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Establishment of a hepatocyte-like in vitro system is a 
topical issue because of a need for a reproducible and 
accessible tool for early drug discovery and toxicological 
screenings. Also, such a system could prospectively serve 
as a source of hepatocytes feasible for clinical 
transplantations. In contrast to primary hepatocytes, which 
rapidly lose their functionality, embryonic stem (ES) cell-
derived hepatocyte-like cells could represent a convenient 
material for both clinical trials and drug- and toxicology 
testing. Attempts to differentiate hepatocytes from ES cells 
are mostly based on application of defined-composed 
media containing growth factors and cytokines. However, 
the main associated problem is still an efficient 
differentiation and, in particular, selection of differentiated 
cells reliably imitating hepatic features. In this study we 
aimed to establish a system for generation of hepatocyte 
precursors capable of development to hepatocyte-like cells. 
 
We used stable transgenic clones of murine ES cells 
possessing a bicistronic expression vector which contains 
the eGFP reporter gene and a puromycin resistance 
cassette under control of a common α-fetoprotein (AFP) 
gene promoter. Thus, in our experimental model, 
differentiating endoderm-derived hepatic progenitor- or 
hepatocyte-like cells with the activated AFP promoter 
coordinately developed eGFP fluorescence and puromycin 
resistance, allowing for their “live” monitoring and antibiotic 
selection. For high-yield generation of target cells, spinner 
flask cultivation mode was used. 

Cell cultures were mainly investigated by real time qRT-
PCR analysis, fluorescent immunostaining, and some 
functional assays.  

We established an up-scaled embryoid body (EB) culture, 
in which eGFP-expressing cells developing in the outer rim 
of EBs could be preliminary selected by exposure to 
puromycin and then separated as aggregates by 
collagenase treatment. In the course of further cultivation 
and selection in spinner flasks using specifically optimized 
rotation parameters, they formed growing spheroids that 
comprised actively proliferating cells. RNA analysis of the 
spheroid culture revealed expression of hepatic precursor 
and hepatocyte marker genes, comparable to that in fetal 
liver. Once plated onto collagen I substrate, the spheroids 
outgrew as colonies expressing hepatic proteins albumin 
and α-1-antitrypsin, the main hepatic cytokeratin CK-18, 
cell membrane protein of periportal hepatocytes E-
cadherin, and, at a lower level, liver specific organic anion 
transporter Lst-1. Glycogen-storing and indocyanine green 
up-taking cells were detected as well. 

The data obtained suggest differentiation of hepatocyte 
precursor cells and likely also of a fraction of more 
advanced differentiated cells in the established spheroid 
culture. This confirms a feasibility to produce and to select 
cells, which are able to develop to hepatocytes, using high-
yield dynamic suspension cultures facilitating early hepatic 
differentiation. 
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