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In the past HepG2 cells have been con-
sidered to show only little similarity to pri-
mary human hepatocytes (Godoy et al., 
2013; Hewitt et al., 2007). However, recently 
it has become clear that the phenotype of 
HepG2 cells strongly depends on culture 
conditions. In a recent study, Ramaiahgari et 
al. (2014) cultivated HepG2 cells in sphe-
roids. In this culture system the cells stopped 
proliferation and strongly upregulated phase 
I and phase II drug metabolizing enzymes 
and transporters (Ramaiahgari et al., 2014). 
Moreover, albumin and urea metabolizing 
enzymes were upregulated. This study shows 
that the potential of HepG2 cells may have 
been underestimated in the past. A critical 
aspect seems to be that they have to be kept 
in three dimensional culture systems. 

Much effort has been invested in the es-
tablishment of hepatocyte culture systems 
that help to identify hepatotoxic compounds 
(Ilkavets, 2013; Abdelhamid et al., 2013; 
Vinken et al., 2013; Hasmall et al., 2001; 
Waterfield et al., 1998; Mennes et al., 1994; 
Krijt et al., 1993; Godoy et al., 2009; Adler 
et al., 2014; Maruf and O’Brien, 2014). In 
recent years HepG2 cells have become more 
and more popular for this purpose (Mostafa-
vi-Pour et al., 2013; Shan et al., 2013; 
Krithika et al. 2013; Doricakova et al., 2013; 
Straser et al. 2011; Dias da Silva et al., 2013; 
Horinouchi et al., 2014; Wang et al., 2014). 
One reason for their frequent application 
may be that they are freely available in con-
trast to some other cell lines obtained from 

human liver tumors that are only commer-
cially available. Another successful applica-
tion of HepG2 cells is expression of human 
genes (Lahoz et al., 2013). The group of 
Castell and Gomez-Lechon have specialized 
in this field (Tolosa et al., 2012; Donato et 
al., 2010; 2008). Recently, five P450 en-
zymes have been expressed simultaneously 
in HepG2 cells resulting in a powerful test 
system for compounds that require metabolic 
activation (Tolosa et al., 2013). It is clear 
that primary human hepatocytes currently 
still represent the gold standard for hepato-
toxicity testing (Hengstler et al., 2000; 2009; 
Hewitt et al., 2007). Future studies will have 
to show to which degree HepG2 based cul-
ture system can be used to predict hepatotox-
ic compounds in vitro.  

 
REFERENCES 

Abdelhamid G, Amara IE, Anwar-Mohamed A, El-
Kadi AO. Modulation of cytochrome P450 1 (Cyp1) 
by vanadium in hepatic tissue and isolated hepatocyte 
of C57BL/6 mice. Arch Toxicol. 2013;87:1531-43. 

Adler M, Leich E, Ellinger-Ziegelbauer H, Hewitt P, 
Dekant W, Rosenwald A, et al. Application of RNA 
interference to improve mechanistic understanding of 
omics responses to a hepatotoxic drug in primary rat 
hepatocytes. Toxicology. 2014;326C:86-95. 

Dias da Silva D, Carmo H, Lynch A, Silva E. An in-
sight into the hepatocellular death induced by am-
phetamines, individually and in combination: the in-
volvement of necrosis and apoptosis. Arch Toxicol. 
2013;87:2165-85. 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Eldorado - Ressourcen aus und für Lehre, Studium und Forschung

https://core.ac.uk/display/46916194?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


EXCLI Journal 2014;13:1286-1288 – ISSN 1611-2156 
Received: December 13, 2014, accepted: December 14, 2014, published: December 15, 2014 

 

 

1287 

Donato MT, Lahoz A, Castell JV, Gómez-Lechón MJ. 
Cell lines: a tool for in vitro drug metabolism studies. 
Curr Drug Metab. 2008;9:1-11. 

Donato MT, Hallifax D, Picazo L, Castell JV, Hou-
ston JB, Gomez-Lechón MJ, et al. Metabolite for-
mation kinetics and intrinsic clearance of phenacetin, 
tolbutamide, alprazolam, and midazolam in adenovi-
ral cytochrome P450-transfected HepG2 cells and 
comparison with hepatocytes and in vivo. Drug Metab 
Dispos. 2010;38:1449-55. 

Doricakova A, Novotna A, Vrzal R, Pavek P, Dvorak 
Z. The role of residues T248, Y249 and T422 in the 
function of human pregnane X receptor. Arch Toxi-
col. 2013;87:291-301. 

Godoy P, Hengstler JG, Ilkavets I, Meyer C, Bach-
mann A, Müller A, et al. Extracellular matrix modu-
lates sensitivity of hepatocytes to fibroblastoid dedif-
ferentiation and transforming growth factor beta-
induced apoptosis. Hepatology. 2009;49:2031-43. 

Godoy P, Hewitt NJ, Albrecht U, Andersen ME, An-
sari N, Bhattacharya S, et al. Recent advances in 2D 
and 3D in vitro systems using primary hepatocytes, 
alternative hepatocyte sources and non-parenchymal 
liver cells and their use in investigating mechanisms 
of hepatotoxicity, cell signaling and ADME. Arch 
Toxicol. 2013;87:1315-530.  

Hasmall S, James N, Hedley K, Olsen K, Roberts R. 
Mouse hepatocyte response to peroxisome prolifera-
tors: dependency on hepatic nonparenchymal cells 
and peroxisome proliferator activated receptor alpha 
(PPARalpha). Arch Toxicol. 2001;75:357-61. 

Hengstler JG1, Utesch D, Steinberg P, Platt KL, 
Diener B, Ringel M, et al. Cryopreserved primary 
hepatocytes as a constantly available in vitro model 
for the evaluation of human and animal drug metabo-
lism and enzyme induction. Drug Metab Rev. 
2000;32:81-118. 

Hengstler JG, Godoy P, Bolt HM. The dilemma of 
cultivated hepatocytes. Arch Toxicol. 2009;83:101-3. 

Hewitt NJ, Lechón MJ, Houston JB, Hallifax D, 
Brown HS, Maurel P, et al. Primary hepatocytes: cur-
rent understanding of the regulation of metabolic en-
zymes and transporter proteins, and pharmaceutical 
practice for the use of hepatocytes in metabolism, 
enzyme induction, transporter, clearance, and hepato-
toxicity studies. Drug Metab Rev. 2007;39:159-234.  

Horinouchi Y, Summers FA, Ehrenshaft M, Mason 
RP. Free radical generation from an aniline derivative 
in HepG2 cells: A possible captodative effect. Free 
Radic Biol Med. 2014;78C:111-7. 

Ilkavets I. A special issue about hepatotoxicity and 
hepatocyte in vitro systems. Arch Toxicol. 2013; 
87:1313-4. 

Krijt J, van Holsteijn I, Hassing I, Vokurka M, Blaau-
boer BJ. Effect of diphenyl ether herbicides and 
oxadiazon on porphyrin biosynthesis in mouse liver, 
rat primary hepatocyte culture and HepG2 cells. Arch 
Toxicol. 1993;67:255-61. 

Krithika R, Verma RJ, Shrivastav PS. Antioxidative 
and cytoprotective effects of andrographolide against 
CCl4-induced hepatotoxicity in HepG2 cells. Hum 
Exp Toxicol. 2013;32:530-43.  

Lahoz A, Vilà MR, Fabre M, Miquel JM, Rivas M, 
Maines J, et al. An in vitro tool to assess cytochrome 
P450 drug biotransformation-dependent cytotoxicity 
in engineered HepG2 cells generated by using adeno-
viral vectors. Toxicol In Vitro. 2013;27:1410-5.  

Maruf AA, O'Brien P. Flutamide-induced cytotoxicity 
and oxidative stress in an in vitro rat hepatocyte sys-
tem. Oxid Med Cell Longev. 2014;2014:398285. 

Mennes WC, Wortelboer HM, Hassing GA, van 
Sandwijk K, Timmerman A, Schmid BP, et al. Effects 
of clofibric and beclobric acid in rat and monkey 
hepatocyte primary culture: influence on peroxisomal 
and mitochondrial beta-oxidation and the activity of 
catalase, glutathione S-transferase and glutathione 
peroxidase. Arch Toxicol. 1994;68:506-11. 

Mostafavi-Pour Z, Khademi F, Zal F, Sardarian AR, 
Amini F. In vitro analysis of CsA-induced hepatotox-
icity in HepG2 cell line: oxidative stress and α2 and 
β1 integrin subunits expression. Hepat Mon. 2013; 
13(8):e11447. 

Ramaiahgari SC1, den Braver MW, Herpers B, Terp-
stra V, Commandeur JN, van de Water B, et al. A 3D 
in vitro model of differentiated HepG2 cell spheroids 
with improved liver-like properties for repeated dose 
high-throughput toxicity studies. Arch Toxicol. 2014; 
88:1083-95. 

Shan G, Ye M, Zhu B, Zhu L. Enhanced cytotoxicity 
of pentachlorophenol by perfluorooctane sulfonate or 
perfluorooctanoic acid in HepG2 cells. Chemosphere. 
2013;93:2101-7. 

Straser A, Filipič M, Zegura B. Genotoxic effects of 
the cyanobacterial hepatotoxin cylindrospermopsin in 
the HepG2 cell line. Arch Toxicol. 2011;85:1617-26. 

Tolosa L, Donato MT, Pérez-Cataldo G, Castell JV, 
Gómez-Lechón MJ. Upgrading cytochrome P450 
activity in HepG2 cells co-transfected with adenoviral 
vectors for drug hepatotoxicity assessment. Toxicol In 
Vitro. 2012;26:1272-7.  



EXCLI Journal 2014;13:1286-1288 – ISSN 1611-2156 
Received: December 13, 2014, accepted: December 14, 2014, published: December 15, 2014 

 

 

1288 

Tolosa L, Gómez-Lechón MJ, Pérez-Cataldo G, Cas-
tell JV, Donato MT. HepG2 cells simultaneously ex-
pressing five P450 enzymes for the screening of hepa-
totoxicity: identification of bioactivable drugs and the 
potential mechanism of toxicity involved. Arch Toxi-
col. 2013;87:1115-27.  

Vinken M, Maes M, Cavill R, Valkenborg D, Ellis 
JK, Decrock E, et al. Proteomic and metabolomic 
responses to connexin43 silencing in primary hepato-
cyte cultures. Arch Toxicol. 2013;87:883-94. 

Wang Y, Wu J, Lin B, Li X, Zhang H, Ding H, et al. 
Galangin suppresses HepG2 cell proliferation by acti-
vating the TGF-β receptor/Smad pathway. Toxicolo-
gy. 2014;326C:9-17. 

Waterfield CJ, Westmoreland C, Asker DS, Murdock 
JC, George E, Timbrell JA. Ethionine toxicity in 
vitro: the correlation of data from rat hepatocyte sus-
pensions and monolayers with in vivo observations. 
Arch Toxicol. 1998;72:588-96. 


