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human hepatocytes are also prohibitively expensive for 
high-throughput screening purposes.

Problems are also encountered when human hepatic cell 
lines are used, as these cells are mostly derived from liver 
cancer patients and do not adequately represent the normal 
population diversity (Guguen-Guillouzo and Guillouzo 
2010). Consequently, innovative approaches to predict 
adverse liver responses in humans are urgently needed.

New developments coming from the rapidly advanc-
ing human stem cell research field are in the pipeline 
(McGivern and Ebert 2013). In fact, due to the biologi-
cal flexibility of stem cells, biologists and toxicologists 
strongly believe that once the in vivo mechanisms driv-
ing cell differentiation and dedifferentiation are fully 
understood, stem cells can be modulated à la carte. As a 
consequence, these cells will obtain the appropriate func-
tionalities that are required for evaluating a particular toxi-
cological mode of action (MoA). As such, stem cells could 
represent a valuable “fit for purpose” tool in the unraveling 
of the MoA of a chemical substance at the molecular level.

Integration of stem cells in an in vitro setting to screen 
for toxicity could significantly increase the predictive 
capacity of the testing platform. Indeed, starting from 
embryonic and postnatal stem cells, functional hepato-
cyte-like cells can be generated that possess the required 
machinery to predict hepatotoxicity and provide valuable 
human-based toxicological information (Baxter et al. 2010; 
Snykers et al. 2009; Sullivan et al. 2010).

As an immediate consequence of the enormous advance-
ment of “omics” technology during the last decade, an 
overwhelming amount of biologically relevant informa-
tion can be generated and thanks to the availability of 
appropriate computational tools, the obtained data can be 
relatively easy and quickly interpreted. The first reports on 
accurate prediction of hepatotoxicity in response to specific 

Detection of drug toxicity, often occurring late during 
the drug development process, is of major concern for 
the pharmaceutical industry and jeopardizes the potential 
marketing of new chemical entities (Pammolli et al. 2011; 
Goldkind and Laine 2006). In addition, one of the leading 
causes of post-marketing withdrawal of pharmaceuticals is 
drug-induced liver injury (DILI) (Russmann et al. 2009), 
suggesting that the currently used in vitro and in vivo pre-
clinical models for assessing liver toxicity are not effective 
enough (Pammolli et al. 2011; Godoy et al. 2013; Olson 
et al. 2000). In line with recent regulatory developments 
in Europe for chemicals (EU 2006) and cosmetics (EU 
2009), global consensus is growing to introduce, whenever 
possible, physiologically relevant alternative methods to 
animal testing, also in the pharmaceutical industry (Bou-
vier d’Yvoire et al. 2012). Current in vitro approaches for 
hepatotoxicity screening are mainly based on primary cells 
of different species, including man, or human hepatoma-
derived cell lines.

Primary human hepatocyte cultures represent the gold 
standard, but their use is hampered by their low availabil-
ity and their inability to proliferate in culture (Fraczek et al. 
2013). Due to intensive transplantation programs, hepato-
cytes can be seldom isolated from healthy human livers. 
Instead, they are obtained from patients suffering from 
severe liver injuries or coping with a multidrug regimen 
and therefore often display poor cell quality (Guguen-Guil-
louzo and Guillouzo 2010). Due to their scarcity, primary 
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pharmaceutical compounds using a combination of human 
stem cell-derived hepatocyte-like cells and omics technol-
ogy are now a fact (Rodrigues et al. 2013; Medine et al. 
2013). Toxic responses equivalent to those observed in pri-
mary human hepatocytes have been reported. These find-
ings represent a major breakthrough in the field and pro-
vide an unambiguous proof-of-concept that human stem 
cell-derived hepatocytes have a high potential to improve 
the preclinical prediction of DILI. In the near future, stem 
cell-based in vitro assays might contribute to the develop-
ment of an adverse outcome pathway (AOP) for a specific 
liver disease (Vinken et al. 2013).
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