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Preface

The Institute of Experimental Medicine, Academy of Sciences 
of the Czech Republic, is the leading institution in the Czech 
Republic for biomedical research, particularly in cell 
biology and pathology, neurobiology, neurophysiology, 
neuropathology, developmental toxicology and teratolo-
gy, molecular pharmacology, immunopharmacology, 
molecular embryology, stem cells and nervous tissue  
regeneration. The Institute is an internationally recognized 
center in these fields, and as such it was selected as an 
EU Center of Excellence (MEDIPRA). 

The institute’s already-established position is documented  
by the  extensive collaboration that exists between  
Institute scientists and their colleagues in Europe, North 
America, Asia and Australia. Recently, a number of foreign  
Ph. D. students, postdoctoral fellows, as well as senior scien-
tists have been working in our departments, financed  
from our institutional budget as well as from a number 
of projects of the European Commission’s 6th and 7th 
Framework Programs. The  Institute regularly organizes 
a  number of  international workshops, symposia and 
conferences as well as summer schools for young researchers. 

We are proud to collaborate with leading Czech institu-
tions, namely with Charles University’s First, Second and 
Third Medical Faculties, the Faculty of Natural Sciences 
of  Mendel University in Brno, the  Institute for Clini-
cal and Experimental Medicine (IKEM) of  the  Ministry 
of  Health, the  Regional Institute for Hygiene of  Central  
Bohemia, the  Institute of  Macromolecular Chemistry 
ASCR, and the Institute of Animal Physiology and Gene-
tics ASCR. Scientists of the Institute are involved in both 

the pregraduate and postgraduate training of students. 
These ties have been strengthened by the  founding 
of  two joint organizations: with the  Institute of  Neu-
roscience of  the  Second Medical Faculty, Charles Uni-
versity and the national research Center for Cell Therapy 
and Tissue Repair, Charles University and with the Insti-
tute of Hematology and Blood Transfusion. 

Currently the  Institute of Experimental Medicine consists 
of  10 departments and 2 independent laboratories. 
There are about 217 employees, including 88 university 
graduates and 44 foreign students or visitors, working 
in the Institute. The publication activity of the Institute is 
growing every year, and most of its publications appear in 
journals with high impact factors including Physiological 
Reviews, Nature, Cell, Trends in Neuroscience, Trends in 
Pharmacology, The Journal of Cell Biology, NeuroImage, 
Journal of Physiology, Journal of Cell Science, Molecular 
Pharmacology, Biophysical Journal, Carcinogenesis, Glia, 
Journal of Cerebral Blood Flow and Metabolism, Journal 
of Dental Research, Hippocampus, Leukemia and Journal 
of Leukocyte Biology. 

The current research areas in the Institute of Experimen-
tal Medicine are a  result of  its history. It was officially 
founded in 1975 by combining four medical research 
laboratories that had been organized twenty years 
before. Three of  the  laboratories had been affiliated 
with clinical departments of  Charles University, i. e., 
the  Department of  Plastic Surgery, the  Department 
of Ophthalmology, and the Department of Otorhinola-
ryngology. The fourth laboratory was closely connected  
with the  Department of  Histology of  the  First  
Medical Faculty and was oriented toward cell and tissue  
ultrastructure. Under the  leadership of  the  renowned 
professors Burian, Kurz, Přecechtěl and Wolf, the labor- 
atories established themselves in the  world of  med- 
icine and contributed significantly to the  international  
recognition of Czechoslovak medical research. The four 
laboratories, although intellectually strong and reason- 
ably well-equipped, suffered from physical isolation 
and lack of collaboration. Therefore, it was considered 
proper to join the laboratories and to establish an Insti-
tute under the  Czechoslovak Academy of  Sciences. 
An otolaryngologist, Professor Vlastimil Kusák, was ap-
pointed as the first director (1975–1984). The research 
spectrum was extended by inviting to the  Institute 
a  group of  immunologists (Dr.  Jiří Franěk, Dr.  Karel 
Nouza), and by establishing a laboratory to investigate 
the  health effects of  mycotoxins in Eastern Bohemia 
(Olešnice, Eagle Mountains). 
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In the  seventies and eighties the  profile of  the  Insti-
tute crystallized, particularly in the  period when most 
of  the  laboratories were transferred to a  building on 
Legerova street and subsequently when Professor Jiří 
Elis was appointed director (1984–1990). Research areas 
broadened to include the electron microscopic investi-
gation of the cell nucleus and nucleolus, particularly in 
blood cells; the morphological tracing of nucleic acids; 
the morphology and immunocytochemistry of the thy-
roid gland and pancreas; mechanisms of  local immu-
nity, cancer immunity and graft-versus-host reaction; 
biochemistry and histochemistry of  the  eye; corneal 
pathology and the testing of contact lenses; the mor-
phology of the inner ear and its changes under the in-
fluence of  noise; the  electrophysiology of  the  central 
auditory system; the  basics of  genotoxicity and tera-
tology; the  mechanisms and epidemiology of  cranio- 
facial malformations; and the  testing of  mycotoxins.  
While several groups and individuals succeeded in reach- 
ing a  high standard of  scientific work, the  Institute as 
a whole suffered from scattered topics, a lack of internal 
communication and many other obstacles characteris-
tic of life in the seventies and eighties. 

In the beginning of the nineties, several parallel proces-
ses led to the harmonizing of the scientific orientation 
of  the  Institute as well as of  its human capital. These 
processes comprised not only the change in the politi-
cal situation in the country but also a significant rejuve-
nation of the Institute. In 1990, Professor Jelínek, Head 
of the Laboratory of Teratology, was appointed director 
of the Institute (1990–1994). The structure of the Insti-
tute was reorganized on the basis of a free competition 
of internal projects and further strengthened by its suc-
cess rate in the competition for grants from the Grant 
Agency of  the Academy of Sciences. The  involvement 
of members of the Institute in both the teaching of med- 
ical students and in ecologically oriented research increased, 
particularly concerning the adverse effects of exogenous 
factors on the organism. 

Important for the  formation of  the  improved profile 
of  the  Institute was the  entrance of  two new strong 
scientific groups in 1991 – the  Laboratory of  Cellular 
Neurophysiology from the Institute of Physiological Reg- 
ulations, headed by Professor Eva Syková, and the Lab- 
oratory of Genetic Ecotoxicology, headed by Dr. Radim 
Šrám (a  joint laboratory with the  Regional Hygiene 
Station of Central Bohemia). Clinically oriented groups 
ceased to exist in the  Institute or were transferred to 
clinics. In 1993 the  Institute moved to a new building 
in Prague-Krč, where several other biomedical institutes 
of the Academy of Sciences are located. In 1994 Profes-
sor Josef Syka was appointed director (1994–2001). In 
the same year the Institute passed successfully through 

the evaluation process within the Academy of Sciences. 
Important changes in the organization of the Institute 
that have taken place since that time have focused its 
orientation and improved its scientific profile. 

In 2001 Professor Eva Syková, was appointed as direc-
tor. In 2002 the Institute’s research program further in-
creased through the establishment of four new groups, 
growing to its current size. The reason for this change 
was the  affiliation of  the  former Institute of  Pharma-
cology ASCR and the  Department of  Molecular Em-
bryology from the Institute of Animal Physiology and 
Genetics ASCR. 

At present, the Institute of Experimental Medicine be-
longs to the  biomedical group of  research institutes 
of the Academy of Sciences of the Czech Republic and 
is the only institute in the Czech Republic engaged in 
a  comprehensive medical research program encom-
passing a number of diverse fields, based on the pro-
jects documented in this brochure. 

Eva Syková, MD, DSc
Professor of Physiology

Director

Prague, July 2009
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Management
Director: 
Prof. Eva Syková, MD, DSc

Vice Director: 
Assoc. Prof. Alexandr Chvátal, DSc, MBA

Chairman of the Board of the Institute: 
Prof. Eva Syková, MD, DSc

Chairman of the Supervisory Board: 
Jan Hrušák, PhD 

Address and Contact

Institute of Experimental  
Medicine ASCR, v. v. i. 

Vídeňská 1083
142 20 Prague 4-Krč
Czech Republic

Phone: +420 241 062 230
Fax: +420 241 062 782
uemavcr@biomed.cas.cz
www.iem.cas.cz

Board of the Institute
The Board is the major management body of  the  Institute. It shares re-
sponsibilities for the operation of the Institute with the director. The Act 
on Public Research Institutions stipulates the statutory duties of the Board. 
The Board observes the basic objectives of the Institute as stated in its sta-
tute, sets the basic scientific orientation of research at the Institute and its 
development strategy, and approves the Institute’s budget as well as its 
annual report. The Board consists of both internal and external members. 

Internal Members: 

–– Prof. Eva Syková, MD, DSc  
(president of the Board and Director of the Institute)

–– Radim J. Šrám, MD, DSc.  
(vice-president of the Board)

–– Prof. Josef Syka, MD, DSc 
–– Assoc. Prof. Miroslav Peterka, MD, DSc 
–– Assoc. Prof. Alexandr Chvátal, PhD, DSc, MBA
–– Zdeněk Zídek, PhD, DSc
–– Assoc. Prof. Aleš Hampl, DVM, PhD
–– Pavla Jendelova, PhD

–– Pavel Vodička, MD, PhD

External Members: 

–– Milan Hájek, DSc
–– Prof. Rastislav Druga, MD, DSc
–– Prof. Miroslav Ryska, MD, PhD
–– Štefan Vítko, MD, PhD 

Supervisory Board of the Institute
The Supervisory Board of the Institute is another obligatory body of the In-
stitute mandated by law. It exercises supervisory responsibilities regarding 
the operation and management of the Institute and gives prior consent to 
intended legal actions of the Institute as defined by law (e. g., the sale or pur-
chase of a property, the establishment of a company or other legal person 
and/or the holding of shares in such a company, the signing of an occupa-
tional lease etc.). The Supervisory Board shall meet at least two times a year. 

the current Board has five members: 

–– Jan Hrušák, PhD 
(Academy of Sciences of the CR)

–– Petr Bažant, PhD, MBA  
(Institute of Experimental Medicine AS CR)

–– Prof. Miloš Grim, MD, DSc  
(Charles University in Prague, 1st Faculty of Medicine)

–– Prof. Ivan Míšek, DVM, PhD  
(Institute of Animal Physiology and Genetics AS CR)

–– Prof. Eduard Zvěřina, MD, DSc  
(Charles University in Prague, 1st and 3rd Faculties of Medicine)

Institute profile
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The Institute of Experimental Medicine (IEM) is a renowned 
center of  biomedical research, manifested by the  fact that 
the Institute was awarded the status of an EU Center of Excel-
lence – MEDIPRA, by the participation of the Institute’ s scien-
tists in projects of the 6th and 7th EU Framework Programmes 
and by its extensive collaborations on both national and inter-
national levels. Both Czech and foreign Ph. D. students work in 
the Institute, funded by EU grants as well as by the Institute’ s core 
budget. The  Institute supports young group leaders and is 
a partner in the EU project ENI-NET, bringing together leading 
European institutes in the field of neuroscience; it is the seat 
of  the  biomedical commission for awarding DSc. degrees; 
and it has the highest percentage of Ph. D. students among 
all the institutes of the Academy of Sciences. The outcomes 
of the Institute’s research, which have already been applied in 
practice, include those in the fields of environmental protec- 
tion, neuroscience, regenerative medicine, pharmacology 
and diagnostic methods. Currently the Institute consists of  
10 departments and 2 independent laboratories. 

Departments: 
1. 	 Department of neuroscience

2. 	 Department of Auditory Neuroscience

3. 	 Department of Cellular Neurophysiology 

4. 	 Department of Molecular Embryology

5. 	Lab oratory of Tissue Engineering

6. 	 Department of Teratology

7. 	 Department of Genetic Ecotoxicology

8. 	� Department of the Molecular  
Biology of Cancer

9. 	Lab oratory of Cell Biology

10. 	Department of Pharmacology

11. 	Microscopy Unit

12. 	�Department of Technology Transfer / IBC 

Research workers of the Institute, Czech as well as for- 
eign, also work in the following three research centers 
of the Ministry of Education: 

Center for Cell Therapy  
and Tissue Repair
(Head: Prof. Eva Syková, MD, DSc)

combines a  number of  sites. Important findings have 
been made in stem cell transplantation in models of path- 
ologies of  the  central nervous system, pancreas, liver, 
epidermis, brain and spinal cord, the  labelling of  cells 
with superparamagnetic nanoparticles, the  develop-
ment of imaging methods and the development of ma-
terials for tissue repair. 

center for New Antivirotics  
and Antineoplastics
(Head:  Zdeněk Zídek, PhD, DSc)

The Department of Pharmacology takes part in pharmaco- 
logical research, for instance in the discovery of substances 
with immunomodulatory activity, significant in HIV therapy. 

Center for Neuroscience
(Head: Prof. Josef Syka, MD, DSc)

joins together significant research sites in Prague in 
the field of neuroscience and takes part in research into 
the  mechanisms of  ionic channels, glial cells, synaptic 
and extrasynaptic transmission, the central mechanisms 
of  hearing and pain, and the  mechanisms underlying 
brain and spinal cord diseases. 
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Department 
of Neuroscience
Head: Prof. Eva Sykova, MD, DSc
E-mail: sykova@biomed.cas.cz
Phone: +420 241 062 230

Laboratory of Tissue  
Culture and Stem Cells
Pavla Jendelova, PhD | Head of Laboratory
E-mail: jendel@biomed.cas.cz
Phone: +420 241 062 619

Pavla Jendelová, PhD | Research Scientist
Takashi Amemori, DVM, PhD | Research Scientist
Šárka Kubinová, PharmD, PhD | Research Scientist
Nataliya Kozubenko, PhD | Research Scientist
Jiří Šedý, MD, PhD | Research Scientist
David Arboleda, MSc | PhD Student 
Miroslava Kapcalova, MSc | PhD Student
Karolína Turnovcová, MD | PhD Student
Serhiy Forostyak, MD | PhD Student
Aleš Hejčl, MD | PhD Student
Petr Lesný, MD | PhD Student
Václav Vaněček, PharmD | PhD Student
Magdalena Kulijewicz, MSc | PhD Student 
Dana Uhrova MSc | PhD Student
Pavlína Macková | Technician
Michal Douděra | Technician

Laboratory of Diffusion  
Studies and Imaging Methods
Prof. Eva Sykova, MD, DrSc | Head of Laboratory
E-mail: sykova@biomed.cas.cz
Phone: +420 241 062 230

Prof. Eva Syková, MD, DSc | Research Scientist

Assoc. Prof. Lýdia Vargová, MD, PhD | Research Scientist

Katarína Likavčanová - Mašínová, PhD | Research Scientist

Ivan Voříšek, PhD | Research Scientist

Aleš Homola, MD, PhD | Research Scientist

Lesia Dmytrenko, MSc | PhD Student

Michal Cicanič, MD | PhD Student

Oksana Forostyak, MD | PhD Student 

Hana Hronová | Technician

Helena Pavlíková | Technician 

Laboratory  
of Eye Histochemistry  
and Pharmacology
Assoc. Prof. Jitka Čejková, MD, DSc | Head of Laboratory
E-mail: cejkova@biomed.cas.cz
Phone: +420 241 062 208

Assoc. Prof. Jitka Čejková, MD, DSc | Research Scientist

Taras Ardan, MD, PhD | Research Scientist

Čestmír Čejka, MSc | PhD Student
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Department of Neuroscience

Laboratory  
of Tissue Culture 
and Stem Cells 
Research topics

–– Characterization of  adult and em-
bryonic stem cells in vitro;

–– development of  nanoparticles for 
cell labeling suitable for in vivo cell 
tracking;

–– cultivation and differentiation of   
human embryonic stem cells into 
a neuronal phenotype; 

–– phenotyping of stem cells by means 
of flow cytometry;

–– regeneration and repair of stroke lesions 
using human embryonic stem cells;

–– regeneration and repair of injured 
spinal cord using stem cells and bio- 
materials; 

–– analysis of the growth factors and 
cytokines released from injured  
and tumor tissue and their role in 
the homing of MSCs to the lesions; 

–– cell-polymer constructs designed 
to bridge lesions of the central ner-
vous tissue;

–– nanofiber scaffolds for two- and 
three-dimensional cell cultivation.

Regeneration of brain 
and spinal cord injury 
using stem cells

Injury of the adult CNS, such as spi-
nal cord trauma or stroke, invariably 
results in the  loss of  neurons and 
the loss of axonal processes involved 
in the lesion. This often results in se-
vere functional impairment, due to 
the formation of complex scar tissue 
within the cavity as the result of cell 
death, inflammation and tissue de-
gradation. Stem and progenitor cells 
from various sources are currently 
being investigated for their potential 
to treat CNS injury and numerous 
neurodegenerative diseases. Trans-
planted stem cells can either REPAIR 
damaged tissue by replacing mis-
sing populations of cells or RESCUE 
cells in the  injured brain or spinal 
cord by the production of cytokines 
(interleukins) and/or neurotrophic 
factors that facilitate regeneration 
and/or revascularization. 

In our projects we study adult stem 
cells (isolated from bone marrow, 
peripheral blood or fat tissue) as well 
as human embryonic stem cells and 

immortalized fetal spinal cord cells 
for the treatment of stroke and spi-
nal cord injury. We use photochemi-
cal lesion and middle cerebral artery 
occlusion (MCAO) models to in-
vestigate stroke, while hemisection 
and balloon-induced compression 
lesions are employed as acute and 
chronic models of spinal cord injury, 
respectively. We evaluate the rescue 

Labeling of stem cells with iron-oxide 
nanoparticles. 
(A) A cell labeled with iron-oxide nanopar-
ticles undergoing cell division (staining for 
BrdU), confirming that the  incorporation 
of nanoparticles does not adversely affect 
cell viability. 
(B) T-2 weighted image of  a  cortical pho-
tochemical lesion and mouse embryonic 
stem cells implanted into the contralateral 
hemisphere two weeks after implantation. 
The cell implant in the hemisphere contra-
lateral to the lesion as well as the lesion itself 
are visible as hypointense areas. 
(C) A  hypointense signal in the  lesion 
observed thirty days after the  intrave-
nous injection of  MSCs labeled with 
nanoparticles. 

Bridging a chronic spinal cord lesion with biomaterials. 
(A) Ingrowth of axons (staining for neurofilaments NF160) into a hydrogel implant that com-
pletely filled the post-traumatic cavity left after SCI. 
(B) Cell/hydrogel implant 2 months after implantation. Mesenchymal stem cells survived  
in the implanted hydrogel and migrated towards the spinal cord stump. 
(C) One month after implantation, MSCs facilitate the ingrowth of astrocytes into the implant 
by forming guiding strands towards the hydrogel. 
(D) Similarly, blood vessels grow in close contact with MSCs. 
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as well as the repair effect of the cells 
used in the  treatment by means 
of behavioral tests, histology and im-
munohistochemistry. 

Cell labeling

For the success of cell therapy it is im-
portant to monitor the  fate of  trans-
planted cells in vivo. One such appro-
ach involves the  use of  superpara-
magnetic iron oxide nanoparticles as 
labels for cell tracking. 

In collaboration with the  Institu-
te of  Macromolecular Chemistry 
ASCR, we have developed and 
patented several types of  iron  
oxide nanoparticles with modified 
coatings that can be used for cell 
labeling and in vivo tracking by MR 
imaging. Cells labeled with these 
nanoparticles exhibit better viabili-
ty and improved labeling efficiency 
in combination with a  lower con-
centration of  iron within the  cells 
when compared with commercial 
contrast agents, such as Endorem, 
(Guerbet, France). 

Cell migration

Though mesenchymal stem cells 
(MSCs) have a  positive effect on 
functional outcome after spinal cord 
injury (SCI), it is still not clear what is 
the  mechanism of  action of  MSCs 
in the lesion, what mechanisms are 

involved in attracting the MSCs into 
the site of SCI and why the cells mi-
grate towards the  lesion. Therefore, 
we study the  mechanisms under-
lying the migration and engraftment 
of MSCs into a spinal cord injury from 
the  point of  view of  chemotactic 
migration and cytokine expression. 
In collaboration with the  Univer-
sity of  Bergen, we also investigate 
the  ability of  MSCs to migrate to 
tumor tissue and the possibilities for 
their use in anti-cancer therapy. 

Scaffolds and polymer 
constructs

Poly(2-hydroxyethyl methacrylate) 
(pHEMA) and poly N-(2-hydroxypropyl)- 
methacrylamide hydrogels (pHP-
MA) belong to a  group of  synthe-
tic, highly biocompatible polymers. 
In SCI repair they serve as a  bridge 
for axonal growth across the  lesion 
cavities. They also prevent scarring 
and thus create a  permissive envi-
ronment for tissue regeneration. In 
our Laboratory we investigate these  
hydrogels in combination with 
stem cells and/or scar-degrading 
enzymes and/or growth factors as 

Department of Neuroscience

MSCs labeled with nanoparticles implanted into rats with a spinal cord compres-
sion lesion.
(A) Prussian blue staining of a spinal cord compression lesion. Only a few weakly stained Prus-
sian blue-positive cells are found in the area of a spinal cord lesion without cell implantation. 
(B) Prussian blue staining of a spinal cord lesion with intravenously injected nanoparticle-
labeled MSCs. The lesion is populated with Prussian blue-positive cells. Note the smaller 
lesion size in implanted animals than in controls. 

In vitro differentiation of human embryonic stem cells (hESCs). 
(A) Colony of undifferentiated hESCs growing on a feeder layer. (B) Set of surface markers 
typical of undifferentiated hESCs. (C) Two to four weeks after the induction of neuroecto-
dermal differentiation in vitro, the cells express markers of differentiated neurons. 
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Department of Neuroscience

bridges and cell carriers that sup-
port and facilitate regeneration after 
SCI. Another type of  scaffold con- 
sists of electrospun nanofibers that 
can be used for cell culturing and 
for the transfer of cells into the host 
organism. 

Clinical studies

Based on recent experimental studies, 
autologous bone marrow cell (BMC) 
implantation is used in our Phase I/II 
clinical trial in patients (n = 33) with 
a traumatic spinal cord lesion at Motol 
Hospital in Prague. 

Another clinical study involves the use  
of BMCs and MSCs in the treatment 
of patients with a lower limb ischemic  
disease. The  study is performed in 
collaboration with the  Institute for 
Clinical and Experimental Medicine 
in Prague. 

Current grant support

GA CR, 203/09/1242, Surface-modified 
magnetic nanoparticles for cell labeling and 
in vivo and in vitro diagnostics, 2009–2011. 

GA AS CR, IAA500390902, The use 
of stem cells and biomaterials for spinal 
cord injury repair, 2009–2012. 

Ministry of Education, 1M0538, Center for 
cell therapy and tissue repair, 2005–2009. 

GA AS CR, KAN,201110651, Combined contrast 
agents for molecular MR imaging, 2006–2010. 

GA AS CR, KAN,200520804, 
Biocompatible nanofibers for application 
of biologicaly and pharmacologicaly 
active substances, 2008–2012. 

GA CR, 304/07/1129, Polarised cultures 
of hepatocytes and mesenchymal 
cells on nanofiber membranes in 
an experimental bioreactor, 2007–2011. 

EU 6th FP, LSHC-CT-2004-504743, Targeting-
Tumour-Vascular/Matrix Interactions, 
ANGIOTARGETING, 2004–2009. 

EU 6th FP, CA LSHB-CT-2005-518233, From 
stem cell technology to functional restoration 
after spinal cord injury, RESCUE, 2005–2009. 

EU 6th FP, LSHB-CT-2006-037328, STREP, 
Pre-clinical evaluation of stem cell 
therapy in stroke, STEMS, 2006–2010. 

EU 6th FP, LSHB-CT-2005-512146, 
Diagnostic Molecular Imaging: A Network 
of Excellence for Identification of NEW 
Molecular Imaging Markers for Diagnostic 
Purposes, DiMI, 2005–2010. 

EU 6th FP, MSCF-CT-2006-046102, Spring 
School on Regenerative Medicine – how 
to use neuronal stem cells for science and 
business, RegMedTeach, 2006–2009. 

EU 6th FP, MEST-CT-2005-019729, 
EST: Cooperation in research and 
training for European excellence in 
neuroscience, CORTEX, 2006–2009. 

EU 6th FP, LSHM-CT-2005-019063: 
Network of European neuroscience 
institutes, ENINET, 2005–2009. 

EU 7th FP, Programme PITN-GA-2008-214003, 
Axonal regeneration, plasticity & stem cells,  
AXREGEN, 2008–2012. 
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V, Stulík J, Bojar M. (2006) Autologous 
bone marrow transplantation in patients 
with subacute and chronic spinal cord 
injury. Cell Transplant 15(8–9): 675–687. 

5. Syková E, Jendelová P. (2007) 
Migration, fate and in vivo imaging 
of adult stem cells in the CNS. Cell 
Death Differ 14(7): 1336–1342. 

6. Hejčl A, Urdzíková L, Šedý J, Lesný P, 
Přádný M, Michálek J, Burian M, Hájek 
M, Zámečník J, Jendelová P, Syková E. 
(2008) Acute and delayed implantation 
of positively charged HEMA scaffolds 
in spinal cord injury in the rat. J 
Neurosurg–Spine 8 (1): 67–73. 

7. Babič M, Horák D, Trchová M, Jendelová 
P, Glogarová K, Lesný P, Herynek V, Hájek 
M, Syková E. (2008) Poly(l-lysine)-Modified 
Iron Oxide Nanoparticles for Stem Cell 
Labeling. Bioconjug Chem 19(3): 740–750. 

Laboratory  
of Diffusion 
Studies and 
Imaging Methods
Research topics

The  Laboratory of  Diffusion Stud- 
ies and Imaging Methods studies 
the  changes in the  extracellular 
space diffusion parameters and ex-
trasynaptic (volume) transmission 
that occur during physiological and 
pathological states. 

Several animal models of pathological 
states and diseases attacking the CNS 
are used, e. g., models of chronic pain, 
ischemia and ischemic lesions, peri-
natal and early postnatal anoxia, brain 
edema, hydrocephalus, multiple scle-
rosis, Parkinson‘s disease, Alzheimer‘s 
disease, tumors, epilepsy, develop-
mental disorders, aging, and brain and 
spinal cord injury, as well as models 
of CNS damage evoked by chemical 
or physical factors such as neuroto-
xins or X-irradiation. The research aims 
are the improvement of therapy and 
diagnostic methods for CNS diseases 
and the prevention of CNS damage. 

the current research 
focuses on: 

–– The origin, mechanisms and path- 
ophysiological significance of ionic 
changes in the extracellular space;

–– diffusion in the extracellular space: 
the  underlying mechanism of  ex-
trasynaptic („volume“) transmission;

–– diffusion studies using the real-time 
TMA+ iontophoretic method;

–– diffusion studies using diffusion-
weighted MR to measure the appar- 
ent diffusion coefficient of water;

–– extracellular space volume and geo-
metry – factors affecting diffusion in 
the CNS in health and disease;

–– studies using models of pathological 
states, including transgenic animals;
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–– magnetic resonance imaging and 
spectroscopy.

Studies at the Laboratory are aimed 
at understanding the  maintenance 
of ionic and volume homeostasis in 
the  CNS, the  extracellular space as 
a  communication channel, the  dif-
fusion parameters of  the  extracel-
lular space, extrasynaptic „volume“ 
transmission and the  role of glia in 
signal transmission, behavior and 
regeneration. 

Current grant support

AS CR, AV0Z50390512, Research project: 
Molecular, cellular and systems mechanisms 
of serious diseases of the human 
organism, their diagnosis, therapy and 
pharmacotherapy, 2005–2010. 

Ministry of Education, 1M0538, 
Research center: Center for Cell Therapy 
and Tissue Repair, 2005–2009. 

Ministry of Education, LC554, Research 
center: Center of Neuroscience, 2005–2009. 

GA CR, 309/09/1597, Role of the extracelullar 
matrix in the extracelullar space diffusion 
parameter changes during aging and 
the metabolic syndrome, 2009–2013. 

EU 6th FP, LSHC-CT-2004-504743, “Targeting-
Tumour-Vascular/Matrix Interactions, 
ANGIOTARGETING, 2004–2009. 

EU 6th FP, LSHB-CT-2005-512146, Diagnostic 
Molecular Imaging: A Network of Excellence for 
Identification of NEW Molecular Imaging Markers 
for Diagnostic Purposes, DiMI, 2005–2010. 

EU 7th FP, Programme PITN-GA-2008-214003, 
Axonal regeneration, plasticity & stem 
cells, AXREGEN, 2008–2012. 

Selected recent publications

1. Syková E, Voříšek I, Mazel T, Antonova T, 
Schachner M. (2005) Reduced extracellular 
space in the brain of tenascin-R- and 
HNK-1-sulphotransferase deficient 
mice. Eur J Neurosci 22: 1873–1880. 

2. Syková E, Voříšek I, Antonova T, 
Mazel T, Meyer-Luehman M, Jucker 
M, Hájek M, Ort, M, Bureš J. (2005) 
Changes in extracellular space size 
and geometry in APP23 transgenic 
mice - a model of Alzheimer´s disease. 
Proc Natl Acad Sci USA 102: 479–484. 

3. Likavčanová K, Urdzíková L, 
Hájek M, Syková E. (2008) Metabolic 
changes in the thalamus after spinal 
cord injury followed by proton 
magnetic resonance spectroscopy. 
Magn Reson Med 59(3): 499–506. 

4. Syková E, Vargová L. (2008) Extrasynaptic 
transmission and the diffusion 

Typical apparent diffusion coefficient of water (ADCW) maps in tenascin 
TN-R+⁄+ and TN-R–⁄– mice. 
ADCW was calculated in five selected areas: the motor cortex (M), the primary somatosensory 
cortex (S1), the  secondary somatosensory cortex (S2), the  hippocampus (HIP) and 
the  thalamus (TH). (A  and B) The  areas are outlined in the  microphotographs of  Cresyl 
Violet-stained slices. (C and D) The images show ADCW maps of TN-R+⁄+ and TN-R–⁄– mice; 
both images are from the  same coronal plane as shown in (B). The  scale at the  bottom 
of the figure shows the relation between the intervals of ADCW values and the colors used 
for visualization. Note the lower ADCW throughout the whole slice from the TN-R–⁄– mouse 
when compared with the TN-R+⁄+ control. 

Diffusion parameters in a glioblastoma. 
Hematoxylin-Eosin staining of the human brain cortex and a glioblastoma (WHO grade 
IV) and representative TMA+ diffusion curves with the  corresponding values of  the  ECS 
diffusion parameters α, λ and k´. In comparison with healthy tissue, the  ECS volume 
fraction (α) is almost doubled and the tortuosity (λ) is significantly increased in a highly 
malignant glioblastoma. 
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parameters of the extracellular space. 
Neurochem Int 52(1–2): 5–13. 

5. Zoremba N, Homola A, Šlais K, 
Voříšek I, Rossaint R, Lehmenkühler A, 
Syková E. (2008) Extracellular diffusion 
parameters in the rat somatosensory 
cortex during recovery from transient 
global ischemia/hypoxia. J Cereb 
Blood Flow Metab 28: 1665–1673. 

6. Syková E, Nicholson C. (2008) 
Diffusion in brain extracellular space. 
Physiol Rev 88: 1277–1340. 

7. Voříšek I, Syková E. (2009) 
Measuring diffusion parameters in 
the brain: comparing the real-time 
iontophoretic method and diffusion-
weighted magnetic resonance. Acta 
Physiol (Oxf ) 195(1): 101–110. 

Laboratory of Eye 
Histochemistry 
and Pharmacology
Research in the  Laboratory of  Eye 
Histochemistry and Pharmacology 
is focused on the metabolic profile 
of the anterior eye segment and alter- 
ations evoked by various diseases or 
ocular injuries, such as the irradiation 
of  the eye with UV rays and thermal 
or chemical burns. These severe disor-
ders may result in corneal epithelial 
limbal stem cell deficiency leading to 
corneal conjunctivalization (ingrowth 
of  the  conjunctival epithelium) and 
permanent loss of vision. Recently, at-
tempts at corneal regeneration have 
been started in an animal model (rab-
bit eye) using mesenchymal stem cell 
and/or corneal epithelial limbal stem 
cell transplantation with the aim of vi-
sion rehabilitation. In corneal heal- 
ing processes, attention is devoted to 
conditions leading to the  develop- 
ment of  extensive intracorneal or 
intraocular inflammation. To affect 
these processes and achieve positive 
healing, various drugs are employed, 
particularly specific inhibitors of de-
structive proteases and scavengers 
of toxic oxygen products. 

Great effort has been devoted to 
the possibilities of protecting the eye 
against the damaging effect of UVB 
rays, known to induce the generation 

of reactive oxygen species, using UV 
filters (in cooperation with Laboratoi-
res Thea, Clermont-Ferrand, France). 

For evaluating the  local toxicity 
of  various drugs, a  special method 
has been developed using the  rab-
bit cornea, and a patent application 
based on this approach has been 
submitted (PV 2009–190). 

Differences between UVB and UVA 
rays in terms of  corneal light ab-
sorption have been distinguished. 

The same doses of UVB or UVA rays 
were compared (1. 01 J/cm2 and 
also UVA at a  two-fold larger dose, 
2. 02 J/cm2). The results showed that 
UVB rays are strongly absorbed by 
the cornea, whereas UVA rays are ab-
sorbed by the cornea only in small 
amounts (Čejka et al., 2007, 2008). 

Our recent findings show that in some 
diseases of the ocular surface (particu-
larly of an autoimmune character), oxi-
dative injuries of the ocular surface ap-
pear in parallel with clinically observed 

Spectrophotometry results of the of the corneal center, expressed either as the spec-
trum of transmittance T = T (λ) (A) or absorbance A = A (λ) (B). The spectral curves are 
means from measurements of 14 normal corneas, 7 irradiated with UVA rays (1. 1 J/cm2, 
once a day for 5 days), 6 irradiated with a double dose of UVA (2. 2 J/cm2, once a day for 
5 days), and 7 irradiated with UVB (1. 1 J/cm2, once a day for 5 days). Note that for wave-
lengths shorter than about 300 nm, the spectra show the instrumental stray light error 
rather than the corneal optical properties. 
The corneas repeatedly irradiated with UVB rays (daily dose of 1. 01 J/cm2 for five days) 
absorb more light throughout the whole measurable spectral range than do normal 
corneas. In contrast, no significant differences between normal corneas and corneas 
irradiated with UVA rays (daily dose of 1. 01 J/cm2 or a double dose, for five days) were 
found (tested at 320, 380, and 550 nm by one-way ANOVA with Dunnett´s post-test). 
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slit lamp findings. The majority of inju-
ries is evoked by the elevated expres-
sion of  pro-inflammatory cytokines, 
which induce the  increased expres- 
sion as well as activity of  enzymatic 
systems that generate reactive oxida- 
tive and nitrosative species. In contrast, 
enzymatic scavengers of toxic oxygen 
products are decreased (Čejková et al., 

Histol Histopathol. 22,997–1003, 2007; 
Čejková et al., Nitric Oxide 17, 10–7, 
2007; Čejková et al., Histol Histopathol 
23,1477–83, 2008, Čejková et al., Histol 
Histopathol 2009, in press). 

Current grant support

GA CR, 304/06/1379, Anterior eye 
segment hypoxia and posthypoxic 
injury. The role of oxidative stress. 
Attempts at the development 
of effective therapies, 2006–2008. 

Ministry of Health, NR/8828–3, New methods 
for the improvement of diagnostic as well 
as therapeutic purposes of the human 
eye with dry eye syndrome, 2006–2008. 

GA of the Charles University, 47/2006, Light 
absorption in ocular tissues and fluids with 
special attention to the cornea, 2006–2008. 

Laboratoires Thea, Clermont-
Ferrand, France, 0801000013 and 
CAC08FRO0001123, 2008–2010. 

Selected recent publications

1. Čejková J, Vejražka M, Pláteník J, Štípek S. 
(2004) Age-related changes in superoxide 
dismutase, glutathione peroxidase, 
catalase and xanthine oxidoreductase/
xanthine oxidase activities in the rabbit 
cornea. Exp Gerontol 39: 1537–1543. 

2. Tessem MB, Bathen TF, Čejková J, Midelfart 
A. (2005) Effect of UV-A and UV-B irradiation 
on the metabolic profile of aqueous humor 
in rabbits analyzed by 1H NMR spectroscopy. 
Invest Ophthalmol Vis Sci 46: 776–781. 

3. Fris M, Tessem MB, Čejková J, Midelfart 
A. (2006) The effect of single and repeated 
UVB radiation on rabbit cornea. Graefes 
Arch Clin Exp Ophthalmol 244: 1680–1687. 

4. Čejka Č, Pláteník J, Guryca V, Širc J, 
Michálek J, Brůnová B, Čejková J. (2007) 
Light absorption properties of the rabbit 
cornea repeatedly irradiated with UVB 
rays. Photochem Photobiol 83: 652–657.

5. Čejková J, Ardan T, Šimonová Z, Čejka 
Č, Malec J, Dotřelová D, Brůnová B. (2008) 
Decreased expression of antioxidant 
enzymes in the conjunctival epithelium 
of dry eye (Sjögren´s syndrome) and its 
possible contribution to the development 
of ocular surface oxidative injuries. 
Histol Histopathol 23: 1477–1483. 

6. Čejka Č, Pláteník, J, Buchal R, Guryca V, Širc 
J, Vejražka M, Crkovská J, Ardan T, Michálek 
J, Brůnová B, Čejková J. (2009) Effect of two 
different UVA doses on the rabbit cornea and 
lens. Photochem Photobiol 85: 794–800.

7. Čejková J, Ardan T, Čejka Č, Malec J, 
Jirsová K, Filipec M, Růžičková E, Dotřelová 
D, Brůnová B. (2009) Ocular surface injuries 
in autoimmune dry eye. The severity 
of microscopical disturbances goes 
parallel with the severity of symptoms 
of dryness. Histol Histopathol in press.

Immunohistochemical staining of pro-inflammatory cytokines (IL-1, IL-6, IL-8, THF-a) 
in the human conjunctival epithelium of autoimmune dry eye disease (Sjögren´s syndrome, 
SS). Scale bar: 10 μM. The severity of pro-inflammatory cytokine expression parallels the se-
verity of the symptoms of dryness and the slit-lamp findings. Normal conjunctival cytology 
samples revealed no or very weak cytokine staining (mature interleukin-1beta (IL 1-b), Fig. 1 
a; interleukin 6 (IL-6), Fig. 1 d; interleukin 8 (IL-8), Fig. 1 g; tumor necrosis factor alpha (TNF a), 
Fig. 1 j). Only nuclei were stained with haematoxylin. However, all cytokines studied were al-
ready expressed in the conjunctival epithelium of dry eye (SS) grade 2, moderate symptoms 
of dryness with reversible slit-lamp findings (IL1-b, Fig. 1 b; IL-6, Fig. 1 e; IL-8, Fig. 1 h; TNF-a 
Fig. 1 k), and their expression increased in the conjunctival epithelium of dry eye (SS) grade 3, 
severe symptoms of dryness with irreversible slit lamp findings (IL-1 b Fig. 1 c; IL-6, Fig. 1 f; IL-8, 
Fig. 1 i; TNF-a, Fig. 1 l). Arrows point to cytokine expression. 
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Research topics

The Department of Auditory Neuroscience has exist- 
ed since the  foundation of  the  Institute of  Exper- 
imental Medicine in 1975. The  main research aims 
of  the  department are oriented towards investiga-
tions of  the  structure and function of  the  auditory 
system in animals and man under normal and patho-
logical conditions and during ontogeny and ageing. 

Laboratory  
of Auditory Physiology  
and Pathology
In the Laboratory of Auditory Physiology and Path- 
ology, recordings of  neuronal activity in individual 
auditory centers using multielectrodes have re- 
vealed the basic principles of the neuronal processing 
of  simple tones as well as complex sounds such as 
artificially generated rippled noise or animal voca-
lizations. The  development of  the  hearing organ 
during ontogeny and changes in the  expression  
of  calcium-binding proteins and other neuroac- 
tive substances are studied with immunostaining  
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methods and confocal microscopy 
analysis. Behavioral conditioning 
tests associated with permanent or 
pharmacologically-induced rever-
sible lesioning of  cortical structures 
are used to study the  lateralization 
of auditory functions in the rat audito-
ry cortex. Pathologies of the periphe-
ral and central parts of  the  auditory 
system, appearing as a consequence 
of  noise exposure or in conjunction 
with aging, are investigated in ex-
perimental animals and in human 
subjects. Among the  methods used 
in the laboratory for this purpose are 
the  recording of  extracellular single 
neuron activity and auditory evoked 
responses, the assessment of hearing 
thresholds, measurements of psycho-
acoustic functions, the  startle reac- 
tion, the  recording of different types 
of  otoacoustic emissions, as well as 
immunohistochemical and western 
blotting techniques used for evalua-
ting changes in the expression of neu-
roactive proteins in the peripheral and 
central parts of the auditory system 

in experimental animals. Age-related 
changes of  hearing function are in-
vestigated in special strains of rodents 
with accelerated aging (C57 mice or 
Fischer 344 rats). Special attention is 
given to the GABA inhibitory system in 
the central auditory pathway, since it 
is known that this system is vulnerable 
when animals are exposed to noise 
and during aging. Collaboration with 
ENT clinics is oriented towards investi-
gations of hearing function in children 
and adolescents, the characterization  
of presbycusis and the genetic back- 
ground of inherited deafness. Possible 

methods for the prevention or treat-
ment of inner ear diseases by the ap-
plication of  biologically active drugs 
or genes to the  cochlea are experi-
mentally tested using nanoparticles 
as a targeted transporting tool. 

Laboratory 
of Synaptic 
Physiology 
In the  Laboratory of  Synaptic Phys-
iology the  mechanisms underlying 
the  plasticity of  excitatory and in-
hibitory synaptic transmission are 
studied in rodent brain slices using 
electrophysiological and immuno-
histochemical techniques. The  Calyx 
of  Held synapse in the  medial nuc-
leus of the trapezoid body (MNTB) is 
mostly used as a  model of  the  cen-
tral type of  synapse due to its large 
size enabling direct examination by 
the  patch-clamp technique. Recent 
projects in the  lab are aimed at re- 
vealing the physiological roles of inhibi- 
tory transmitters, their receptors and 
uptake systems in the MNTB neurons. 

Direction of  frequency modulation  
discrimination (Spectral discrimination) 
was more deteriorated after right auditory 
cortex (AC) lesion, whereas discrimination 
of gap repetition rate in noise (Temporal 
discrimination) was significantly wors-
ened following left AC inactivation. 

Calbindin (green) and S100 protein (red) in 
the organ of Corti in mice at postnatal day 4. 

Excitatory and inhibitory response areas of a neuron recorded in the inferior colliculus 
in the rat to tones of variable frequencies. 

Department of Auditory Neuroscience
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Experimental work has provided evi-
dence of  the novel excitatory nature 
of the classical inhibitory transmitters 
GABA and glycine. The  results show 
that chloride-permeable glycine re-
ceptors, G-protein coupled GABA-B 
receptors, N-type Ca2+ channels and 
calcium-activated potassium con- 
ductances work in concert to support 
the  extremely high reliability of  glu-
tamatergic synaptic transmission at 
MNTB neurons. 

Current grant support

Ministry of Education, LC 554, 
Center of Neuroscience. 

GA CR, 309/07/1336, Acoustical 
signal processing in the neuronal 
circuits of the auditory system. 

GA CR, 309/06/1304, The role of GABA-B 
receptors in the mammalian MNTB. 

EU 6th FP, Nanoear, NMP-2004–3. 4. 1. 5–1. 

EU 6th FP, Synapse, LSHM-CT-2005-019055. 

Wellcome Trust, No. 073966. 
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learning. Physiol Rev 82: 601–636. 

2. Tureček R, Trussell LO. (2002) 
Reciprocal developmental regulation 
of presynaptic ionotropic receptors. Proc 
Natl Acad Sci USA 99: 13884–13889. 

3. Popelář J, Groh D, Pelánová J, Canlon 
B, Syka J. (2006) Age-related changes in 
cochlear and brainstem auditory functions in 
Fischer 344 rats. Neurobiol Aging 27: 490–500. 
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H, Tureček R, Shigemoto R, Zhang YP, 
Luján R, Jacobson LH, Biermann B, 
Fritschy JM, Vacher CM, Müller M, Sansig 
G, Guetg N, Cryan JF, Kaupmann K, 
Gassmann M, Oertner TG., Bettler B. (2006) 
Differential compartmentalization and 
distinct functions of GABAB receptor 
variants. Neuron 50: 589–601. 

5. Rybalko N, Šuta D, Nwabueze-Ogbo F, Syka 
J. (2006) Effect of auditory cortex lesions on 
the discrimination of frequency-modulated 
tones in rats. Eur J Neurosci 23: 1614–1622. 

6. Buckiová D, Syka J. (2009) Calbindin 
and S100 protein expression in 
the developing inner ear in mice. J 
Comp Neurol 513(5): 469–482. 

7. Grécová J, Bureš Z, Popelář J, Šuta D, Syka J. 
(2009) Brief exposure of juvenile rats to noise 
impairs the development of the response 
properties of inferior colliculus neurons. 
Eur J Neurosci 29(9): 1921–1930. 

(A) A  scheme representing a  rat brainstem slice with auditory nuclei. Ventrally situated, 
the  medial nucleus of  the  trapezoid body (MNTB) is composed of  giant nerve terminals  
(calyx of Held) and principal cells. 
(B) A confocal image of double fluorescence labeling. The calyx of Held, which is surround-
ing a principal cell was labeled with an antibody raised against calretinin (red). Note clusters 
of postsynaptic alpha 1 subunit-containing glycine receptors (green).
(C) Inhibitory postsynaptic current recorded from a MNTB principal cell evoked by stimulating  
small glycinergic terminals. 

(A)  Three dimensional reconstruction of  a  part of  a  calyceal nerve terminal containing 
glycine receptor alpha 1 subunits (red dots) and glutamate release active zones (green stripes). 
(B) Current response of presynaptic glycine receptors evoked by the application of glycine 
on the calyx of Held. 
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Research topics

The identification of the cellular and molecular me-
chanisms of integration in neural networks, through 
the  characterisation of  intercellular signalling path- 
ways within neuronal-glial circuits and intracellular 
signalling mechanisms in neurones and glia under 
physiological and pathological conditions: 

–– The role of glutamatergic and purinergic pathways in 
neuronal-glial signalling in the cortex, hippocampus 
and spinal cord with a specific emphasis on the glial 
NMDA and P2X receptors; 

–– purinoreceptor-mediated signalling in neurones 
and glia in the context of their role in sensory trans-
duction and in acute and chronic pain;

Department  
of Cellular  
Neurophysiology
Head: 
Assoc. Prof. Alexandr Chvátal, PhD, DSc, MBA
E-mail: chvatal@biomed.cas.cz 
Phone: +420 241 062 670

Newly generated transgenic rats that express the vasopressin-
enhanced green (eGFP) or an oxytocin-enhanced cyan 
fluorescent protein fusion genes in the  HNS. AVP-eGFP 
fluorescence was observed in the  isolated supraoptic 
nucleus (SON; A) neurons, nerve terminals (B); OT-eCFP in 
the  paraventricular nucleus (PVN; C) and the  SON sections 
(D). Inset is isolated OT neurons from SONs.
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–– glial representation of  TRP chan-
nels and their role in glial signalling;

–– ion channels and Ca2+ signalling cas-
cades in various types of neural cells 
at different stages of differentiation;

–– in vivo imaging of  neuronal-glial 
circuits under physiological and 
pathophysiological conditions;

–– calcium signalling cascades in neu-
rodegeneration and Alzheimer’s 
disease, in particular; the morpho-
logy and physiology of glia during 
normal brain ageing. 

Cellular, molecular and morpholo-
gical changes in neurons and glial 
cells during pathological states: 

–– Characterization of events affecting 
ischemic brain damage, especially  
astrocytic swelling and the disturbance  
of Na+, K+, Cl- and Ca2+ homeostasis; 

–– the  role of  chloride movement in 
regulatory volume processes in as-
trocytes during and after oxygen-
glucose deprivation;

–– characterization of  the  ischemia-
induced time-dependent changes 
in Ca2+ entry carried by TRP chan-
nels, ionotropic glutamate and pu-
rinergic receptors in glial cells;

–– correlation of  ischemia-induced 
changes, such as the onset of re-
active gliosis and glial proliferation 
or apoptosis, with the expression 
of Na+ and K+ ion channels; 

–– identification of endogenous neural 
stem cell migration and differentiation  
during CNS regeneration – the role 
of morphogenes and growth factors;

–– proliferation, migration and differen- 
tiation of region-specific neural stem/ 
progenitor cells in vitro as well as 
after transplantation into the ische-
mic brain; 

–– morphometric measurements and 
three-dimensional reconstruction 
of  morphological changes of  neu-
rons, glial cells and stem cells during 
pathological states and regeneration.

Laboratory 
of Molecular 
Neurophysiology
By employing a  complex of  electro-
physiological, video-imaging and mo-
lecular biological techniques, we seek 
to identify the main receptors respon-
sible for calcium signalling pathways 
and localise the intracellular signalling 
cascades. Further, we work to develop 
a complex understanding of informa-
tion processing in neuronal-glial circuits, 
thus contributing to a  more inclusive 
theory of brain function, which empha 
sizes a continuous interplay of discreet 
neuronal networks with the reticular 
and internally continuous astroglial 
web. 

Glutamate mediated neuronal-glial signalling. 
Synaptically released glutamate activates glial ionotropic (AMPA and NMDA) and 
metabotropic receptors. Activation of group I metabotropic receptors initiates phospho-
lipase C-dependent synthesis of InsP3, which, in turn, triggers Ca2+ release from the en-
doplasmic reticulum (ER) Ca2+ store. The majority (~ 80%) of glutamate released during 
synaptic transmission is taken up by astroglial Na+/glutamate transporters; subsequently 
glutamate is converted into glutamine, which is transported back to neurones, where it 
acts as a main source of newly synthesised glutamate (“glutamate-glutamine shuttle”). 

Diversity of synaptic contacts  
between neural cells. 
In the grey matter synapses may include (1) 
classic “tripartite” neuronal-neuronal contacts, 
enwrapped by an  astroglial membrane; (2) 
neuronal glial synapses (which have already 
been shown for neuronal-astroglial (Jabs 
and others 2005) or neuronal-NG2 cell con-
tacts (Lin and Bergles, 2004); (3) astroglial-
neuronal synapses (which are yet to be discov-
ered); and (4) astroglial-astroglial synapses, 
which may exist as electrical/gap junctional  
or chemical contacts. In the  white matter  
astrocytes may act as  presynaptic elements 
in astroglial-oligodendroglial synapses (5). 
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Laboratory 
of Neurobiology
Research is focused on the cellular, mo-
lecular and morphological changes  
in neurons and glial cells during pa-
thological states  such as anoxia and 
ischemia and during nervous tissue 
regeneration. In addition, the  mor-
phological, electrophysiological and 
immunohistochemical properties 
of endogenous stem cells are studied 
to reveal their possible role in neuro-
regeneration after injury. Advanced 
electrophysiological, immunohisto-
chemical and imaging techniques, as 
well as transgenic animals, are used to 
identify changes in membrane ionic 

channels and the  expression of  cell-
type specific markers. Three-dimen-
sional confocal morphometry is used 
to quantify morphological changes in 
neurons, glial cells and stem cells. 

Current grant support
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GA CR, 309/09/1696, Pathological potential 
of astroglia in Alzheimer disease, 2009–2011. 

GA CR, 305/09/0717, Induction of neuro- and 
gliogenesis in rat brain after ischemia – 
the role of morphogenes and growth factors 
in nervous tissue regeneration, 2009–2011. 

Ministry of Education, 1M0538, Research 
Center: Center of the cell therapy 
and tissue repair, 2005–2009. 

Ministry of Education, LC554, Research 
Center: Center of Neuroscience, 2005–2009. 
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Membrane properties of astrocytes and NG2-glia after global cerebral  ischemia. 
Immunohistochemical identification and electrophysiological characterization of  NG2-glia 
and astrocytes in the rat hippocampus (CA1 region) after bilateral carotid occlusion (left). Typi-
cal current patterns of NG2-glia and astrocytes in the rat hippocampus(CA1 region). NG2- glia 
express  a  typical complex current pattern of  outwardly and inwardly rectifying K+ currents; 
astrocytes display predominantly  time- and voltage-independent passive K+ currents (right). 

Department of Cellular Neurophysiology

Membrane properties of GFP-labeled 
primary embryonic stem cells during 
differentiation. 
(A) Green fluorescent protein (GFP)-labeled 
primary embryonic stem cells (D6/GFP) ex-
press the typical neuronal markers βIII-tubulin,  
MAP-2 and DCX (doublecortin), six days after 
in vitro differentiation. (B) A   typical current 
pattern of D6/GFP-derived neuron-like cells. 

Neuronal loss and astrogliosis in the hip-
pocampus after global cerebral ischemia. 
Coronal sections of  the  rat hippocampus 
7 days after ischemia/reperfusion. The slices 
were stained with antibodies against glial fibril-
lary acidic protein (GFAP) and NeuN or nestin. 
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Research topics

The  Department of  Teratology focuses on ex-
perimental and clinical teratology with the aim  
of  contributing to our knowledge of  normal 
and pathological development, the  ethiopatho-
genesis of  developmental anomalies, and possi-
bilities for their prevention. Only a  small portion 
of  inborn defects in man can be explained ei-
ther by prenatal exposure to a  harmful exter-
nal factor (15 % of  cases) or by genetic reasons  
(20 % of cases). Most developmental defects (65 %) 
are thought to result from prenatal exposure to 
the combined effect of several sub-threshold doses  
of  external factors that act either simultaneously 
or sequentially; a  genetic predisposition is presu-
med in some of  these cases. In the  Department, 
the  causes and mechanisms that are responsible 
for the origin of developmental defects induced by 
environmental and/or genetic factors are investi-
gated. In these studies, two experimental models 
are used (developing chick embryo and develop- 
ing mouse dentition), as well as a  clinical/epide-
miological approach. The  origin of  external mal-
formations, especially of orofacial clefts, is a pivotal 
research topic of the Laboratory of Embryogenesis 
(M. Peterka). The Laboratory of Odontogenesis (R. 
Peterkova) focuses on tooth development under 
normal, pathological, and experimental conditions. 

Laboratory  
of Embryogenesis 
Research topics

–– Investigation of orofacial clefts 

–– investigation of other developmental defects

–– investigation of experimental and clinical/ 
epidemiological aspects.
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The percentage of boys among infants born in the Czech Republic in each  
November during 1950–2005. 
Note the only exception – the percentage of newborn boys was less than 50 % in November 
1986, indicating that fewer boys were born than girls. 

Orofacial clefts in man. 
(A) The mean incidence of orofacial clefts in the districts of the Czech Republic during 1983–
1997. (B) Basic types of orofacial clefts in man. CL – cleft lip and jaw unilateral, CLP – cleft 
lip and palate unilateral, CP – isolated cleft palate. The CL and CLP can also affect both 
the right and left side - CL bilateral and CLP bilateral, respectively. 

Harmful external factors and a genetic 
predisposition are sought in clinical/
epidemiological studies of develop- 
mental defects. Suspected external 
factors are tested experimentally in 
an animal model – chick embryoge-
nesis.

Previous investigations in the Depart-
ment have detected significant diffe-
rences in the incidence of orofacial clefts 
between Czech districts during the last 
30 years. The  analysis of  natality data 
from the  Czech Republic has reveal- 
ed that the number of newborn boys 
was higher than that of  girls in each 
month from 1950 to 2005. The  only 
exception was November 1986, when 
the  number of  newborn boys was 
significantly reduced. This has been 
explained by a selective negative im-
pact of the Chernobyl accident in Ap-
ril 1986 on male fetuses during the 3rd 
month of their prenatal development. 
The  correlation between the  num-
bers of  missing boys with the  radio- 
activity levels has suggested that I-131 
probably played the  most important 
role, being taken-up by the  fetal thy-
roid gland during saturation by iodine 
at the onset of its function in the 3rd 
month of  human prenatal develop-

Experimental model – developing 
chick embryo. 
(A) The  injection of  a  test substance into 
the amniotic sac of a day 3 chick embryo in 
ovo. (B) Unilateral cleft beak in a day 9 chick 
embryo induced by the  intra-amniotic injec-
tion of hydrocortisone on day 4 of incubation. 

Fig. 1

Department of Teratology
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ment. Experimental testing (see Fig. 1) 
of embryotoxic factors on the develop- 
ing chick embryo) has determined 
the  embryotoxicity ranges of  more 
than 150 chemical substances and 
allowed for the estimation of em-
bryotoxicity ranges for humans. 
We have shown that the  upper 

second incisor originates from 
the  fusion of  two components in 
human embryos. These two com-
ponents presumably do  not fuse 
in patients with a jaw cleft; conse-
quently, their upper lateral incisor 
can be duplicated, hypoplastic or 
missing. 

Present studies

–– Testing of harmful chemical and phy-
sical factors and estimation of  their 
minimum embryotoxic doses using 
a chick embryotoxicity screening test;

–– Mechanism of  development 
of  the  cleft beak in chick embry-
os and its possible prevention and 
reparation;

–– �Clinical/epidemiological studies 
searching for the causes underlying 
the origin of orofacial clefts in hu-
mans, based on a critical analysis 
of case- and family-history data; 

–– Monitoring of the newborn sex ra-
tio as a tool for detecting ecologi-
cal accidents. 

The  studies bring new data about 
the  ethiopathogenesis of  develop-
mental defects that help in the preven-
tion of inborn anomalies in humans. 

Laboratory  
of Odontogenesis
Research topics

–– investigation of tooth develop-
ment under normal, pathological  
and experimental conditions

Findings on tooth development 
(odontogenesis) help in understand- 
ing the molecular control of organo-
genesis, the origin of tooth anomalies,  
and the  evolution of  an animal 
species. Recently, odontogenesis 
investigations have also focused 
on the  possibilities for biological  
tooth replacements. To design such  
replacements, an  understanding 
of the factors that promote or inhibit 
tooth development is essential. Pre-
vious studies of the Laboratory have 
revealed that the embryonic mouse 
dentition provides an ideal system for 
studying such factors, since it contains  
not only the germs of functional teeth,  
but also several types of rudimentary  
(vestigial) tooth primordia. These 
vestigial primordia are either incor-
porated into developing functional 

Schematic maps of the Czech Republic showing the situation after  
the Chernobyl accident. 
(A) Country regions are delineated: CB – Central Bohemia; EB - East Bohemia; NB - North Bo-
hemia; NM - North Moravia; P - Prague; SB - South Bohemia; SM - South Moravia; WB - West 
Bohemia. The black arrows show the passage of the first radioactive cloud over the country on 
April 30, 1986. The colors indicate the intensity of the rainfall measured from 07: 00 hours on 
April 30 until 07: 00 hours on May 1. 
(B) Distribution and levels of  radiation represented by Cs-137; note that the  highest  
radiation levels were in North and South Moravia, which reflects the  areas of  rainfall  
at the  time the  radioactive cloud passed over the  country. The  lowest radiation  
levels were recorded in the  areas outside the  passage of  the  radioactive cloud - in North  
and West Bohemia, where rain was absent or minimal. 
(C) The percentage of missing boys in each region during November 1986. 
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teeth or suppressed by epithelial 
apoptosis. We have interpreted some 
supernumerary teeth in mouse mu-
tants as atavisms based on the revita-
lization of rudimental tooth anlagen. 
Vestigial odontogenous structures 
are also present in humans (see Fig. 
8, page 25) and in other mammals. 
The inhibited tooth-forming capaci-
ty at specific loci of the mammalian 
dentition suggests that there might 
be a natural substrate responsive to 
the  controlled stimulation of  tooth 
regeneration. 

Present studies

–– Odontogenesis in wild type mice – 
model of the normal development 
of mammalian dentition;

–– Comparative odontogenesis studies;

–– Development of  tooth anomalies 
in mice with genetic alterations; 

–– Experimental odontogenesis stu-
dies  – role of  growth activating 
or inhibiting factors in primordial  
tooth organ cultures in vitro. 

–– Developmental dynamics of tooth 
development. Fluorescence trans-
genic mouse embryos and time 
lapse microscopy are used to stu-
dy morphological and molecular 
events during tooth development 
in real time. 

These studies are made in collaborati-
on with H. Lesot (INSERM U-595, Stras-
bourg, France) and O. D. Klein (Depart-
ments of Orofacial Sciences and Pedia-
trics, UC, San Francisco, USA). 

Origin of the double upper lateral 
incisor in humans. 
(A) Scheme of the embryonic human face 
with a  unilateral left-sided cleft of  the  lip 
and jaw (green arrow). The  medial nasal 
(mn) and the maxillary (mx) facial process-
es are fused on the right and not fused on 
the left side. ln – lateral nasal process, md – 
mandibular process. 
(B) Scheme of  the  human upper jaw arch 
viewed from the oral cavity. On the right site, 
the mn (red) and mx (yellow) fuse. At the fu-
sion site, the  lateral deciduous incisor (i2) 
develops (dotted line), containing material 
from both facial processes. On the  left side, 
non-fusion of the mn and mx results in a jaw 
cleft and the non-fusion of the dental epithe-
lia, which leads to the formation of two i2. 
(C) Double deciduous lateral incisors i2 
(arrow) in a  patient with a  left-sided al-
veolar cleft after surgical treatment (from 
the archive of the Clinic of Plastic Surgery, 
Prague). The midline is shaded. i1 – decidu-
ous central incisor; c – deciduous canine. 

Schematic of the tooth pattern of adult and embryonic mice. 
(A) Adult mice have one incisor and three molars separated by a toothless diastema in each 
jaw quadrant. 
(B) A schematic comparison of the tooth pattern in a jaw quadrant of adult and embry-
onic mice. In contrast to adult mice, we found that mouse embryos have rudimentary tooth 
primordia in the prospective diastema (green). In the anterior part of the diastema (light 
green), either rudimentary small placodes/buds (D1-D5) or an epithelial thickening (dashed 
line) develop in the maxilla or mandible, respectively. In the posterior part of diastema (dark 
green), two rudimentary buds are the  most prominent primordia in the  cheek region at 
early stages. Later on, D1-D5 disappear, R1, R2 and MS regress, while R2 is incorporated into 
the first molar (M1). I - incisor; M2 and M3 – the second and third molars, respectively. 

Department of Teratology
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The  results can help to elucidate 
the origin of tooth anomalies and 
to develop methods of tooth regen- 
eration and engineering. 

Current grant support

GA CR, 304/07/0223, Developmental 
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malformations in a mouse model, 2009–2013. 
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Tentative explanation of the supernumerary tooth in mouse mutants  
as an atavistic premolar. 
The posterior part of the mouth cavity is at the top of each picture. 3D reconstructions 
show a similar antero-posterior length of the dental epithelium in wild type (A) and Tabby 
homo/hemizygous embryos (B) at ED 15. 5. However, the segmentation of the dental epi-
thelium along the antero-posterior axis is different. At the level of one cap of the first mo-
lar (M1) in the wild type embryo, we found two small caps (T1, T2) in the mutant. T1 gives 
rise to the so-called supernumerary tooth (S), which thus corresponds to the anterior part 
of the M1 in wild type mice. (C) We have suggested a developmental relationship between 
(a) the last premolar (P4) of non-muroid rodents, (b) the anterior part of the adult M1, (c) 
the embryonic diastemal vestigial bud (PV) in normal mice, and (d) the supernumerary 
tooth (S) in mutants. The S in mutants can be considered as an atavism – the revitaliza-
tion of a premolar suppressed during evolution. 

Schemes of the pattern of the dental and vestibular epithelium in human em-
bryos and in the teeth of fishes. 
(A) A  textbook concept presenting two parallel U-shaped ridges in human embryos  
(e. g. Bhaskar, 1980): DL – dental lamina (giving rise to teeth) and VL – vestibular lamina 
or labio-gingival band (where the  oral vestibule will form). (B) Our 3D reconstructions 
have documented that no continuous vestibular lamina exists, but rather a set of discon-
tinuous epithelial structures (ridges and bulges) transiently occurs externally to the dental 
lamina. Red – dental epithelium; blue – vestibular epithelium. c, m1 and m2 – the decidu-
ous canine, first and second molars. The yellow spot indicates the site of fusion between 
the dental lamina and the vestibular ridges. (For further explanations, see Hovorakova 
et al., 2005). (C) The schematic pattern of tooth rows (“Zahnreihen”) in fish (according to 
data by Edmund, 1960). The empty rings and black spots indicate the older and younger 
teeth, respectively. New teeth are formed at the posterior end of each tooth row. 

Fig. 8
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The  Department of  Genetic Eco-
toxicology (DGE) was formed from 
the  Laboratory of  Genetic Ecotoxi-
cology, which in turn was founded 
in 1991 as a joint venture of the In-
stitute of  Experimental Medicine 
AS CR and the  Regional Institute 
of  Health of  Central Bohemia with 
the aim of coordinating the interna-
tional Teplice Program (1991–1999). 
This program, which studied the ef-
fect of  air pollution on the  health 
of  the  population living in the  coal 
basin of Northern Bohemia, was car-
ried out in collaboration with the U. S. 
Environmental Protection Agency 
and was supported by the  EC pro-
gram PHARE. This international col-
laboration helped to establish mole-
cular epidemiology methods and to 
use them to assess the risk of expo-
sure to air pollution. 

The major findings included the fact 
that carcinogenic polycyclic aro-
matic hydrocarbons (c-PAHs) in 
the  ambient air are responsible for 
most of  the  genotoxicity of  com-
plex mixtures and that exposure to 
c-PAHs in the  early stages of  preg-
nancy significantly increases intrau-
terine growth retardation (IUGR). 
Further, in polluted regions the rela-
tionship between c-PAHs exposure 
and DNA adduct levels, as well as 
the  effect of  genetic polymorph- 
isms on DNA adducts, were studied. 

The  DGE participates in other inter-
national collaborative projects (EC, 
US EPA, HEI); among these, participa-
tion in the EC project EXPAH (Effects 
of  PAHs in environmental pollution 
on exogenous and endogenous 
DNA damage, QLK4-CT-2000-00091) 
has been the most important. 

Research in the  DGE concentrates 
mostly on the effects of air pollution 
on genetic material, on the mecha-
nisms of changes induced by envi-
ronmental factors as well as model- 
ing the relationships between indi-
vidual factors (e. g. air pollution vs. 

life style), and the  genetic damage 
caused by genotoxic and carcinoge-
nic compounds, including polycyc-
lic aromatic hydrocarbons, alkenes 
and other xenobiotics. 

The research is organized 
in several levels

–– Model studies on human cell cul-
tures;

–– molecular-epidemiological studies 
on model populations using bio- 
markers of  exposure, effect and  
susceptibility;

–– reproductive epidemiology – the ef-
fect of the environment on preg-
nancy outcomes (the involvement 
of  genetic material, genetic poly-
morphisms, gene expression, and 
oxidative stress);

–– the effect of air pollution on upper 
respiratory diseases in children and 
the  modulatory effects of  gene-
tic polymorphisms on childhood 
morbidity. 

Currently, molecular-epidemiological  
studies are being conducted on vol- 
unteers in Prague and Ostrava, re-
productive epidemiology studies 
in Prague and České Budějovice, 
and epidemiology studies on respi-
ratory morbidity in children from 
the Teplice, Prachatice and Ostrava 
regions. As far as respirable particu-

late matter and c-PAHs are concer-
ned, the Ostrava region is conside-
red the most polluted EU area. 

Laboratory 
of Molecular  
Epidemiology
The Laboratory of Molecular Epidemi-
ology conducts molecular epidemio-
logical studies, including the risk assess-
ment of mutagen and carcinogen ex-
posure, using biomarkers of exposure, 
effect and susceptibility (DNA adducts, 

chromosomal aberrations, 

Department of Genetic Ecotoxicology
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micronuclei, oxidative damage to  
DNA, proteins and lipids) 

analyses of genetic polymorphisms 
and RNA expression profiles, studies 
of  the  effect of  the  environment on 
pregnancy outcomes, and the  effect 
of the environment on children’s health.  
DNA instability in patients with mye- 
lodysplastic syndrome is also studied. 

Laboratory 
of Genetic 
Toxicology
The  Laboratory of  Genetic Toxicolo-
gy concentrates on the  genotoxic 
effects of  xenobiotics and oxidative 
damage to DNA, proteins and lipids 
in cell cultures (the  hepatoma cell 
line HepG2, human diploid embry-
onic fibroblasts). The  laboratory also 
studies the  effect of  environmental 
pollutants on the  mechanisms un-
derlying prostate cancer induction 
and progression. 

Laboratory 
of Genomics
The  Laboratory of  Genomics studies 
gene expression profiles in popula- 
tions exposed to air pollution, tobacco  

smoke and other factors. It also con-
centrates on the  analysis of  single 
nucleotide polymorphisms affecting 
the  metabolism of  xenobiotics, DNA 
repair, immune responses and other 
biological processes. The  Labora-
tory of  Genomics is a  joint venture 
of  the  Institute of  Experimental Me-
dicine AS CR, v. v. i. and the  Institute 
of Hematology and Blood Transfusion. 

Current grant support

EU 6th FP, 044232, ENVIRISK, Assessing 
the risks of environmental stressors: 
contribution to the development 
of integrating metodology, 2008–2009. 

EU 6th FP, 018385-2, INTARESE, Integrated 
assessment of health risks of environmental 
stressors in Europe, 2006–2009. 

Ministry of Environment, SP/1b3/8/08, 
Study of the health consequences 
of polluted air in the Ostrava region with 
the use of genomics, AIRGEN, 2008–2010. 

Single nucleotide polymorphisms of HVRII 
mtDNA in children associated with respira-
tory morbidity: T195 allele(A); C195 allele 
(B); 7C 303 allele (C); 9C 303 allele(D). 

Department of Genetic Ecotoxicology



29

Department of Genetic Ecotoxicology

Ministry of Environment, SP/1b3/50/07, 
The effects of genome variability on 
the interaction between the human 
organism and the environment, 
ENVIRONGENOM, 2007–2011. 

Ministry of Education, 2B08005, New 
approaches to study the toxicity 
of air pollution and their contribution 
to assess limits for selected 
pollutants,AIRTOX, 2008–2011. 

Ministry of Education, 2B06088, Application 
of toxicogenomics to study mechanisms 
of the action of environmental pollutants on 
human health, ENVIRONGEN, 2006–2011. 

Ministry of Education, 2B06150, 
Modulation of anti-PAH-antibody levels 
in relation to smoking and lung disease 
(cancer/noncancer) and the increase 
of PAH-resistance of the organism 
by immunization, 2006–2011. 

GA CR, 310/07/0961, The role 
of environmental pollutants 
in the mechanisms regulating 
the development of prostate 
carcinoma, 2007–2010. 

IGA of the Ministry of Health, NS9804-
4/2008, Genetic databases, their 
structure and application, 2009–2011. 
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Res (Fundam.) 547(1-2): 109–121. 
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Hendriksen PJM, Boorsma A, van Herwijnen 
MHM, Gottschalk RWH, Kirsch-Volders M, 
Knudsen LE, Šrám RJ, Bajak E, van Delft 
JHM, Kleinjans J. (2008) Genomic analysis 
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air pollution. Carcinogenesis 29: 977–983. 

5. Švecová V, Rössner P Jr., Dostál M, 
Topinka J, Solanský I, Šrám RJ. (2009) 
Urinary 8-oxodeoxyguanosine levels 
in children exposed to air pollutants. 
Mutation Res (Fundam.) 662: 37–43. 

6. Schmuczerová J, Brdička R, Dostál 
M, Šrám RJ, Topinka J. (2009) Genetic 
variability of HVRII mtDNA in cord blood 
and respiratory morbidity in children. 
Mutation Res (Fundam.) 666: 1–7. 
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The  department is interested in investigating 
the molecular events involved in the susceptibility 
to sporadic forms of cancer. Our particular interest is 
focused on sporadic colorectal cancer, which poses 
a serious health problem in the Czech Republic. As 
part of the identification of common genetic variants  
that predispose an individual to this cancer, candidate  
genes within various relevant pathways in colorectal 
carcinogenesis have been addressed (e. g. DNA repair,  
cell cycle, biotransformation). The  Department has 
participated in whole genome association studies 
(GWAS), aimed at the identification of susceptibility 
loci in sporadic colorectal cancer, and will be involved  
in detailed investigations of  the  functional conse-
quences of these loci. 

Laboratory of the Genetics  
of Cancer
Pavel Vodička, MD, PhD | Head of laboratory
E-mail: pvodicka@biomed.cas.cz
Phone: +420 241 062 694
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Phone: +420 241 062 694

Alessio Naccarati, PhD | Research Scientist

Ľudmila Vodičková, PhD | Research Scientist 
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Department  
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Head: Pavel Vodička, MD, PhD 
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Phone: +420 241 062 694

Age standardized incidence rates, bowel cancer in EU 
countries (Modified from IARC, GLOBOCAN 2002). 
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Laboratory  
of the Genetics 
of Cancer
Research topics

–– Investigation of the role of transi-
ent markers (DNA and chromoso-
mal damage) in carcinogenesis;

–– relationship between transient 
markers of  cancer and indivi-
dual susceptibility (i. e., relevant  
candidate genes); 

–– identification of the mechanisms 
underlying chromosomal and ge-
nomic instability; 

–– investigation of  the  role of  low-
penetrance genes (cell cycle, DNA  
repair) in the risk of sporadic co-
lorectal cancer and other types 
of cancer;

–– the  role of  genetic variants in pre 
dicting anticancer therapy outcome  
and overall prognosis;

–– investigation of the  links between 
genotype and gene expression 
with implications for the  proper/
improper functioning of the cell;

–– investigation of somatic mutations 
in oncogenes and microsatellite 
status in adenomatous polyposis 
coli. 

Colorectal cancer (CRC) is a  com-
mon neoplasia in both men and 
women (with an estimated risk inci-
dence of 5 % worldwide) and ranks 
as the  fourth most common can-
cer in the  world, with approxima-
tely 875,000 new cases diagnosed 
each year. An increased incidence 
in Europe has been recorded over 
the past decade, with a particularly 
severe situation in the central Euro-
pean region. The incidence of CRC 
in the  Czech Republic ranks third 
worldwide, while the  incidence 
of rectal cancer, particularly in men, 
is the highest. Both environmental 
and genetic factors are involved in 
the  onset of  sporadic CRC, which 
represents the  predominant form 
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of  this cancer (approx. 90% of  all 
cases). It is believed that sporadic 
CRC involves multiple genes with 
moderate effects (low penetrance 
type) and progression occurs due 
to aggressive gene-environment 
interactions. The complex etiology 
of CRC and the observed high inci-
dence in the Czech Republic stress 
the  importance of  a  systematic 
approach, combining epidemio-
logical and molecular biological 
methods, to understand the critical 
pathways in CRC tumorigenesis. 
Our recent interest has been ori- 
ented towards chemotherapy re- 
gimes, usually selected with the help 
of classical predictive markers such 
as TNM, which are not equally effect- 
ive in all patients and which exert 
significant side effects. An assump-
tion that the genetic profiles of pa-
tients could improve the prediction 
of an individual’s response to stan-
dard chemotherapy regimes in CRC 
resulted in a selection of  candidate 
genes, comprising the  metabolic, 
transport, DNA repair and cell-cycle 
genes. Screening the loci in the abo-
ve genes may have  relevance in 
pharmacogenomics with the  ul-
timate goal of  individualized che-
motherapy. Most recently, the par-
ticipation of  the  Department in 
a multicenter study has resulted in 
the identification of several suscep-
tibility loci of  CRC using genome 
wide association (GWA). A detailed 
analysis of  these loci, regarding 
their function in tumor cell biology, 
is ongoing. 

Laboratory  
of DNA Repair
Research topics

–– Investigation of  the  mechanisms 
involved in DNA repair pathways; 

–– functional tests for DNA repair ca-
pacity; 

–– expression of relevant DNA repair 
candidate genes; 

–– interest in genotype-phenotype 
interactions;

–– the role of several DNA repair path– 
ways in carcinogenesis.

Nuclear DNA is constantly exposed  
to DNA damaging agents from the en-
vironment and the  diet. Normally,  
there is a  dynamic equilibrium 
between DNA damage and its remo-
val by effective and accurate cellular 
repair enzymes. If the  steady state 
is disturbed, the damage measured  
will increase, but then increased  
repair activity (through normal enzyme  
kinetics, with possibly induction or 
activation in addition) will tend to 
restore the  equilibrium. The  steady 
state level depends on the intrinsic 
repair rate in the  individual’s cells, 
which may be in part genetically 
determined and in part affected by 
metabolic or environmental factors.  
To date, more than 150 human DNA 
repair genes have been identified, 

which can be categorized into 5 main 
pathways: base excision repair (BER), 
nucleotide excision repair (NER), 
mismatch repair (MMR), double- 
strand break repair (DSB) and direct 
repair. The  cell cycle and mitotic 
spindle checkpoints are also critical 
in this process to ensure that cell 
proliferation only follows the correct 
replication and organization of genetic  
material, respectively. Otherwise, if 
genetic material is altered, it can be 
repaired at the DNA level, enabling  
the  cell to replicate. If the  ge- 
netic damage is too excessive for  
repair, the  cell avoids propagating  
the  damaged DNA by undergoing 
apoptosis. Thus DNA repair plays 
an  important role in close relation- 
ship with cell cycle control in cancer  
prevention, by removing potentially 
mutagenic lesions and maintaining 
chromosomal and genomic stability.  
DNA repair capacity measurement 
represents a  complex marker inte-
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grating polymorphisms, gene ex-
pression, the  stability of  the  gene 
product, the effect of inhibitors/stim- 
ulators, environmental factors and 
lifestyle factors. In sporadic cancers, 
greatly affected by gene-environ-
ment interactions, the employment 
of  new and pathway-specific DNA 
repair assays hallmarks cancer risk 
identification and the  prediction 
of therapeutical outcome. 

Current grant support

GA CR, 310/07/1430, Molecular and genetic 
characteristics of sporadic colorectal 
cancer in the Czech Republic, 2007–2011. 

IGA NR, 8563-5/2005, Genetic 
profile of xenobiotic metabolising 
and DNA repair genes in cancer 
patients and control individuals in 
the Czech Republic, 2005–2009. 

IGA NR, 9423-3/2007, XME, DNA repair 
and cell cycle regulation genes in head 
and neck cancer prediction, 2007–2009. 

IGA NR, 9422-3/2007, The influence 
of environmental and genetic 
factors of pancreatic cancer 
(genetic profile), 2007–2009. 

GA AS CR, IAA 500 200 917, Genetic and 
immunity in early stages of colorectal 
adenocarcinoma: inflammatory environment 
in conventional vs germ-free animal models, 
and in human samples, 2009–2013. 

EEA-researchfund, A/CZ0046/2/0012, 
Quality and safety of food in relation 
to colorectal cancer predisposition. 
A pilot study. 2009–2010. 

GA AS CR, IAA 500 390 806, The determination 
of expression levels of DNA repair and cell 
cycle genes in peripheral blood lymphocytes 
in styrene exposed individuals, 2008–2010. 
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Stages of colorectal cancer (source: National Cancer Institute). 
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Manipulation of  the  cytokine network is a  cen-
tral paradigm for successful immunotherapy. 
The search for new drugs that would directional-
ly modulate immune system activity has become 
a permanent challenge for pharmacological re-
search. We investigate possibilities for the phar-
macological modulation of immune factors such 
as cytokines, chemokines, interferons, and nitric 
oxide. On one side, these factors play critical 
roles in the defence of organisms against infec- 
tions and cancer. On the other side, their long-
term overproduction is often associated with 
the  etiopathogenesis of  many diseases such as 
asthma, chronic obstructive pulmonary disease, 
rheumatoid arthritis, etc. Therefore, novel agents 
that would contribute to both cytokine and anti-
cytokine therapies are urgently needed in clini-
cal practice. 

Toward this point, the department pays major at-
tention to antiviral acyclic nucleoside phospho- 
nates, to modulators of intracellular calcium (inhibi-
tors of sarco/endoplasmic Ca2+-ATPase, i. e. SERCA 
inhibitors), natural compounds such as sesquiter-
pene lactones, and probiotics. 

In order to test the cytokine-modulatory activities 
of both synthetic and natural agents, we have de-
veloped a  nitric oxide-based, moderate-through-
put screening bioassay, allowing for the  reliable 
and inexpensive screening of a drug’s potential to 
activate cytokine secretion. The data thus obtained 
in animal cell cultures can be employed to predict 
the  immunomodulatory effects of  drugs in cells 
of human origin. 

We have found that many acyclic nucleoside phos-
phonates activate the production of cytokines in-
terfering with virus replication and chemokines 
(e. g. RANTES, MIP-1α, MCP-1) that inhibit the pen- 
etration of  HIV into cells. SERCA inhibitors have 
been found to be potent inducers of the Th1-type 
cytokine interferon-gamma (IFN-γ), which plays 
a crucial role in antiviral activity. 

The methods employed to characterize the  im-
munobiological activity of  compounds include 
cell cultures, ELISA, multiplex analysis systems 
(LUMINEX), RT-PCR, etc. In order to understand 
the  mechanisms of  interference of  agents with 
the  immune system, the  underlying signaling 
pathways and the  expression of  transcription 
factors are analyzed. 

Zdeněk Zídek, PhD, DSc | Research Scientist

Assoc. Prof. Eva Kmoníčková, PhD | Research Scientist

Darina Korečková, MSc | PhD Student

Petra Melkusová, MSc | PhD Student

Dana Uhrová, MSc | PhD Student

Vladimír Kameník | Undergraduate Student 

Vlasta Krejčová | Technician

Jana Křížková, MA | Research Assistant 

Department  
of Pharmacology
Head: Zdeněk Zídek, PhD, DSc
E-mail: zidekz@biomed.cas.cz
Phone: +420 241 062 720



35

Department of Pharmacology

Current grant support

Ministry of Education,1M0508, 
Center for New Antivitals and 
Antineoplastics, 2005–2011. 

GA CR, 305/07/0061, 
Immunopharmacological 
potential of endoplasmic Ca2+-
ATPase SERCA, 2007–2011. 

GA CR, 305/08/0535, Interference 
of probiotics with factors determining 
pharmacokinetics of drugs, 2008–2011. 
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The production of nitric oxide by mouse peritoneal cells can be used as a bio-
marker predicting the cytokine-stimulatory effects of drugs in human cells. 

Some acyclic nucleoside phosphonates (A0 – F1) are potent stimulators of che-
mokine MIP-1α in human cells (MIP-1α inhibits the entry of HIV-1 into cells). 

Sesquiterpene lactone trilobolide, an inhibitor of Ca2+ATP-ase, activates the se-
cretion of interferon-g (IFN-γ) in rat and human immunocompetent cells. 
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Historically, research in the department has focused 
on studying cells with pluripotent properties, inclu-
ding developing gametes and cells of  embryonal 
origin – embryonal carcinoma cells and embryonic 
stem cells. The department is the first and only labo-
ratory in the Czech Republic where cell lines (embry-
onic stem cells – ESC) were established from human 
blastocyst-stage embryos in 2003. 

Since then, the major focus of the department has 
been on various aspects of  the  biology of  these 
unique primitive cells, which, because of their po-
tential to differentiate into all specialized cell types 
of the adult body, represent unprecedented pro-
mise for new-age medicine. 
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Colony of undifferentiated human embryonic stem cells 
(line CCTL14 established in the  department) growing on 
a feeder layer of mouse embryonic fibroblasts. 

Tumor suppressor protein p53 is highly expressed in the nu-
clei of some cells in a colony of human embryonic stem cells 
cultured in vitro. The  red color visualizes p53 protein inside 
the cell nuclei. 
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Most importantly, we investigate i) 
the functioning of cell cycle regulato-
ry molecules, CDKs, cyclins, and CKIs,  
and their significance for the undiffer- 
entiated growth of human ESC (hESC), 
ii) the  molecular pathways that are 

employed by hESC to transmit signals 
produced by fibroblast growth factor 
(FGF-2) and their biological role in this 
cell type, and iii) the  molecular me-
chanisms that underlie the  genetic 
alterations occurring in hESC propa-

gated in culture and the phenotypical 
changes produced by such damage 
to the hESC genome. Besides the re-
search focused on the molecular and 
biological properties of hESC, we also 
conduct experiments that target 
more clinically relevant issues, which 
include mainly the  development 
of  new protocols and conditions for 
the  propagation of  undifferentiated 
hESC and/or their differentiation into 
specific functional cell types. We have 
established fruitful collaborations 
with several renowned laboratories 
around the  world and participate in 
various international studies aimed 
at exploiting the  potential of  hESC. 
Among them, a  global compara- 
tive study lead by Prof. Peter Andrews 
(University of Sheffield) called the In-
ternational Stem Cell Initiative is 
the most significant. 

Current grant support

EU 6th FP, 018739, Platforms for biomedical 
discovery with human ES cells, ESTOOLS. 

Ministry of Education, 1M0538, Center 
of Cell Therapy and Tissue Repair. 

GA CR, 204/09/2044, and MRC 
International Stem Cell Initiative II. 

Selected recent publications

1. Bryja V, Čajánek L, Pacherník J, Hall 
AC, Horváth V, Dvořák P, Hampl A. (2005) 
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cycle regulator. Stem Cells 23: 965–974. 

2. Dvořák P, Dvořáková D, Košková T, 
Vodinská M, Najvirtová M, Krekáč D, 
Hampl A. (2005) Expression and potential 
role of fibroblast growth factor 2 and 
its receptors in human embryonic stem 
cells. Stem Cells 23: 1200–1211. 

3. Dvořák P, Dvořáková D, Hampl 
A. (2006) Fibroblast growth factor 
signaling in embryonic and cancer stem 
cells. FEBS Lett 580: 2869–2874. 

4. Evsikov AV, Graber JH, Brockman JM, 
Hampl A, Holbrook AE, Singh P, Eppig JJ, 
Solter D, Knowles BB. (2006) Cracking the egg: 
Molecular dynamics and evolutionary aspects 
of the transition from the fully grown oocyte 
to embryo. Genes & Dev 20: 2713–2727. 

5. Adewumi O, Aflatoonian B, Ahrlund-
Richter L, Amit M, Andrews PW, Beighton 
G, Bello PA, Benvenisty N, Berry LS, Bevan 
S, Blum B, Brooking J, Chen KG, Choo AB, 
Churchill GA, Corbel M, Damjanov I, Draper 
JS, Dvořák P, Emanuelsson K, Fleck RA, Ford 
A, Gertow K, Gertsenstein M, Gokhale PJ, 
Hamilton RS, Hampl A, Healy LE, Hovatta O, 

The presence of pluripotency markers (transcription factor Nanog; cell membrane glyco-
proteins SSEA-4, TRA-1- 60) in undifferentiated human embryonic stem cells as visualized by 
indirect immunofluorescence followed by confocal microscopy. Blue – cell nuclei, green/red 
– markers. 

Expression of  fibroblast growth factor (FGF-2) in human embryonic stem cells. 
The expression is higher in differentiating cells at the periphery of the cell colonies. Blue – cell 
nuclei, green – FGF-2. 
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M, Suemori H, Szatkiewicz J, Turetsky T, Tuuri 
T, van den Brink S, Vintersten K, Vuoristo S, 
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Schematic of the potential outcomes 
of overamplification of centrosomes. 

Distribution of  undifferentiated human embryonic stem cells in the  phases 
of the cell cycle as determined by flow cytometry upon visualization of DNA content by 
propidium iodide staining (A)

Multipolar mitosis in a human embry-
onic stem cell suffering from overampli-
fied centrosomes as visualized by indirect 
immunofluorescence followed by con-
focal microscopy. Blue –  chromosomes, 
red – microtubules of the mitotic spindle, 
green – centrosomes. 

and upon metabolic labeling of  DNA 
with BrdU combined with propidium io-
dide staining (B). 



Expression of H2AX protein in neural precursors differentiated from human embryonic 
stem cells upon damage to their DNA caused by UVC irradiation. A – quantity of H2AX as 
determined by western blot. B – visualization of H2AX foci (red) inside the cell nuclei. 



39

Department of Auditory Neuroscience

The Laboratory of Tissue Engineering was establish- 
ed in the year 2005 after the research team moved 
from the  Institute of  Physiology of  the  AS CR. In 
conjunction with the relocation, the main research 
effort was focused on tissue engineering. Currently,  
three main research topics are investigated in 
the laboratory: tissue engineering, controlled drug 
delivery and protein engineering. The  laboratory 
closely collaborates with the  Department of  Bio-
physics, Charles University in Prague, the 2nd Facul-
ty of Medicine and the Department of Nonwovens, 
Faculty of Textile Engineering, Technical University 
of Liberec. 

Research topics

The  research is concentrated on the development 
of novel three-dimensional scaffolds utilizing biode-
gradable materials. Textiles, both woven and non-
woven, as well as composite scaffolds are generated 
mainly employing a nanofiber-based approach and 
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Controlled drug delivery. 
Liposome-enriched nanofibers. 
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applied separately or in combination 
with an  isotropic gel. Grafts based 
on autologous chondrocytes and 
mesenchymal stem cells are used for 
tissue defect regeneration (namely 
cartilage and bone). A special techni-
que for the rapid evaluation of biome-
chanical properties in miniature tissue 
pieces was developed. 

A  liposome-based controlled drug 
delivery and nutrient supply sys-
tem to deliver bioactive substances 
directly into defects was develop- 
ed. The  application of  the  novel 
technology of  coaxial spinning for 
the production of smart nanofibers 

is intensively studied, especially in 
combination with liposomes, with 
the aim of developing suitable sys-
tems for controlled drug delivery. 
This advanced drug delivery system 
is mediated with liposome- and 
immunoliposome-enriched nano-
fibers and controlled by ultrasound 
sonication and shock-waves. 

Artificial tissue implantation is an- 
other research topic. A novel approach 
was found to improve chondrocyte 
proliferation, nutrition and re-differ- 
entiation capacity, at the  same time 
providing appropriate mechanical sta-
bility. The constructed scaffolds seed- 
ed with autologous chondrocytes 
can successfully heal osteochondral 
defects in experimental animals (rab-
bits and miniature pigs). Pre-clinical 
studies, following Good Laboratory 
Practice, are currently in progress. 

The modern approach of computer 
modeling is applied for predicting 
the structural properties of cells and 
tissues, including protein dynamics.  

Computer modeling, based on ho-
mology and similarity with proteins 
of  known structure, is focused on 
protein structure determination 
and molecular dynamics simulation. 
Advanced studies of  the  molecular 
mechanism of  Na+/K+-ATPase phos-
phorylation and of the structure and 
dynamics of  the  ATP-binding site 
on Na+/K+-ATPase are carried out. 
The relation between Na+/K+-ATPase 
structure, function and diseases (spe-
cifically familial hemiplegic migraine 
– FHM2) is also investigated. 

High on our priority list is also the ac-
celerated transfer of newly develop-
ed technologies and know-how into 
clinical practice. 

Scaffolds and cell seeding. 
Electron microscopy of  a  cross-linked 
gelatin scaffold and confocal microscopy 
of a chondrocyte-seeded scaffold. 

Histology of an osteochondral defect 
6 weeks after implantation demon-
strates the capability of a composite 
hyaluronan/type I collagen/fibrin 
scaffold to regenerate rabbit-knee 
cartilage. 
Hematoxylin–eosin staining. 
Glycosaminoglycan detection by Alcian 
blue staining and PAS reaction. Immuno-
histochemical detection of type II collagen. 

Biomechanical testing. 
Scheme and apparatus for impact loading 
measurement. Loading curves of  native 
cartilage and some of the materials tested. 

Department of Tissue Engineering
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Current grant support

GA AS CR, IAA500390702, Scaffolds from liposome 
nanofibers for tissue engineering, 2007–2011. 
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of new biomaterials and preparation of stem 
cell derived cells, and their applications in for 
the treatment of diseases affecting human 
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bone, ligament and meniscus, 2006–2011. 

EU 7th FP, ID number 214539, Bioscent – 
Bioactive highly porous and injectable scaffolds 
controlling stem cells recruitment, proliferation 
and differenciation and enabling angiogenesis 
for cardiovascular engineered tissues, 2009–2013. 

GA AS CR, Institutional research plan 
AV0Z50390512, Molecular, cellular and 
systemic mechanisms of major diseases 
of the human organism, their diagnosis, 
therapy and pharmacotherapy, 2005–2011. 

GA AS CR, Institutional research plan 
AV0Z50390703, New biotechnologies, 
nanomaterials and stem cells for use in 
regenerative medicine, 2007–2013. 

Patent

Patent No. 300142 – The way of preparation 
of fibrous biodegradable tectorial materials as 
drug carriers with controlled delivery. Industrial 
Property Office (Czech Patent and Trademark 
Office), 25. 2. 2009, Filing Date: 22. 3. 2006. 
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of osteochondral defect in rabbit knee. J Biomed 
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Structure of Na+/K+-ATPase from mouse brain (α2 isoform) in both E1 and E2 
conformations. 
Structure of the H4-H5 loop of Na+/K+-ATPase. The N-domain bends toward the P-domain by 64. 8°. 
Detailed structure of the phosphorylation site in the E1 and E2 conformations. A hydrogen 
bond between the O atom of Asp369 and the N atom of Lys690 detected in the E1 conformation 
disappears in the E2 conformation, accompanied by the appearance of the short π-helix. 
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Research in the Laboratory of Cell Biology focuses on 
DNA replication and the organization of human chro-
matin. DNA replication of the two template strands at 
DNA replication forks is a highly coordinated process 
comprising the functioning of many factors that ensures  
accurate and efficient duplication of  the  eukaryotic 
genome. According to the general paradigm, proper 
DNA duplication from each replication origin is ensured  
by two protein complexes termed replisomes. In this 
respect, our comparative analysis of  short segments  
of  replicons labeled in pulse-chase experiments  
of various lengths showed that replisomes in HeLa cells 
are organized into couples during DNA replication. 
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The model of zipping loops. 
Zipping of  a  DNA loop is shown. During replication, repli-
some couples produce a loop with the associated (zipped) 
arms probably in the form of four tightly associated 30 nm 
fibers. According to this model, ‘‘sister” pairs of  biotin-dU-
tagged segments of  chromatids do  not separate before 
the  termination of  the  DNA synthesis of  the  replicon and 
the relaxation of the zipped arms. Immediately after label-
ing, the  four tagged segments are present in one labeled 
domain (the  left part of  the  image). Such an  organiza-
tion of  the  tagged segments persists during the  synthesis 
of the whole replicon (the right part of the image). Although 
the  mutual changes of  the  replisome position between 
the  left and right parts of  the  Figure can result in the  im-
pression of movement of the replisome along the DNA, this 
model does not reflect whether the  DNA or the  replisome 
complex is moving during replication. 
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Moreover, our data suggested a new 
model of the organization of replicated  
DNA. According to this model, repli-
some couples produce a  loop with 
the associated arms in the form of four 
tightly associated 30 nm fibers. 

The  Laboratory’s research is also 
focused on changes in chromatin 
arrangement during the  cell cycle, 
the  timing of  DNA replication, epi-

genetically inherited chromatin re-
modeling, and the large scale organ- 
ization of chromosomal territories. 

Concurrently, the Laboratory partici-
pates in a project focused on the de-
velopment of  new techniques for 
the delivery of bioactive molecules 
into human cells. Two basic research 
lines are followed in this respect: 
the development of methods based 

on the use of viral kinases for the ef-
ficient phosphorylation of chosen 
nucleosides and the development  
of  methods based on the  modifi-
cation of nucleotide precursors. 

Techniques that are employed 
include cell and bacterial cultiva-
tion, affinity cytochemistry involv- 
ing immunocytochemical and in 
situ hybridization techniques, light 
and confocal microscopy, electron 
microscopy including electron to-
mography, stereology approaches, 
protein, RNA and DNA purification 
and analysis, immunoprecipitation 
and GFP technology. 

Current grants support

GA AS CR, KAN200520801, Targeted expression 
and transport of bioactive molecules, 2008–2012. 

GA CR, 206/07/0233, Biochemical, 
ultrastructural and partial proteomic 
analysis of the penetration apparatus of bird 
Schistosoma cercariae, 2007–2010. 

GA CR, 305/08/0535, Organization of human 
nuclear chromatin, 2009–2011. 

GA AS CR, KJB500390701, Replication  
of the mammalian genome 
– 4D view, 2007–2009. 
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zipping couples. J Struct Biol 165: 204–213. 

3D reconstruction of the labeled domains. 
The original image of a 200 nm-thick section of a cell nucleus is shown on the left (Scale bar:  
500 nm), whereas a 3D reconstruction of the labeled domains reconstructed from the insert  
is shown on the  right (Scale bar: 100 nm). The  length measurement is demonstrated. 
The arrows indicate labeled domains traversing the section faces.

Two models of the arrangement of ‘‘sister” replisomes in HeLa cells and the ef-
fect of different organizations of biotin-dU-tagged segments on the number 
of labeled domains during various pulse-chase experiments. 
The scheme shows the expected results of the consecutive mapping (indicated by arrows) of seg-
ments tagged during a short pulse of biotin-dUTP in the early S phase followed by chase periods 
of different lengths from the time immediately after the pulse (the upper part of the scheme) to 
the complete mitotic segregation of the sister chromatids (the lower part of the scheme). 
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Research topics

We study the assembly and maintenance of cel-
lular structures not bound by a membrane. These 
highly dynamic, steady state organelles engaged 
in specific functions communicate with their sur-
roundings directly by diffusion, and the  mecha-
nisms controlling their structure and function 
are still poorly understood. Many of  these com-
partments, such as the  nucleolus or Cajal body 
in the  cell nucleus, are easily seen under a  mi-
croscope and have been known for a  long time. 
Others have been described only recently –  for 
instance lipid raft-based compartments in mem-
branes. Morphological changes or the  disinte-
gration of  these cellular structures often accom-
pany pathologic phenotypes. Knowledge about 
the  composition, formation and maintenance 
of these structures is limited. Thus, a great deal is 
open for studies using contemporary microscopy 
techniques, capable not only of exactly localizing 
cellular components, but also of  detecting their 
movement and potential interactions at the mo-
lecular level as well. 

We were able to distinguish distinct domains in 
the  plasma membrane of  the  yeast S. cerevisi-
ae, the  Membrane Compartments MCC (contai-
ning can1) and MCP (with Pma1). These domains 
are large enough to be resolved by fluorescence 
microscopy (Malinska et al., MBC14: 4427-36, 2003). 
We showed that MCC consists of  stable, uniform, 
isolated patches within the plasma membrane. To 
date, twenty integral and soluble proteins have 
been shown to co-localize with the MCC pattern. 
The composition of the MCC patches depends on 
the  membrane potential. We have hypothesized 
a specific role for them in protein turnover. Using 
various approaches of electron microscopy as well  
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Zeiss LSM 5 DUO confocal microscope. 
We are well equipped for a variety of fluorescence and electron 
microscopy approaches. Besides our own research, method-
ological support for other groups is provided by the Unit staff. 
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as goal-directed mutant yeast strains,  
we are now attempting to describe 
the fine structure of MCC and to localize  
its protein components with a resolution 
of 20 nm. The specific lipid compo-
sition of  MCC reported in fluores- 
cence microscopy studies is indicative  
of  the  specific ultrastructure of  this 
organelle. 

We also focus on the  formation, dis-
tribution and dynamics of  structures 
coupled to chromatin function – DNA 
replication sites, nucleoli etc. Using 
fluorescently-labeled components 
of the replication machinery, we visu-
alize the dynamics of DNA replication. 
We also focus on the  formation, dis-
tribution and dynamics of  structures 
coupled to chromatin function – DNA 
replication sites, nucleoli etc. Using 
fluorescently-labeled components 
of  the  replication machinery, we vi-
sualize the  dynamics of  DNA repli-
cation. By kinetic analysis of the con-
tinuous exchange of  small nuclear 
ribonucleoprotein particles between 
the  nucleoplasm and Cajal bodies, 
we contribute to the understanding 
of  mRNA splicing. Our aim is to  
formulate mathematical models  
describing the  behavior of  various  
nuclear compart-ments in general. 

Yeast cell nucleus during mitosis. 
During endomitosis, the  nuclear enve-
lope remains intact. Within the  nucleus, 
the mitotic spindle with spindle pole bod-
ies immersed in the nuclear envelope can 
be clearly recognized. A  living yeast cell 
was frozen under high pressure, embed-
ded into a  synthetic resin and sectioned. 
High contrast of  protein-rich structures 
(ribosomes, microtubuli) was achieved by 
the uranylacetate stain. 

Curved membranes in yeast. 
Various biological membranes, including 
the  invaginated plasma membrane and 
the outer and inner membranes of mito-
chondria, were visualized on an ultrathin 
section of  a  yeast cell. The  cytoplasm is 
filled with dark ribosomes and lucent 
round-shaped aggregates of glycogen. 

Plasma membrane domains in S. cerevisiae. 
Transversal confocal section of living cells co-expressing the plasma membrane pro-
ton ATP-ase Pma1p-ds (red) and the  proton-arginine symporter Can1-GFP (green) 
combined with a  DIC image (grayscale). Pma1 and Can1 are laterally segregated 
within the plasma membrane; Can1 is confined to isolated patches, while Pma1 fills 
the surrounding area. Note the absence of a red signal in the growing buds caused by 
the slow maturation of the dsRed molecule. 







46

Microscopy Unit

Current grant support
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freeze-substitution and low-temperature 
LR White embedding of HeLa cells. 
Histochem Cell Biol 130(5): 1047–1052. 

6. Grossmann G, Malínský J, Loibl M, 
Stahlschmidt W, Weig-Meckl I, Frommer 
WB, Opekarová M, Tanner W. (2008) 
Plasma Membrane Microdomains 
Regulate Turnover of Transport Proteins 
in Yeast. J Cell Biol 183(6): 1075–1088. 

Localization of replicating chromatin. 
The DNA replication marker PCNA-mRFP (red) was co-localized with the histone H3. 
A confocal section of a mid-to-late S-phase cell, combined with a DIC image (blue), 
is shown. Note the  spatial separation of  the  condensed chromatin and the  active 
process of DNA replication. 

Transient re-distribution of plasma 
membrane components upon 
membrane depolarization. 
Some proteins are able to leave the mem-
brane compartment of Can1 in a reversible 
manner after membrane depolarization. 
If heterologously expressed in S. cerevisiae, 
the  glucose transporter HUP1 of  C. kes-
sleri is one of  these proteins. A  tangential 
section of  living cells in three consecutive 
snapshots is presented. A  pulse of  an ex-
ternal electric field was applied prior to (B), 
while a  20 minute recovery preceded (C). 
Note that the patches in (C) are re-forming 
in their original positions (if compared to A). 


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Department  
of Technology 
Transfer
Head: Petr Bažant, PhD, MBA
E-mail: bazant@biomed.cas.cz
Phone: +420 296 443 350

To facilitate the desired cooperation of the private sec-
tor with public research organizations in biomedicine, 
the Institute proposed the construction of an Innova-
tion Center for Biomedicine and eventually succeeded 

in the project competi-
tion to obtain financing 
for the Center, the only 
business incubator fa-
cility in the Czech Re-
public equipped with 
class A  clean rooms. 
This technology, fea-

turing constant monitoring of the air quality, enables  
the development of stem cell products for the treat-
ment of various diseases and disorders, e. g. spinal cord 
injuries, articular cartilage, diabetic leg etc. Several new 

spin-off companies 
have already begun 
operations in the  incu-
bator, opened by Prime 
Minister Mirek Topola-
nek in October 2008. 

Training of the Institute‘s researchers in biomedical 
technology transfer is another recently started EU-
funded project, planned to last two years. 

Its objective is to im-
prove the  capabilities 
of  researchers by pro-
viding them with train- 
ing in communication 
and presentation skills, 

intellectual property right protection and legislation, 
mainly in the field of biotechnology. The other part 
of the training programme will focus on pre-clinical 
development and clinical trials, including governing 
legislation and practical examples (case studies), both  
national and international, and further on biotechnology  
product security and quality management. 

The crucial role of the department is to pro-
vide assistance to the research departments 
and laboratories of the  Institute in their ef-
forts to translate the  innovative ideas and 
outcomes of  their research work into busi- 
ness and clinical practice. The  collabora- 
tion of public research centers with private 
companies and other application partners 
(e. g. hospitals) has been a worldwide trend. 
Technology transfer has become even more 
important in light of the research and inno-
vation reform adopted by the Czech govern-
ment in 2008. 

The Institute has taken advantage of the oppor-
tunity to use available European Union struc-
tural funds for its technology transfer projects. 
The completed Center for the Support of Com-
petitiveness in Biomedicine project focuses on 
developing human resources and raising public 
awareness of  biomedicine in general and stem 
cell therapy in particular. A  number of  research 
workshops, conferences and tailor-made train- 
ing activities have been realized within the frame- 
work of this project, focused both on experts and 
also on the general public. 

Operační program 
praha adaptabilita
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The management of the IEM decided to establish the Inno-
vation Biomedical Center (IBC) on the basis of medical mar-
ket demand and in an effort to enhance the innovative po-
tential of the IEM´s scientific outputs and the effectiveness 
of their transfer to medical practice. The innovation process is 
essentially wedded to entrepreneurship; therefore the IBC’ s  
activities are oriented towards the support and development  
of small spin-off firms. 

The Innovation Biomedical Center is a newly built facility 
located in the close vicinity of the Institute of Experimental 
Medicine, Academy of Sciences of the Czech Republic, in 
Prague-Krč. It was constructed from August 2007 to March 
2008. The  project was financed with contributions from 
the EU and the city of Prague. 

The Science and Technology Parks Association of the CR 
awarded the  Innovation Biomedicine Center accredita- 
tion in October 2008. 

The goal of the IBC project is to build the complex infra-
structure necessary for technology transfer from the IEM 
through applied research and innovative entrepreneur-
ship to the medical market place. 

The  vision of  the  IBC is to become the  key center in 
the field of cell-based therapies and their transfer to med- 
ical practice in the  Czech Republic, and to take part in 
world networks in this field. 

The  mission of  the  IBC is to stimulate research out-
puts and their commercialization by providing favor- 
able conditions for the  emergence and development 
of  spin-off firms with innovative potential in the  field 
of biomedicine. 

The IBC promotes the use of IEM technology to benefit 
the  IEM through licensing inventions to spin-off com-
panies capable of successfully commercializing them. It 
supports the research mission of the  IEM by finding in-
dustrial partners for spin-off firms, sponsoring research 
and generating licensing income that supports future 
research. The IBC earns a fair return and increases the re-
cognition of the IEM and the inventors, thus contributing 
to the  growth of  the  spin-off firms and the  develop-
ment of the IEM. The IBC helps move technologies from 
the IEM’s laboratories to the marketplace by developing 
and managing an array of partnerships with the private 
sector. Successful technology transfer involves a number 
of steps, beginning with the invention of new technolo-
gy. These inventions are evaluated, then if appropriate, 

intellectual property pro-
tection (patents or copy-
right) is sought. Collabo-
rative research with indu-
stry may further develop 
the  technology, which 
may then be promoted 
and, hopefully, licensed. 

IBC
Innovation Biomedical Center

View of the Innovation Biomedical Center. 
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The Innovation Biomedicine Center 
has three components

Center of Support for Competitiveness in Biomedicine 
– provides offices and a small conference room for activities 
focused on training, consultation and legal support in bio-
medicine. 

Center of Applied Research in Biomedicine – offers 
laboratories for applied research and scale-up techno-
logies, focused on regenerative medicine, cell therapy, 
the development of biomaterials and pharmaceuticals as 
well as the design of clinical studies. 

Business Incubator (office area, GMP-certified clean rooms) 
for spin-off companies. The companies housed in the incu-
bator benefit from shared consultation, patent, tax and other 
services and take advantage of opportunities to participate 
in applied research projects run in the IBC facility. 

The first spin-off companies have already 
moved their offices into the IBC

BioInova, s. r. o. 

BioInova, s. r. o. is a  subsidiary of  the  IEM, charged with 
the transfer of the IEM’s intellectual property into practice. 
It mainly focuses on the operation of the new Innovation 
Biomedical Center (IBC) facilities and its Business Incubator  
for spin-off companies planning to develop innovative med- 
ical products based on current advances in cell therapy. 
The IBC is positioned in the high-end market as a specialized  
Business Incubator equipped with cutting edge clean  
rooms. Moreover, BioInova provides all necessary Good 
Manufacturing Practice (GMP) services for various companies 
and institutions for the development of modern medical 
products. 

The mission of BioInova is to stimulate the startup, dyna-
mic development and commercial success of innovative 
spin-off companies commercializing the  scientific out-
puts of the IEM. 

Chondros, s. r. o. 
Chondros, s. r. o. provides complex solutions in the field 
of the biomedical treatment of locomotor injuries and 
cartilege replacement implants. 

TATAA Molecular Diagnostics, s. r. o. 
TATAA Molecular Diagnostics, s. r. o. is a TATAA diagnostics 
facility providing diagnostic detection and analysis of cir-
culating tumor cells in the blood of breast cancer patients. 

Student Science, s. r. o. 
Student Science, s. r. o. is a spin-off company that emerged 
from the scientific output of  the  IEM in the field of au-
tologous cartilage replacement therapy. The company’s 
know-how includes methods for the cultivation of auto-
logous cartilage cells and the production of  innovative 
cartilage replacement implants. 

CB Bio, s. r. o. 
CB Bio, s. r. o. performs contract research under GLP require-
ments on small laboratory animals and is well established 
among Czech CRO’s and small pharmaceutical companies. 

MRsuport, s. r. o. 
MRsuport, s. r. o. provides magnetic resonance software 
for specialized image enhancing, suitable, e. g., for visu-
alizing cells labeled with superparamagnetic iron oxide 
nanoparticles in a living organism. 

CellNova, s. r. o. 
CellNova, s. r. o. is a spin-off company that emerged from 
the  IEM’s scientific output in the  field of  mesenchymal 
stem cell therapy. The company’s know-how extends to 
methods for the cultivation of mesenchymal stem cells 
and their therapeutic application. 

The  Science and Technology Parks (STP) Association 
of the CR has accredited IBC to join the CR National Net-
work of STP according to these criteria: sorted out issues 
of  the  owner-founder-operator, incubator of  small and 
medium innovation companies, technology transfer, edu-
cation in innovative entrepreneurship, technical and con-
sulting services of good quality, active part of the innova-
tive infrastructure. 

Work in the clean rooms. 
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International grant projects of the Institute  
of Experimental Medicine – International  
Research Cooperation

Number Funding 
Agency

Type  
of project

Name of project Coordinator Head of the project  
at the IEM ASCR  
and the number  
of participants 

Other participating  
countries

Activity

1 EU NOE DIMI:  
A network of excellence for 
indentification of NEW molecular 
imaging markers for diagnostic 
purposes

Prof. Andreas Jacobs, University 
of Cologne, Germany

Prof. Eva Syková, MD, DSc
(53)

Italy, Belgium, France
Sweden
Germany
Netherlands

Molecular imaging in 
diagnostics: Network 
of Excellence for 
the identification of new 
molecular imaging markers 
for diagnostic purposes

2 EU IP ANGIOTARGETING 
Targeting-Tumour-Vascular/
Matrix Interactions

Prof. Rolf Bjerkvig, University 
of Bergen, Norway

Prof. Eva Syková, MD, DSc
 (14)

Italy, Sweden, Netherlands, 
Germany, United Kingdom
Finland, Luxembourg

Research focusing on 
interaction between tumor, 
vessels and extracellular 
matrix

3 EU STREP RESCUE
From stem cell technology to 
functional restoration after spinal 
cord injury 

Prof. Alain Privat, Institute 
of Neuroscience, Montpellier, 
France

Prof. Eva Syková, MD, DSc
 (9)

Belgium, 
France, Spain, 
Germany,
United Kingdom

Research focusing on 
using stem cell technology 
for functional recovery 
of the spinal cord

4 EU CA ENINET
Network of European 
neurosciense institutes

Prof. Erwin Neher, Max-Planck-
Gesellschaft zur Forderung der 
Wissenschaften, Goettingen, 
Germany

Prof. MUDr. Prof. Eva 
Syková, MD, DSc
(14)

Germany, France,
United Kingdom,
Spain, Norway,  
Sweden, Switzerland

Network of European 
Neuroscience Institutes

5 EU EST CORTEX 
Cooperation in research and 
training for European excellence 
in the neurosciences 

Prof. Ulrich Dirnagl, Charité 
Universitatsmedizin Berlin, 
Germany

Prof. Eva Syková, MD, DSc
(8)

Germany, Finland,
United Kingdom,
Norway, Sweden,
Switzerland

Cooperation in research  
and the education of PhD 
students in neuroscience 
in Europe

6 EU STREP STEMS 
Pre-clinical evaluation of stem 
cell therapy in stroke

Dr. Brigitte Onteniente, Institut 
National de la Sante et de la 
Recherche Medicale, Paris, France

Prof. Eva Syková, MD, DSc
 (9)

Sweden, Denmark,  
France, Germany

Preclinical evaluation 
of stroke therapy with  
the use of stem cells

7 EU IP NANOEAR
Nanotechnology based targeted 
drug delivery using the inner ear 
as a model target organ

Prof. Illmari Pyykkö, University 
of Tampere, Finland

Prof. Josef Syka, MD, DSc
(25) 

Finland, Sweden
Italy, Germany, 
France, Austria, 
Switzerland, Greece, 
United Kingdom

Research of active  
substances application  
into the inner ear with 
the use of nanoparticles

8 EU IP EU SYNAPSE
From molecules to networks: 
understanding synaptic 
physiology and pathology in 
the brain through mouse models

Prof. R. Jahn, MPI Goettingen, 
Germany

Rostislav Tureček, PhD
(20)

Italy, Germany, 
Israel, France, 
Switzerland, 
United Kingdom

Basic research of synaptic 
plasticide mechanisms  
with the use of GMOs

9 EU NoE INTARESE D. Briggs, Imperial College, 
London, U. K. 

Radim Šrám, MD, DSc. 
(33)

United Kingdom, 
Netherlands, 
Italy, Finland,  
France, Greece,  
Germany, Sweden,  
Spain, Belgium,  
Serbia, Slovakia 

Integrated assessment 
of health risk 
of environmental  
stressors in Europe

51
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Number Funding 
Agency

Type of project Name of project Coordinator Head of the project  
at the IEM ASCR  
and the number  
of participants 

Other participating 
countries

Activity

10 EU IP ENVIRISK A. Bartonova, NILU, Kjeller, 
Norway

Radim Šrám, MD, DSc
(8)

Norway, 
Slovakia

Assessing the risks 
of environmental 
stressors: Contribution 
to the development 
of integrating 
methodology

11 EU IP ESTOOLS
Platforms for biomedical 
discovery with human ES cells

Prof. Peter Andrews, University 
of Sheffield, UK

Assoc. Prof. Petr Dvořák, 
PhD, Assoc. Prof. Aleš 
Hampl, DVM, PhD
(20)

United Kingdom, 
Germany, Sweden,
Italy, Finland,  
Israel, Spain

Biomedical research 
focused on stem cells 

12 EU ITN AXREGEN
Axonal regeneration,  
plasticity & stem cells

Prof. Joe Herbert, Cambridge 
University, UK

Prof. Eva Syková, MD, DSc
(11)

UK, Sweden,
Italy, Netherlands, 
Switzerland, Spain, 
France, Germany,
Poland

International network 
of education focused on 
axonal regeneration and 
stem cells 

13 EU ITN EdU-GLIA
Innovative techniques and 
models to study glia-neuron 
interactions

Prof. Andreas Reichenbach, 
Leipzig University, Germany

Prof. Eva Syková, MD, DSc
(10)

Germany,  
United Kingdom,
Israel, France,  
Sweden, Slovenia

Education and research 
focused on neuron-glia 
interaction 

14 EU Collaborative 
project (CP)

BIOSCENT
BIOactive highly porous and 
injectable Scaffolds controlling 
stem cell recruitment, 
proliferation and differentiation 
and enabling angiogenesis 
for Cardiovascular ENgineered 
Tissues

Prof. Paolo Giusti, University 
of Pisa, Italy

Evžen Amler, PhD
(13)

Italy, United Kingdom,
Germany, France, 
Netherlands,  
Denmark, Romania

Development of new 
bioactive polymeric 
scaffolds enabling 
formation of autologic 
cardiovascular 
engineered tissue  
from dissociated  
stem cells 

15 ISCF International 
Stem Cell Forum 

International Stem Cell Initiative Prof. Peter Andrews,  
University of Sheffield/
Univerzita Sheffield

Assoc. Prof. Petr Dvořák, 
PhD (11)

Australia,
Finland, Israel,  
Japan, Canada,
Singapore, Spain,
Sweden, USA,  
United Kingdom

Worldwide international 
activity with the aim to 
compare biological and 
molecular properties 
of human embryonic 
stem cells lines 

16 GA CR, DFG Bilateral project Lateral membrane 
compartments: formation, 
functional relevance and 
genomics

Jan Malínský/
Widmar Tanner

Jan Malínský (2) Germany Study of the formation, 
functional relevance 
and genomics 
of lateral membrane 
compartments 
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Prof. Eva Syková, MD, DSc
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You can, of course, take a  taxi to the  Institute. It is best 
to phone for a  taxi from, for example, AAA taxi service 
(phone: 9614014 or 222 333 222); do NOT hail a taxi on
 the street, as the cost of such a taxi could be unpleasant-
ly high. The Institute’s street address is Vídeňská 1083, in 
the district of Krč in Prague 4. Please note that our Institute 
is a few hundred meters away from a well-known hospi-
tal and transplant center with a very similar name, the In-
stitute of Clinical and Experimental Medicine, known by 
its Czech acronym “IKEM”. Unfortunately, most taxi drivers 
are more familiar with IKEM than with our Institute, so vi-
sitors are often mistakenly transported to IKEM. 

Alternatively, you can travel by public transportation. En-
ter the  metro at the  nearest station, consult the  maps 
located in all metro stations, and then make your way to 
the metro line C (the red line) and take a train in the direc- 
tion “Háje”. Travel on metro line C until the station “Budějo-
vická”. Exit the station “Budějovická” in the same direction 
that the  train was traveling, following signs for “Poliklini-
ka”. After leaving the  statiton, continue walking through 
a small below-ground shopping area in the same direction 
until the last stairs on the right, again following signs for 
“Poliklinika”. At the top of the stairs is a bus stop. Take bus 
193 in the direction “Ústavy Akademie věd” until the final 
stop. The entrance to the Academy of Sciences campus is 
directly opposite the bus stop. Enter the campus, turn to 
the left, and follow the road for approximately 150 meters 
until the first large building on the left, building LA. This is 
the Institute of Experimental Medicine AS CR, v. v. i.

General public transportation information: Prague has 
an excellent public transportation system of buses, trams, 
and three metro lines, identified as A, B and C. Transfers 
between the  three lines are possible at certain metro 
stations, and each metro station displays a detailed map 
of the entire metro system, showing all the stations and 
transfer points. In order to travel on any form of  pub-
lic transportation in Prague, you must purchase a  valid 
ticket before entering the metro or boarding a  tram or 
bus, then have the ticket validated by inserting the ticket 
(with the  arrow face up and pointing frontwards) into 

one of the small yellow validation machines located at all 
metro entrances and also on all trams and buses. 

Ticket Sales /Advance Sales in the  Metro Sales locations 
in the metro have the entire assortment of  tickets avail- 
able, especially passes for fixed calendar periods (monthly,  
quarterly, yearly) and passes with an arbitrary validity peri-
od (30-day, 90-day, 365-day).

The sales location in the building of the Central Dispatch 
at Na Bojišti 5, Prague 2 is open Mon–Fri, 6. 30 a. m.–6. 30 p. m. 

Saturday sales hours are the same in all advance sales lo-
cations: 7: 30 a. m.–12: 00 p. m. (except for the sales loca 
tion at the  Hlavní nádraží/Main Train Station (C), which 
is closed Saturdays). Transferable tickets without the hol-
der’s personal information are only sold at the  Central 
Dispatch at Na Bojišti 5, Prague 2, and at the Roztyly me-
tro station. 

Single-trip tickets are sold at all sales locations. 

Credit and debit cards can be used at the following sales  
locations: Roztyly (C), Hůrka (B), Karlovo náměstí (B), 
Hloubětín (B), Nádraží Holešovice (C), Želivského (A) and 
at the Central Dispatch at Na Bojišti 5, Prague 2. 

Ticket/Pass type Adult Child Student Senior

Limited * 20/30 min. 18 CZK 9 CZK 18 CZK  9 CZK

Basic 75 min. 26 CZK 13 CZK 26 CZK 13 CZK

1 day 24 hrs 100 CZK 50 CZK 100 CZK 50 CZK

3 days** 72 hrs 330 CZK • 330 CZK •

5 days ** 120 hrs 500 CZK • 500 CZK •

If you are caught riding any form of public transportation 
without a  valid ticket, you will have to pay a  large fine 
on the spot. Therefore, please do not attempt to travel 
on any part of the public transportation system without 
a valid ticket. 

Basic ticket can also be purchased by sending an  SMS 
with the text “DPT” to the numter 9020626 (only with SIM 
of one of the Czech operators). 

Travel directions to the Institute 
of Experimental Medicine ASCR
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entry

IEM AS CR, v. v. i. 

IBC

GPS Loc: 50°1’3. 964”N, 14°27’59. 812”E

Transport in Prague

IEM ASCR location  
in Prague 4

The campUs of Research  
Institutes AS CR in Prague 4-Krč
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