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RESULTS

ABSTRACT

HepaRG cells (Biopredic, France) represent a novel cell line derived from a human hepatocellular
carcinoma. These cells exhibit two unique features; (a) when seeded at low density they acquire an
elongated undifferentiated morphology, (b) they actively divide and after reaching confluency form typical
‘hepatocyte-like’ colonies that are surrounded by biliary ‘epithelial-like’ cells (1). HepaRG cells express
high levels of various liver-enriched cytochrome P450 enzymes (CYPs) including CYP1A2, CYP2B6,
CYP2C9, CYP2E1, and CYP3A4. HepaRG cells also express high levels of the nuclear receptor
proteins constitutive androstane receptor (CAR, NR1I3) and pregnane X receptor (PXR, NR1I2). (2).
The farnesoid x receptor (FXR, NR1H4) is another liver-enriched member of the nuclear receptor
superfamily of ligand activated transcription factors that is involved in the regulation of bile acid, lipid, and
glucose metabolism. The FXR protein is increasingly thought of as a potential pharmacological target for
treatment of metabolic syndrome. Data will be presented regarding the expression levels of FXR, small
heterodimer partner (SHP), CYP7A1, bile salt export pump (BSEP), apolipoprotein E (APOE),
phosphoenolpyruvate carboxykinase (PEPCK) and Na+-taurocholate cotransporting polypeptide (NTCP)
in both HepaRG cells and primary human hepatocytes following treatment with the highly selective
synthetic FXR agonist, GW4064. These results reveal that the HepaRG cell line represents a novel tool
that is useful in the examination of FXR’s role in bile acid, lipid and glucose metabolism, as well as in
drug metabolism. Taken together, these results show that the HepaRG cells more thoroughly
recapitulate the hepatocyte phenotype when compared with other cell lines such as HepG2.

INTRODUCTION
Xenobiotic metabolism studies are widely performed using primary human hepatocytes or immortalized
hepatocyte cell lines. The low availability and high inter-individual differences in the induction of the
xenobiotic-response exhibited by human hepatocytes are key limiting factors in their use for pre-clinical
candidate drug assessment (Rambhatla, et al, 2002). Most currently available immortalized hepatocyte
cell lines (Fa2N-4 and HepG2) lack a hepatocyte-like cell morphology and exhibit a deficient phenotype
in that they do not express key nuclear receptor proteins, including the constitutive androstane receptor
(CAR, NR1I3) (Hariparsad et al, 2008). Additional attempts have been made to produce immortalized
human hepatocyte cell-lines in the past, though the xenobiotic-response was not well characterized
(Fukaya et al, 2001).
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Table 1. CYP3A4, CYP2B6, CYP7A1, BSEP and SHP Induction in Cryopreserved
platable human hepatocytes. Cryopreserved human hepatocytes were treated with 10 µM
Rifampicin ,100 nM CITCO, or 5 µM GW4065 for 48 hours and monitored for concentration
response for the induction of the target genes. QPCR analysis was performed using primers
and probes specific for the respective genes and for 18S as described in the materials and
methods section. Data are expressed as the fold induction over the vehicle treated samples.

Table 2. CYP3A4, CYP2B6, CYP7A1, BSEP and SHP Induction in the HepaRG cell line.
HepaRG cells were treated with 10 µM Rifampicin,100 nM CITCO, or 5 µM GW4065 for 48 hours
and monitored for concentration response for the induction of the target genes. QPCR analysis was
performed using primers and probes specific for the respective genes and for 18S as described in
the materials and methods section. Data are expressed as the fold induction over the vehicle
treated samples.

Figure 1. Pictures of Hepatocytes, HepaRG and HepG2

In this study we examined the xenobiotic-response of the immortalized human
hepatocyte cell line HepaRG. The HepRG cell line was derived from a hepatocellular carcinoma which
exhibits extensive differentiation after two weeks of confluency (Gripon et al. 2002). Overall, HepG2 cells
lacked any appreciable xenobiotic-response, whereas a similar pattern of induction of CYP enzyme was
observed when HepRG were compared with cryopreserved/platable human hepatocytes. We also
observed a similar response between HepaRG and human hepatocytes when FXR-target genes were
examined, thus demonstrating the possibility of using HepaRG as a tool for the preclinical assessment of
novel drug candidates and as a useful tool in examining potential pharmacological targets for metabolic
syndrome and studies of the FXR-response.

METHODS

Cell Culture: HepaRG were obtained form Biopredic cells were cultured in in Basal Medium for
Recovery (Biopredic, France) using T-75 flasks (Becton Dickinson, Palo Alto, CA) until differentiation and
plating in 12 well plates at a density of 1.75 x 106. Following plating in the 12-well plates the media was
changed to Basal Medium for Differentiation (Biopredic, France) and changed every 2-3 days for a two
week waiting period until 72 hours prior to drug treatment upon which it was changed to Preinduction
HepaRG Medium (Biopredic, France). Drug treatment (48 hr) was performed in Induction HepaRG
Medium (Biopredic, France) . Cryopreserved platable human hepatocytes were obtained from CellzDirect
(Durham, NC) and thawed as per the provided protocol and switched to Incubation Medium (CellzDirect,
Durham, NC) 6 hours after plating. Twenty-four hours after plating drug treatment was performed in
Incubation Medium for 48 hr. Drug stock solutions were 1000X of the final dose and were reconstituted in
dimethyl sulfoxide (DMSO). For the experiments, DMSO was used as the vehicle control.
RNA Isolation and Q-PCR Analysis. RNA was isolated from cells using TRIzol (Invitrogen, Carlsbad,
CA) as per provided instructions. RNA was electrophoresed on a formaldehyde gel to verify its integrity.
Three micrograms of RNA were reverse transcribed following DNase treatment (Sigma, St. Louis, MO)
using random primers following the manufacturers instructions of the Reverse Transcription System
(Promega, Madison, WI). Equal amounts of cDNA were used in real-time quantitative PCR reactions
using the Cepheid Smart Cycler™ (Sunnyvale, CA). Reactions included 200 nM fluorogenic probe or
SYBR green and 150 nM primers specific for the respective genes. The fluorogenic probe and primer
sets were designed using the Primer3 program. BioSearch Technologies (Novato, CA) synthesized the
fluorogenic probes. The Cycling conditions were 95ºC for 2 minutes followed by 45 cycles of 95ºC for 15
seconds, 60ºC for 30 seconds, 72ºC for 30 seconds using the Cepheid SmartCycler™ system. The Foldinduction was calculated using 18S as a normalization control using the following equation: Fold
induction = 2-ΔΔCt*, where ΔΔCt* = (Ct target-Ct18S) drug - (Ct target- Ct18S) vehicle.

SUMMARY AND CONCLUSIONS

•The xenobiotic-response in HepRG is similar to that observed in crypreserved platable human
hepatocytes.
•The cryopreserved platable human hepatocytes exhibited substantial inter-individual donor variability.
•HepaRG offers a unique tool for the preclinical assessment of novel drug candidates and for
examination of the role of FXR and its target genes in metabolic syndrome.

Figure 1. Fold Induction and repression of FXR target genes in cryopreserved human
hepatocytes, HepaRG and HepG2. Cells were treated with 5 µM GW4065 for 48 hours and
monitored for concentration response for the induction or repression of the target genes. QPCR
analysis was performed using primers and probes specific for the respective genes and for 18S
as described in the materials and methods section. Data are expressed as the fold induction
over the vehicle treated samples.
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Figure 2. Relative expression of FXR target genes in cryopreserved human
hepatocytes, HepaRG and HepG2. QPCR analysis was performed on vehicle treated
samples using primers and probes specific for the respective genes and for 18S as described
in the materials and methods section. Data are expressed as the fold induction over the
vehicle treated human hepatocytes.
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Table 3. CYP3A4, CYP2B6, CYP7A1, BSEP and SHP Induction in the HepG2 cell line.
HepaRG cells were treated with 10 µM Rifampicin,100 nM CITCO, or 5 µM GW4065 for 48 hours
and monitored for concentration response for the induction of the target genes. QPCR analysis
was performed using primers and probes specific for the respective genes and for 18S as
described in the materials and methods section. Data are expressed as the fold induction over the
vehicle treated samples.

Figure 3. Relative expression of selected cytochrome P450s in cryopreserved human
hepatocytes, HepaRG and HepG2. QPCR analysis was performed on vehicle treated samples using
primers and probes specific for the respective genes and for 18S as described in the materials and
methods section. Data are expressed as the fold induction over the vehicle treated human
hepatocytes.
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Figure 4. Fold Induction of CYP3A4 and CYP2B6 in cryopreserved human hepatocytes.
Cells were treated with 10 µM rifampicin for CYP3A4 induction or 100 nm CITCO for CYP2B6
induction for 48 hours and monitored for concentration response for the induction of the target
genes. QPCR analysis was performed using primers and probes specific for the respective
genes and for 18S as described in the materials and methods section. Data are expressed as
the fold induction over the vehicle treated samples.

Figure 5. Fold Induction of CYP3A4 in HepaRG and HepG2. Cells were treated with 10 µM
rifampicin for 48 hours and monitored for concentration response for the induction of the target
genes. QPCR analysis was performed using primers and probes specific for the respective
genes and for 18S as described in the materials and methods section. Data are expressed as
the fold induction over the vehicle treated samples.

Figure 6. Fold Induction of CYP2B6 in HepaRG and HepG2. Cells were treated with 100 nM
CITCO for 48 hours and monitored for concentration response for the induction of the target
genes. QPCR analysis was performed using primers and probes specific for the respective
genes and for 18S as described in the materials and methods section. Data are expressed as
the fold induction over the vehicle treated samples.

