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Research topics

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. 
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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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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. 




