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Drug-induced liver injury (DILI) is difficult to predict using classical in vitro assays and animal studies. To improve early prediction of DILI in humans, we developed a medium-throughput screening assay using isolated mouse liver mitochondria
designed to detect loss of mitochondrial function and integrity. We next hypothesized that the human hepatic cell line HepaRG could be used for identification of drug-induced mitochondrial dysfunction involved in DILI in comparison to the
classically used hepato-carcinoma cell line HepG2 cultured in glucose or galactose. We determined that the HepaRG cells mitochondrial activity profile is closed to human primary hepatocytes while those of HepG2Gal and HepG2Gluc cells are
much different, which gave us confidence that the HepaRG cells would exhibit functional advantages in detecting risk of mitochondrial toxicity from known toxicants. So we then investigated mitochondrial toxicity of Acetaminophen, Valproic acid
and Zidovudine in HepaRG and HepG2 cells by measuring mitochondrial respiration, transmembrane potential and mtDNA content after a treatment of 2 to 12 days, as well as biotransformation of those compounds. Metabolic and mitochondrial
functionality differed between the cell models, and importantly drug sensitivity differed as well, with the results derived from the HepaRG cells closer to the expected results for these well-studied agents. Our findings led us to conclude that the
HepaRG cells may represent a valuable predictive model of human hepatoxicity due to mitochondrial damage.

1. HepaRG mitochondrial profile compared to HepG2

B- HepaRG: highly functional mitochondria

C- HepaRG: low glycolytic activity in glucose

Oxygen consumption

The mitochondrial profile was evaluated in the human hepatic cell lines: HepaRG and HepG2 (cultured in
glucose and galactose) in comparison to primary human hepatocytes or mouse liver.

A- Respiratory chain profile

Hepatic mitochondria present the particularity
to have the respiratory chain complex II more
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HepaRG mitochondria are highly functional as shown by the elevated

Lactate production is dependent on glycolysis activity and presence of

HepaRG cells present a better mitochondrial

Respiratory Control Index (RCI: state 3/state 4) after stimulation by ADP and

glucose in the medium. Then, lactate production is high in HepG2 cells

hepatic profile than HepG2 cells.

succinate and Clarck electrode monitoring. O2 consumption slope is also

cultured in glucose and reduced in HepG2 cultured in galactose and in

sharp with MitoXpress probe (blue curve).

HepaRG differentiated cells in glucose.
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2. Acetaminophen mitochondrial toxicity
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3. Valproic acid mitochondrial toxicity

APAP, VPA and AZT treatments:
2-days (at D0) or 12 days (at D0, 3, 5, 7 and 10)

2-days treatment

Read-outs:

EC20 (µM)

Resp inhibition

Potential loss

Viability loss

HepaRG

64.21

205.12

>200

Respiration (MitoXpress), DYm (JC-1)

HepG2 Glc

>200

>200

>200

Viability (MTT), mtDNA (qPCR)

HepG2 Gal

>200

>200

>200

12-days treatment

Cut-off to determine mitochondrial toxicity:
EC20 <200 µM as in predictive blind screening

EC20 (µM)

Resp inhibition

Viability loss

mtDNA depletion

HepaRG

106.17

130.92

161.44

of treatment (EC20 = 64 µM) while no effect was observed on HepG2 cells at these
concentrations. As shown on the dose response curves of respiration at 12-days
(below) APAP effect remained low (<50% at 200 µM) but detectable (EC20 = 106
µM) on HepaRG. Long-term exposure to APAP induced a significant mtDNA
depletion on HepaRG cells (EC20 = 161 µM).

2-days treatment

EC20 (µM)

Resp inhibition

Potential loss

Viability loss

EC20 (µM)

Resp inhibition

Potential loss

Viability loss

HepaRG

81.28

127.94

>200

HepaRG

71.78

>200

>200

HepG2 Glc

>200

>200

>200

HepG2 Glc

>200

>200

117.76

HepG2 Gal

>200

143.88

81.85

HepG2 Gal

>200

>200

60.53

12-days treatment

assays (Porceddu et al., Tox Sci 2012).

HepaRG cells presented sensitivity to APAP with inhibition of respiration after 2-days

Inhibition of respiration on HepaRG
after 12-days treatment with APAP

2-days treatment

12-days treatment

EC20 (µM)

Resp inhibition

Viability loss

mtDNA depletion

EC20 (µM)

Resp inhibition

Viability loss

mtDNA depletion

HepaRG

45.39

117.49

>200

HepaRG

126.77

119.95

36.56

Regarding respiration and DYm, the HepaRG cells were more sensitive than HepG2

After 2-days treatment with Zidovudine a slight inhibition of respiration was

to VPA, which on the long-term did not induce mtDNA depletion. Regarding the

measured on HepaRG cells, while HepG2 cells presented cell viability loss for

viability parameter, the HepaG2Gal cells were more sensitive to VPA with EC20 = 82

elevated concentrations (<50% at 200 µM). After long term treatment of HepaRG

µM without inhibition of respiration, suggesting that mitochondria was not directly

differentiated cells AZT induced mtDNA depletion and subsequent inhibition of

targeted by VPA in this model.

respiration which remained below 50%.

Capacity of HepaRG cells to

HepaRG cells produce 20 times

metabolize APAP is much more

more VPA glucuronide than the

important than HepG2 cells.

4. Zidovudine mitochondrial toxicity

Inhibition of respiration on HepaRG
after 12-days treatment with VPA

HepG2 cells.

AZT glucuronidation is not
Inhibition of respiration on HepaRG
after 12-days treatment with AZT

significantly different beween
the cell lines.

HepaRG differentiated cells is a cellular model closer to primary hepatocytes than HepG2 cells even cultured in galactose, regarding their respiratory chain profile and ability to metabolize substrates. In this study, we compared the effects of
acetaminophen, valproic acid and zidovudine on HepaRG and HepG2 cells after 2-days treatment and validated HepaRG cells as more sensitive regarding specific parameters of mitochondrial dysfunction (respiration, potential). Indeed low
concentrations of the 3 drugs revealed slight changes in mitochondrial functionality on HepaRG without diminution of cell viability indicating upstream mitochondrial events. This multiparametric assay on HepaRG differentiated cells allows
the detection of metabolites and/or long-term drug–induced mitochondrial toxicity. Indeed mtDNA depletion induced by drug and particularly anti-retroviral drugs like AZT (or ddC…) can be easily detected after a 12-days chronic drugexposure of HepaRG differentiated cells, that is not technically relevant on highly proliferating tumor cell lines like HepG2.

