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(a) Background

Institute of Physiology CAS is Czech Republic's leading research institution in the field of
normal and pathological physiology. The Institute’s mission is to deepen and broaden the
fundamental knowledge on physiological and pathological processes implicated in specific
metabolic, cardiovascular and neuronal/brain functions (Fig. 1), thus paving the way to
novel prevention, diagnostics and therapeutic procedures required to tackle serious medical
conditions in humans.

Figure 1. Major research fields at the Institute and their complexity levels.
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Developmental aspects and studies at the genomic level are also important in our research.
Nowadays, 61 years after its foundation in 1954, the Institute consists of 23 scientific
departments (teams) supported by six service departments, and a collaboration among them
helps to accomplish its goals. A broad spectrum of methodological approaches is employed,
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covering molecular, cellular and systemic levels (Fig. 1). A great majority of experiments is
performed using animal and in vitro models, as reflected in Institute’s results. Collaboration
with clinical centres provides a challenging opportunity to extend such research endeavours
from animals to humans, i.e., to better characterise the basic mechanisms regarding their
relevance for humans and to help preventing, diagnosing and treating diseases. Many of them
represent a mounting problem in industrialized countries, such as those associated with
obesity (diabetes and cardiovascular diseases), neurodegenerative diseases such as
Alzheimer’s, epilepsy, disorders of the control of circadian rhythms, pain etc.

(b) Metabolic research

One of the research fields pursued at the Institute since its early days is metabolism and its
regulation. While some research teams concentrate on specific aspects of metabolism their
research has implications for cardiovascular and neurophysiological research. The
departments studying metabolism can be clustered into three groups, depending on the level
of complexity. Specifically, this includes research into (i) the activity and regulation of selected
protein complexes and transport proteins, (ii) the function of mitochondria and the impact
of mitochondrial dysfunction on health, and (iii) the mechanisms underlying obesity-
associated metabolic disorders (metabolic syndrome), including their prevention and
treatment such as nutritional interventions outlined below.

The array of methods nowadays employed in metabolic research ranges from a cell
biology level to advanced whole-body phenotyping in rodents, including behavioural testing,
as well as the use of sophisticated animal models of human biology. For all of our studies,
the animal models represent an essential tool. The Institute has always been recognized for
its research on laboratory rats. In the last few years there has been a gradual shift of some
groups to experimenting on mice. The situation in many other research centres worldwide is
quite similar and reflects the increasing availability of various strains of transgenic mice.
However, as the rats represent a superior models for studying metabolic phenotypes they are
still frequently used at the Institute. Recent advances in the gene editing technologies (ZFN
and TALEN nucleases) and new approaches to transgenesis help to overcome the historical
limitations of the rat model. The Institute holds a major credit for the introduction of these
powerful approaches and production of many new biomodels of human pathologies. In a
collaborative project (lvics et al. Nat Protocol 9: 773, 2014) our researchers were directly
involved in the development of a new approach to rapid high-efficiency germline transgenesis
and sustained transgene expression in both mouse and rat, by using the Sleeping Beauty
transposon system. The existence of such biomodels is essential to elucidate the molecular
mechanisms and the genetic determinants of both rare and common diseases, such as the
metabolic syndrome associated with aberrant lipid and glucose metabolism and hypertension.
Namely the unique set of recombinant inbred strains, SHR congenic and SHR transgenic or
knockout lines, and the availability of the appropriate genome sequences, enabled rapid
screening for functional variants of candidate genes in the field of diabetes (Heinig et al. Nature
467: 460, 2010), mitochondrial pathophysiology (Houstek et al. Physiol Genomics 46: 671,
2014) and cardiovascular research (Langley et al. Cardiovasc Res 97: 653, 2013). N.B.: SHR
= spontaneously hypertensive rat

Characterisation of the activity and regulation of selected protein complexes and
transport proteins represents the very first step towards understanding molecular aspects of
cellular physiology. In research of protein structures, our primary focus lies in studying
regulation of selected signalling proteins (14-3-3 in particular) whose functions are controlled
through protein-protein interactions (Veisova et al. Biochem J 443: 663, 2012). The expertise
in protein structure characterisation also carries a big collaborative potential with cellular
physiology groups as structural information about the studied proteins can be provided. This
is very well exemplified by the collaboration of several research groups on the structural studies
of TRPV1 and TRPA1 channels in neuronal cells (Boukalova et al. J Biol Chem 285: 41455,
2010). Membrane transporters represent a wide and diverse group of proteins involved in the
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transport of solutes across cytoplasmic or organellar, e.g., mitochondrial membranes. An
important model employed in studies of this kind is the yeast cell. Our researchers participated
in cloning and characterisation of about 15 new yeast transporters and discovered four new
proteins involved in the regulation of intracellular cation homeostasis (Herrera et al. Biochim
Biophys Acta 1838: 127, 2014; Petrezselyova et al. Biochim Biophys Acta 1828: 623, 2013).
Such research on yeast can also have a therapeutic potential as membrane transporters can
influence virulence and pathogenicity of Candida species (Bucek et al. PLoS One 9: €93322,
2014). Similarly, mitochondrial carriers and in particular members of the uncoupling protein
family (UCPs) were studied in the context of their regulation by the reactive oxygen species
(ROS), a highly discussed and rather controversial topic in UCP physiology (Malingriaux et al.
PLoS One 8: e77786, 2013).

Characterisation of mitochondrial (dys)function and its health impact. Mitochondria
are key players in energy metabolism and harbour a number of metabolic pathways. Research
into their functioning covered three specific areas:

() Inherited disorders of mitochondrial oxidative phosphorylation such as ATP synthase
(see also Part g in the present document) and cytochrome ¢ oxidase (Kovarova et al. Biochim
Biophys Acta 1822: 1114, 2012).

(ii) Production mechanisms of ROS (Mracek et al. Biochim Biophys Acta 1827: 401, 2013),
their detoxification (Gabrielova et al. J Bioenerg Biomembr 42: 499, 2010) and in vivo
regulation (Jaburek et al. Int J Biochem Cell Biol 45: 816, 2013; Shabalina et al. Biochim
Biophys Acta 1837: 2017, 2014); the aim is to identify the role of ROS in the pathology of
various diseases as well as their signalling role in healthy cells.

(iif) Metabolic requirements of cancer cells, accenting gene regulation of bioenergetically
relevant pathways during carcinogenesis (Smolkova et al. Int J Biochem Cell Biol 43: 950,
2010), potential effects of mitochondria-targeted anticancer drugs such as a-tocopheryl
succinate (Rohlena et al. Antioxid Redox Signal 15: 2923, 2011), and disruption of circadian
regulation of gene transcription during tumorigenesis (Sotak et al. Int J Cancer 132: 1032,
2013).

Mechanisms underlying obesity-associated metabolic disorders (metabolic
syndrome) and possibilities for their prevention and treatment. To uncover the
mechanisms by which n-3 fatty acids of marine origin (omega-3) exert their beneficial effects
on health, we used mice with a genetically disrupted AMP-activated protein kinase (AMPK),
and demonstrated that AMPK plays an important role in the preservation of hepatic insulin
sensitivity to dietary omega-3, as well as in the reduction of hepatic steatosis in response to
omega-3 (Jelenik et al. Diabetes 59: 2737, 2010). We also demonstrated that the metabolic
effects of omega-3 in dietary-obese mice were stronger when supplied as phospholipids
(rather than as triacylglycerols) and that these effects were accompanied by a normalization
of endocannabinoid system activity augmented in obesity (Rossmeisl et al. PLoS One 7:
38834, 2012; Biochim Biophys Acta 1841: 267, 2014). Results of several studies performed
in mice indicated that the effects of omega-3 are augmented when combined with caloric
restriction (Flachs et al. Diabetologia 54: 2626, 2011) or with anti-diabetic drugs (Kus et al.
PL0S One 6: €27126, 2011; Kuda et al. Diabetologia 52: 941, 2009) — these results have a
direct medical impact (see Part g in the present document).

(c) Cardiovascular research

Institute’s research into physiology and pathophysiology of the cardiovascular system may be
divided into three main directions: (i) ischemic reperfusion and myocardial damage, (i)
hypertension, and (iii) vascular replacement.

Ischemic reperfusion and myocardial damage. We characterized the role of fatty acid
translocase Cd36 in cardiac ischaemic tolerance (Neckar et al. Physiol Genomics 44: 173,
2012), as well as the effect of its transgenic expression on (i) the incidence and severity of
ischemic and reperfusion ventricular arrhythmias and (ii) reduced myocardial infarct size due
to coronary artery occlusion (Klevstig et al. Pflligers Arch 465: 1477, 2013). In a model of
diabetic mice we analysed functional, morphological and molecular changes in diabetic
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cardiomyopathy and demonstrated that hypoxia-inducible factor HIF-1a regulates an early
cardiac response to diabetes, and that deregulation may increase the risk for diabetic
cardiomyopathy (Bohuslavova et al. BMC Endocrine Disorders 14: 11, 2014). The studies of
improved ischemic tolerance of chronically hypoxic hearts defined the role of mitochondrial
voltage-dependent calcium-activated potassium channels of high conductance (BKca) in this
process (Borchert et al. Am J Physiol 300: H507, 2011) and characterized the salutary effects
of reactive oxygen species on BKca and cardioprotection. Activation of these channels can be
a promising approach in mitigating myocardial injury associated with postischemic reperfusion
(Borchert et al. Exp Biol Med 238: 233, 2013). By studying the development and pathology of
cardiac conduction system in wild-type and connexin40-deficient mice the role of connexin40
has been established (Sankova et al. Cardiovasc Res 95: 469, 2012).

Hypertension. Here we focussed on the mechanisms underlying blood pressure
regulation in hypertensive rats and on human-rat comparative genomics. Radiotelemetric
blood pressure data obtained in recombinant inbred strains (developed and phenotyped at the
Institute) demonstrated an extensive conservation of trans-regulated genes and their master
regulators in both rat and human hypertension (Langley et al. Cardiovasc Res 97: 653, 2013).
This study represents an interesting new insight into the genetic causes of cardiovascular
diseases. The experimental hypertension research, traditionally strong at the Institute, focused
on three topics: (i) The role of chromogranin A (a protein catalysing the formation and cargo
storage of regulated secretory granules in neuroendocrine cells and important for a range of
catecholamine biosynthetic enzymes and catecholamines themselves) in the pathogenesis of
hypertension (Friese et al. Hum Mol Genet 22: 3624, 2013). (i) The age-dependent
participation of different pathogenetic mechanisms in salt hypertension in Dahl rats. We
demonstrated an antihypertensive effect of high K* intake (manifesting itself in reduced
sympathetic vasoconstriction) in immature animals but not in adults (Zicha et al. Acta Physiol
Oxf 202: 29, 2011). On the contrary, hypertension development and sympathetic outflow could
be attenuated by chronic endothelin A receptor blockade or chronic antioxidant treatment only
in adult but not in young Dahl rats (Vaneckova et al. Acta Physiol (Oxf) 208: 340, 2013; Zicha
et al. Acta Physiol Oxf 205: 124, 2012). (iii) The role of calcium sensitization in the control of
blood pressure studied in genetic (SHR) and salt hypertension (Dahl rats) using a new
approach to determine calcium sensitization in conscious rats (Behuliak et al. J Hypertens 31:
2025, 2013). We demonstrated that calcium sensitization is enhanced in salt hypertension but
reduced in genetic hypertension. These findings open new research possibilities for the
analysis of vascular contractile mechanisms in various forms of hypertension.

Vascular replacement. We tested chemically modified bypass grafts suitable for the
adhesion and growth of cells, particularly endothelial cells. Artificial grafts currently used in
clinical practice are usually made of polyethylene terephthalate (PET) and expanded
polytetrafluoroethylene (ePTFE). These materials are relatively highly hydrophobic and thus
less appropriate for the adhesion of endothelial cells, which is considered crucial for preventing
thrombosis, inflammatory cell adhesion and vascular smooth muscle cell hyperplasia. In
collaboration with the Institute of Macromolecular Chemistry, we thus modified these materials
with fibrin layers prepared by in vitro simulation of a part of physiological haemocoagulation
process. Fibrin was chosen because it could be isolated in sufficient quantity in the autologous
form, i.e. from patient’s own blood, and the nanofibrous morphology of fibrin films resembling
the morphology of native extracellular matrix can be controlled by the use of stimulators and
inhibitors of fibrin formation from fibrinogen (Filova et al. J Biomed Mater Res A 102: 698, 2014,
Chlupac et al. Tissue Eng Part A 20: 2253, 2014). We also obtained promising results with
immobilized short, synthetic and non-immunogenic oligopeptides derived from fibronectin and
other extracellular matrix molecules acting as ligands for the cell adhesion receptors, on the
luminal surface of the prosthesis (Popelka et al. Eur Polym J 58: 11, 2014).

(d) Neurophysiological research

Neurophysiological research carried out at the Institute covers a selected spectrum of
problems ranging from the cellular mechanisms of neurotransmitter release and actions of
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transmitters on their receptors to highly integrative functions of the central nervous system,
such as memory and temporal regulation of physiological processes (circadian rhythms).
Additionally, pathophysiological mechanisms are studied, namely those of neuropathic pain,
cerebral ischemia or neuropsychiatric diseases such as epilepsy, Alzheimer’s disease and
schizophrenia.

Research into the functioning of ion channels and G-protein coupled receptors in
both peripheral and central nervous systems included an investigation of the molecular
mechanisms underlying the effects of so-called allosteric modulators, i.e., agents affecting the
activity of a receptor at a site other than the receptor's active (orthosteric) site. The medical
(pharmaceutical) potential of such research is obvious. In the NMDA (N-Methyl-D-aspartic
acid) subgroup of ionotropic glutamate receptors, we aimed to identify clinically relevant
antagonists, namely preghanolone sulphate and its newly synthetized analogues, capable of
preferentially blocking excitotoxic receptor activation, without interfering with its functions
required for normal synaptic transmission and neural plasticity (Borovska et al. Br J Pharmacol
166: 1069, 2012). The research considerably extended our knowledge on the function,
structure, trafficking, molecular genetics, and pharmacology of ligand-gated ion channels
including glutamate and acetylcholine channels (Kaniakova et al. J Biol Chem 287: 26423,
2012). Thermally gated transient receptor potential (TRP) ion channels were of particular
interest from the pain and nociception perspective. These channels are expressed in
polymodal primary sensory neurons and on presynaptic endings of primary afferents in the
spinal cord dorsal horn, and we attempted to elucidate the mechanisms underlying their (i)
profound involvement in the development of acute and chronic pain states (Boukalova et al. J
Biol Chem 285: 41455, 2010; Biochim Biophys Acta 1833: 520, 2013; Marsakova et al.
Anesthesiology 116: 903, 2012) and (ii) potentiation under pathological conditions when their
activity may be affected by a number of cytokines and endogenous agonists (Spicarova et al.
J Neuroinflammation 8: 177, 2011). The outcome of these studies may facilitate the
development of new compounds to treat cognitive disorders, chronical pain states as well as
improve learning and memory. In a broader domestic collaboration, we patented a novel
neuroprotective steroidal derivative (Rambousek et al. Neuropharmacology 61: 61, 2011).
Attempts to elucidate the physiological role and the structure-function relationship of
purinergic ATP-gated P2X ion channels revealed that P2X2, P2X7 and P2X4 mRNAs are
most abundant in the hypothalamic suprachiasmatic nuclei neurons known to release ATP.
This nucleoside triphosphate was shown to activate presynaptic P2X2 receptors and to
modulate inhibitory synaptic transmission (Bhattacharya et al. J Neurosci 33: 8035, 2013).

Research into the molecular mechanisms underlying the action of ivermectin, a positive
allosteric regulator of several ligand-gated ion channels including P2X4 purinoreceptors
contributed to the understanding of allosteric pharmacology of muscarinic receptors, molecular
mechanisms of their activation and coupling with G-proteins. The main topics tackled in the
field of biochemical physiology and pharmacology of cholinergic neurons included: (i)
synthesis, storage, and release of acetylcholine and its presynaptic autoregulation;
(i) molecular pharmacology of muscarinic receptors including allosteric modulation of receptor
activation, interaction of muscarinic receptors with G-proteins and modelling of muscarinic
receptor signal transduction (Jakubik et al. Mol Pharmacol 86: 180, 2014); and (iii) cholinergic
mechanisms in the pathogenesis of Alzheimer’s disease, namely the effect of beta-amyloid
protein on acetylcholine metabolism and muscarinic transmission (Janickova et al.
Neuropharmacology 67: 272, 2013; Machova et al. Neurobiol Dis 38: 27, 2010).

Research into the developmental aspects of epilepsy demonstrated that intense
epileptic activity leads to both acute and long-lasting morphological and functional alterations,
often of progressive nature in rats younger than two weeks (Kubova & Mares Neuroscience
235: 232, 2013). Mechanisms responsible for the damage in the immature brain included
oxidative stress and mitochondrial dysfunction (Folbergrova et al. Exp Neurol 233: 421, 2012).
In immature rats, we confirmed the expected anticonvulsant and neuroprotective effect of
agonists of groups Il and Il (as well as group I) of metabotropic glutamate receptor
(Folbergrova et al. Neuropharmacology 54: 665, 2008, Lojkova-Janeckova et al. Epilepsia 50:
665, 2009). In adult animals, repeated spontaneous brief temporal lobe seizures promoted
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increased hippocampal neurogenesis in the absence of status epilepticus and severe cell loss,
thus providing a rationale to develop pharmacological strategies aimed at modulating
neurogenesis as a treatment to reverse learning and memory deficits in temporal lobe epilepsy
(Jiruska et al. Neurobiol Dis 54: 492, 2013).

To shed light on the mechanisms of temporal organization of physiological
processes on daily and seasonal basis, we studied (in physiological and pathological
conditions) the circadian system composed of the central clock located in the suprachiasmatic
nuclei of the hypothalamus, and peripheral clocks found in nearly all bodily cells. We found
that maternal feeding regime may entrain clocks of their fetuses (Novakova et al. J Biol
Rhythms 25: 350, 2010; Sumova et al. Prog Brain Res 199: 83, 2012), and studied aberrations
of the circadian system in animal models of colorectal cancer, hypertension and metabolic
diseases (Sladek et al. PLoS One 7: e46951, 2012; Sotak et al. Int J Cancer 132: 1032, 2013).
In human studies, we revealed malfunctioning of the circadian system in patients with a rare
genetic disease, Smith-Magenis Syndrome (SMS) by demonstrating that in the SMS patients,
the disrupted regulation of sleep and hormone levels are likely due to the inability of their
central clock to efficiently drive daily rhythms (Novakova et al. J Clin Endocrinol Metab 97:
E312, 2012). These findings help to understand the ontogeny of the circadian system, and are
relevant to new chronotherapeutic approaches to a range of diseases. Moreover, we provided
the first evidence that in humans (tested in real-life conditions), the individual chronotype (i.e.,
preference for bedtime) affects phasing of their peripheral molecular clocks. Thus, the extreme
chronotypes may have their clocks out of phase with the social time, which may explain a
higher incidence of some diseases in them (Novakova et al. Chronobiol Int 30: 607, 2013).

In cognitive neuroscience, we focused on spatial navigation in dynamic environments
and behavioural flexibility, and discovered an intriguing phenomenon linked to the need to
continuously update information about the position of a small programmable robot the
experimental rats were forced to avoid. Functional inactivation of hippocampus disrupted the
avoidance behaviour (Telensky et al. Proc Natl Acad Sci USA 108: 5414, 2011). In addition,
we have shown that hippocampus is crucial for recognition of objects on a computer screen
(the "virtual reality in rats“ project, Levcik et al. Hippocampus 23: 153, 2013), and dorsal
hippocampus for recognizing positions of objects located in an inaccessible part of the
experimental environment (Klement et al. Behav Brain Res 207: 480, 2010).

(e) Collaborations within the Institute

Needless to say, research cooperation within the Institute streamlines its scientific
endeavours and contributes to a more efficient utilization of available resources. A wealth
of mutually beneficial collaborations among Institute’s teams has been established, as
summarized in Fig. 2. This includes joint research projects (both bilateral and framework
ones, such as the national Centres of Excellence described below (see Section f), and those
funded by EU) as well as joint publications.



Figure 2. Collaboration among the Institute’s teams (marked by arrows).
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Selected collaborative efforts within the Institute:

Departments of Epithelial Physiology and Neurohumoral Regulations have been studying
the development and entrainment of the colonic circadian clock (e.g., Polidarova et
al. Chronobiol Int 28:204, 2011, Sotak et al. Int J Cancer 132:1032, 2012; Polidarova et al.
Am J Physiol Gastrointest Liver Physiol 306: G346, 2014; Sotak et al. Ann Med 46: 221,
2014).

Department of Genetics of Model Diseases collaborates with six other departments within
the Institute by providing internationally recognized expertise in rat genetics and
genomics (BXH/HXB recombinant inbred strains), as documented by a number of studies
published so far (e.g., Houstek et al. Physiol Genomics 44: 487, 2012; Langley et al.
Cardiovasc Res 97: 653, 2013; Houstek et al. Physiol Genomics 46: 671, 2014) and joint
projects (e.g., Centre of Applied Genomics, ERC CZ project, MITOCENTRUM project of
excellence).

Figure 3. Metformin —an anti-diabetic drug with potential benefits in cardiac patients




- Departments of Bioenergetics, Adipose Tissue Biology, and Cardiovascular
Morphogenesis, in collaboration with the Institute of Clinical and Experimental Medicine,
conducted a study testing the potential of metformin, an established anti-diabetic drug,
in improving cardiac function (Benes et al. Clin Sci (Lond) 121: 29, 2011); see Fig. 3.

(f) National and international collaboration

The Institute of Physiology maintains extensive collaborations, both locally and internationally.
Itis placed in the largest biomedical research campus in the country, comprising five institutes
at the outskirts of Prague and employing ~1,500 research staff. The location in the capital also
facilitates cooperation with Faculties of Medicine (including their teaching hospitals), Science,
Mathematics and Physics of the Charles University, Institute of Chemical Technology,
Institute of Clinical and Experimental Medicine, as well as a number of institutes of the
Czech Academy of Sciences, in particular Institutes of Organic Chemistry and Biochemistry,
Macromolecular Chemistry, Molecular Genetics, and Microbiology.

National research collaboration was significantly stimulated by Institute’s participation in a
number of network grants locally referred to as “Research Centres (of Excellence)” and
funded by the Ministry of Education. These included Centres for Cardiovascular Research,
Neuroscience, Yeast Research, Fluorescence Microscopy in Biomedical Research. The
Institute is currently involved in their current variant (“Centres of Excellence”), namely the
“‘Neurosciences” centre (since 2012) and Mitochondrial Biology and Pathology
(MITOCENTRE) since 2014.

A completely new, EU-funded Biotechnology and Biomedicine Centre of the Academy of
Sciences and Charles University (BIOCEV) includes six research teams of the Institute and
will offer opportunity to exploit the cutting-edge core facilities (http://www.biocev.eu/en/).

The Institute also participated in a number of EU-funded integral (multilateral) projects
and other international collaborations. These included:

- BIOCLAIMS: identification of biomarkers of the effect of food on health (11 groups from 7
countries)

- DIABAT: mechanisms of increasing energy expenditure in adipose tissue and thus
preventing body fat accumulation (21 groups from 12 countries)

- EUCLOCK: entrainment of the circadian system (27 groups)

-  EURATRANS: rat functional genomics for translational research of ortholog genetic
determinants in humans

- LipiDiDiet: therapeutic and preventive impact of nutritional lipids on neuronal and cognitive
performance in ageing, Alzheimer’s disease and vascular dementia (19 groups from 7
countries)

- PHOTOLYSIS: exploring a combined approach using electrophysiology and optical
imaging in neurobiology (7 groups from 6 countries)

- COST (European Cooperation in Science and Technology) included three projects:
() nutritional optimization of mitochondrial function to increase disease resistance;
(i) adipose tissue as a key target for prevention of the metabolic syndrome; and
(iif) molecular machineries for ion translocation across biomembranes.

Internationalisation and increasingly interdisciplinary nature of research also required
bilateral cooperation among the teams from the Institute, the Czech Republic and
elsewhere (see Fig. 4). The Institute has maintained close research ties with a number of
research institutions such as:

USA

- Howard Hughes Medical Institute

- Natnl. Inst. Child Health Human Develop., Univ Calif. San Francisco
- Univ. Minnesota

Europe


http://www.biocev.eu/en/

- MRC Laboratory of Molecular Biology (Cambridge)

- University of Oxford and Imperial College (London)

- Max-Delbrick Ctr. Mol. Medicine (Berlin) and Univ. Erlangen

- INRA Versalilles, France

- Instit. Normal & Pathol. Physiol. & Inst. Heart Res., Slovak Acad. Sci.

- Kazan branch of the Russian Academy of Sciences and Kazan Medical University
(and many others; see reports of the individual teams)

The above examples document the breadth of Institute’s international collaboration, and
we hope to capitalize on it also from the perspective of identifying and recruiting able young
researchers to our teams, irrespective of the country of origin. Two Marie Curie Initial
Training Networks (Cornucopia, ImResFun), which brought together several European
partners including our Institute are good examples of this endeavour.

Figure 4. Selected international links of the Institute of Physiology.
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(9) Applied outputs

As mentioned elsewhere within the present document (Parts 1b,c,d above) and reports from
individual research teams, Institute’s fundamental research often has a direct or indirect
clinical impact. The most important examples of such translational research are
summarized below:

- Rareinherited mitochondrial diseases investigated at Department of Bioenergetics. Two
of four known nuclear gene mutations (TMEM70 and ATP5E) causing defects of ATP
synthase (Havlickova et al. Biochim Biophys Acta 1797: 1124, 2010; Mayr et al. Hum Mol
Genet 19: 3430, 2010) were successfully identified. Another collaborative project resulted
in the development of a non-invasive protocol for diagnosting human mitochondrial
diseases. It is based on the use of isolated lymphocytes (Pecina et al. BBA Clinical 2:
62, 2014). All these results have a major impact on diagnosing the diseases.

- Arandomized clinical trial on type 2 diabetic patients has been completed in collaboration
between the Department of Adipose Tissue Biology and the Institute of Clinical and
Experimental Medicine (Prague), as an extension of our findings about the mechanisms
underlying beneficial effects of n-3 fatty acids, namely omega-3 (Kus et al. Plos One 6:
e27126, 2011; Flachs et al. Diabetologia 54: 2626, 2011). It has shown that a combination



of omega-3 and anti-diabetic drugs from the thiazolidinedione family improves patients’
post-prandial lipid metabolism, thus improving the therapeutic strategy (Veleba et al.
Clinical Sci., submitted, 2015).

Using transgenic SHR rats expressing human C-reactive protein (CRP) developed at
Department of Genetics of Model Diseases we have demonstrated a significant role of
increased human CRP in pathophysiology of the metabolic syndrome (Pravenec et
al. Hypertension 57: 731, 2011).

Our pioneering work on the detection of clock gene expression in the buccal mucosa in
patients with a rare genetic Smith-Magenis syndrome has demonstrated that aberrations
in the temporal regulation of melatonin, typical for this disease, are likely caused by the
aberrant circadian system (Novakova et al. J Clin Endocrinol Metab 97: E312, 2012).

An effective diagnosis and treatment of human diseases requires reliable biomarkers of
disease and its progression. High-frequency oscillations in brain activity have been
proposed as a marker of epileptogenic tissue. Detection and analysis of these oscillations
significantly improve presurgical examination and epilepsy surgery (Cho et al.
Epilepsia 55: 1872-1883, 2014, http://isarg.feld.cvut.cz/).

Evidence-based novel treatment strategies are typically following carefully controlled
experimental studies. Our teams have elaborated many potential treatment procedures.
We have shown in rats, macaques and patients that medical carbogen containing 5% CO-
can be used as an acute anticonvulsive treatment in epilepsy (Tolner et al. Epilepsia
52:104-114, 2011).

Experimental work of Department of Membrane Transport Biophysics yielded new
compounds suitable for photodynamic therapy in oncology patients. Hydrophobic
phtalocyanine combined with a liposomal carrier is easily transferred to cancer tissue
where it is efficiently accumulated (Canadian Patent N0.2665762).

Department of Biomaterials & Tissue Engineering improved existing synthetic tissue
replacements by introducing into them cellular and other biological components.
Completely new, ‘hybrid’ replacements based on a combination of synthetic materials and
cells have been obtained. Some of the findings have been already patented (CZ304445,
EU299687).

An active search for new biological targets and their context dependency. Jointly with
Institute of Organic Chemistry & Biochemistry CAS and Psychiatric Centre Prague, we
participate in drug development and testing. The combined team has successfully
synthetized and patented several neuroactive steroids (CZ303037, CZ303443,
US8575376, WO/2010/136000); several of them have been successfully tested in models
of neuropsychiatric disorders (neurodegeneration, epilepsy, stroke) and are now
considered by the National Institutes of Health (NIH at Bethesda, MD, USA) to be included
in their preclinical testing program. Derivatives of prolactin-releasing peptide
(US14/598160 patent application) are highly promising for treating obesity, diabetes and
some neurodegenerative disorders. High translation potential has been identified in pain
research, especially the inhibition of TRPV1 receptors (Uchytilova et al. Molecular Pain
10: 67, 2014).

Effective technology transfer makes our hi-tech methods and material accessible. In the
context of scientific exchange the technology transfer at the Institute constantly occurs through
the transfer of biological material, know-how or provision of individual animals or animal lines.
In addition, we are aiming for the commercial exploitation of research results which are
developed at the Institute. In these results appropriate Intellectual Property rights are set and
commercialization strategy is followed to facilitate rapid and efficient transfer into the practice.
Some commercial subjects have expressed interest in Institute’s expertise, namely the Velaz
company hoping to obtain its transgenic rats of specific-pathogen-free (SPF) quality (a joint
project TA02010013 to create models of specific human diseases). Department of Biological
Controls is a laboratory compliant with the principles of good manufacturing practice (GMP)
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and certified by the State Institute for Drug Control (the Czech answer to the Food & Drug
Agency in the USA) to carry out “Quality control testing of human medicinal products®. As such,
it has a technology-transfer potential worth exploration.
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Research Report of the team in the period 2010-2014

[ Institute [ Institute of Physiology of the ASCR, v. v. i.

Scientific

team Experimental Hypertension

RESEARCH FOCUS

The Department of Experimental Hypertension (Institute of Physiology CAS, Prague) is
investigating the pathophysiological mechanisms of hypertension in various experimental models,
namely in spontaneously hypertensive rats (SHR) characterized by sympathetic hyperactivity,
transgenic Ren-2 rats (TGR) with angiotensin Il-dependent hypertension and Dahl rats with salt
hypertension. Our attention is mainly focused on hemodynamic changes, the role of principal vasoactive
systems, alterations of vascular contraction, ion transport abnormalities, cell calcium handling and
defects of cell signaling in vascular smooth muscle. Further important research topics of our team are
hypertensive end-organ damage, abnormal lipid metabolism, enhanced formation of reactive oxygen
species, pathogenetic mechanisms of obesity-related hypertension and pathophysiology of neurogenic
pulmonary edema following acute CNS trauma. Our traditional research topics are the ontogenetic
aspects of hypertension development and its treatment (Zicha and Kune§ Physiol Rev 79: 1227, 1999)
with a special respect to the developmental windows (critical periods of development) in which the
organism is highly sensitive to environmental stimuli (nutrition, stress, etc). Increased susceptibility of
immature rats to high salt intake is a typical example (Zicha et al. Hypertension 8: 1096, 1986; Zicha et
al. Physiol Res 61 (Suppl 1): S35, 2012). At present this is complemented with our increasing research
interest in epigenetic mechanisms participating in hypertension and/or obesity development (Kune§ and
Zicha Clin Sci 111: 295, 2006; Vanéckova et al. J Endocrinol 223: R63, 2014).

PERSONNEL

Our department has been founded in early 60's by Dr. Jifi Jelinek and was subsequently headed
by Dr. Jaroslav Kune$ (1985-2006) and Dr. Josef Zicha (2007-2015). In 2010 Dr. Ivana Vanéckova
from the Institute of Clinical and Experimental Medicine (Prague) has joined our department and is
currently trained to be the Head since 2016. Actually our team consists of five senior investigators
(Vanéckova, Dobiasova, Kune§, Rauchova and Zicha, H-index = 13, 17, 29, 16 and 26, respectively),
four junior scientists (Behuliak, Hojna, Kadlecova and Vokurkova, H-index = 10, 6, 6 and 7,
respectively), one postdoctoral fellow (Rezacova), three PhD students (Bencze, Louckova and
Mikuléaskova), two MSc students (Brunova and Misarkova) and three laboratory assistants (Charvatova,
Kopecka and Nahodilova). Two Ph.D. students are expected to defend their Theses in the near future
(Bencze 2016, Louckova 2017). In addition, two Slovak post-doctoral fellows, whose Ph.D. training
was partially (Dr. Liskova) or entirely (Mgr. Pintérova-Surovcova) accomplished in Prague, have left
our lab to work abroad. It should also be noted that some of the team members are only part-time
working so that the average size of our team corresponds to six full-time scientists.



KEY RESULTS

Our research team had four major topics within the evaluated period 2010-2014. All four topics
were studied mainly in conscious instrumented rats in order to avoid the artifacts resulting from
anesthesia (Bencze et al. Physiol Res 62: 471, 2013). Nevertheless, we tried to investigate these topics
simultaneously at different levels, ranging from molecular and cellular levels up to isolated organs and
whole animals.

a) Calcium influx and calcium sensitization in spontaneously hypertesive rats (SHR)

This topic represents the analysis of our primary finding that calcium influx through L type
voltage-dependent calcium channels (L-VDCC) is proportional to the basal blood pressure (BP) level
and/or vascular wall tension (Paulis et al. Acta Physiol Oxf 191: 255, 2007). Subsequently, we have
brought a unique evidence that the inactivation of upregulated inhibitory G proteins by pertussis toxin
treatment lowered BP of SHR by the attenuation of adrenergic vasoconstriction dependent on calcium
entry through L-VDCC (Pintérova et al. J Hypertens 28: 969, 2010). Later, we have demonstrated that
not only adrenergic but also angiotensin Il-dependent BP components are proportional to nifedipine-
sensitive BP component. Thus, all three major vasoactive systems (sympathetic nervous system — SNS,
renin-angiotensin system — RAS and nitric oxide — NO) modulate BP via nifedipine-sensitive calcium
entry (Pintérova et al. Physiol Res 58 (Suppl 2): S43, 2009; Zicha et al. Physiol Res 63: 13, 2014).
Moreover, enhanced calcium entry through L-VDCC seems to be related to a decreased efficiency of
vasodilator action of voltage-dependent (Kv) and/or calcium-activated (BKca) potassium channels in
SHR compared to WKY (Pintérova et al. Physiol Res 63: 275, 2014) (grants 1M0510 ME CR, GACR
305/08/0139).

Furthermore, our attention was focused on calcium sensitization mediated by RhoA/Rho kinase
pathway because greater BP reduction by nifedipine in SHR might result not only from the blockade of
enhanced calcium entry through L-VDCC in this hypertensive strain but also from the inhibition of
normal calcium entry under the conditions of increased calcium sensitization (Zicha et al. Physiol Res
63 (Suppl 1): S19, 2014). We were the first who demonstrated that basal calcium sensitization is
attenuated in adult SHR with established hypertension (Behuliak et al. J Hypertens 31: 2025, 2013). The
reduction of calcium sensitization seems to be a compensation of enhanced calcium entry through L-
VDCC, both abnormalities being present already in prehypertensive SHR (Behuliak et al. J Hypertens
in revision ) (grants IGA ASCR IAA50110902, GACR 304/12/0259).

b) Impaired vasodilator mechanisms in experimental hypertension

The attention has been paid to various models of experimental hypertension including SHR,
hereditary hypertriglyceridemic rats, salt hypertensive Dahl rats and rats with NO-deficient hypertension
elicited by chronic L-NAME treatment. This topic was investigated in a cooperation with several labs
in Bratislava (Slovakia, see below) when the experiments with conscious cannulated rats and nearly all
myographic experiments were done by the members of our team in Prague lab.

A comparison of the efficiency of three major vasodilator systems (nitric oxide, prostacyclin
and calcium-activated potassium channels) in selected forms of experimental hypertension (SHR, Dahl,
NO-deficient) indicated surprising compensatory activation of vasodilator function of prostanoids and
BKca channels, whereas NO-dependent vasodilation was not enhanced in any hypertensive model
(Behuliak et al. Hypertens Res 34: 968, 2011). Further attention was paid to the mechanisms modulating
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arterial contraction in normotensive and hypertensive rats (Pintérova et al. Physiol Res 58 (Suppl 2):
S43, 2009). Three consecutive papers indicated the importance of calcium-activated (BKca) potassium
channels (Liskova et al. J Am Soc Hypertens 4:128, 2010), EDCF (Liskova et al. Eur J Pharmacol 667:
265, 2011) and calcium-activated chloride channels (Liskova et al. Biomed Res Int 2014: 289361, 2014)
in adrenergic vascular contraction, the alterations of which are increasing with aging and/or hypertension
development (grants 1IM0510 ME CR, GACR 305/08/0139 and 304/12/0259).

c) Age-dependent differences in the pathogenesis of salt hypertension in Dahl rats

It is well known that high salt intake causes the development of severe self-sustaining form of
salt hypertension in immature Dahl rats, whereas a less severe form of salt hypertension is induced by
high salt intake applied in adult animals. Both age groups of salt hypertensive Dahl rats differ not only
in SNS contribution to BP maintenance but also in the role of NO-dependent vasodilation and
superoxide production (Zicha et al. J Hypertens 19: 247, 2001; Dobesova et al. J Hypertens 20: 925,
2002). In this evaluation period we have tried to elucidate the age-dependent effects of high potassium
intake, endothelin A receptor stimulation and superoxide production in young and adult salt-sensitive
Dahl rats. Three interesting original findings were published by our team.

First of all, we have demonstrated that preventive but not therapeutic dietary potassium
supplementation attenuates salt hypertension development in Dahl rats. This antihypertensive effect,
which is due to the attenuation of sympathetic hyperactivity, is present only in young but not in adult
salt hypertensive Dahl rats (Zicha et al. Acta Physiol (Oxf) 202: 29, 2011). Second, the participation of
endothelin-1 (ET-1) in the pathogenesis of salt hypertension is age-dependent because chronic
endothelin A receptor blockade attenuated salt-induced rise of blood pressure (BP) only in adult but not
in young Dahl rats. This BP reduction was due to a decrease in sympathetic vasoconstriction, indicating
ET-1 involvement in the central mechanisms controlling sympathetic tone. In contrast, the contribution
of circulating ET-1 to BP maintenance was similar in young and adult salt hypertensive Dahl rats (Zicha
et al. Acta Physiol (Oxf) 205: 124, 2012). Finally, we have demonstrated major differences in the role
of reactive oxygen species in salt hypertension of young or adult Dahl rats. Chronic administration of
tempol (SOD mimetic) attenuated hypertension development in adult but not in young Dahl rats. In
addition, increased superoxide production and resulting enhanced lipoperoxidation correlated with high
blood pressure in adult rats (Vanéckova et al. Acta Physiol (Oxf) 208: 340, 2013). Significantly greater
effects of chronic tempol administration in adult salt hypertensive Dahl rats are at variance with our
earlier observation of smaller BP effects of acute tempol injection in these animals (DobeSova et al.
J Hypertens 20: 925, 2002). (grants 1M0510 ME CR, GACR 305/08/0139, 305/09/0336 and
304/12/0259).

Our results obtained in Dahl rats were summarized in a recent review (Zicha et al. Physiol Res
61 (Suppl 1): S35, 2012) in which they were evaluated in the context of current international research
performed in this experimental model.

d) Interaction of renin-angiotensin and endothelin systems in the pathogenesis of hypertension and
renal damage in Ren-2 transgenic rats

Aliskiren, a relatively new drug in antihypertensive therapy, is a direct renin inhibitor
intervening the RAS at its rate-limiting step. We found that its BP lowering effect in Ren-2 transgenic
rats (TGR) persisted for almost two weeks after its withdrawal and this effect was accompanied by the



reduced proteinuria due to the improved glomerular arrangement (Rakusan et al. Am J Physiol 299:
F758, 2010). When the effects of aliskiren were compared with angiotensin receptor blocker losartan,
only aliskiren decreased albuminuria at similar BP decrease (Vanourkova et al. Physiol Res 59: 339,
2010). This topic has been partly investigated in cooperation with IKEM (see below) under the
supervision of Dr. Vanékova who joined our team in 2010 (grant 1IM0510 ME CR).

Based on our previous study with a single application of antisense against AT: receptor
(Vanéckova, Vascul Pharmacol 47: 63, 2007) we evaluated the effects of its repeated delivery in young
and adult Ren-2 transgenic rats. We found that it retarded hypertension development and cardiac
hypertrophy in young animals, and this BP-lowering effect was due to the reduced sympathetic
vasoconstriction, while in the adult TGR, its effect was due to the attenuation of angiotensin I1-
dependent vasoconstriction (Vanéckova et al. Hypertens Res 35: 761, 2012) (grant IGA ASCR
IAA50110902).

Our previous studies (Vanéckova et al. Hypertension 46: 969, 2005; Opocensky et al.
Hypertension 48: 965, 2006) demonstrated the beneficial effects of selective endothelin receptor A
blockade (atrasentan) over nonselective ETA/ETg blockade with bosentan. We analyzed the mechanisms
contributing to antihypertensive effects of atrasentan and showed that it is mediated by the reduced
calcium influx through voltage-dependent calcium channels (L-VDCC) due to the attenuated
angiotensin Il-dependent vasoconstriction and missing ETa vasoconstriction (Vanéckova et al. J
Hypertens 33: 161, 2015) (grant GACR 304/12/0259).

INTERNAL COLLABORATION (within the Institute of Physiology CAS, Prague)

Genetic analysis of spontaneous hypertension

A traditional cooperation with the Department of Genetics of Model Diseases (Dr. Pravenec),
which started with BP determination in the unique set of Prague recombinant inbred (RI) strains
(Pravenec et al. J Hypertens 7: 217, 1989) and continued with a later radiotelemetric analysis of the
participation of principal vasoactive systems in BP control of these rat RI strains (Kunes et al. Hypertens
Res 31: 1659, 2008), yielded further results. Using human-rat comparative genomics we explored the
transcriptional mechanisms mediating the effects of genes revealed by human genome-wide association
studies. Extensive conservation of trans-regulated genes and their master regulators was shown in both
rat and human hypertension (Langley et al. Cardiovasc Res 97: 653, 2013). Our team participated in the
determination of hemodynamic data essential for the above mentioned analysis (grant 1M0510 ME CR).

Mitochondrial energetic metabolism

One of our principal long-lasting cooperation with the Department of Bioenergetics
(Dr. Drahota) is focused on the cell energetic metabolism, especially on FAD-linked glycerol-3-
phosphate dehydrogenase (GPDH) localized on the outer surface of the inner mitochondrial membrane.
We compared the inhibition of glycerol-3-phosphate and succinate-dependent consumption rates by
digitonin treatment and the recovery of activity by cytochrome ¢ and idebenone (hydrophobic synthetic
analog of coenzyme Q) supplements (Rauchova et al. Physiol Res 61: 259, 2012). In our recent joint
paper (Rauchova et al. Int J Biochem Cell Biol 53: 409, 2014) we showed that inhibition of glycerol-3-
phosphate-dependent oxygen consumption by tocopheryl succinate (a suitable drug for cancer therapy)



was much higher than that on the oxidation rate of succinate-dependent one. All experimental data were
provided by our team (grants GACR 303/09/0570 and 304/12/0259).

Long-term thyroid hormone level alterations

Our other long-lasting cooperation (Rauchova et al. Horm Metab Res 36: 286, 2004) with the
Department of Functional Morphology (Dr. Soukup) is based upon model experiments which are
performed in rats with different thyroid states (euthyroid, hypothyroid and hyperthyroid). First, we
confirmed that liver mitochondrial glycerol-3-phosphate dehydrogenase (GPDH) activity is a useful
marker for the evaluation of thyroid states also in chronic experiments lasting up to 12 months. In
addition, we indicated a similar effect of altered thyroid hormone levels on the enzyme activity and
protein amount of GPDH in female and male rats, these changes being more pronounced in females
(Rauchova et al. Horm Metab Res 41: 43, 2011). In our recent joint paper (Rauchova et al. Horm Metab
Res 45: 507, 2013) we tested how n-3 polyunsaturated fatty acids (PUFA) supplementation can change
parameters, such as body and organ weights, thyroid hormone levels, blood glucose, plasma lipids and
liver GPDH activity in rats with different thyroid states. However, we found no significant effects of 6-
week-supplementation of PUFA administrated intragastrically at a dose of 200 mg/kg/day. GPDH
activity and plasma lipids were measured by our team (grants GACR 303/09/0570 and 304/12/0259).

Other internal collaborations

We also cooperated with the Department of Epithelial Physiology (Dr. Pacha) in the study of
local metabolism of glucocorticoids (Klusonova et al. Steroids 76: 1252, 2011; Vagnerova et al. Steroids
76: 577, 2011) and with the Department of Developmental Cardiology (Dr. Ost'adalova) in the research
concerning cardiac tolerance to ischemia in newborn SHR (Charvatova et al. Physiol Res 61 (Suppl 1):
S145, 2012). We have also successfully cooperated with the Department of Biomathematics (Drs Karen
and Vorlicek) in mathematical modeling of cardiovascular responses in vivo (Pintérova et al. J
Hypertens 28: 969, 2010; Behuliak et al. J Hypertens 31: 2025, 2013) and in vitro (Liskova et al. J Am
Soc Hypertens 4:128, 2010; Liskova et al. Eur J Pharmacol 667: 265, 2011; Liskova et al. Biomed Res
Int 2014: 289361, 2014) as well as in the sophisticated statistical evaluation of our biological results
(Vanéckova et al. Acta Physiol (Oxf) 208: 340, 2013).

DOMESTIC COLLABORATION (within the Czech Republic)

Institute of Clinical and Experimental Medicine (IKEM), Prague (Dr. L. Cervenka)

Our long-lasting cooperation with the IKEM started within the project of Cardiovascular
Research Centre. It continued with the project “New pharmacological approaches in hypertension
treatment: the combined interventions into renin-angiotensin and endothelin systems ”. This project was
originally coordinated by Dr. Vanéckova, when she was the employee of IKEM, and the collaboration
dates until now. Recently, a new common research project has been submitted to the Ministry of Health
CR. The main topics were always the interactions of major vasoactive systems (RAS, ET system,
metabolites of cytochrome P450) in BP regulation and accompanying end-organ damage.



Our cooperative research in the last five years was focused on the new possibilities in the
treatment of chronic kidney disease. We used Ren-2 transgenic rats (TGR) a model of angiotensin I1-
dependent hypertension with 5/6 nephrectomy. Our first study determined the beneficial effects of RAS
blockade on renal damage (Kujal et al. Clin Exp Pharmacol Physiol 37: 1159, 2010). Further, we
analyzed whether a combination of RAS blockade with endothelin A receptor blockade, which is known
for its antiproteinuric effects, could have some additional effects. We found that although ET a receptor
blockade alone partially improved survival rate and decreased BP, it had no additional effects to RAS
blockade if the treatment took 5 months (Vanéckova et al. Kidney Blood Press Res 35: 382, 2012).
However, the prolongation of the treatment to 10 months clearly showed additional positive cardio- and
renoprotective effects of the combined therapy (Certikova Chabova et al. Life Sci 118: 297, 2014)
(research grants of IKEM — IGA MH CR NS 9703 and NS 10500).

Further topics included the effects of metabolites of cytochrome P450 (HETEs and EETS) in
renal damage (Certikova Chabova et al. Clin Sci 118: 617, 2010), the role of angiotensin-1-7 in
hypertension development in rats with renal artery stenosis (Rakusan et al. Kidney Blood Press Res
33: 476, 2010) and the effects of castration i