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Abstract: The drug hepatotoxicity assessment method in vitro was established by 3D organoid model of
HepaRG cell line in combination with high content imaging analysis. HepaRG cells were differentiated into
hepatocyte-like morphology and bile canaliculus-like structures by treatment with hydrocortisone and dimethyl
sulfoxide (DMSO), inducing the expressions of drug-metabolizing enzymes, transporters, nuclear receptors and
hepatocyte-specific protein aloumin (ALB) genes, finally forming the stable organoids with closely resembling
liver function in vitro. Through the high content imaging analysis and the specific, multi-targets fluorescent dye,
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the number of live/dead cells, mitochondrial membrane potential (MMP), intracellular reactive oxygen species
(ROS) were analyzed for the drug hepatotoxicity evaluation. The results showed that the organoids evaluation
model of HepaRG cells in vitro could be used to assess accurately the difference between hepatotoxicity positive
control drugs of amiodarone (AMD), cyclosporin (CSP) and the negative control drug of aspirin (ASP): AMD
and CSP concentration-dependently decreased the number of total and live organoid cells. The number of dead
organoid cells was increased sharply when the concentration of AMD was more than 50 pmol-L™, while no
significant changes was observed for ASP.  AMD and CSP concentration-dependently caused the MMP declined
and the ROS increased, with AMD showing a greater degree than CSP and ASP presenting no markedly effect.
In conclusion, the organoid evaluation method of HepaRG cells in combination with high content imaging
analysis can be used for the drug hepatotoxicity assessment in vitro. It displays the advantages of multi-target,

high throughput, intuitive results as well as quantitatively.
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Table 1 Primer sequences used for g°PCR

Gene Forward Primer Reverse Primer
CYP3A4 5'-CTTCATCCAATGGACTGCATAAAT-3' 5-TCCCAAGTATAACACTCTACACAGACAA-3'
CYP1A2 5'-TGGAGACCTTCCGACACTCCT-3' 5'-CGTTGTGTCCCTTGTTGTGC-3'
CYP2B6 5-TTCCTACTGCTTCCGTCTATCAAA-3' 5'-GTGCAGAATCCCACAGCTCA-3'
CYP2E1 5-TTGAAGCCTCTCGTTGACCC-3' 5'-CGTGGTGGGATACAGCCAA-3'
CYP2C9 5-TCTCTTTCCTCTGGGGCATT-3' 5'-CCGTAATGGAGGTCGAATGT-3'
ALB 5'-AGACAAATTATGCACAGTTG-3' 5'-TTCCCTTCATCCCGAAGTTC-3'
GSTA1/2 5-TGCAACAATAAGTGCTTTACCTAAGTG-3' 5-TTAACTAAGTGGGTGAATAGGAGTTGTATT-3'
UGT1A1 5'-TGACGCCTCGTTGTACATCAG-3' 5'-CCTCCCTTTGGAATGGCAC-3'
MDR1 5'-GCCAAAGCCAAAATATCAGC-3' 5-TTCCAATGTGTTCGGCATTA-3'
OCT1 5'-TAATGGACCACATCGCTCAA-3' 5'-AGCCCCTGATAGAGCACAGA-3'
MRP2 5-TGAGCAAGTTTGAAACGCACAT-3' 5'-AGCTCTTCTCCTGCCGTCTCT-3'
CAR 5'-TGATCAGCTGCAAGAGGAGA-3' 5'-AGGCCTAGCAACTTCGCATA-3'
PXR 5'-CCAGGACATACACCCTTTG-3' 5'-CTACCTGTGATGCCGAACAA-3'
Catalase 5'-ACCAGGGCATCAAAAACCTTT-3' 5'-CCGGATGCCATAGTCAGGAT-3'
Aldolase B 5'-GCATCTGTCAGCAGAATGGA-3' 5'-TAGACAGCAGCCAGGACCTT-3'
Actin 5'-GACTACCTCATGAAGATCCT-3' 5'-TTGCTGATCCACATCTGCTG-3'
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1000 /
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Figure 1 Liver organoid production and culture.

Cmax  0.78 umol-L ™,
0.995 pmol-L*
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GravityPLUS™ |
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[14]

A: HepaRG

cells were produced in a 96-well hanging-drop culture platform

(Gravity PLUS™).

B, C: After organoid formation, they were

transferred into a 96-well culture and assay platform (Gravity

TRAP™),

Further maintenance and compound treatments were
performed in Gravity TRA

P™ plates

37 5% CO, 24 h
24 h ,
30 min, CellTiter-Glo™ 100 pL,

5 min, 20 60 min
, ATP
24 h :
Hoechst 33342 Calcein AM
EthD-1 (ROS)  Mito
, PBS 3, ,
100 pL, 37 5% CO,
30 min , PBS 1
, PBS 100 pL,
ROS (MMP)
[13] Hoechst 33342 Calcein
AM EthD-1 Mito Dye ROS Dye ;
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Table 2 The high-content screening assay based on HepaRG

cells
Fluorescent Wavelength Mark Detection
dye channel position index
Hoechst 33342 360 nm/460 nm  Nuclear Cell count
Calcein AM 490 nm/515 nm  Cytoplasm Live cell
EthD-1 528 nm/617 nm DNA Dead cell
Mito Dye 579 nm/599 nm  Mitochondria  Mitochondrial
potential
ROS Dye 485 nm/520 nm  ROS Oxidative stress
Xts , SPSS
23.0 ,
, P<0.05
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Figure 2 Phase-contrast micrographs of control and DMSO-
treated differentiated HepaRG cells. HepaRG cells were cultured
for 5 days without DMSO (A), 10 days without DMSO (B), or 15
days without DMSO (C), then exposed to 2% DMSO for 15 days
(D,E, F)
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Figure 3 Comparative expression of drug metabolic enzymes, transporters, nuclear receptors and I|ver-speC|f|c protein mRNA in

control and DMSO-treated differentiated HepaRG cells. n=3,
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Figure 4 Bright field microscopy of HepaRG cell organoid

Figure 5 Luminescence curves of HepaRG cell organoid
treated with drugs. The cell viability of HepaRG treated with
drugs for the indicated concentration point respectively. AMD:
Amiodarone; ASP: Aspirin; CSP: Cyclosporin
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Figure 6 Effects of drugs on HepaRG cell organoid. The cell count was observed by Hoechst 33342, Calcein AM and EthD-1 staining
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Figure 7 Effects of drugs on HepaRG cell organoid.
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