac
myocytes.
Bar charts show mean±SEM of
amplitude of transient
(ΔF/F0) from isolated
cardiac myocytes treated
(A) acutely with 0-100mM
CoCl2 for up to 24h and (B)
chronically via daily
intraperitoneal injections
in rats for 28 days.
**=p<0.01, ***=p<0.001,
****=p<0.0001, significance
tested by two-way ANOVA for
(A) and unpaired t-test for
(B).
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Introduction
The function of cardiac voltage gated sodium (Na+) channels (Nav1.5) is central in the pathogenesis
of arrhythmias as these channels are crucial for myocardial electrical excitation. Recently, based on
single-channel recordings of Na+ channel pairs, a new paradigm was proposed in which Na+
channels interact and exhibit coupled gating [1]. Yet, single-channel recordings are corrupted by
noise, baseline drift and capacitance artefacts. The most common procedures for removing these
fluctuations and identifying conductive states rely on manual procedures, which are biased and may
lead to inaccurate data interpretation. To address this issue, we developed an automated pipeline
to separate the true signal from the capacitance artefact and baseline drift, and to idealize the singlechannel currents. This permitted an unbiased assessment of potential interactions between Na +
channels.
Methods and Results
Cell-attached patch clamp experiments were performed in HEK293 cells transiently expressing wildtype human Nav1.5 channels. Currents from 2-4 channels were recorded upon a voltage step to –
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40 or –60 mV. First, the individual sweeps were detrended by linear optimization using a library of
exponential functions with different time constants [2]. Then, the de-drifted signal was digitally
filtered. Subsequently, the baseline was offset by subtracting the peak of a Gaussian function that
was fit through the histogram of samples that did not correspond to channel openings. The novel
idea behind the next step is that the average of the idealized currents identified by thresholds
between current levels must reconstruct at best the ensemble average current. Assuming identical
single channel currents, the thresholds were set at the midpoints between current levels and the
mean square residual with respect to the ensemble average current was computed. The thresholds
were then adjusted automatically using nonlinear optimization to minimize this residual. This
procedure was repeated under the assumption of different numbers of channels. The best possible
fit was reached when this number corresponded to the true number of channels in the patch. Thus,
the counting of open channels at any given time during the voltage step protocol was unbiased. To
explore any potential interaction between the channels, the distribution of these counts was
compared (chi-square test) to the binomial distribution expected for independent channels. The
interaction was quantified by computing the difference in Shannon’s entropy between these
distributions. In 6 patches investigated so far, our analysis indicates that the interaction between
Na+ channels is not significant or only very weak, in contrast to what was published by others [1].
Conclusion
Our pipeline allows an unbiased analysis of single-channel currents and will be important for further
studies in which we will examine whether interactions between Na+ channels can be potentiated by
auxiliary proteins.
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Simultaneous sympatholytic parasympathomimetic effects of centrally acting
antiadrenergic drugs dose-dependently reduce the complexity of RR-interval variability.
M. Turcani, E. Ghadhanfar
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Introduction
Antiadrenergic therapy with β-blockers prolongs the survival of heart failure (HF) patients. However,
moxonidine, a centrally acting sympatholytic drug, increased mortality when used to reduce
sympathetic overactivity in HF patients (1). Centrally acting sympatholytic drugs, in contrast to βblockers, not only inhibit sympathetic activity but also exhibit parasympathomimetic effects. We
hypothesized that a combination of sympatholytic and parasympathomimetic activity might reduce
the complexity of RR-interval variability (RRIV). It was shown that reduced fractal complexity of RRIV
is associated with elevated mortality (2).
Methods
Telemetric transmitters (HD-S11, Data Sciences, USA) were implanted into anesthetized (120
mg.kg-1 ketamine & 6 mg.kg-1 xylazine i.p.) eight 12-week old male Wistar rats. Implants allowed
noninvasive monitoring of aortic pressure, ECG, core body temperature, and locomotor activity. The
fractal complexity in the RRI time series was estimated with the detrended fluctuation analysis.
Short-term (α1) and long-term (α2) fractal scaling exponents were calculated according to Peng (3).
Six increasing doses of central sympatholytics moxonidine and clonidine (0 – 12.15 µmol.kg-1) and
the β-blocker metoprolol (0 – 291.1 µmol.kg-1) were applied s.c.
Results
Moxonidine (imidazoline I1 & α2-adrenergic receptor agonist) dose-dependently reduced the α1
fractal exponent (Fig 1A), suggesting a gradual loss of coordination in the cardiac autonomic
regulation. At the highest dose, RRIV became uncorrelated (α1 = 0.53 (0.12), p<0.001 by the Tukey
HSD after the multivariate (Wilks) repeated measure 2-way ANOVA by time and dose. Data are
means & S.D. in brackets). Similarly, clonidine (α2-adrenergic receptor agonist) also shifted the α1
exponent (Fig. 1B) toward the uncorrelated chaotic white noise (α1 = 0.55(0.1)). However,
metoprolol (β1-adrenergic receptor blocker) did not affect the optimal (1/f noise) short-term
correlation in the RR-interval time series (α1 = 1.02(0.08)). An increase in the high-frequency power
of RRIV after moxonidine could explain a 30% of α1 diminution. The largest decline in the α2
exponent indicated that clonidine exhibited the most potent sympatholytic effect (Fig. 2B). Even the
low doses shifted the α2 exponent of 1.41(0.14), which reflects a rigid, tightly controlled regulatory
system, toward the white noise (0.66(0.16)). In contrast, metoprolol attenuated the Brownian
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component of RRIV (Fig. 2C) and brought the long-term α2 exponent to ideal complexity
characterized by α2 = 1.06 (0.07). Moxonidine affected the α2 exponent only at the highest
concentration (Fig. 2A), reducing it to 1.04(0.09).
Conclusion
Higher doses of central sympatholytics are causing a loss of complexity of RR-interval time series,
which might reflect a reduction in adaptive capacity of the cardiac autonomic regulation and could
be related to the increased mortality in the MOXCON trial (1).
Fig. 1. Effect of
antiadrenergic drugs on the
short-term fractal scaling
exponent α1.
Panel A: Higher doses of
moxonidine reduced α1
exponent (a surrogate
measure of the cardiac
vagal activity), suggesting
a parasympathomimetic
effect. At 12.15 µmol.kg-1,
the heart period
variability became
uncorrelated. Panel B:
Clonidine affected the
fractal complexity of RRinterval time series
similarly to moxonidine but
was effective at lower
doses. Panel C: Metoprolol
showed no statistically
significant effect on α1
exponent, consistent with
its absence of a
parasympathomimetic effect.

Fig. 2. Effect of
antiadrenergic drugs on the
long-term fractal scaling
exponent α2.
Panel A: Only the highest
dose of moxonidine reduced
α2 exponent, a surrogate
index of the cardiac
sympathetic activity. This
might indicate a limited
sympatholytic effect of
moxonidine on the heart.
Panel B: All clonidine
doses shifted α2 exponent
from the rigid Brown noise
to the ideal fractal
complexity of 1/f noise.
The shift was approximately
equal with all doses. Panel
C: Effect of metoprolol on
α2 exponent was close to
moxonidine, confirming its
cardiac sympatholytic
action. Based on α2
exponent shifts, the
cardiac sympatholytic
effect of metoprolol was
weaker than that of
clonidine.
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Atrial natriuretic peptide (ANP) has vasodilatory, natriuretic, and diuretic properties and is secreted
in response to atrial wall distension and thereby provides an indirect evaluation of central blood
volume (CBV). Adrenaline possesses chronotropic and inotropic effects which increases stroke
volume (SV) and cardiac output (CO) with the increase in SV by adrenaline infusion does not seem
to be the result of increased venous return to the heart. The present study evaluated the serum midregional proANP(53-90) (MR-proANP), a stable ANP variant, response to adrenaline infusion with
simultaneous recording of CBV by thoracic electrical admittance (TEA) and haemodynamic
variables by pulse-contour analysis during four 5-min intervals with graded infusion of
adrenaline. Adrenaline infusion increased heart rate (33 ± 18%), SV (6 ± 13%) and thereby CO (42
± 23%, all P < 0.05). The increase in CO did, however, not result from an increase in CBV as TEA
remained stable (-3 ± 17%, P = 0.230). Serum MR-proANP concentrations increased (26 ± 25%; P
< 0.001) by adrenaline infusion and remained elevated 60 min thereafter. Thus, as CBV remained
similar serum MR-proANP is not only influenced by CBV but also responds to the chronotropic and
inotropic state of the heart by adrenaline infusion or adrenaline may directly induce release of ANP
variants from the myocytes.
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MR-proANP
Changes in mid-regional
pro-atrial natriuretic
peptide (MR-proANP) at
rest, during infusions of
adrenaline and 60 min
after end infusion (Post60). Open circles indicate
individual data and solid
line the mean. * compared
to baseline, † compared to
prior time point, P<0.05
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Thoracic electrical
admittance
Change in thoracic
electrical admittance at
1.5 (T1.5) and 100 kHz
(T100) at rest and during
the four infusions of
adrenaline depicted in 5
min segments with the
dotted line indicating
separation between
intervals for blood sample
collection. IDX is the
difference between T1.5
and T100 to indicate
changes in regional
intracellular water. Open
circles indicate
individual data and solid
line the mean. * compared
to baseline, P<0.05.
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Introduction
Lysosomes have traditionally been thought of as cellular waste processing organelles and are now
known to be an active component of functional atrial signals(1). Lysosome number and dysfunction
has been characterised in several cardiac conditions(2), however, their role in atrial fibrillation (AF)
is yet to be defined. Here we focus on unravelling molecular alterations in acidic organelles in atrial
tissue using a fractionation protocol(3) followed by multi-omics analysis.
Methods
The goat study was carried out in accordance with the principles of the Basel Declaration and
regulations of European directive 2010/63/EU. The local ethical board for animal experimentation of
the Maastricht University approved the protocol. AF was induced and maintained in goats (C. hircus)
for 6 months, followed by an open chest sacrifice experiment (N=3 AF and N=3 sham controls). We
adapted our recently published endolysosome (EL) isolation-fractionation method (3) to study the
EL proteins in the AF goat model. Label-free quantitative MS/MS mass spectrometric (QExec
LumosTM mass spectrometer) and transcriptomic (RNASeq) analyses of peptides and mRNA were
performed on the EL and whole tissue lysate (TL) to identify statistically significant changes in
proteins and genes. Mass spectrometric data were analysed using Progenesis QI (WatersTM
Cooperation, version 4.2) and Perseus (version 1.5.2.4) to identify proteins. Volcano plots were
generated using normalised intensities with a two-way Student’s t-test, and proteins significantly
different between AF and Sham goat models of each TL and EL sample identified. The PANTHER
Overrepresentation Test was performed for the highest abundant EL proteins using the panthergene ontology database (Panther–GO). The functional network interactions were mapped using
KEGG, Reactome (version 77) and String analysis (version 11.5).
Results
Out of 2104 proteins, 340 proteins in TL and 148 in EL were significantly altered in AF. Some
significantly regulated proteins, such as Ras-related protein 11 (RAB11), were validated with
Western blotting. In addition, TL highlighted mitochondrial oxidative-phosphorylation OXPHOS, and
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AMPK pathway protein upregulation, indicating a potential increased ATP energy demand in AF. EL
fractions showed enrichment for EL specific proteins, including Lysosomal alpha-glucosidase
(GAA), Ras-related protein Rab-7a (Rab7a), Clathrin light chain B (CLTB), vacuolar protein-sortingassociated protein 25 (VPS25) and T-complex protein 1 subunit beta (CCT2). Upregulation of
protein processing suggests increased vesicular trafficking, potentially related to increased
metabolic energy demand. In addition, the downregulation of autophago-lysosome fusion proteins
such as dynein, dynactin and dynamin indicates a possible disruption in the cellular degradation of
macromolecules.
Conclusion
The data presented provides evidence to support the role of the lysosome as an important organelle
in AF pathology.
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were exclusively expressed in the skeletal muscles (Lee, Eunkyung, et al.2002). Overexpression of
these BIN1 isoforms in HEK cells demonstrated that the PI-containing isoforms have stronger
capacity to generate tubules. We further characterized the effects of these isoforms in cultured rat
ventricular cardiomyocytes and human induced pluripotent stem cell-derived cardiomyocytes
(hiPSC-CMs) via adenoviral gene transfer, immunostaining and confocal microscopic imaging of
calcium using either the calcium dye (Fluo-4) or calcium biosensor (Junctin-GCaMP6). To analyze
the EC couplons in cardiomyoyctes, a previously published analysis method CaCLEAN was applied
(Tian, Qinghai, et al. 2017). We found that all these BIN1 isoforms can maintain the T-tubules as
well as the EC coupling of cultured ventricular myocytes at different degrees. Particularly, BIN1
isoforms with PI domain (8 and 13) brought out the most significant effects. When overexpressed in
the hiPSC-CMs, isoform 8 and 13 generated abundant tubules with which LTCCs or RyR2s were
colocalized. Further analysis of the calcium release by CaLCLEAN revealed that there were
functional EC couplons formed around the newly induced tubules. As a result, the EC coupling of
hiPSC-CMs was significantly improved compared with those without BIN1 expression. Based on
these results we conclude that BIN1 isoforms, especially those with PI motif, play essential roles in
the maintenance, regeneration, and de novo biogenesis of T-tubules in cardiomyocytes. These
newly tubules can trigger the build-up of EC couplons which further enhance the efficiency of calcium
handling. The work was funded in parts by the DFB/SFB894 and DFB/SFB TR 152.
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Excitation-contraction (EC) coupling is one of the main mechanisms that regulate the function of
ventricular cardiomyocytes. Structurally, EC coupling relies on the membrane invagination—
transverse tubular system (T-tubules) which enables the fast activation of ryanodine receptor 2
(RyR2) in the sarcoplasmic reticulum by the calcium entry from the L-type calcium channel (LTCC)
in the sarcolemma. The bridging integrator 1 (BIN1) is one of the main proteins that regulate the
biogenesis of T-tubules. Its expression and function in human cardiomyocytes are not fully
elucidated, which is investigated in the present study. We firstly analyzed the expression pattern of
BIN1 splicing variants using the total RNA samples of heart tissue from healthy human donors
(purchased from BioChain). Through PCR and sanger sequencing we identified five different BIN1
splicing variants (6, 8, 9, 10, and 13), which are not completely the same with those identified in the
mouse heart (Hong, TingTing. et al. 2014) and rat heart (Li, Lin-Lin, et al. 2020). It is also inconsistent
with the previous finding that BIN1 isoforms with the phosphoinositide binding motif (PI) (8 and 13)
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Introduction
The study aims at the mechanistic understanding of sarcomere dysfunction in the remote
myocardium (RM) after ischemia/reperfusion (I/R) and the exacerbating effects of type-2 diabetes
mellitus (T2DM). Both disease entities have been shown to affect titin-based cardiomyocyte stiffness
in mouse models. Here, we perform a first exploratory study on biopsies from diabetic and nondiabetic patients with and without recent myocardial infarction (max. 21 days after I/R) to test the
translatability of our previous results from mouse heart.
Method
Samples were taken from RM of diabetic leptin-receptor deficient (db/db) mice and heterozygous
littermates (db/+) 24h and of wildtype BL/6J mice 21 days after experimental ischemia/reperfusion
(I/R, 60 min by transient ligation of coronary arteries in a closed-chest surgical model, anesthesia:
intraperitoneal injection of ketamine (60 mg/kg) and xylazine (10 mg/kg)), or sham operation (sham).
Data were compared to biopsies taken from right atrial tissue during bypass surgery. Samples were
immediately frozen in liquid nitrogen. Cardiomyocytes were mechanically isolated from the frozen
tissue and titin isoform composition, titin and troponin I (cTnI) phosphorylation were tested by SDSPAGE and Western blot analysis using phosphosite-directed antibodies.
Result
In db/+ mice 24h after I/R titin phosphorylation at S11878 (pS11878) was significantly increased to
153±14%, and increased cardiomyocyte passive tension (PT). In db/db mice titin pS11878 was
increased to 135±12%, and pS12022 to 197±21% compared to db/+, and increased cardiomyocyte
PT at baseline. cTnI phosphorylation was reduced in db/db hearts at baseline, indicating increased
myofilament Ca2+-sensitivity. No further increase was observed in pS11878, pS12022 and PT 24h
after I/R. Instead, pS4010 levels in db/db increased to 147±16% (P<0.05). Titin isoform composition
was preserved among groups. In wild-type mice 21d after I/R the increase in cardiomyocytes PT
was partially reversed, but pS11878 remained increased (169±23% of sham). Preliminary results
(n=4-6 per group) from human biopsies indicate that titin isoform expression remains unchanged by
T2DM and I/R, but we observed increased levels of the titin degradation band T2 in a subset of
T2DM ± I/R, compared to non-diabetic hearts. Titin phosphorylation was not significantly changed,
but requires further analyses due to large variability in the data sets. cTnI phosphorylation is
significantly reduced by 27±4 % in diabetic human biopsies ± I/R (P<0.05).
Conclusion
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Data from mouse hearts suggest complex modification of sarcomere function to adapt RM to high
mechanical stress acutely after I/R, but also in the long term. The acute adaptation fails in diabetic
hearts. First data from human biopsies indicate similarities to mouse hearts, but further analyses,
considering treatment and comorbidities of the human patients are required.
____________________________________________________________________________
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Twenty-four hours preservation of hearts prior to cardiomyocyte isolation to reduce the
number of experimental animals
B. Pfeilschifter, T. Seidel, T. Volk
Friedrich-Alexander-Universität Erlangen-Nürnberg, Institute for Physiology II, Erlangen, Germany
Introduction
The isolation of cardiac myocytes from adult animals represents an important technique in basic
cardiovascular research and is without alternative for many research questions. However, to obtain
cardiomyocytes, the heart must be removed, so that the donor animal is sacrificed. For this reason,
the yield should be as large as possible. Nevertheless, animal models, especially transgenic mice,
are frequently and possibly unnecessarily replicated because it is believed that cardiomyocytes must
be isolated and investigated immediately after heart collection to avoid unacceptable qualitative and
functional limitations. In this project, we investigate if hearts from laboratory animals can be
preserved for at least 24h prior to myocyte isolation without affecting subsequent experiments.
Methods
Adult mice were killed by cervical dislocation after analgesia with isoflurane.
Hearts were excised and used for enzymatic cardiomyocyte isolation either immediately (control) or
after conservation for 24h at 4°C. After cell isolation, action potentials and K+ currents were
measured using the whole-cell patch-clamp technique.
Results
Action potential (AP) recordings unveiled no significant differences in resting membrane potential (81.4 vs. -80.6 mV), overshoot (36.2 vs. 30.9 mV) and AP duration at 90% repolarization (APD90)
(71.1 vs. 62.7 ms, n = 23/22 cells in control/conservation group, respectively). Other measures of
APD (APD20, APD50 and APD at 0 mV) did not differ either, indicating preserved AP shape in
conserved hearts. Maximum upstroke velocity of the AP was higher with 170.5±15.1 V/s in the
control group compared to 137.3 ± 11.1 V/s after conservation (p=0.09). However, when APs were
initiated from the same holding potential of VPip = -85 mV, upstroke velocity was similar in both
groups (196.9±14.1 vs. 188.2±15.1 V/s). This suggests, that the fast Na+ current was not affected
by conservation. The current density of the transient outward potassium current (Ito), the main
repolarizing current of the mouse AP, was similar both groups (40.3±2.7 vs. 41.8±4.1 pApF-1 at
VPip = 60 mV; n = 29/20). Moreover, the inwardly rectifying K+ current (KIR) was also similar in
myocytes from control and conserved hearts (5.23±0.5 vs. 6.33±0.3 pApF-1 at VPip = -120 mV,
n=16/7).
Conclusion
We show that important cellular electrophysiological characteristics, such as resting membrane
potential, AP shape and duration and potassium currents are only marginally affected by cold
storage of the heart for 24h. We suggest that the presented method will allow for transport of excised
hearts over long distances, making the replication of transgenic lines and disease models obsolete
in many cases. Due to its simplicity, the method would also permit multiple use of animals sacrificed
for non-cardiac studies.
____________________________________________________________________________
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Why the heart of coelacanth fish necessitates a major revision of the ancestral heart of
terrestrial vertebrates
B. Jensen1, H. Lauridsen2
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Introduction
The heart of the first land-living vertebrates, tetrapods, is inferred by comparing present-day lungfish
and amphibians. These groups belong to lobe-finned fish as do the rare coelacanths. Few
coelacanth hearts have been studied and it has been concluded they are exceedingly primitive
because of a linear chamber topology. Until now, the coelacanth heart has been omitted from
inferences of the ancestral tetrapod heart.
Methods
Using MRI, CT, and 3D-modelling, we assessed the morphology of in-situ hearts of two coelacanths,
13 specimens from all three major groups of amphibians, five specimens from all three major groups
of lungfish, nine ray-finned fish, 22 cartilaginous fish, two lampreys, and two hagfish.
Results
The coelacanth heart is long mostly due to an elongate outflow tract, but this setting resembles that
of fellow ray-finned non-teleost fish. The cardiac chambers have a substantial left-right symmetry as
in other bony fish, while the coelacanth sinus venosus and atrium are positioned relatively caudally.
Nonetheless, the coelacanth heart is much different from the hearts of cartilaginous fish, lampreys,
and hagfish, and it is not primitive. We then assessed 20 gross morphological characters in
amphibians, lungfishes, and coelacanths. Nine were shared by all groups. Five were shared by
amphibians and lungfishes only, such as a lung vein connecting to the left atrium and an atrial
septum. Six were shared by amphibians and coelacanth, such as a valved atrioventricular junction
(lungfishes have a ‘plug’) and absent ventricular septum.
Conclusion
We conclude the ancestral tetrapod heart likely had a lungfish-like atrium and a coelacanth-like
ventricle.

Overview of the study
Figure 1. We imaged the
heart in-situ of 45
species of fish and
amphibians, the
phylogenetic relation of
which is shown on the
left, using either MRI or
CT scanning followed by 3D
remodeling. This allowed
us 1) to assess whether
the heart of coelacanths
is primitive as previously
claimed - it is not - and
2) to infer the primitive
state of the heart of the
first land-living
vertebrates which, our
analyses show, likely
comprised a lungfish-like
atrium and a coelacanthlike ventricle.

____________________________________________________________________________
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Properties of late calcium sparks in murine ventricular myocytes in the presence of
pharmacological inotropes
O. Hood, G. Toerien-Howie, H. Davies, E. D. Fowler
Cardiff University, School of Biosciences, Cardiff, UK
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Introduction
Arrhythmias are a major cause of sudden cardiac death (SCD). Calcium dysregulation is key to
pathological electrophysiology, via the Na/Ca exchange mechanism. Late calcium sparks (LCS)
were recently shown to occur during the Ca transient decay in normal rabbit ventricular myocytes
(Fowler et al. 2018), and LCS frequency was increased in myocytes from rabbits with heart failure
(Fowler et al. 2020). Association with early afterdepolarisations was observed, implying the
importance of LCS in disease. Mouse is the most commonly used mammalian model organism due
to its genetic tractability, however little is known regarding the properties of LCS in murine ventricular
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myocytes, which may be important for interpreting arrhythmias in this species (Guo et al. 2012;
Fowler et al. 2020). This work aims to characterise LCS properties in mouse ventricular myocytes
under both basal conditions and in the presence of cardiac inotropes.
Methods
All procedures accorded with current EU/UK legislation. Wildtype C57BL/6 mouse hearts were
removed, and immediately perfused via the aorta with physiological saline on a Langendorff
apparatus. Individual ventricular myocytes were isolated by gentle shaking following perfusion with
a solution containing collagenase. All experiments were performed at 22°C. External Ca was
gradually raised from 0.05-1mM, and myocytes were loaded with Fluo-4-AM (Ca indicator).
Following electrical field stimulation at 1Hz using a pair of Pt electrodes, Ca release was monitored
using an inverted confocal laser scanning microscope (Zeiss LSM880) in line scanning mode at
1kHz with 488nm excitation and emission collected at >500nm. LCS were detected using an
automated algorithm in background-subtracted recordings (Fowler et al. 2018). Data were collected
from 20 cells from 4 mice. Statistical tests performed were paired T-tests, and normality was
checked using Shapiro-Wilk tests. Data are presented as mean ± SEM.
Results
Under basal conditions diastolic Ca spark frequency in mouse myocytes was 4.3±0.8 /s/100μm, with
an average amplitude of 0.51±0.03 F/F0 and full width at half-max of 2.3±0.1 μm. Under basal
conditions, the frequency of LCS in mouse myocytes was greater 7.7±1.4 LCS/s/100μm (P=0.04 vs
diastolic Ca sparks) but the mean amplitude was similar to diastolic Ca sparks. Isoproterenol
(100nM) approximately doubled the frequency of diastolic Ca sparks (P=0.02) and caused a 4-fold
increase in LCS frequency (P=0.001) but did not affect amplitude.
Conclusions
Further research into other inotropic stimuli is underway to produce a comprehensive understanding
of their effect on LCS frequency and properties in murine cells. This will help the mechanistic
understanding of arrhythmogenesis in model organisms to improve the development of potential
treatments for SCD.
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The effect of estradiol, 17β-E2, on the human and animal cardiac Kv7.1/KCNE1 channels
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Introduction
The cardiac voltage-gated potassium channel Kv7.1/KCNE1 has an important role in the ventricular
cardiac action potential, where it contributes to the repolarization phase. Inherited mutations in

939

genes encoding for this channel, and compounds that inhibit channel function, have been
functionally linked to the arrythmia Long QT syndrome (LQTS). To aid in arrhythmia risk
assessment, it is therefore important to find which compounds inhibit the Kv7.1/KCNE1 channel
and, thus, lead to higher risk of suffering from LQTS symptoms, such as arrhythmia and sudden
cardiac death. The steroid hormone estradiol (17β-E2) has been implicated with prolonging the QT
interval and increasing the risk for women with congenital or acquired LQTS when compared to
men. However, little is known about the mechanistic basis of modulation of the Kv7.1/KCNE1
channel by 17β-E2.
Methods
We used the two-electrode voltage clamp technique to study the effect of 17β-E2 on the
Kv7.1/KCNE1 channel expressed in Xenopus oocytes.
Results
We find that 10µM of 17β-E2 inhibits the maximum conductance of Kv7.1/KCNE1 channel by
roughly 60% (SEM) and that the effect requires the KCNE1 subunit. Moreover, we find that LQTSassociated mutations in KCNE1 tune the 17β-E2 effect.
As the KCNE1 subunit varies between animal species, we tested the 17β–E2 effect on the
Kv7.1/KCNE1 channel of rabbit, guineapig and zebrafish and compared it to the effect seen in the
human channel. The rabbit Kv7.1/KCNE1 channel shows pronounced 17β–E2-induced reduction in
maximum conductance compared to the human Kv7.1/KCNE1 channel (for 10µM the maximum
conductance was decreased by roughly 95%).
Conclusion
Altogether, this study increases our understanding of the mechanistic basis for 17β-E2 inhibition of
Kv7.1/KCNE1 and demonstrates mutation and species dependent responses to 17β-E2. It suggests
the combined burden of LQTS mutations and 17β-E2 influence may induce the LQTS phenotype.
____________________________________________________________________________
B 08-25
Impact of acute carnosine and beta-alanine supplementation on genes related to carnosine
metabolism in rat cardiomyocytes
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Introduction
Carnosine is a pleiotropic histidine-containing dipeptide synthesised from beta-alanine and Lhistidine, which can be obtained from the diet. Carnosine is suggested to have putative roles in
intracellular pH buffering, calcium handling and oxidative stress in cardiac tissue. Carnosine content
in tissue is regulated through carnosine synthesis, carnosine hydrolysis, and the activity of
transaminase enzymes, in addition to amino acid and non-specific peptide transporters. It remains
unclear as to whether carnosine can accumulate in the cardiac tissue with exogenous beta-alanine
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(the rate-limiting precursor of carnosine synthesis) provision. This study mapped the expression of
genes related to carnosine synthesis enzymes and transporters in cardiomyocyte cells in response
to acute carnosine or beta-alanine supplementation. Changes in gene expression may reveal
mechanisms by which beta-alanine or carnosine availability influence carnosine homeostasis.
Methods
Differentiated H9c2 cells (rat ventricular cardiomyocytes) were exposed to 0.1, 0.5, 1, 5 or 10 mM
of carnosine or beta-alanine for 4-hours (n = 3 - 5). Gene expression was measured using real-time
qPCR. The fold change in expression of the genes of interest were calculated using the delta-delta
Ct method against the reference gene 18S. Data were analysed by one-way ANOVA.
Results
Cardiomyocyte cells expressed the following genes of interest: carnosine synthesis (CARNS1),
carnosine hydrolysis (CNDP1, CNDP2), beta-alanine transporter (TAU-T), amino acid transporter
(PAT1), non-specific peptide transporters (PEPT1, PEPT2, PHT1, PHT2) and transaminase (GABAT). The beta-alanine transaminase AGXT2 was not expressed in cardiomyocyte cells. Carnosine
supplementation had no effect on the expression of these genes (p>0.05). Beta-alanine
supplementation significantly decreased the expression of TAU-T at 0.5 mM (62%↓, p<0.05), 1 mM
(54%↓, p<0.05) and 10 mM (59%↓, p<0.05), with no significance at 0.1 mM (50%↓, p>0.05) and 5
mM (12%↓, p>0.05). PHT1 expression was significantly decreased at all beta-alanine
concentrations (35 – 66%↓, p<0.05) except 5 mM (48%↓, p>0.05).
Conclusion
Cardiomyocytes express genes of the enzymes and transporters needed to uptake and utilise
carnosine and beta-alanine. The reduced mRNA expression of the transporter TAU-T suggests
potential competition between both beta-alanine and taurine for TAU-T and suggests this solute
carrier protein could play a role in beta-alanine metabolism. Importantly, CARNS1 expression did
not change with supplementation, indicating increases in intracellular carnosine may not be
dependent upon carnosine synthesis and instead may shift towards dependence on the
transportation of beta-alanine into cells.
____________________________________________________________________________

Results: Long-term stimulation of AVRC with 100 µM serotonin led to a decrease of 55 % in relative
cell shortening (SEM 0,46, p<0,0001, n=54, one-way ANOVA), while lower concentrations showed
no significant effects. In presence of the specific MAO-A inhibitor clorgyline, concentrations of up to
100 µM serotonin were tolerated without significant loss of contractile function. In contrast, shortterm stimulation experiments demonstrated a decrease of 14 % in cell shortening at concentrations
of 1 µM serotonin (SEM 0,36, p=0,0036, n=81, one-way ANOVA), which persisted with the addition
of clorgyline. Hydrogen peroxide generation was increased by 59 % in presence of 100 µM serotonin
in isolated cardiac mitochondria (SEM 0,07, p=0,0017, n=4, one-way ANOVA) but was completely
reversed by the addition of clorgyline. Gene analysis revealed an age-dependent increase in MAOA expression in both WHR and SHR with SHR showing a significant increase at earlier ages. The
expression of the serotonin transporter (SERT) decreased equally with age in WHR and SHR,
whereas catalase expression showed no age-dependent alterations. The expression of aldehyde
dehydrogenase-2 decreased significantly in older WHR but remained at a similar level in SHR.
Conclusion: Serotonin leads to MAO-A-mediated cellular dysfunction in AVRC. Short-term effects,
however, occurred independent of MAO-A inhibition. Besides hypertension, ageing promotes an
increase in the expression of MAO-A. The age-dependent downregulation of the serotonin
transporter could thus represent a protective mechanism to reduce serotonin-mediated ROS
generation. Our results implicate MAO-A as a potential therapeutic target, but further research on
MAO-A inhibition in in-vivo models is needed.

B 08-26
Monoamine oxidase A-mediated effects of serotonin on rat heart
J. Knittel, R. Schreckenberg, J. Heger, K.-D. Schlüter
Justus Liebig University, Department of Physiology, Gießen, Germany
Introduction: Monoamine oxidases (MAOs) are proteins of the outer mitochondrial membrane,
which produce reactive oxygen species (ROS) by metabolizing biogenic amines. Two isoforms,
MAO-A and MAO-B, have been identified with MAO-A being the predominant isoform in rat heart.
Its upregulation under pathophysiological conditions, such as hypertension, adverse cardiac
remodelling, and consecutive heart failure, implies an important role for MAO-A in disease
progression. However, data on the effects of MAO-A-mediated metabolism on cardiomyocytes are
limited.
Methods: Adult ventricular rat cardiomyocytes (ARVC) were isolated from Wistar-Hannover rats
(WHR) as described previously [1,2]. Cells were stimulated with the MAO-A substrate serotonin
directly or 20 hours prior to the measurement and the contractility upon electrical stimulation was
assessed. Additionally, we photometrically quantified the hydrogen peroxide generation of isolated
heart mitochondria in presence of serotonin [3]. The expression of genes related to the serotonin
metabolism were analysed by qPCR in heart tissue from WHR or spontaneous hypertensive rats
(SHR) of different ages.
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Relative cell shortening of
ARVC
The contractility of ARVC
was assessed upon
electrical stimulation.
Serotonin was added in
different concentrations
(A) 20 hours or (B)
directly prior to the
measurement. Long-term
stimulation with 100 µM
serotonin led to a
significant reduction which
was completely abolished by
clorgyline. Short-term
stimulation resulted in a
decreased cell shortening
already at concentrations
of 1 µM serotonin which
persisted in presence of
clorgyline. Mean values and
95 % confidence intervals
are given. P-values were
calculated by using one-way
ANOVA with Tukey
correction.

Age-dependent gene
expression of MAO-A and
SERT in rat heart
(A) The expression of MAO-A
in SHR was significantly
increased at the age of 7,5
months (∆∆CT 2,2, SEM 0,29,
p<0,0001). An age-dependent
increase could be observed
in both WHR and SHR. (B)
The expression of SERT was
significantly lower in SHR
irrespective of age.
However, an age-dependent
downregulation occurred in
both WHR and SHR. ∆CT
values are presented for
the different ages (1,5,
7,5 and 11,5 months) and
their mean values are
linked. WHR and SHR were
compared at each timepoint
using two-way ANOVA with
Sidak correction (n=6).
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Quantification of autophagosome/lysosome fusion in cardiomyocytes and brains of
biallelic SPRED2-KO mice reveals a defect in autophagy.
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Introduction
In the UK alone there are around 86,000 heart attacks each year with around 52,000 of these being
the most serious ST-segment elevation myocardial infarctions (STEMI) (1). Ischaemia occurs in a
response to the lack of oxygen supply into downstream tissue beyond the blockage area of coronary
artery. The intrinsic cardioprotective pathways within the heart, activated by ischaemic
preconditioning, have been effective at reducing infarct size in pre-clinical models, however have
not successfully translated to efficacy in humans (2,3). In most cardioprotective phenotypes, there
is a reduction in electrical excitability leading to a reduction in the Ca 2+ accumulation during each
systolic interval reducing energy consumption required to restore Ca 2+ homeostasis. Here, we
demonstrate cardioprotection against ischaemia via pharmacological manipulation of the slowly
activating K+ (IKs) current in order to directly mimic the changes seen in electrical activity in
cardioprotection.
Methods
Adult male Wister rats (300-400 g) were killed by cervical dislocation. Whole-cell patch clamp
electrophysiology to measure action potentials and ex vivo Langendorff whole heart coronary
ligation experiments as a model of myocardial infarction. Specific pharmacological inhibitors and
activators were used to modulate channel activity in each experimental protocol.
Results
The selective IKs blocker JNJ303 prolonged the cardiac action potential duration, albite
insignificantly (n = 6, P=0.27) and increased infarct size following ischaemia (n = 5, P=0.0005).
However, selective potentiation of ventricular IKs using ML277 shortened the cardiac action
potential duration (n = 8, P=0.024) and decreased the infarct size in the whole heart (n = 5,
P<0.0001). These data suggest an important role of ventricular IKs in cardioprotection against
ischemia.
Conclusion
Potentiation of the IKs current in cardiomyocytes may be cardioprotective by shortening the cardiac
action potential, reducing intracellular calcium loading and thus preserving cellular ATP. This could
be clinically used as a novel pharmacological cardioprotection against myocardial ischaemia.
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Dysfunction of autophagy has been associated with cardiac arrhythmias and cardiomyopathies,
mainly because failure of the system leads to intracellular depositions. One important signaling
cascade controlling myocardial cell homeostasis and important steps of autophagy, is the ERKMAPK pathway [1]. SPRED2 is an important inhibitor of this pathway and plays a role in a variety of
processes, e.g. in cardiovascular organ development and brain development. SPRED2 also
interacts with LC3, which is essential for autophagy to occur. LC3-II, which is present in all
autophagic vacuoles, is the most commonly used protein to determine autophagic flux [2]. Biallelic
SPRED2-KO mice develop impaired autophagy, heart failure, and a shortened lifespan. SPRED2 is
an essential regulator of cardiac autophagy, and its absence leads to cardiac dysfunction and lifethreatening arrhythmias [3]. The objective of this study was to verify if SPRED2 influences the fusion
process of autophagosomes with lysosomes and thus disrupts autophagy.
To prove our hypothesis, we crossed SPRED2-KO mice with transgenic CAG-RFP-EGFP-LC3 mice
(JaxMice, strain 027139), which express double-labeled LC3 ubiquitously. This allows both
quantification of autophagosomes, characterized by double EGFP/RFP fluorescence and
quantification of lysosomes, characterized by disappearance of EGFP fluorescence due to low pH
in lysosomes [4].
Using structured illumination microscopy, we revealed that in cardiomyocytes not only the number
of sites of lysosome fusion was reduced in SPRED2-KO mice, but also that the double fluorescence
signal was decreased, indicating a reduced autophagic activity (Fig. 1a). We also observed that in
WT cardiomyocytes more acid-insensitive RFP signal remained (Fig. 1b), which can be explained
by the lower pH after fusion with lysosomes. To investigate the influence of SPRED2 on autophagy
in other organs, we measured the expression of tagged LC3 in SPRED2-KO brain slices using a
confocal microscope. In the hippocampus, we observed an increased signal of EGFP in SPREDKO mice. This difference was evident in both the average size of the signal (Fig. 1c) as well as the
number of EGFP signals (Fig. 1d). These data indicate that the fusion of autophagosomes and
lysosomes is disturbed in SPRED2-KO mice.
Our findings demonstrate that SPRED2 is involved in fusion or transport of autophagosomes and
lysosomes, and that autophagy is disrupted in mice lacking SPRED2. With the decreased fusion of
lysosomes intracellular recycling gets interrupted, which may lead to substrate overload in the cell.
Recently, the first humans carrying mutations in the SPRED2 gene have been identified [5]. To
diagnose and treat such very rare diseases in the future, investigation of such molecular and
physiological functions of SPRED2 is indispensable.
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Altered autophagic activity
in SPRED2-KO mice.
a)Combined total area of
GFP/RFP signals in isolated
cardiomyocytes of WT and
SPRED2-KO (p= 0,0159, WT n=
15, KO n= 13). b) Total
number of RFP signals per
isolated cardiomyocyte of
WT and SPRED2-KO (p=
0,0238, WT n= 15, KO n=
12). c) Average relative
size of GFP signals in
hippocampus of WT and
SPRED2-KO (p= 0,0001, WT n=
12, KO= 12). d) Number of
individual signals of GFP
in hippocampus of WT and
SPRED2-KO (p= 0,0001, WT n=
12, KO= 12).
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Introduction
A transient increase in intracellular calcium is critical for enabling the contraction of cardiac
myocytes. The bulk of this calcium originates from the internal store, the sarcoplasmic reticulum
(SR), and is released via the ryanodine receptor (RyR2). This physiological calcium release is tightly
regulated on a beat-to-beat basis in the healthy heart; however, calcium leak through RyR2 can
occur in pathological settings and is linked with the development of arrhythmias. Atrial fibrillation
(AF) is the most common form of arrhythmia and is associated with increased calcium leak activity
[1]. The propensity for RyR2 to exhibit calcium leak can be modulated by calsequestrin-2 (CSQ2),
an intra-SR calcium buffering protein which interacts with RyR2 [2]. While the majority of studies to
date suggest that CSQ2 reduces RyR2 calcium leak, both overexpression and knockdown of CSQ2
result in arrhythmogenic calcium handling [3,4]. An increased expression of RyR2 relative to CSQ2
has been identified in AF patients, compared to non-AF patients [5]. However, how changes in the
expression ratio of these two proteins influences RyR2 calcium leak has not been investigated and
may represent a mechanism to target for novel anti-arrhythmic therapies. Therefore, we investigated
the effect of altering the CSQ2:RyR2 expression ratio on calcium leak activity.
Methods
HEK293 cells stably expressing RyR2 tagged with GFP (RyR2-GFP) were used for this study. RyR2GFP cells were transfected with CSQ2 tagged with mCherry or a mock control and subjected to
single-cell calcium imaging using Fura-2-AM to measure calcium leak activity. The relative intensity
of GFP and mCherry fluorescence was measured and used as an indicator of RyR2 and CSQ2
expression, respectively. Cells were grouped into low, medium or high CSQ2:RyR2 expression
based on mCherry:GFP fluorescence. The percentage of cells exhibiting calcium leak (propensity)
and the frequency of calcium leak events were determined and compared between groups.
Results
Overall, CSQ2 expression reduced the propensity and frequency of RyR2-mediated calcium leak
events compared to control. When analysed according to CSQ2:RyR2 expression levels, a biphasic
effect was observed. Low CSQ2:RyR2 expression increased both the propensity and frequency of
calcium leak compared to control, while medium and high CSQ2:RyR2 produced a progressive
reduction in calcium leak activity.
Conclusion
Together, these findings reveal a complex relationship between CSQ2 and RyR2 calcium leak
activity which may have implications in arrhythmic settings.
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Introduction
The salmonid heart is well known for its plasticity and ability to adapt to varying demands in
association with environmental challenges such as water salinity and temperature changes. During
temperature acclimation, the ventricle undergoes hypertrophic remodeling to adjust to colder
temperatures and atrophic remodeling under chronic warming. However, little is known about the
remodeling occurring in the bulbus arteriosus (the ventricular outflow tract) upon temperature
change. This non-contractile and elastic chamber serves to protect the gill capillaries from high
systolic blood pressure and is key for proper cardiac function and blood circulation.
Results
In the current study, we examined the effects of elevated temperature in Atlantic salmon (Salmo
salar L.) reared at 6-7 ℃ (cold) and 10-13℃ (warm) during the freshwater stage. We observed that
relative bulbus size was increased in warm-reared individuals compared to those reared at cold
temperature. Next, we examined in vivo bulbus function with an ultrasound system (Vivid iq, GE
Healthcare) fitted with a pediatric cardiac probe (12S) in anesthetized fish (75mg/L tricaine
methanesulfonate through gill irrigation). Fish were euthanized by a blow to the head and ex vivo
pressure-volume measurements were performed on excised bulbi. These experiments showed that
the large bulbi from warm-reared individuals are less compliant and elastic than those from fish
raised at cold temperature. In addition, echocardiographic examination of the ventricle suggested
mild diastolic dysfunction in the warm acclimated group.
Conclusion
Collectively, our results indicate that hearts from salmon raised at modestly elevated temperatures
during the early life stages have reduced ability to adjust blood pressure in the gill capillaries,
suggestive of warm acclimation leading to decreased cardiac function. Thus, our results highlight
that further temperature elevation due to climate changes may have adverse effects on Atlantic
salmon.
____________________________________________________________________________
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Introduction
Autonomic Nervous System had been recently speculated as a contributor to Sickle Cell Anaemia
pathophysiology. Autonomic Nervous System (ANS) had been recently speculated as a contributor
in Sickle Cell Anaemia pathophysiology. Autonomic dysfunction in SCA can be involved in pain
crises, vaso-occlusive crises and sudden death. Cardiovascular complications are major cause of
morbidity and mortality in SCA, This study evaluated the relationships between autonomic activity,
hemodynamic parameters, and the clinical severity of sickle cell anaemia among adult cases
Methods
A cross-sectional hospital-based study, conducted in a referral hematology clinic, Military Hospital,
Khartoum, Sudan; including thirty-five cases diagnosed with sickle cell anaemia and twenty-five
healthy adults as a comparative group. A standardized data collection tool was used to collect
background variables and laboratory measurements. Autonomic activity and hemodynamic
parameters were evaluated by studying Heart Rate Variability and Pulse Wave Analysis
respectively. A multiple linear regression model was constructed to predict the impact of autonomic
and hemodynamic dysfunction on the clinical severity of SCA. All tests used were considered as
statistically significant when p < 0.05
Results
Total Power was lower among cases, while High Frequency Maximum was significantly higher (p <
0.001) among sickle cell anaemia cases. Augmentation Pressure, Augmentation Index and Aortic
Pulse Pressure were also significantly higher (p = 0.002, 0.012 and 0.013 respectively) among SCA
cases. Autonomic activity and hemodynamic parameters statistically significantly (p < 0.001)
predicted the clinical severity of sickle cell anaemia. The global autonomic activity was impaired
among sickle cell anaemia cases
Conclusion
The overall autonomic nervous supply (sympathetic and parasympathetic) was impaired among
SCA patients. Higher levels of augmentation pressure, augmentation index and aortic pulse
pressure and lower level of brachial diastolic blood pressure were recorded among SCA patients,
these results indicated increased mortality risk. The clinical severity was significantly predictable
using a regression model involving heart rate variability measures, pulse wave analysis and TWBC,
reflecting the significant impact of autonomic nervous system and haemodynamic factors on sickle
cell anaemia morbidity and mortality.
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The expression of the light gated ion channel channelrhodopsin2 (ChR2) in cardiomyocytes of
mouse hearts enables optogenetic pacing (1) as well as defibrillation to terminate ventricular
tachycardia by epicardial illumination (2) with a novel mechanism of endocardial conduction block
(3). Therefore, light transmission, epi- to endocardial cell coupling and the extent of light-induced
transmural depolarization are important parameters to predict the effectiveness of optogenetic
pacing and defibrillation in hearts larger than mouse hearts.
To investigate light transmission of myocardial tissue and the influence of blood, 300 µm thick slices
from mouse hearts without blood and with clotted blood in the capillaries were cut with a vibratome
(N=6 hearts; n=11-13 slices). Light of defined wavelengths (350-800 nm, 5 nm steps, 2 nm
bandwidth) was generated by a monochromator, focused on left ventricular parts and transmission
was measured with an integrating sphere. Extinction was calculated according to Lambert-Beer´s
law and was high <450 nm and between 530 and 570 nm, reflecting haemoglobin and myoglobin
absorption (4). Comparison of values with and without blood and blood extinction allowed to estimate
the highest contribution of blood to total light attenuation of 17,8% (at 550 nm) and a blood volume
relative to wall volume of 3%. Light transmission of slices with different thickness (200-400µm; N=3;
n= 6-10) could be fitted as monoexponential decay (R2>0.9) with decay constants depending on the
wavelength (3.08 µm-1 for 460 nm and 1.01 µm-1 for 670 nm) reflecting the higher transmission of
red light (50% transmission of 460 nm at 225 µm and of 670 nm at 685 µm).
To investigate the consequences of light attenuation in the heart for optogenetic depolarization,
pacing thresholds of single isolated cardiomyocytes (n=18 cells) were compared to those of
Langendorff-perfused ChR2 hearts (N=10). Interestingly, successful pacing of the whole heart
required 2.5-fold higher light intensity than for single cell pacing (460 nm; heart: 27.7±8.6 µW/mm2
N=10; cells: 11.2±4.1 µW/mm2, n=18). Thus, it seems that deeper, less illuminated layers counteract
epicardial depolarization, similar to the concept of electrical coupling preventing ventricular extra
beats.
Finally, sharp microelectrode recording was used to measure depolarization of resting membrane
potential by epicardial illumination (460 nm) at calibrated depths in the ventricular wall. This value
decreased at larger depths but not as fast as light attenuation. For instance, at a depth of 225 µm
with only 50% of light remaining, light-induced depolarization was ~85% of the epicardial value and
50% depolarization was found at a depth of 605 µm. Thus, although light is attenuated at deeper
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layers, the electrical coupling from above increases depolarization and thereby helps conduction
block for successful defibrillation.
(values: mean±s.e.m, N=hearts, n=cells or slices)
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Introduction
Oxygen metabolism disorders present a high risk, which often leading to organ dysfunction. In
particular, the myocardium is characterized by increased energy requirements under conditions of
pathological load. For monitoring of energy deficiency under conditions of reduced oxygen
utilization, an experimental model of acute streptoztocin (STZ)-induced diabetes mellitus (D) has
been proposed. Due to the fact that mitochondria play a vital role in oxygen metabolism, it is
necessary to evaluate their performance with respect to diseases that are characterized by
increased energy requirements, such as D [1].
We aimed to expand knowledge about key signaling pathways linked to the regulation of respiratory
chain, mPTP opening and ROS signaling in the conditions of D treated with a metabolic modulator
dichloroacetate (DCA).
Methods
Male Wistar rats (n=24) aged 12-15 weeks and weighing 323±28 g were used for our experiments.
The acute 8-day D model induced by single dose of STZ (65 mg/kg i.p.) was exposed to DCA
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administered to animals (150 mg/kg and 75 mg/kg i.p.) 60 minutes and 15 minutes before heart
excision. The experiment was performed on intraperitoneally anesthetized animals (thiopental, 5060 mg/kg of body weight applied with heparin 500 IU). Prior to the heart extraction, the animals were
stabilized for 30 minutes. Isolated rat heart mitochondria were used for quantitative label-free LCMS/MS proteomic analysis.
Results
Proteomic analyzes revealed a significant protein stimulation of respiratory chain complex I and II
(both p <0.0001) in the D group compared with the healthy control group. In diabetic animals treated
with DCA, we observed a significant decrease in protein expressions for complex II (p < 0.001) and
complex IV (p < 0.05). We demonstrated significantly (p <0.001) upregulated protein amine oxidase
[flavin-containing] A (AOFA) in D mitochondria, indicating oxidative damage. DCA in diabetic
animals (D+DCA) downregulated AOFA (p < 0.05) and stimulated thioredoxin-dependent peroxide
reductase (p < 0.05), a protein with antioxidant function. D condition was associated with
mitochondrial resistance to calcium-overload through mPTP regulation, despite of increased (p
<0.05) protein level of voltage-dependent anion-selective protein (VDAC1). In contrast, D+DCA
condition influenced ROS levels and downregulated (p <0.05) VDAC1 and (p <0.05) VDAC3 when
compared to D alone.
Conclusion
Stimulation of mitochondrial respiratory chain and mPTP complex proteins is involved in
endogenous compensatory mechanisms leading to the maintenance of myocardial function under
increased energy load conditions. Characterization of the combined effect of D+DCA showing that
DCA acted as an effector of calcium uptake regulation and ROS production. Overall, the achieved
results expanded the available knowledge about mitochondrial signaling pathways in the rat heart
that can lead to cardioprotection during reduced oxygen utilization induced by D.
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Introduction
The plant Senecio nutans SCh. Bip is widely used by the Andean communities of northern Chile to
treat diseases including gastrointestinal disorders and altitude sickness. Recent evidence suggests
it may be of value in modern medicine as an anti-hypertensive. For example, Paredes et al. (2016)
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show S. nutans to produce vasodilation via Ca2+ and nitric oxide-dependent mechanisms.
Furthermore, Cifuentes et al. (2016) demonstrate negatively inotropic effects in the heart, though
the cellular mechanisms were not elucidated. To address this, we measured the effects of S. nutans
hydro-alcoholic extracts on cardiac intracellular calcium handling and contractility.
Methods
Sheep ventricular myocytes were isolated enzymatically in accordance with the Animals (Scientific
Procedures) Act, UK, 1986, Directive 2010/63/EU of the European Parliament and local ethical
review boards. Cells were loaded with Fura-2 (0.1 µM) then field stimulated at 0.5Hz and excited
sequentially at 340 nm and 380 nm (200 Hz). Changes of cytoplasmic Ca2+ were inferred from the
ratio of light emitted at 340:380 nm, calibrated using custom-written software. Sarcomere length was
measured simultaneously using a Myocam-S CCD camera and SarcLen acquisition module (Ion
Optix, USA). Changes to Sarcoplasmic reticulum (SR) Ca2+ content were estimated by rapid
application of caffeine (10 mM). Analysis of variance was used for statistical analysis with
significance taken as p<0.05.
Results
1µg/ml (the measured IC50) S. nutans rapidly (10-20s) decreased the [Ca2+]i transient amplitude
and sarcomere shorting by 40 ± 4% (n=24, p<0.001) and 49 ± 4% (n=24, p<0.001) respectively. The
effect on [Ca2+]i partially reversed upon washout while that on contractility reversed fully. The
amplitude of the caffeine evoked [Ca2+]i transient was reduced by 24 ± 4% (n=13, p<0.001),
progressing to a 41 ± 6% decrease (n=13, p<0.001) during washout, indicating respective decreases
in SR Ca2+ content. The rate of decay of the systolic Ca2+ transient (ksys) represents the combined
activity of SERCA and NCX and was reduced by 17 ± 4% (n=24, p=0.002). The rate of decay of the
caffeine-evoked Ca transient (kcaff) represents NCX alone and was increased by 17 ± 4 % (n = 13,
p=0.04). Subtraction of kcaff from ksys indicates SERCA activity (kSERCA), which was decreased by
21 ± 8 % (n = 13, p=0.02). During washout, -kSERCArecovered while the increase of kNCX progressed
to 41 ± 7 % (n = 13, p<0.001).
Conclusion
These findings suggest S. nutans decreases SERCA activity and increases NCX activity, which
reduces SR Ca2+ content. This accounted for a reduction in the calcium transient amplitude thus
contractility. Though further investigations are required to measure the effect of S. nutans on the
other sub-cellular Ca2+ handling mechanisms, the changes to global Ca2+ and contractility dynamics
provide a cellular basis for the previously reported negatively inotropic effects.
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Cancer incidence has increased exponentially in the last century. Although the amazing drug
advances, traditional chemotherapy regimens, particularly anthracyclines, continue to play a key
role in breast cancer treatment. However, these improvements are accompanied by systemic
adverse effects, particularly cardiovascular toxicity.
To clarify Doxorubicin (DOX) action on the cardiovascular system upon cumulative treatment, we
used a healthy animal model to determine the extension of doxorubicin effects due to two therapeutic
doses and the exercise training (ET) effectiveness on cardiovascular parameters.
For that, female Wistar rats, with 12 weeks of age, were DOX-treated for 4 weeks: DOX 8 (n=7), a
cumulative dose of 8 mg/kg (2 mg/kg/week), DOX 16 (n=6), a cumulative dose of 16 mg/kg (4
mg/kg/week). Two other groups were made with the same doses of DOX but with an ET program
implemented (DOX 8 + ET and DOX 16 + ET). The ET protocol consisted of a 25 cm/sec treadmill
exercise for 30 min, 5 times/week. At the end of the protocol, animals were anaesthetized and blood
pressure (BP), electrocardiogram, heart rate (HR) and respiratory frequency (RF) were recorded.
Our results showed that a cumulative dose of 16 mg/kg triggered hypotension: a significant decrease
in mean BP (DOX 16: 90 ± 10; CTL: 128 ± 2 mmHg, p<0.0012), systolic BP (DOX 16: 103 ± 10;
CTL: 153 ± 4 mmHg, p<0.0002) and diastolic BP (DOX 16: 80 ± 10; CTL: 108 ± 3 mmHg, p<0.0224),
as well as in HR (DOX 16: 288 ± 22; CTL: 379 ± 51 bpm, p<0.003), compared to the CTL
group.[VLPG1] [FDCM2] There was also a significative hypopnea in the DOX 8 group compared to
CTL group (DOX 8: 37 ± 6; CTL: 54 ± 3 cpm[VLPG3] [FDCM4] , p<0.0389). During DOX treatment,
the ET protocol counteracts some of the adverse effects induced by DOX, normalizing the mean BP
(DOX 8: 119 ± 7; DOX 8 + ET: 142 ± 4 mmHg, p<0.0122), systolic BP (DOX 8: 139 ± 8; DOX 8+
ET: 168 ± 5 mmHg, p<0.0076), diastolic BP (DOX 8: 102 ± 3; DOX 8 + ET: 124 ± 5 mmHg,
p<0.0309), HR (DOX 8: 367 ± 14; DOX 8 + ET: 405 ± 5 mmHg, p<0.0164) and RF (DOX 8: 37 ± 6;
DOX 8 + ET: 63 ± 4 mmHg, p<0.0027). In the DOX16 group, the ET protocol was not able to revert
the adverse physiological changes.
These findings suggest that the DOX effects on physiological parameters are different according to
the cumulative dosage, with the highest dosage causing the most serious effects. Although ET has
an evident beneficial effect on the cardiovascular system during DOX therapy in both dosages, a
more noticeable effect was observed at the lowest dose. It may be necessary to perform ET in the
DOX16 group for a longer period to observe its protective effect or this ET protocol is not able to
avoid the side effects of higher cumulative doses of DOXO. Although complementary data is still
needed, the present data showed that ET has an evident beneficial effect to counteract the adverse
effects of anthracycline therapies.
____________________________________________________________________________
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Contraction of the heart is a tightly controlled process, initiated at subcellular elements called dyads.
Within these structures, Ca2+ release channels known as ryanodine receptors (RyRs) in the
sarcoplasmatic reticulum (SR) are located within close proximity to L-type Ca2+ channels (LTTCs)
and the Na+-Ca2+ exchanger (NCX) in the adjacent sarcolemma (T-tubules). This arrangement is
believed to allow efficient triggering of Ca2+ induced Ca2+ release. However, despite decades of
investigation, the precise organization and function of these structures remains unclear. Even less
clear is how dyads are assembled in developing heart, knowledge that is key for generating mature
cardiomyocytes from stem cells for tissue engineering.
In this project, we examined dyadic formation in unprecedented detail, using a large mammalian
model, such as sheep (Ovis aries). Employing advanced imaging methods (Fast Airyscan, Zeiss
LSM 880), we demonstrate that the t-tubule density and dyadic assembly proceed gradually during
the fetal sheep development, from 93 days of gestational age, with term being 145days, until the
post-natal stage. Furthermore, we examined the effect of load on the t-tubules and dyads
development. We used two different interventions on the fetal sheep heart to alter the fetal arterial
pressure. The first animal model used three different protein-infusion conditions: a) Infusion of sheep
plasma to increase systolic load of the fetal heart(1), b) Infusions of the angiotensin converting
enzyme inhibitor, enalaprilat, to reduce the fetal systolic load(2), c) Infusions of lactated Ringer’s
solution, as control condition to measure the effect of normal cardiac load. In addition, increased
systolic load effect on the fetal heart was studied using a second animal model, where a variable
inflatable occluder is placed on the post ductal aorta to pressure-load the heart. In order to perform
fetal surgery, anesthesia on ewes was induced via an intravenous mixture of diazepam (10mg) and
ketamine (400mg), and maintained using 1-2% isoflurane in a carrier gas mixture of 70:30 oxygen
and nitrous oxide while mechanically ventilated (1). At the conclusion of each study, pregnant ewes
and lambs were euthanized using an intravenous overdose of pentobarbital sodium (SomnaSol) (3,
4).Here, we report that increasing systolic load by infusing plasma or occlusion of the post-ductal
aorta accelerates hypertrophy and t-tubule growth. Conversely, reducing fetal systolic load with
enalaprilat infusion significantly slows t-tubule development, and decreases cardiomyocyte size.
Load-dependent modulation of substructure maturation was linked to altered expression patterns of
the t-tubule regulatory proteins JPH2, amphiphysin-2 (Bin1) and other Bin-1 partners. Interestingly,
altered t-tubule densities did not relate to changes in dyadic junctions, indicating that distinct signals
are responsible for maturation of the SR.
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Disruption to normal excitation-contraction coupling processes in the heart can result in arrhythmias
which are potentially fatal; however, the underlying mechanisms are complex, dynamic, and multiscale in nature, thus are difficult to experimentally dissect. Computational investigations, however,
allow researchers to gain quantitative and mechanistic insight into pro-arrhythmic phenomena.
Despite common use of the rat as an animal model of cardiovascular disease, existing computational
models of rat ventricular electrophysiology are unable to account for stochastic subcellular calcium
dynamics, which are known to trigger arrhythmias. We therefore developed a new computational
model by coupling a recent rat electrophysiology model [1] with a novel model of stochastic spatiotemporal Ca2+ cycling [2], and extensively validated the model against a wealth of experimental
data. The new model was utilised to explore how reductions in inward rectifier current (IK1) observed
in heart failure (HF) in our lab [3] influenced pro-arrhythmic spontaneous Ca2+ release events.
The new model reproduced rate-dependent changes in action potential, electrophysiological and
Ca2+ handling characteristics from the literature across a range of cycle lengths (80-1000 ms), under
both control and beta-adrenergic stimulation conditions (simulated application of isoprenaline,
ISO). A simulated 50% reduction in IK1 (HF), in line with experiments (3), led to a 31% prolongation
in action potential duration (APD) from 39 to 51 ms and a rise in sarcoplasmic reticulum calcium
levels ([Ca2+]SR). In ISO simulations, APD prolongation was also observed and [Ca2+]SR was
augmented from 500 to 900 μM (HF vs HF+ISO). In both control+ISO and HF+ISO conditions,
spontaneous Ca2+ release was observed but was higher in magnitude (94 vs 100 nM), involved a
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higher proportion of open ryanodine receptors and occurred sooner after cessation of pacing (1085
vs 1287 ms) under IK1 remodelling.
Utilising spontaneous Ca2+ release functions in the model (in which [Ca2+]SR and initiation of
spontaneous release were fixed), we also found that, independent of Ca2+ load, IK1 remodelling led
to an increased magnitude of delayed afterdepolarisations compared to control and resulted in
triggered activity in HF but not control simulations (at high and low [Ca2+]SR), despite an increased
spontaneous calcium release magnitude and more depolarised membrane in control simulations.
Together these results suggest that HF-associated electrophysiological remodelling promotes and
alters the dynamics of spontaneous release events and, in combination with a destabilised
membrane, leads to pro-arrhythmic triggered activity, with implications for tissue-level
arrhythmogenesis.
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Mechanical strain in striated muscle inevitably leads to an increase of damaged proteins that need
to be replaced to maintain protein homeostasis. As a member of the chaperone-associated selected
autophagy (CASA) complex, the co-chaperone BAG3 contributes to protein homeostasis by
autophagic degradation of damaged proteins. A heterozygous amino acid substitution at position
209 of the BAG3 protein impairs this function and causes severe skeletal muscle dystrophy and
restrictive cardiomyopathy, reducing the life expectancy of patients to an average of 20 years. In a
humanized mouse model for this disease we were able to show that BAG3 P209L is more prone to
aggregation and sequesters BAG3WT into the insoluble pool, depleting functional BAG3. This leads
to an impairment of CASA and accumulation of damaged proteins, causing sarcomere disintegration
and muscular dystrophy.
To investigate this in the human system and to understand the full spectrum of BAG3-related
muscular disease, we have generated an isogenic series of heterozygous as well as homozygous
genome-edited human induced pluripotent cell (iPSC) lines with the BAG3P209L mutation. We could
successfully generate beating cardiomyocytes from the BAG3P209L homozygous and heterozygous
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cell lines, as well as from controls. So far, we could not observe any obvious differences between
the cardiomyocytes of the three cell lines. Current efforts are directed at analyzing changes in the
protein quality control system by performing biochemical and immunofluorescence analyses and to
apply mechanical stress by electrostimulation. In addition, we will also focus on the integrity of
sarcomeres and Z-disks after pharmacological inhibition of autophagy or the proteasome. Thus, we
hope that the hiPSC lines will provide better insight into the disease pathomechanisms and hence
enable to design strategies for the development of new experimental therapies for BAG3 P209Lrelated myofibrillar myopathy.
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Introduction
MicroRNAs are small, non-coding RNA molecules involved in regulation and fine-tuning of gene
expression. The present study aims to determine changes in miRNAs on the well-established
experimental model of chronic anthracycline (ANT) cardiotoxicity at two distinct stages of
cardiotoxicity development.
Methods
Cardiotoxicity was induced in rabbits treated with daunorubicin (DAU, 3 mg/kg, weekly; for 5 and 10
weeks) and compared with the control ( saline in the same schedule). The 1st analysis was done
after the five DAU cycles (cumulative dose ~250 mg/m2) when we found first signs of cardiotoxicity,
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i.e., significantly increased levels of plasma cardiac troponin T (cTnT 0.018±0.003 µg/L vs.
0.006±0.001 µg/L; p< 0.001), but yet without any change in LV systolic function. The 2nd analysis
was performed after the ten DAU cycles (cumulative dose ~500 mg/m2) which induced significant
LV systolic dysfunction (FS 41.2 ± 0.4 % vs 29.0 ± 2.9 %; p<0.001 and dP/dt max 8714 ± 275vs 5341
± 499 mm Hg; p<0.001) and typical histopathological hallmarks of chronic ANT cardiotoxicity.
Results
Based on results obtained from TaqMan® Advanced miRNA Human A and B Cards we selected 32
miRNAs for confirmation by Real-time PCR with specific assays (TaqMan® Advanced miRNA Assay
systems). After 5 weeks, 10 miRNAs were significantly up-regulated: miR-let-7f-2-3p (p<0.05), miR20b-5p (p<0.05), miR-21-3p (p<0.05), miR-21-5p (p<0.05), miR-34a-3p (p<0.001), miR-34a-5p
(p<0.001), miR-34c-5p (p<0.01), miR-142-3p (p<0.05), miR-155-5p (p<0.001) with dominant
change in miR-1298-5p (29-fold change, p<0.01) . miR-34a-5p and miR-21 were related to p53mediated DNA damage signalling. After 10 weeks only miR-504-3p (p<0.01) was significantly downregulated and 11 of miRNAs were significantly up-regulated: miR-21-3p (p<0.01), miR-21-5p
(p<0.001), miR-34a-3p (p<0.01), miR-34a-5p (p<0.001), miR-34c-5p (p<0.001), miR-142-3p
(p<0.01), miR-155-5p (p<0.001), miR-223 (p<0.001), miR-433-3p (p<0.05), miR-1298-5p (p<0.001)
with the dominant change in 34a-5p (76-fold change). Most of miRNAs measured after 10 weeks
of the treatment very significantly positively correlated with cTnT and negatively with parameters of
systolic dysfunction (LVFS and dP/dtmax). The best correlation has been achieved between miR-215p and LVFS and dP/dtmax, respectively and (-0.959; p<0.001, resp. -0.890; p<0.001) and miR-2233p (-0.911; p<0.001; resp.- 0.803; p<0.001), which are probably involved in the alteration of crossbridge cycling and fibrosis.
Conclusion
To our knowledge, this is the first study describing the changes of miRNAs profile in chronic ANT
cardiotoxicity with precisely defined stages of cardiomyopathy development.
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Introduction
Heart rate variability (HRV) is a measure of the variation of the time distance between two
consecutive heartbeats which reflects autonomic nervous system function along with the relative
contributions of sympathetic and parasympathetic nervous systems (PNS) (1). Choline and CDPcholine modulate autonomic functions by increasing acetylcholine synthesis and cholinergic
neurotransmissions (2). This study aims to evaluate the possible effects of cholinergic system-acting
drugs; choline and CDP-choline on HRV parameters.
Methods
The experimental study was approved by the local Ethics Committee for Animal Experimentations
and experiments have been carried out in accordance with the Declaration of Helsinki. 12-16 weeks
old Wistar male rats were anesthetized with Ketamine (75 mg/kg) and Xylazine (10 mg/kg)
combination and randomized into three groups (each n=8): 1. Control (1 ml Saline), 2. Choline (100
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mg/kg), 3. CDP-choline (400 mg/kg). 0.9% Saline, Choline, and CDP-choline were applied
intraperitoneally. After the drug administration, electrocardiography (ECG) recordings were obtained
for 45 minutes. After detecting R waves with the Pan-Tompkins algorithm, the tachogram of RR
intervals was generated and frequency domain HRV analyses were performed. After the ECG
recordings animals were sacrificed with cervical dislocation. Total choline/acetylcholine levels in
blood and heart tissues of experimental groups were measured by a commercially available kit
according to the manufacturer’s instructions by spectrophotometer (3). One-way analysis of
variance (ANOVA) with Tukey test for multiple comparison tests was used for statistical analysis.
p<0.05 was accepted significant.
Results
Power of high frequency (HF) and total power (TP) was significantly increased in both choline and
CDP-choline groups within 15 minutes. Heart rate, Power of low frequency (LF) significantly
decreased in the choline treated group whereas the power of very low frequency (VLF) significantly
decreased in the CDP-choline treated group. LF/HF ratio significantly decreased by the choline
treatment within 15 minutes whereas significant changes were obtained for CDP-choline within 45
minutes (Fig 1). Total choline/acetylcholine levels significantly increased in serum and heart tissues
of choline and CDP-choline treated animals compared to control (Fig 2). The level was significantly
higher in the choline group compared to both CDP-choline and the control groups.
Conclusion
Our HRV analysis results suggested parasympathomimetic activation by choline and CDP-choline
treatments by increasing HF and TP and decreasing LF/HF. Parallelly, increased total
choline/acetylcholine levels in both serum and heart tissues also showed increased
parasympathomimetic activation. Furthermore, our data suggest a more rapid response on HRV
parameters by choline treatment compared to CDP-choline which is supported by the significant
difference in total choline acetylcholine levels in tissues.

Figure 1
HRV parameters in control,
choline and CPD-choline
groups.

Figure 2
Total choline levels in
control, choline and CPDcholine groups in serum
and heart tissues.
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Carotid bodies (CBs) are the main peripheral oxygen sensors implicated in the progression of many
diseases, including heart failure (HF) [1]. In HF, CB function is enhanced and contributes to the
sympathetic overdrive [2]. While CBs are an attractive target for future therapies, therapeutic
development has been limited due to a lack of full understanding of the CB oxygen sensing
mechanism in health and HF. Previous reports showed that elevated reactive oxygen species (ROS)
contribute to altering the oxygen chemotransduction cascade in HF [3]. However, the effects on CB
mitochondrial function have not been investigated. Investigating mitochondrial function is important
as it has been hypothesised that the unusually low oxygen affinity of cytochrome c oxidase (complex
IV) and mitochondrial ROS (mitoROS) may play an important role in the CB oxygen sensing
mechanism [4]. However, these assumptions have not been validated by measurements of electron
transport chain (ETC) function and mitoROS production in the CB. This study therefore sought to
describe the ETC function, mitoROS production and oxygen affinity of complex IV in control and HF
CB.
Tissue homogenates were prepared using CB and left ventricle from control and tachypaced HF
sheep [5]. High-resolution respirometry was used to measure mitochondrial oxygen consumption
and H202 production by using substrate-uncoupler-inhibitor titration protocols (normalised to citrate
synthase activity), as well as the kinetics of mitochondrial oxygen affinity. A citrate synthase assay
was used to estimate mitochondrial content in each homogenate sample. Additionally, the protein
abundance of mitochondrial complexes per total protein was measured by Western blot.
CB mitochondria have a low aerobic capacity and a high complex IV oxygen affinity compared to
the heart. H2O2 production rate was comparable between tissues. Mitochondrial oxygen
consumption was statistically increased during leak respiration with complex I substates in HF CBs.
Surprisingly, the rate of H202 production was comparable between control and HF CB. Furthermore,
oxygen affinity of CB complex IV was not affected by HF. Protein abundance of mitochondrial
complexes and citrate synthase activity in control and HF CBs remained unchanged.
These results suggest that the CB mitochondrial function is altered in HF. An increase in leak
respiration indicate that mitochondria are less efficient at producing ATP. The lack of an increase in
H202 production rate by CB mitochondria suggests that the increase in ROS levels observed in HF
CBs may originate from non-mitochondrial sources. Provided that there was no change in complex
IV oxygen affinity, there is a potential that the oxygen sensing mechanism was affected by extramitochondrial factors. However, these studies will have to be repeated in intact isolated glomus
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(sensory) cells to ensure that results were not influenced by the presence of other cell populations
in the homogenate preparation.
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Introduction
Due to COVID19, two most commonly used drugs that are affordable and available off the counter
in West Africa include Chloroquine (CQ) and Vitamin C. The World Health Organization has warned
against the unorthodox use of CQ because of its possible cardiotoxic side effects. Thus modeling
chloroquine cardiovascular dysfunction was of interest and how vitamin C affects cardiovascular
function in this model was determined.
Methods
Male adults albino Wister rats (32) weighing between 180-200 g were randomly divided into four
groups (n=7). Animal experimentation lasted for 7 days. Group 1 animals served as control group
and were untreated. Group 2-4 animals were orally administered with CQ (970mg/Kg) on day 1.
Groups 3 and 4 were daily administered with vitamin C 200 and 1000 mg/kg respectively.
Cardiovascular, biochemical, histological and molecular parameters were determined at the end of
the study.
Results
Chloroquine altered cardiovascular function evident by elevated blood pressure, cardiac arrhythmia,
increased cardiac oxidative stress, alter cardiac histo-architecture and increased CnTI expression.
Vitamins C especially at the higher dose of 1000 mg/Kg significantly mitigated these alterations
which was associated with altered HDAC3 expressions when compared with control.
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Conclusion
Vitamin C especially at high dose mitigated chloroquine induced cardiac dysfunction which involved
the modulation of HDAC3/CnTI signaling pathway.
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Introduction
Non-lethal tools for examination of cardiac morphology and function in fish are scarce, and current
methodologies are generally invasive, time consuming, and stationary. Echocardiography has
previously been examined as a non-invasive, quick and transportable alternative, but the presence
of spongious myocardium in most species has hindered its usability. However, technical
improvements during the last decade have enabled more refined functional assessment, and hold
promising potential for application in fish.
Methods
We examined the application of echocardiography in 22 Atlantic salmon (Salmo salar L.),
anaesthetized using tricaine methanesulfonate (MS-222) through gill irrigation at a dose of
0.75mg/L. The size of the fish ranged from 345-2800 grams and 31-62 cm and was kept at a water
temperature of 10℃. To facilitate versatility and transportability, a compact system (Vivid iq,GE
Healthcare) was employed using two different probes; a linear (12L, 5-13 MHz) and Phased Array
dedicated cardiac probe (12S, 4-12 MHz). Several protocols and projections were tested and intraand inter-variation were assessed. Accuracy of cardiac dimension measurements was verified by
comparison with excised hearts.
Results
We observed that measurements of cardiac dimensions (ventricle, atrium and bulbus) were equally
robust using both probes, as evidenced by low variability and high accuracy. However, the cardiac
probe was favourable for capturing detailed functional parameters, such as ejection fraction,
fractional shortening, strain, and strain rates. As with morphological measures, functional
assessment was found to be precise and reproducible regarding both systolic and diastolic function.
Conclusion
In conclusion, we have demonstrated that echocardiography is a powerful, non-invasive tool that
enables reliable and reproducible assessment of cardiac structure and function in fish. Importantly,
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the transportability and versatility of the system tested enables cardiac assessment in otherwise
inaccessible locations.
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Objective
Continuous, non-invasive blood pressure (BP) measurement devices are a current, noteworthy
trend in hypertension research. Most current devices are based on pulse-wave-velocity or pulsewave-analysis, showing varying measurement accuracy. This study wants to explore the possibility
of a Deep Learning enhanced BP model derived from physiological parameters detected via
impedance-cardiography. A proof of concept system for peripheral BP determination could lead the
way for future impedance-cardiography-based systems for central BP estimation.
Methods
We simultaneously measured cuff-based BP data (Ontrak, Spacelabs Healthcare) and a set of
physiological parameters (CardioScreen 1000, medis.GmbH) during rest, psychological and
physical stress in 71 young and healthy adults. Psychological stress was induced by an adapted
version of the Trier Social Stress Test. Physical stress was applied via a double-peak stress profile
on a 45° angled bike ergometer. Multiple models based on conventional machine learning and Deep
Learning architectures for BP estimation were trained. All models were validated via a k-fold
validation scheme, in-line with best practice guidelines for machine learning applications.
Results
BP models derived from impedance-cardiography systems correlate with systolic (p < 0.001) and
diastolic (p < 0.001) cuff-based BP levels. Deep Learning architectures retrieve mean deviations
below 3 mmHg with limits of agreement of ± 15 mmHg for both systolic and diastolic values.
Parameters indicating changes in contractility (e.g., pre-ejection period, acceleration index) and
sympathetic tone (e.g., heart rate) showed the highest predictive power, especially for systolic BP.
Conclusion
Deep Learning BP estimation models based on physiological parameters measured by impedancecardiography provide exceptional and robust peripheral BP estimation accuracy in a laboratory
setting. These systems could lead the way to a broad application of cuff-less, continuous BP
measurement devices and possibly enable ambulatory, non-invasive and precise estimation of
central BP.
____________________________________________________________________________
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Introduction
We tested the hypothesis of whether different self-regulation of the autonomic nervous system
(ANS) in healthy males’ reacted differently to high geomagnetic activity (GMA), causing specific
sensitive reactions (1-3).
Methods
In total, 51 healthy volunteers, aged 18 to 24 years participated in the observational study, out of
which 27 were volunteers with an initial heart rate - of HR˂80 and 24 with HR>80. The ANS response
to GMA has been measured via heart rate variability (HRV) (4) in the different phases of
geomagnetic storms (GMSs).
Results
In the case of initial higher vagal tone (HR˂80) (5), changes were found to indicate a significant
intensification of both parts of ANS as sympathetic as well as parasympathetic – SP, PP (increased
HR p=0.006, high-frequency band of cardiointervals in percent - HF% p=0.03 and reduced Standard
Deviation Normal to Normal R-R interval - SDNN p=0.008). In the case of initial (HR>80), changes
indicate a significant enhancement of SP (reduced SDNN p=0.047). In both cases (HR˂80, HR>80)
changes indicate a pronounced stress level on days after the main phase of GMSs, the delay is one
day.
Conclusion
High GMA is a sufficient environmental factor for healthy males, causing an intensification of both
parts of the ANS as a stress reaction, especially in the restoration phase of storms. This period is
needed for the human organism to achieve an optimal adaptive reaction. However, the different selfregulation of the ANS results in different dynamics in its variation depending on the individual’s
character of resting ANS states; the volunteers with initial higher vagal tone are more adaptable to
the impact of different phases on GMS.
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Introduction
Metabolism and autonomic nervous system (ANS) activity are closely integrated (1). Despite the
emergence of metabolomics and cardiac autonomic modulation (CAM) analyses to assess these
components, the relationship between them is still unclear (2,3). The study of a large number of
serum metabolites, as well as the use of advanced techniques for analyzing CAM, may help to clarify
this relationship and contribute to the interpretation of clinical outcomes. The objective was to
investigate the relationship between metabolism and ANS through metabolomics and CAM in
apparently healthy individuals.
Methods
70 apparently healthy eutrophic subjects (39 men and 31 women) aged 20 to 40 years underwent
blood serum collection in the morning after 12h of fasting. The measurement of serum levels of
metabolites was performed using the hydrogen nuclear magnetic resonance technique (Bruker,
AVANCE III, 600MHz). In the afternoon, they underwent 15 minutes of cardiovascular data collection
in the supine position for the CAM assessment by univariate symbolic analysis (SA) and spectral
analysis (SpA) over heart periods. SA and SpA were calculated based on 256 consecutive values
of the heart period, determined as the temporal distance between two R-R intervals of
electrocardiogram (ADinstruments, BioAmp FE132). The following relative indices were used: no
variation (0V%), one variation (1V%), two like variations (2LV%), and two unlike variations (2UV%)
for the SA and normalized low frequency (LF%) and normalized high frequency (HF%) for the SpA.
The cardiac sympathetic modulation (CSM) and cardiac parasympathetic modulation (CPM) were
assessed by 0V% and LF%, and by 2LV%, 2UV%, and HF%, respectively. The Pearson or
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Spearman correlations were performed between metabolites and CAM variables considering all
individuals and for each sex, using Munro's proposal and p < 0.05.
Results
47 metabolites were identified. Metabolites with statistical significance, represented almost
exclusively by amino acids, showed a direct relationship with CSM (0.238 < r < 0.413) and an
inverse relationship with CPM (-0.521< r < -0.236) considering all individuals and for each sex. The
methionine was highlighted for exclusively presenting low and moderate correlations with indices
related to CSM and CPM considering males (0V%: r = 0.372, p = 0.020; 1V%: r = 0.374, p = 0.019;
2LV%: r = -0.506, p = 0.001; 2UV%: r = -0.340, p = 0.034) and female (0V%: r = 0.380, p = 0.035;
2UV%: r = -0.450, p = 0.011), as well as without distinction of sex (0V%: r = 0.413, p < 0.001; 1V%:
r = 0.238, p = 0.047; 2LV%: r = -0.383, p = 0.001; 2UV%: r = -0.380, p = 0.001; LF%: r = 0.248, p =
0.038; HF%: r = -0.262, p = 0.028).
Conclusion
High levels of serum amino acids during fasting are related to worse CPM indices in apparently
healthy subjects. Furthermore, the serum level of methionine is likely to be related to impairments
in CAM regardless of sex.
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Introduction
Titin truncating variants (TTNtvs) are the predominant genetic cause of dilated cardiomyopathy,
accounting for nearly 1 in 7 cases (Roberts et al., 2015). Further to this genomics studies have
recently provided a robust link between the presence of TTNtvs and the development of atrial
fibrillation. The pathogenic mechanism behind TTNtv associated atrial fibrillation is unknown.
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Materials and Methods
A titin truncating variant previously identified in a cohort of 11 probands at risk of early onset atrial
fibrillation was edited into an induced pluripotent stem cell line using CRISPR-Cas9 (Hoorntje et al.,
2018). The cells were differentiated into atrial iPSC-cardiomyocytes (iPSC-CM) to explore the
impact of the variant on sarcomere organisation, cellular transcription, and electrophysiology.
Results
Atrial iPSC-CM carrying a heterozygous titin truncating variant constructed functional and
undisrupted sarcomeres. The cells carrying a TTNtv showed no significant difference in intracellular
electrophysiology but demonstrated an upregulation of cardiac stress markers.
Discussion
The exact mechanism behind the link between titin truncating variants and atrial fibrillation is unclear
and likely subtle. Normal intracellular electrophysiology and upregulation of cardiac stress markers
implies that the pathogenicity behind the variants is likely associated with structural rather than
electrical remodelling.
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Introduction
Impaired cardiomyocyte Ca2+ release is a characteristic of heart failure. Although the loss of the
transverse tubular system (t-system) and downregulation of the sarco/endoplasmic reticulum Ca2+
ATPase (SERCA) are accepted determinants of disturbed Ca2+ release, their interdependence is
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insufficiently studied.1,2 Therefore, we investigated how SERCA inhibition modulates the effect of tsystem density on Ca2+ release.
Methods
Left-ventricular cardiomyocytes were obtained by enzymatic isolation from human failing heart
samples after written informed consent, and from adult rats after narcosis (thiopental i.p., 100mg/kg)
and cervical dislocation.3 We stained membranes with Di8-ANEPPS and used Fluo4 AM as Ca2+
indicator for simultaneous analysis of the t-system and Ca2+ release by confocal line scanning. Rat
cells were kept in culture for two days to induce t-system variability.4 Human cells were imaged
immediately after isolation. We compared Ca2+ release activation time (ta) before (CTRL) and after
partial SERCA inhibition by thapsigargin (TPSG). Pixel-wise analysis of the three-dimensional tsystem distance (ΔTT) and ta along the scanned line was performed in each cell.
Results
Using the 25th percentile of mean ΔTT as threshold (0.54µm), rat myocytes were divided into high
and low t-system density. In the high t-system density group, TPSG-treated cells showed longer ta
than CTRL cells (35.9±4.8ms vs 85.2±21.4ms, p=0.05, n=12/6 cells, N=6/6 animals). As expected,
in the group with low t-system density, CTRL cells revealed greater ta than high t-system cells
(51.1±7.8ms). Importantly, TPSG-treated cell displayed a much more pronounced increase in t a
(141±22.2ms, p<0.001, n=31/21 cells, N=5/5 animals). Using the same approach and a threshold
of 0.85µm, we investigated human myocytes from failing hearts. In the high t-system density group
we found no significant difference of ta between CTRL (94±16ms) and TPSG (83.9±10.3ms, p=0.59,
n=18/16 cells, N=12 patients). However, in the low t-system group, TPSG-treated cells exhibited a
more than doubled ta (102±7.4ms vs 227±50.1ms, p<0.05, n=57/45 cells, N=12). The treatment of
human cells with isoproterenol had opposite effects. To avoid any bias from thresholding, a linear
mixed-effects model was used to pixel-wise analyze the dependency of ta on ΔTT within each
recorded cell. The model revealed significantly steeper relationships in TSPG-treated human cells
than in CTRL (CTRL 25.8±6.4 vs 49.0±6.4ms/µm, p<0.001).
Conclusion
We found significant interaction between SERCA activity and t-system density in rat and human
cardiomyocytes, implicating that reduced SERCA activity and t-system loss mutually aggravate their
effects on Ca2+ release. These results enlighten the mechanisms behind the pronounced contractile
dysfunction in failing hearts, where diminished SERCA activity and t-system loss typically coincide,
and will help to interpret results from animal and in-vitro models of cardiac disease.
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The role ofthe hypoxia-inducible factor-2alpha in focal cerebral ischemia
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Stroke is one of the major reasons for death and disability. Insufficient blood flow in stroke interferes
the brain from proper oxygenation, leading to the stabilization of hypoxia-inducible factors (HIFs).
To determine the role of HIFs in stroke, particularly HIF-2α, we use an in vivo mouse model called
tMCAO (transient middle cerebral artery occlusion) and an in vitro model with human SH-SY5Y
cells.
On both, Hif-2α deficient and wild type mice, tMCAO was performed for two hours and protein and
RNA samples were collected of ischemic and control brains. To simulate stroke in SY5Y cell culture,
oxygen-glucose-deprivation (OGD) experiments were performed under almost anoxic conditions
(0.2% oxygen) and without glucose. RNA and Protein samples were taken hourly for up to 4 hours,
following 1 or 24 hours of reperfusion. Prior to reperfusion, either Roxadustat or a selective HIF-2α
inhibitor (PT-2358) were administered. First results show a significant increased expression of HIF2α regulated neurotrophic factors such as Nrg1, NeuroD1 and GDNF already after one hour of OGD,
while the inhibition of HIF-2α during reperfusion leads to significantly less cell death.
Our preliminary results lead us to the conclusion that HIF-2α might influence the outcome after
ischemia and reperfusion in a time-dependent manner. In future experiments we want to figure out
the effects of HIF-2α during stroke and after reperfusion by analyzing more HIF-2α target genes via
qPCR, as well as getting more insights of the HIF-2α regulation by Western Blot analysis, to better
understand the cellular response to ischemia and reperfusion, which may help to provide
therapeutically approaches for a better outcome after stroke.
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Artificial oxygen carriers (AOCs) are applied directly into the body through an intravenous injection.
In the body, the first cells that are in contact with AOCs are endothelial cells and immune cells. Thus,
primary human macrophages (PHM) will be exposed to albumin-derived perfluorocarbon-based
artificial oxygen carriers (A −AOCs). Activation of PHM was investigated by using the human
monocytic cell line Tohoku Hospital Pediatrics-1 (THP-1) after differentiation to PHM with phorbol12myristate13-acetate (PMA).
Cytotoxicity of A-AOCs was checked with lactate dehydrogenase (LDH) assay. PHM
(1x104cells/well, 10 ng/ml PMA for 72 h + 24 h resting without PMA) were treated with medium +/17-2% of A-AOCs for 4 h. To analyze the influence of A −AOCs on cell adhesion, we checked for
intracellular adhesion molecule−1 (ICAM-1) expression in PHM using western blot. For western blot
analysis, PHM were treated with medium, LPS (1 µg/ml) or 10-2% of A-AOCs at 21% O2 for 24 h.
To confirm the non-activation of PHM by A −AOCs, we measured cytokine release (IL−1β and
TNF−α) in PHM (5x105cells/ml, 10 ng/ml PMA for 72 h + 24 h resting without PMA) by ELISA and
quantified the mRNA expression of selected immunologically relevant genes by qPCR after
treatment with medium, LPS (1 µg/ml) or 10-2% of A-AOCs at 21% O2 for 24 h. To investigate the
uptake of A-AOC by PHM (5x105cells/ml) were labelled with TRITC-Concanavalin A (100 µg/ml) for
30 min and subsequently incubated with 4% of FITC-labelled-A-AOCs (1mg/ml) for 30 min or 2 h &
visualized at 580 nm and 519 nm with a fluorescence microscope.
LDH assay revealed toxicity only for LPS & positive control. In addition, ICAM-1 expression
(associated with pro-inflammatory conditions) increased in LPS-treated control cells but not in
A −AOCs treated cells. Furthermore, fluorescence microscopy showed uptake of A −AOCs by PHM
already after 30 min, which further increased after 2 h of incubation. The non-activation of PHM was
confirmed by very low cytokine release as well as low RNA expression of the selected
immunologically relevant genes after 24 h incubation with A −AOCs. Taken together, our results
demonstrate that, although PHM engulf A −AOCs, PHM tolerate our A −AOCs very well and are not
activated in the presence of A −AOCs.
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The shape of the oxyhemoglobin dissociation curve is a major determinant of oxygen transport under
resting and exercise conditions. The affinity of hemoglobin for oxygen (Hb-O2 affinity) can be
characterized by its P50 value, defined as the oxygen tension at which it is 50% saturated. Rare
hemoglobin (Hb) variants in humans result from mutations that can alter Hb affinity, and the extents
to which these mutations affect levels of hemoglobin and oxygen transport remain unknown. As an
example, patients with high Hb-O2 affinity are often seen to have a high Hb concentration, perhaps
reflecting a compensatory polycythemia due to impaired oxygen extraction. The purpose of this
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study was thus to examine the relationship between Hb-O2 affinity (as measured by P50),
hemoglobin concentration [Hb], and oxygen transport. To accomplish this, we developed a
mathematical model for oxygen uptake and utilization under resting and exercise conditions
accounting for alterations in P50 and [Hb]. All study procedures were approved by the Mayo Clinic
Institutional Review board (16-007719) and were in accordance with the Declaration of Helsinki. A
database of rare human Hb variants was used to correlate P50 (mmHg) with [Hb] (g/dL) and yielded
an approximately linear relationship ([Hb] = −0.3135 × P 50 + 23.636; r = -0.82, P < 0.0001)
demonstrating an increase in [Hb] with increasing Hb-O2 affinity (lower P50) [1]. A mathematical
model incorporating this relationship was used to simulate oxygen transport in subjects with normal
(P50 = 26 mmHg), increased (13 mmHg), and decreased affinity (39 mmHg) Hb variants. Oxygen
uptake in the lung was modeled using a single compartment model, and oxygen utilization in the
tissue was modeled using the Fick principle. Separate sets of calculations were performed for rest
and exercise, assuming corresponding values of oxygen demand and cardiac output. The results
indicate that increased Hb-O2 affinity variants compensate for enhanced oxyhemoglobin binding
with higher values of [Hb] to maintain oxygen transport under exercise conditions, but that low values
of Hb-O2 affinity lead to unsustainable levels of oxygen extraction at the assumed values of cardiac
output. In conclusion, the combined effects of altered Hb-O2 affinity and the associated changes in
[Hb] values must be considered when assessing the impact of Hb variants on oxygen uptake and
utilization in exercise and in pathophysiological states.
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Hereditary haemorrhagic telangiectasia (HHT) is a rare disease with an estimated prevalence of 1
in 5000 people. The disease is caused by mutations of genes within the transforming growth factor
beta (TGF-β) pathway superfamily. The altered TGF-β signalling impacts angiogenesis, resulting in
malformations of blood vessels which can lead to life threatening bleedings 1.
Furthermore, an impaired TGF-β signalling alters development and function of the immune system.
Over the past decade several scientific papers were published that indicate a connection between
HHT and an immune deficiency. The observation that sepsis is the leading cause of death for HHT
patients underlines the need to investigate the altered immune response in HHT patients 2. So far,
little is known about the underlaying molecular processes which lead to an immune deficiency in
HHT patients.
We are interested in the immune modulatory capacity of the hypoxia inducible factor (HIF). This
transcription factor could be a link between the altered TGF-β signalling in HHT patients and their
immune deficiency as there is crosstalk between TGF-β with hypoxia signalling3. Additionally, HIF
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plays a pivotal role in the regulation of inflammation. Our group previously showed significant
reduction of HIF-1α, regarding gene expression and protein abundance, in leukocytes of HHT
patients4. HIF-1 induces, among others, gene expression of glycolytic enzymes. Glycolysis is
crucial for the activation, function and/or differentiation of different immune cells. In this regard,
glycolysis drives the differentiation of macrophages towards the proinflammatory M1 phenotype,
dendritic cells relay on glycolysis for their maturation and proinflammatory T cell subsets require a
glycolytic switch for their activation and differentiation5. Hence, we speculated that glycolysis is
reduced in HHT-leukocytes in a HIF dependant manner and that glycolysis could be enhanced by
Roxadustat, an HIF-α stabilizing drug.
Here we showed that mRNA levels of glycolytic enzymes are significantly reduced in HHT-peripheral
blood mononuclear cells (PBMCs) compared to non-HHT-PBMCs. Furthermore, we investigated the
metabolic profiles of PBMCs in HHT patients, using the Seahorse extracellular flux analyser.
Glycolysis and oxidative phosphorylation were significantly reduced in resting PBMCs of HHT
patients compared to non-HHT-PBMCs. However, the glycolysis rate could be restored by HIF-1α
stabilisation via Roxadustat administration to a level comparable to non-HHT controls, whilst the
oxidative phosphorylation was only mildly reduced.
The loss of HIF-1α in HHT-PBMCs causes metabolic impairment and thereby may explain the
altered immune response of HHT patients. The restauration of the glycolytic rate due to Roxadustat
treatment might have a beneficial effect on the immune response. However, PBMCs encompass a
multitude of immune cells and the effect of Roxadustat must be investigated on each cell type
individually.
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The clinical procedure of organ transplantation is inevitably associated with the process of ischemia
reperfusion injury (IRI), where damage to the organ occurs during times of hypoxia and is
aggravated by reestablishment of the blood flow. Damage caused by IRI during organ
transplantation is still considered one of the main factors for a higher incidence of acute and chronic
graft rejection1. Cessation of the blood flow and the resulting ischemic period lead to alterations of
cellular metabolism, signal pathways and gene expression, which lay the foundation for harmful
inflammatory and oxidative processes during reperfusion. Perfusion systems suitable for different
organs emerged in the clinics are utilizing erythrocytes to prevent the manifestation of a prolonged
ischemia. Unfortunately, these systems rely on blood donations, which already represent a scarce
resource. Our albumin derived artificial oxygen carriers (A-AOC) are able to physically dissolve and
deliver physiological levels of oxygen due to their perfluorocarbon core. Therefore, A-AOCs are
capable of supplying organs with oxygen during storage in order to prevent IRI and can be utilized
as a replacement for erythrocytes.
The potential of A-AOCs to reduce IRI was assessed in an ischemia reperfusion cell model utilizing
murine HL-1 cells. Within the scope of these experiments, a special cell culture setup, which is
utilizing transwell inserts, was successfully established. A-AOCs tend to sediment in a static
environment and form a layer on adherent cells, which leads to undesired cell stress and falsification
of results. The use of transwell inserts prevents this phenomenon, as they allow a spatial separation
of cells and A-AOCs. Cells were exposed to 3h 0.1% O2 in hypoxic chamber and were then
transferred to a normoxic incubator to initiate reperfusion for 1h. During the simulated ischemia cells
were treated with oxygenated A-AOCs (100% O2 at 0.5 bar). Every 30 minutes A-AOCs were
replaced by freshly oxygenated particles. The occurring cell damage and apoptosis rate during the
experimental process will be evaluated by detection of lactate dehydrogenase release, western blots
for cleaved caspase 3 and GSH/GSSG ratio. To supplement potentially beneficial effects of AAOCs, the oxygen carriers will be additionally loaded with the antioxidative compound transresveratrol (RESLOCs: resveratrol loaded oxygen carrier) to enhance suppression of oxidative
damage during reperfusion.
Preliminary results in cell culture and ex vivo perfusion systems generated in the group already
demonstrate the ability of A-AOCs to provide cells with oxygen and sustain physiological functions2.
Hence, a reduction of cellular damage and overall improvement of cell viability is expected in cells
treated with A-AOCs in this grave IRI setup. These beneficial effects of the oxygen carrier should
also occur in cells exposed to RESLOCs, but in a more pronounced way, especially in regards to
oxidative stress.
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Introduction
In inflammatory conditions, leukocytes are challenged with a high variety of different environments
and oxygen concentrations. Within short time, leukocytes need to adapt to different conditions to
fight pathogens and maintain physiological health. Hypoxia significantly affects leukocyte function
and controls the innate and adaptive immune response mainly through transcriptional gene
regulation via the hypoxia-inducible factors (HIFs)1,2. The HIF effects and interplay with
inflammatory responses on cellular level are still under investigation. We aim to gain a deeper
understanding of the cellular adaption processes of circulating human leukocytes challenged with
inflammation and hypoxia.
Methods
We studied acute immune response in healthy male subjects using an experimental human
endotoxemia model. 30 volunteers received an intravenous injection of 0.4 ng/kg lipopolysaccharide
(LPS) as inflammatory stimulus prior or after exposure to hypoxia (10.5% normobaric oxygen) for
four hours. Standard determination of clinical blood parameters and oxygen saturation was
complemented by analysis of cell populations regarding surface marker expression via flow
cytometry and gene expression patterns via qRT-PCR. In addition, we studied LPS treated
Peripheral Blood Mononuclear Cells (PBMC) under different oxygen conditions in combination with
LPS treatment, regarding HIF protein accumulation (Western Blotting), gene expression and surface
marker expression.
Results
We could show, that the combination of in vivo hypoxia and LPS administration led to differently
altered gene expression patterns of HIF and target genes depending on the immune cell subset
(neutrophils, monocytes, T cells). Further, we observed an altered inflammatory response in PBMCs
upon hypoxic pretreatment.
Conclusion
The adaption of circulating leukocytes during inflammation and hypoxia are highly interdigitated.
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Revealing this interplay and the possible priming effects in immune cells could give rise to new
treatment options for patients fighting against infection and inflammation.
Hypoxia-inducible factor
pathway
Under normoxic conditions,
the hypoxia-inducible
factor (HIF-1) α-subunit
gets hydroxylased by
Prolyl-hydroxylases (PHD)
and the Factor-inhibiting
HIF (FIH), recognized by
the von-Hippel-Lindau
(pVHL) E3 ligase complex,
ubiquitinated and finally
degradated by the
proteasome (left part).
Under hypoxic or
inflammatory conditions PHD
and FIH are inhibited and
HIF-1α can accumulate and
translocate into the
nucleus where it dimerizes
with the HIF-1β-subunit and
induces transcription of
target genes (left part).
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Perfluorocarbons (PFCs) are a well-known representative of artificial blood substitutes. The major
advantages of perfluorocarbons over hemoglobin are high gas solubility, chemical and biological
inertness, low viscosity, and a higher fluidity. Since they are lipophobic and hydrophobic, they
require an emulsifier in aqueous media to produce a stable emulsion.[1-3] In this study, a new stable
emulsion of perfluorodecalin (PFD) and albumin (albumin-derived artificial oxygen carrier, A‑AOC)
was developed and analyzed. The albumin-perfluorocarbon mixture was premixed with an UltraTurrax and subsequently emulsified in a microfluidizer with a pressure gradient. Particle shape and
size information have been determined by ultra-small X-ray scattering (USAXS) measurements.
Emulsifier concentration on the particle surface was measured photometrically using bromocresol
green (BCG). To determine the effect of a transport on the emulsion, samples were analyzed before
and after transport with dynamic light scattering and the sample temperature was logged with a
temperature tracker during the entire duration of the transport. In addition, the compatibility of
nanoparticles with the commercially available ex vivo organ perfusion medium “STEEN Solution”
was evaluated by measuring the oxygen capacity directly after synthesis and after 14 days of
storage. A respirometer was used for this purpose.
The USAXS-data indicate that the particles have an overall spherical shape and exhibit a bimodal
volume distribution as shown in Figure 1. The emulsifier concentration on the particle surface is
18.38 g/L, which is 2 times greater than for the comparable organ life fluid particles. [4] A three-day
transport resulted in significant growth of the emulsion, although the temperature inside the transport
vessel remained at refrigerator-like temperatures the whole time. STEEN Solution can be used as
a perfusion medium with the A-AOCs. After storage for 14 days, the oxygen capacity did not
decrease. The oxygen carriers were still functional.
In summary, the new stable emulsion contains particles in nanometer range with spherical shape.
Moreover, synthesis is compatible with STEEN Solution and a transport over three days destabilized
the emulsion only slightly.
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Figure 1: Particle size
distribution function of
the A-AOCs measured with
USAXS
The figure shows the
particle size distribution
of the A-AOC. The particle
radius is smaller than 400
nm.
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It is well-known that blood neutrophil count varies significantly in many diseases. Although the
effects of neutrophils have been examined in almost all terms of inflammation, and the impact of
metabolic changes on neutrophil count is well defined, how the changes in the neutrophil count
would affect the lipid metabolism was not investigated. Thus, the aim was to evaluate the impact of
changes in neutrophil number on blood cholesterol levels.
To establish neutropenia and neutrophilia, two different types of recombinant G-CSF (filgrastim:
Neupogen®, 0.15ml(5µg), intraperitoneal [i.p.], lenograstim: Granocyte®, 0.15ml(5µg), i.p.) and antineutrophil serum (ANS, (Ly-6G, clone 1A8), 0.15ml, i.p.) was subcutaneously injected into both
young C57BL/6 male (n=12) and female (n=12) mice. Then blood and liver samples were collected
to further investigation after the application of ketamine hydrochloride (100mg/kg, i.p.) and xylazine
(7.5mg/kg, i.p.) anaesthesia. While any significant changes in neutrophil numbers increased the
total blood cholesterol levels in male mice, an increased total blood cholesterol level (p=0.0339) was
only occurred with increasing the neutrophil count (p=0.006) in female mice. Moreover, it was
demonstrated that the elevation in total cholesterol level in male mice was associated with LDL
(p=0.0008),
but
not
HDL.
To assess the possible underlying mechanism of the relationship between neutrophil count and LDL
levels, blood IL-17, G-CSF and liver HMG-CoA reductase enzyme activity were examined in male
mice (n=4-6). To further evaluate the impact of sexes, blood samples were collected from the male
(n=12) and female (n=13) human subjects at two different time points (at menstruation and late
follicular phase in females and at similar time intervals in males).
There was a significant correlation between total cholesterol and LDL and neutrophils only in female
mice (p=0.0113, p=0.0242 respectively), but not in males. In consistence with mice data, it was
demonstrated in female subjects that when estrogen levels were significantly increased during the
menstrual cycle (p=0.0091), the neutrophil numbers were significantly decreased (p=0.0034), and
the cholesterol levels were significantly increased (p=0.0325). And while there were no significant
differences in G-CSF levels, a significant increase in IL-17 was observed only in ANS-given mice
(p=0.0486), and there was a significant decrease in HMG-CoA Reductase activity in both ANS(p=0.006) and filgrastim-injected mice (p=0.0096) when compared to the control group.
Taken together, it was demonstrated that any significant changes in neutrophil count directly affect
LDL levels. Further, this interaction was observed during the menstrual cycle with fluctuating
estrogen levels. And this effect was most likely not due to the interaction of neutrophils and liver but
probably related to phagocytosis of neutrophils.
____________________________________________________________________________
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Adding a time resolution to single-cell RNA-seq data with DynaSCOPE™
M. Seker, B. Gargouri, W. Zhu, N. Fang
Singleron Biotechnologies GmbH, Cologne, Germany
Introduction
Current single-cell RNA-sequencing methods provide a snapshot of the experimental setup. For the
investigation of trajectories from single-cell data, several bioinformatical methods have been
developed but experimental data is lacking.
Methods and Results
This is overcome with the DynaSCOPE™ kit from Singleron that builds on the existing
GEXSCOPE® single-cell RNA-seq workflow. By chemical labelling of nascent mRNA, newlytranscribed and pre-existing RNAs are discriminated in single cells, adding a time stamp to singlecell RNA-seq experiments.
Conclusion
The accurate measurement of freshly synthesized and long-lasting mRNA might help to understand
immediate regulatory dynamics in tissue developmental, environmental changes, drug treatments
and infection mechanisms from an experimental and bioinformatical perspectives.
DynaSCOPE™ - Metabolic
labeling of RNA
Specificity of the T-to-C
substitution rate of
DynaSCOPE™. Murine lung
cells were left untreated
or treated with S4U for 2
hours and the substitution
rate for all nucleotides
were measured.
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DynaSCOPE™ - RNA synthesis
rate
UMAP plot of a murine lung
sample from the normal
GEXSCOPE® single-cell RNAseq workflow (untreated) or
with the metabolic mRNA
labelling of DynaSCOPE™
(treated). The UMAP plot on
the left shows the cell
type annotation of each
cluster (A). The plot in
the middle is the same UMAP
but coloured by the
treatment (B), while the
UMAP plot on the right (C)
shows the transcriptional
synthesis rate (nascent
transcripts / all
transcripts).
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The effect of isoleucine preconditioning on neuroprotection via HIF-1α signaling after
oxygen-glucose deprivation insult
X. Yao, J. Fandrey, T. Leu
University of Duisburg-Essen, Institute of Physiology, Essen, Germany
Introduction
Isoleucine is an essential branched-chain amino acid, which can significantly increase glucose
uptake [1]. Although its role in protein synthesis and nutrition is already known, our knowledge about
its regulation of neuronal cells after the onset of ischemic stroke is limited. Most acute ischemic
stroke patients show a positive test for hyperglycemia [2]. Furthermore, hyperglycemia impairs
hypoxia-dependent protection of hypoxia -inducible factor-1α (HIF-1α) against proteasomal
degradation[3]. Downstream of HIF-1α, the relocation of P53 to the nucleus after cellular stress is
promoting the inhibition of malignant cells growth [4]. In addition, relocalization of mitochondria is
dependent on HIF-1α during long term hypoxia in tumor cells [5].
In this study, the neuroprotection of proper isoleucine preconditioning should be validated and be
connected to the stabilization of the HIF-1α protein. Besides, the relation between the evidence of
increased level of HIF-1α and the promotion of nuclear P53 should be investigated. Moreover, it is
important to investigate whether pretreatment with isoleucine contributes the amount and
redistribution of mitochondria.
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Hypothesis
We hypothesize that isoleucine preconditioning exerts neuroprotective effect on neuron via HIF-1α
through regulating the amount/location of mitochondria and nuclear P53 dependent cell apoptosis.
Research Design
To first confirm the neuroprotection of proper isoleucine preconditioning, different concentrations of
isoleucine will be given to cells for different time periods before oxygen-glucose deprivation (OGD)
insult. Cell viability will be measured by cell counting kit-8 assay and LDH release assay.
After establishing an efficient isoleucine precondition, HIF-1α protein and its target genes will be
measured after isoleucine preconditioning. Protein will be detected by western blotting. Target
genes will be detected via qPCR.
By generating a HIF-1α knockout cell line constructed by a lentivirus- based CRISPR/Cas9 system,
nuclear P53 will be measured to see if it is regulated by the level of HIF-1α. Protein will be detected
by western blotting. Somatic mitochondria will be detected by immunofluorescence staining.
To test the effect of nuclear P53 and to evaluate the effect of mitochondria on injured cells, MDMM2,
P53 nuclear transporter,and CHCHD4, a regulator of mitochondria localization, will be investigated
as increased somatic mitochondria are accompanied by the accumulation of nuclear reactive
oxygen species (ROS). ROS will be detected by immunofluorescence staining. Protein will be
detected by western blotting.
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Background
Polyunsaturated fatty acids (PUFAs) play essential roles in mediating inflammation and its
resolution. PUFA metabolites generated by the cytochrome P450 (CYP) - soluble epoxide hydrolase
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(sEH) axis are known to regulate macrophage activation/polarization but little is known about their
role in the resolution of inflammation.
Methods
Monocytes were isolated from murine bone marrow or human peripheral blood and differentiated to
naïve macrophages (M0). Thereafter cells were polarized using LPS and IFNγ (M1), IL-4 (M2a), or
TGFβ1 (M2c). Gene expression was analyzed by RNA sequencing, RT-qPCR and Western blotting.
Phagocytosis of zymosan and oxo-LDL were also assessed in vitro. Zymosan-induced peritonitis
combined with immune cell profiling was used to evaluate the resolution of inflammation in vivo.
Results
The expression of sEH was comparable in M0, M1 and M2a macrophages but markedly elevated in
M2c polarized cells. The increase in sEH expression elicited by TGF-β relied on the TGFβ receptor
ALK5 and the phosphorylation of SMAD2, which was able to bind to the sEH promoter. In
macrophages lacking sEH, M2c polarization was incomplete and characterized by lower levels of
pro-resolving phagocytosis associated receptors (Tlr2 and Mrc1), as well as higher levels of the proinflammatory markers; Nlrp3, IL-1β and TNFα. Fitting with the failure to upregulate phagocytosis
associated receptors, the uptake of zymosan and ox-LDL was less efficient in M2c macrophages
from sEH-/- mice. The latter animals also demonstrated a retarded resolution of inflammation
(zymosan-induced peritonitis) in vivo with fewer resident macrophages and recruited macrophages.
PUFA profile analysis indicated decreased sEH substrates e.g., 11, 12-EET, as well as increased
sEH products e.g., 11, 12-DHET, indicating an increased sEH activity in M2c macrophages. At the
molecular level, 11,12-EET contributed to impaired M2c macrophage polarization by activating its
associated receptor.
Conclusions
Taken together, our data indicates that sEH expression is required for the effective M2c polarization
of macrophages and thus the resolution of inflammation.
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