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Supplementary figures and figure legends
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Figure S1: Experimental scheme for this research. Six iHepLPCs were generated from six

donors, and then iHepLPCs-Hep-3D from different donors were established to investigate the

idiosyncratic hepatotoxicity.
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Figure S2: Karyotype analysis of all six iHepLPCs at passage 30. Donor 1, 2, 3, 6-derived
cells had normal diploid karyotypes. The chromosome Robertsonian translocation was found

in 35% of cells derived from donor 4, and aneuploidy was found in 27% of the cells derived

from donor 5.
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Figure S3: Transcriptomics analysis of HepLPCs and iHepLPCs. (A) A heat map
representation of the whole-genome transcriptome of HepLPCs versus iHepLPCs. (B) KEGG
pathway enrichment analysis of the differentially expressed genes. (C) A heat map showing
the expression of 28 proliferation-related genes in HepLPCs versus iHepLPCs. Each element

represents log2 (P<0.05), as scaled by the corresponding color legends from 2 donors.
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Figure S4: Transcriptomics analysis of iHepLPCs and iHepLPCs-Hep. (A) Euclidean
hierarchical clustering of iHepLPCs versus iHepLPCs-Hep using differentially expressed
genes (>2-fold changes and P < 0.05) and (B) KEGG pathway enrichment analysis of the

corresponding region.



Figure S5: Life/Dead staining images. Green: Live cells; red: Dead cells. The results showed

that the majority of cells were viable on the 9th day. Only a few of dead cells were randomly

present in the spheroids, even in those which diameter is greater than 200um
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Figure S6: Urea production and ammonia elimination in C3A-3D, HepaRG-3D, and
iHepLPCs-Hep-3D, compared to freshly isolated primary hepatocytes. iHepLPCs-Hep-3D
produced a higher level of urea and eliminated ammonia more efficiently than other cell lines
commonly used in a bioartificial liver. Error bars represent s.d.; *P < 0.05, **P < 0.01,

*#4P<0.001, ****P<0.0001; n = 3.
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Figure S7: Volcano plot analysis of the expression of drug metabolizing enzymes and
transport (DMET) genes in HepG2, HepaRG, and iHepLPCs-Hep-3D compared with PHCs.

Genes with log2 fold changes for 36 phase I drug metabolizing enzymes, 46 major phase 11

Log2Fold_Change

drug metabolizing enzymes and 25 phase III transporter are shown by volcano plots.
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Figure S8: Quantitative analysis of fluorescence analysis of adverse outcome pathway in
iHepLPCs-Hep-3D. Loss of bile acid production (cholestasis) evaluated by CDFDA staining,
lipid accumulation (steatosis) by Nile Red staining and apoptosis by TUNEL labeling of
nuclei. (A) Cholestasis in iHepLPCs-Hep-3D exposed to Troglitazone, Chlorpromazine or
Mannitol (negative control) for 48 h (***P < 0.001; n = 3). (B) Apoptosis of differentiated
hepatocytes following 48 h of exposure to Acetaminophen, Diclofenac or Mannitol (*P < 0.05;
n = 3). (F) Steatosis in iHepLPCs-Hep-3D after 48 h of exposure to Amiodarone or Mannitol

(***P < 0.001; n = 3). All error bars indicate = s.d.
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Figure S9: Long-term toxicological outcomes of iHepLPCs-Hep-3D. (A) Dose-dependent
toxicity curves of fialuridine at the indicated time in iHepLPCs-Hep-3D, HepaRG-3D, and
hepG2-3D. (B) TCso values of fialuridine at the indicated time in iHepLPCs-Hep-3D,

HepaRG-3D and hepG2-3D; n.d. not determined.



Acetaminophen

150 150

1004

|

50-

1004

Acetaminophen

B

150

Acetaminophen

1

Acetaminophen

RN

150

1004

50

150

Acetaminophen

Acetaminophen
150

1004

:

50
0.
1000 10000 100000

0
1000 10000 100000 10

0
1000 10000 100000

10 100 To 760 7000 70600 60000 7001000 70600100000 10780 100 10 100 1000 10000 100000
Diclofenac Diclofenac Diclofenac Diclofenac Diclofenac Diclofenac
150 150- 150 150 150 150
100 100 100
50 \ \ 50 \ 50
o 0+
01 T 700 100070000 0.1 To 700 7600760000 1 10 100 100010000 o T o 750 1000 70000 % 110 100 100010000 0.1 1 10 100 100010000
—_ Troglltazone Troglltazone Troglltazone Troglitazone Troglitazone Troglitazone
2| 0 150 150 150 150 150
N—
> | 100 1004 1004 100
=
© 50 i 50 50 50 '——\‘\¥
=
o 1 s 4 \ .
0.1 100 1000 01 100 1000 0.1 1 100001 1 10 100 10000.1 1 10 100 1000 01 1 10 100 1000
Chlorpromazme Chlorpromazme Chlorpromazme Chlorpromazine Chlorpromazine Chlorpromazine
160 150 150 150 150 150
100 5 100 100 100
50 \ 50 50 \ 50,
0 - ol - o
0.1 1 10 100 100010000 0.1 1 10 100 100010000 0.1 1 10 100 1000100000 1 10 100 10001000001 1 10 100 100010000 0.1 1 10 100 100010000
Amiodarone Amiodarone Amiodarone Amiodarone Amiodarone Amiodarone
150 150 150 150 150 150
100 100 100 100 100 100
. ™ A } R
50 50 50 50 rj 50 50
o+ 0+ o 0+ [
001 01 1 10 100 1000001 01 1 10 100 1000 001 01 1 10 100 10000.01 01 1 10 100 1000001 0.1 1 10 100 10000.01 0.1 1 10 100 1000
Concentration (M)
Donor 1 Donor 2 Donor 3 Donor 4 Donor 5 Donor 6
Acetaminophen Diclofenac Chlorpromazine
. 150
25000 600
20000 < S 100
< 400 3
215000 = pl
3 3 S
8 10000 ('_) 200 =
5000
¢ 0 o ©
o) ) "o
LG S g PRSI & &
& & & FF & «F S o° FF «F & &
AT QT Q0T OO QO AT Q7 O QO OO ARV SRV SRV ERY)
Troglitazone Amiodarone
* -
Vv  © ©
d &g




Figure S10: iHepLPCs-Hep-3D from different donors demonstrated significant individual
heterogeneity. (A) Dose-dependent toxicity curves of different compounds obtained from
48-h dose responses in iHepLPCs-Hep-3D derived from different donors. (B) One-way
ANOVA with Tukey correction for multiple comparisons showed that there was significant
difference in the TCso of iHepLPCs-Hep-3D from different donors; *P < 0.05, **P < 0.01,

**%*P<(0.0001; n = 3; error bars indicate + s.d.
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Figure S11: Heterogeneity in the expression of drug metabolism genes in 3D-iHepLPC-Heps
derived from different donors. qPCR analyses showed that there was a significant
heterogeneity in the expression of (A) eight phase I enzymes, (B) two phase Il enzymes, and

(C) four transporters. Error bars indicate + s.d; n=3.
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Figure S12: Dose-dependence curves of four new drugs, Erlotinib, Lapatinib, Cabozantinib,
and Foretinib, in PHCs-3D, HepaRG-3D, and HepG2-3D. Apart from Lapatinib (with
significant toxicity on HepG2-3D) and Foretinib (had a mild toxic reaction on PHCs-3D), no

toxic reaction was found on HepaRG-3D, HepG2-3D, and PHCs-3D.



Gene

Forward sequence 5' -> 3'

Reverse sequence 5' -> 3'

18s CAGCCACCCGAGATTGAGCA TAGTAGCGACGGGCGGTGTG
ALB GAGACCAGAGGTTGATGTGATG [AGTTCCGGGGCATAAAAGTAAG
CYP1A2 CTGGGCACTTCGACCCTTAC TCTCATCGCTACTCTCAGGGA
CYP2A6 [TTCAATCCCCAGCACTTCCT GAAGTTCTGCATGACGGTGG
CYP3AS5 GGTGGTGATTCCAACTTATGCT [GCGTGTCTAATTTCAAGGGGA
CYP2E1 IATGTCTGCCCTCGGAGTCA CGATGATGGGAAGCGGGAAA
CYP3A4 IAAGTCGCCTCGAAGATACACA  |AAGGAGAGAACACTGCTCGTG
CYP2C9 GCCTGAAACCCATAGTGGTG GGGGCTGCTCAAAATCTTGATG
CYP2C19/CYP2C|IGGAAAACGGATTTGTGTGGGA |GGTCCTTTGGGTCAATCAGAGA
CYP2D6 TGGCAAGGTCCTACGCTTC GCCACCACTATGCACAGGTT
CYP2B6 CCGGGGATATGGTGTGATCTT  |CCGAAGTCCCTCATAGTGGTC
PXR [TTGCCCATCGAGGACCAGAT GTCTCCGCGTTGAACACTGT
FXR TGCAGATCAGACCGTGAATGA |TTGGTTGCCATTTCCGTCAAA
CAR GATGCTGGCATGAGGAAAGAC [TTGCTCCTTACTCAGTTGCAC
MDR1 GGGAGCTTAACACCCGACTTA |GCCAAAATCACAAGGGTTAGCTT
BSEP [TTGGCTGATGTTTGTGGGAAG |CCAAAAATGAGTAGCACGCCT
UGT1A1 CTGTCTCTGCCCACTGTATTCT |[TCTGTGAAAAGGCAATGAGCAT
RXRA GGAGGTGAGGGAGGAGTT GCATGAGTTAGTCGCAGACAT
NTCP TGCTCTTCCCCACATTGATG TCCTGGTTCTCATTCCTTGC
GSTA2 TACTCCAATATACGGGGCAGAA [TCCTCAGGTTGACTAAAGGGC
a-AT GATCAACGATTACGTGGAGAAGG|ICCTAAACGCTTCATCATAGGCA
apoB TGCTCCACTCACTTTACCGTC  [TAGCGTCCAGTGTGTACTGAC
CPS1 IAATGAGGTGGGCTTAAAGCAAG |[AGTTCCACTCCACAGTTCAGA
ARG 1 GTGGAAACTTGCATGGACAAC [AATCCTGGCACATCGGGAATC
MRP2 GATTGCAGAGTCGCTTGAGG GGTTGTTGCATTCGGTTCCT

Table S1 : Primer

list.



Doubling-time (h)

Generations  Donor1 Donor2 Donor3 Donor4 Donor5 Donor6
10 27.62+0.3 29.41+1.4 30.43+0.7 28.92+0.1 30.61+1.1 30.13+0.3
20 29.30+0.4 26.19+0.5 29.67+0.5 30.90+0.3 30.25+0.6 29.60+0.4
30 28.26+0.3 29.30+0.4 30.66+0.6 28.32+0.1 29.59+0.5 29.40+0.3
40 32.06£0.5 29.94+0.2 32.03+0.5 29.65+0.4 30.25+0.8 29.02+0.7

Table S2: Doubling time of different generations of iHepLPCs from six different donors.



Cases of Serum Cases of
Main Alanine Severe
Compound Target o ) o Reference
Indications | Aminotransferase | Hepatotoxicity
Elevation (Death)
Foretinib c-MET HCC Yes No (no) [1]
Cabozantinib | VEGFR,c-MET Medullary Yes No (no) [2, 3]
thyroid CA
Tepotinib c-MET HCC Yes No (no) NCT01988493
Crizotinib c-MET NSCLC Yes Yes (yes) [2, 3]
Lapatinib EGFR, ErbB2 Breast CA Yes Yes (yes) [2, 3]
Gefitinib EGFR, ErbB2 NSCLC Yes Yes (no) [2, 3]
Erlotinib EGFR, ErbB2 NSCLC, Yes Yes (no) [2, 3]
pancreatic
CA
Ceritinib EGFR, ErbB2 NSCLC, Yes Yes (no) NCT01685060
Anaplastic NCT01283516
Lymphoma

Hepatic cell carcinoma; NSCLC: Non-small-cell lung cancer; CA: Cancer.

EGFR: Epidermal growth factor receptor; VEGFR: Vascular endothelial growth factor receptor; HCC:

Table S3: Molecular targeted drugs tested in this study.




HepG2 HepaRG PHCs iHepLPCs
In vitro proliferation capacity Unlimited proliferation Unlimited proliferation Low High
Functional activities Low functional activities High functional High functional Slightly lower than

activities but need
2%DMSO and

time consuming

Ammonia detoxification capacity Low (C3A cell line) Slightly lower than
iHepLPCs
Suitable for bioartificial liver or Not suitable Not suitable
not
Drug toxicity screening Inaccurate Accurate but unpredict
able to predict

idiosyncratic drug

induced liver injury

activities but
rapid loss of

function

High

Not suitable

The gold

standard

HepaRG’ functional
activities
but rapid differentiati

on

High

suitable

Accurate and can
predict idiosyncratic
drug

induced liver injury

Table S4: Summary of main conclusions.
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