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Abstract; Prediction and prevention of chemicals-induced hepatotoxicity is one of the most important aspects to
protect human health. To enhance the prediction of human hepatotoxicity from chemical hazards, various in vitro
approaches have been developed. One of the major challenges was to enhance the human physiological relevance
of hepatic in vitro systems. Three-dimensional (3D) hepatocyte culture models allow better preservation of hepato-
cyte metabolic functions for a relatively long period culture than that of 2D models and recapitulate multi-cellular
interactions, which represent a major advancement in mimicking liver physiological functions by in vitro models.

3D hepatocyte culture models have been rapidly developed and introduced into environmental field for predicting
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hepatotoxicity of environmental chemicals. This paper reviews the methods for generating 3D hepatocyte in vitro

culture models, as well as the application of these models in hepatotoxicity prediction of environmental chemicals,

such as nanomaterials, persistent organic pollutants, emerging organic pollutants, etc. Finally, future research oppor-

tunities have also been discussed on how to use 3D in vitro culture models for more accurately predicting hepato-

toxicity of environmental chemicals under the guidance of adverse outcome pathways (AOPs).

Keywords: hepatotoxicity prediction; environmental chemicals; 3D hepatocyte in vitro culture; adverse outcome

pathway
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1% (adverse outcome pathway, AOP)HE ZEFR 4 Hb & 4%
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HEWPESE

1 3D {kIMEFEEIHFI % 77 7% (Methods of 3D in
vitro culture models)

WHE 2 1%, 3D LR SR B SR AR A AT L) 43
R A EEFRE HABOE R A Y RN A A E O
F 3D AEYATER (R 1),
1.1 Je 2Tk

JH 20 e J2 55 TRkt Tz I T Ak 2E ) o axk
BRI SRR P, BRI IR R TR
2 SR AN BT 2 ) 3 R I A (A 1 (), 38 E
FI) %) 240 L &7 35 S A R 1) e D 2 1 5% Matrigel (—
RSN IR G, b & B EE 2 R A
TR ) 5 4 A58 S5 1 ) 52 il o 48 L %) HE 1)
fig, Je =577 TP i IR 2 5 L 0 T A s T 15 FR Al
H WL TR IR 20 ) AN (] 5 5 M JEC 2 356 I )
JE DA KRS i 2 1 )0 DA T 52 e J B2 R 2 B S
MZ A HED 35 2R iS4 F B F
B a5 B STARZS ] rf | SORE B PR A T 4R FE A0 i 1Y
T 7, IR Res T4 i ok, S ma B (4 4 W A HE A T
KU R e 2 R R R T A0 A
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FH TIPS A28 5% P RESE S 0 52 00 LA R Ak 27 T
5 IR R A 5 A I B (IR D! Chat-
terjee SR FH e 2 45 3R 1k o A A T ST IR
200 B AR VR A0 B 1 A 4 o R D R DA A
RS 5 PSS RIS T A5 21 () 1k 2 9 S5 R - A
B, T A B R JHE 40 RS 78 v 35 A5 A AR - Ut
TG EC S H 38 I R 25 P IR IR B Rk A A G T
i, 55— DA 5T R R Z 3% 3% 7 206 344 A 259 19 iF
FEPEHEATINR , IF5230 T 50% ~ 60% Fiby 228 B 4 T3
HERRY SR, e BB R FE R R R AR
WGP AEE B IR IR B AR TR A B4, A
PE e R RE IR R 95 45 8 T L st | DA 3% Jn i
AN AR HE = A i 5 1 RS 2R G R MR
1.2 HASEIERA

BRI AR A 2 IS S o5 200 ff 2R 4 0 A0 B ERCR AR 1)
AR IR 2R H PP R B R v RO E 2 2 1L
B RS ERIE AR AL | PROA 45 7 S i g 12 1
FHTAk 2 W o 55 M 74l L B2 AL i i 52 v (181 1
(b)), HepG2( AT 40 ) Bk R 1A F HepaRG(K 411k
(R NS0 200 ) BRODR AR 2 2 R 7E i S BR R AL R 25
DA BU IF A0 B BRAR AR . HepG2 BRIRAK AT e T3
FLAY 2D 155597 T 10 HepG2 BLAT B34 (0 s S i A7
AR ), HAE A JRE  FIEY T T 1
AT A A Rk w2 e RETH
HepaRG 41 (4 S 14 DL K i 2 38R 1% 0 5 R
AR AR AR, &k DA Ry 2 SRR 5 4 A 1 A
A PV {HEAE 2D BAEREFE T , HepaRG 747
AR B S 2 T A Rk 5 RRA
TRANMEAR L 23 T R HepaRG BRARIM AT £ 35K
ik 4 B AR R A ANEAR R ) — RS S

. (b) HEASERI AL o
(a) KZEFRIL Spheroids (e) —HEEYATED
Sandwich culture 3D Bioprinting
ISP ELR Extracellular matrix x | /
B Mk =l = L . I'I |_
@0 cany lus@° caraficilus @0 ) “—%
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Fig. 1 Methods of 3D in vitro culture models
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Table 1 Methods of 3D in vitro culture models
3D HEFF Tk JHF 440 ff s A iRt R4 D) L PRI £ 275 ik
3D generation methods Hepatocytes Culture times High-throughput Scaffold Comments References
— A A R AR SRR AT
. Collagen ¢ DAMFSE 25 ¥ B 7t 43 1 | 25 49 Ak
PRCHFAIEE Matigel LA AL RIS
o atrige 21 J5 I H 53
FJZHFR (UNVN NN 2 JH N . o
] ) I Yo E-9idiind A polarized hepatocytes in vitro [12]
Sandwich culture Primary hepatocytes 2 weeks
Collagen/ model that allows studying drug
(human/rat/mouse) . . . .
Matrigel bile secretion, drug disposal, and
hepatobiliary toxicity of chemicals
i IR0 B 5 i B 28U IE
JELAT 20 L N R B LT -
- HCERTE B4, FLAT T UL4E 1
/N ). HepG2. Hep- e N .
. ) Uik A, T AL % W BT 28
aRG , 1 4 . AT 40 i e -
. N PEINR LA S AT IS B BT 5E
- SRSz AR SR o
A ERIE AR Y . >2 Ji] To B By self-organization, hepatocytes
. Primary hepatocytes (hu- Ve Yo Yo ) ) [13]
3D spheroids >2 weeks Scaffold-free ~ form spheroids with observable
man/rat/mouse ), HepG2,
liver function phenotypes, which
HepaRG, stem cells, co-
] can be used for assessing hepato-
culture with non-paren-
toxicity of chemicals and stud-
chymal cells (NPCs) o .
ying liver diseases
REMSHE A W 8% 5% A% 1, A
RGAL T 0 AR, U B
FTE R, H T MO E S A
JEACHT 4 O B A, AR R A, fb 2
/I BL). HepG2, Hep- JF R 0 3 AP
aRG ., T 4t it | JiT 24 Jifu ‘ The culture conditions can be ac-
- o A BREREEY , ,
Gt/ AR AR S o 24 e >2 i Svntheti curately monitored; in a flow- [14]
- nthetic
Bioreactors Primary hepatocytes (hu- >2 weeks yl through state, the system can
olymers
man/rat/mouse ), HepG2, PO simulate the liver detoxification
HepaRG, stem cells, co- process, and be used for in vitro
culture with NPCs liver supporters; it requires large
numbers of cells and the through-
put for predicting hepatotoxicity
of chemicals is low
JELACHT 20 ML A R R
/N L), HepG2. Hep- B ) 2 AR 2% BR QI
aRG, T 40 Ml | 1T 40 fg LREZ T SUTUE N IBS AP
ASE[EriE B SR N RO, T L2 ) B (A N B
EN(UETAEA 7N EOE LY U] AR
WELH N >2 Ji T .
EISHE - The flowing apparatus can re- [15]
Organ on chip >2 weeks Scaffold-free

Primary hepatocytes (hu-
man/rat/mouse ), HepG2,
HepaRG, stem cells, co-
culture with NPCs or
kidney/gut cells

move metabolites, and multi-cells
co-culture from different tissues
mimic the situation of chemicals

exposure i vivo
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3D generation methods Hepatocytes Culture times High-throughput Scaffold Comments References
JEACHT A (N B
AL HEN B2 52 R BRI 2 b
/N ). HepG2. Hep- ., R o -
BHRENE BORS e B, & I A
aRG T 41 T 40 i By s
3D AYITER ESE [N iBE S >2 A amEam B )
Based on a predetermined proce- [16]

3D Bioprinting Primary hepatocytes (hu- >2 weeks
man/rat/mouse ), HepG2,
HepaRG, stem cells, co-

culture with NPCs

Synthetic polymers . . X
dure, biological materials can be

precisely placed to generate com-

plex biological structures

i

TE - il AR T 2D AL IR oo ve v IS EROBAR LA 15 2D ARG 3R —RE A G, JC 2 B IR E G AW N S A S T

i, 3D YT EN S A R T A R

Note: As for high-throughput, 2D cell culture has ¥ ¥r ¥r; the high-throughput capability of 3D spheroids is the same with 2D cell culture, with sandwich

culture middle-throughput; bioreactors and organ on chip have low-throughput capability; 3D bioprinting has a limited high-throughput capability.

JEAHT 40 B AR BL B8 K S22 BF5E 22 B HepG2 Al
HepaRG BOR KA & A [F] (14 i 37 5%, HepG2 BRAR
PRAE U P2 5 | 1 A M T A 4 B v 1
TR, T HepaRG BRI E 43 T 7K PR B4 57 25
PEJ5 A B A RE

JHFEE S B 20 L A Rt = A s R b R 4
YEH, BRI E P20 B R AL IR A MY | Kupffer 4040 52
R PN B 0 e e (] 5% 35 1) 22 A M Bk A AU 2 i 1 o]
=Y B REE R RE 7, Herb ) A0 M 5 AR
P05 5 AR L, T 2E AR X 5 2% 1 S L
IR Kupfter 40/ = o 85 55 2 40 W) A] 8 4>
AT = B IEAG A2 ) 5T 5 | & 2 Ak L A g
F18 Prestigiacomo %" Fl| ] GravityPLUS™ Hang-
ing Drop RGYHE | —1~H HepaRG AR A L)
KM EVEAMMIR A B 3209 3D Il 2R HjE 52
AR A] IAE RSN S SO LT 44k ) 2 5 48
FRIAKSF- 8 G B A 0 =, G P A 4 4 e 2R Ak I
7 Kupffer 4L 3E | A2 0k 4 B30 DL K 2 i Ak
BT, R RSB i i k2 ) o
BEPE TR0 T TR A 4 B0 1 R G ¢ {HU2: B AT iF
FEAEAT Bk = 48— B IR v e i o A I 25 2R
I BRI 1 JFEAE KRR Ak 2% 4 Jo JFF 5 2 iy T 7Y
I
1.3 AW as

A=) N i R 55 55 2% 1 T 42 B R A A S 24
RSP T RAFM A KA EE , W Tk BT ¢
PEWFIE . AR SO i i — I T B R Y
KA R RS T — s RS 2 & (K
1(c)), 122 R MU 30 7 2% A3 0 3 %k e 2 g

AR5 IR ) TR b, H AR T AR B I
UTA NI A8 A5 OB RL A i) S iR kb 1 7 F T
P FIE DI BE T RERA P S S s i A= 1 I 7
AT LA THS Y 1Y 253 RE ) [ PR AT 5 A AR )
LRI DIEE . B PR A ) SN A — AR
800 mL (% 3D it 2 % h 23 2 4R A W) S 4™
B3 SR B AN R, 20T sl ik
A BHE T R R AR TR IR, > BN g
o JET PR S5 J5 ARSI Joi 40 J i 3ok 6 4 i A i o o A
H A RN LIRS, Z )5, 13 B AR/ N3
2 mL APRER 5 FH B 40 B et & 1.2x10° 4>,
Tl R 25 W sk, AR N A R
P450 AR MR IR 23 d, BTS2 40 A A S 20
JRLA AE B 5 0 o BE B 58 B, B OIRFL s R A
MRP2 (multidrug resistance-associated protein 2),P-gp
(P-glycoprotein)Fll BCRP (breast cancer resistance pro-
tein) S S RLL 12 25 1 20 A R IR AL 5 AR 2H 41
HR AR AR AL . WA, BIF5E % 3 HepaRG 41 g
AEAR A0 LA A= 40 S s s 1 7 vh 2R B AR ALY
AR PASO PR T B 1R 7 20 W I TR s RS Tl
TEPERY AR OB #5834 7T DL U)W AR A B A o
AR LR 7 i A S AT AR T ek 3T 2T AR AR I
M ZH RIRERY 20 B R A mT LA 3ok W€ 4 i Py
PG Y i A5 3 S ety o BRI, AR W R
e AL IE B Zh e AR B Ty T AR A 5, (2
S Bt FH a8 v El T R 2 RO AN S T
i A FE I
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YY1 7 HUN 7 R0 AR ke B i 4 LAk ) R 240
JfL A A A2 DT 7E 355 57 ol v e 900 o o A 5
A 22 DI REDY IO B B A A I 25 AR
2= B R P E AR AL T — AN B T AR LS
TR IR EE R, HFESES B O 3% W 9k v ol b
FHEH 40, Organovo 23 & Az 7= T —Ff i JELAR 20
JRO A 0t /)N B 20 i 2 B8 1) I ik 4 20088 - Ex-
Vive™ P! Rennert 25 X3 T8 f0 i 722 £ AR 41
T A 2 LB (BAEU Ik L TR B 43 P 9 3D i
A AN 2 RIRE S T FR A R A R 2H 2 2
ZH R LA 2 D R e I ERR 2B 5 HepaRG 4 if 3t
)35 352 () G 22, 356588 1 JFF4 B i AR 1, I e i g
JHERRTfE R, 25 5o i id mT DAGE i % 82 18
B 240 L RT T E 20 Y BT 22 48 B e, i — 20 1
IS B R 2 22 P 1(d)), X R R ]
Wt 2= B AR & AR DL S e 48 B /KSE B aEAh fe
W R BRSOV . Choe Z5™VIF & T —Fl il i
- B 4 d(Caco-2) Fl -4 it (HepG2)2 /> 5 J22 2H 1
FIBCR AR B T S0 e, 2 o 4 i %) 40 it € 3K il P450
FRUTEPETEZ IS SR R G W 9, H Caco-2 4
FA) W2 O AR PR 3t s i e 2% AE PR 25 ) A QT RR AR
J7 T LU B — A0 3% R B RS R . Bz,
A8 B P24 T — AT TR RS Y
RO TR G T HE Ak 2= W 5| &
PERYEREEDLE S A3 g i A (H 2 K43 1 T
JE# B0 IR i A B i — 2D I Bk, HLS
1) R AR BELAS T R
1.5 3D AEWFTED

3D AEWATENAI ] g AR B AR AT LA SE BT 240 g
VLR 0 R4 5 o A o 4 2 | o vl vy P T T £k
2 R DL R B R LA AT X I ARl
A AR A YA B R A AT ER ER K 7E A 1Y
92 =Rl Y5 o AR S P2y 1 E Dl vk s ) ke TR v NI}
FTERH BAT A S M ST AR AR B H 2 A2 (D 1(e))
3D AEWATER I T L SR 4 3 N7 T - (D) A2,
R 2H 29 B 2% B A0 400 B 0 40 B A0 B 43 i AT R AR iR
il | 52 BREEHE) ) ] Bt ZE PR DD e A 52 B ) 4
%&, BRI F IR VE A A= Al 2352 1 A DR bk, 3 ik
BRYSE T RGN SHCRIKS) 3D A Y ATERLH LU Y
WRRGAAS s Q)M 2L BB, BRI 05 A 2 Fn 24

SERMEIEE G B F TR A A A AT, PR 2 28 i
R REVER WA 2P HAT 3D AW TE B
3 FRATER 5 = WO B A T ENPY i 5 S A=
FTENROVRIES g A Wy AT EREY S X B4 R 3D
VAT A TR S TEAR A M EE E — A DR R 4140
SRR E A o i 2 M T AN O A, 7Rk
W) 5 T2 A B 8 45 950000 5 1T, Tde 45V R JH 3D Re-
genova® =T ENHLA: BT H JEAC T 40 g A AT
EEARA L 2H B I A 2L i A BB AR R
mm, REASRFLESE 57 25 d, ELARSEK I %) 4 B 3 g DA
P 5512 HOCHE A 35 5 2D Hig# BRI
R A A4 o 53 M DA 25 SR AH L, i 5 7R 3
TR = % iR iR 1 (adenosine 5 -triphosphate, ATP)
MEEETER T H Al 2 288 B 15 2
IR PE L= T, A T i R e . 4R ,3D
WA ERATS SR A7 AE — SE o i Ok iy b 7, 40 240 i
YRR R Z R R A A v 25 AT ED AL,
FTERJS AT REZs B T4 35 PR 1 2R 58 S B QLB R
RAEBUE T e e a8 B —CH 3D A9
FYERJ7 35 0 78 N W 19 & & vl i ) — g 4
(AD)AEWAT BB R B 2 1 5 DO 445 1 72 3D 4=
YIATED AR WU AR 1 7R 4T BRI Bl 1) 8] 1Y) 4 7% 4k 22
Bl il A S

2 3D RSMEFBRBEIMEN FY RS T &
B S A ( Application of 3D in vitro culture models
on hepatotoxicity prediction of environmental
chemicals)

IRIGAL 2 2 VPA e 2% B8 I 1] 322243y
FEIYI AR FR (12 h 8] 24 h) 7™ A= 09 )1 40 i 2 4 (4] 4n
50% AN AL (1Cy)) , SR KU ik )51
T R A B 1 () n 2 A A SRR B )™ B i
3D HTA A4S NI AR A 7 P05 A 2 ) o T B T
HIRAG VTR EAG O T8 A4 L T i, % 2 &
GI'T 3D RHNE SRS BITE IR B AL Wy T 5 | T a1
AR T i 1 I 22 ], AR AR A R AR LTS
PP 2K IF-%t- —EHL(TCDD) . 3,3” 4,4 ,5-11
SFUBAR(PCB126)55) FHT BUAT LTS Yo 1) 55 (2 A TR
(PFOA)F),

2.1 YKAHE

3D JHFAH AR AP 35 F7 B RS R A S04 ] 49 Kb L
2 i 05 20, T ST 9 KA R 1A S T 40 2 RE AR
FENEOLT BRSO S (7 5, B H ATTE 9K
AR REPE AL b B A2 1) 2 BRI AL BRI SR
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A FEVERON 52 Z2 A PR R (DT 2 A0 RO SR T R A
YR FEI | A2 G0 B A 24 i rE M Uy oA 3 T
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AR A {5 PRI DAl %) 38 3k ke o AR 3 o
W, Li SEMREE T — AN H T O AR 90K AR R
HIFOAAE 3D 40 e A8 A | 2t AR 3 i 3 S
T TG R R B e g 1k
AR 7RI BT T R I AR HER) 2D L
M 2 5 5 SO SR A 5 1, 7T e A0 R R B/ R
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S R IR R 15 U A , e 45 | ™ i
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3D FFE M B SRR Sy S B AT LTS e ) 4 ey
I (perflurooctanoic acid, PFOA)F1 X} A (bisphenol
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(AMLI2)ERIE AL, PFOA 41 i #E MY 1C,, fH L
2D BEFRAMEF WEE B oK St B [
FER#aH,41.4 mg-L™' F1 82.8 mg-L™' PFOA %%
AMLI12 BRI 28 d 23 53 B M 1k 17 8, FL IR it
SR R DL TR0 R caspase3 /7 i M T 3
A s 7S IR E N S — 2 R (hexafluoropropylene ox-
ide dimer acid, HFPO-DA) 14> %-3,5,7,9- VU 46 J4 5%
I (perfluoro-3,5,7,9-tetraoxadecanoic acid, PFO4DA)
X 2 AN AT L 23 | Ak 20 M S Ak N 3R D B A
i1, {H L PFOA [T/ N

3D FAHMEAARSPGE SR RIAE BPA JF 25 M HL I i
FOTHE RN T8 BPA 28R T EEEL
HilAIAI . HepG2 BRIRIRZ: BPA 7 14 d J5 %%
SRR 7R BPA 520 55 8 SR 2 REAH G Y A=
Yk B A4 i B A ) 1 A T A o 2 A0 L[]
Mg o R, HaxX — 45 ) 5 R B4 BPA 2882 90 d
Je W S 20 AR ARG A — P #hFE T 2D HepG2
AR ARAG I AR BE BPA 2 557 5% i B Joe A 38 19 AS
RO A AEEET N A Hep3 B MY #2505
Fr R BPA BYIESEFE CYP2EL 4 il (5 3 i 77 7%
AT OL T Bk S5 T AE £ B U | It S LA
T TR T TR e 7% WA T8 1Y 0 T B R el 553, [ I
1% ZR G0 ] 3] 1 il A o A BRSOy 87 3 1Y) 96 FLAR 1Y
172 000, RAT 2 T BRI PEAG 127 o A =5 1
T BT
2.4 HABIISALAY

3D JH4H M AL AT BT 0F 5% p A 245 2 55 5 R 1Y
JHREACE ZEBLIBEEILE . TEAESERY 2D 4H i #5E AY
T, AR AR RE ) 23 s | X 23 5 e AR 24 )1
JEEFEPE R BRI, DL R LR A AIF 5T, Jellali 5552 )
KB AR A AR A 0 4% B0 i 2 2 A2y vk
BY4Y5 A W 5% T i I 3 (dichlorodiphenyltrichloroeth-
ane, DDT) 5 24 lif (permethrin, PMT) FI'EfTIR &

o L ) IR0 5 T S LR I 2 0 3 285 SR AL [ 36
i,53.1 mg-L"' DDT.58.7 mg-L~' PMT Hl DDT/
PMT JR& i i T4 5 PPARa 15 5165 g H AL
TR 2I T 2 o 5 R S 356 R ot e i P R L O I LA
KA AR, R i & BR A 28 o R T inE
ZR BRI T

bR T IHFEEEZ A0, 3D A ARt v] DU T 9F
TEREE A I JE D 1, B HE 2D R R R 1A
AP R A, Sharin P LT BaP 78 XS -8 40
i 2D 3552 H 3D BB 52 AR R cypla FKik &
PR 51 & i) DNA 35495 1 37 5 7F 3D B4 % F , EROD
THPETEREE 8 h JE RI AT /Il 2] H 75 5 5% 24 h iA 2
KA, Lk 2D BEARL G FAG I F |, [F] iS5 DNA $5 455 1
LA S 1 3 PR e B LML AE 3D 4 B AR TS A A U
), X Ud B T 40 LDH BRRARGE H T 1EAG
ZLCYPLA PG B4k 9 o %) 3% 4 B¢ 7% . Mandon
SECUFIH HepaRG 4HfFSEE T — 4 HFIEAG k224
Jo A PR B R B A AR Y 2R 3 T 11 AN A
FEPEAL 24 % HepaRG BRARAA Y3 24 h 148 h
J&i DNA #5314, 7 H 2 LS 25 R R 8 />3
DR 75 1 e 2 0 kG 0 1) EL A 51407 DNA 1
JX45 3D HepaRG BRI (A 7E 100 £h 24 40 5 2t 4% 25 1k
Dyt — AR A W AR (H R R T — 4
PRSI 6 K T 48 2 B R Ko b 2 0 o 0 i A 70
MR

3 3D FIMEFEBIERFE AOPs 355 THIM A
B = ( Prospect of 3D in vitro culture models under
the guide of hepatotoxicity AOPs)

3D (ARSNGB A AL T AL A ) BTG
T2 M B PR A TR 1, 10 O o BT R B AL )
[ | A 2 R RE AT T 45 SR (1) A AR 8RR s
UL AEAb) SR AL T 52 2 A PR S0 20 RS Y JFF 2 1
AOPs 7 Gt ML fii i 1 75 1 K J ik 2, AR i Wi sk 7
AOP-wiki $4fa e vh i S B 51 1A 45 Ry, i
£ AOPs ] LA Gy 5 Fh B, JHFIE i 9 | T &1 4
16 MR IR 20 45340, X 48 AOPs ¥
KB AEE BA T XM I B 3D RS % 5+
BRI A G B , 78 5 3D R SMG SRR 21 40
JiL ZHAURIES B K F- X BRBE AL~ ) B AT O
A, B e AR O oA R 1 H AR

AR BEPE L AN TR R T g 7 3D R Hh B
FARAYERE . TETIN PR EE AL 22 Bkt AR TR 1Y
SO | e T N TR A0 i 28 1) B R A Y e 8 o /)
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FHZh IR 20 15 IR AR AR AT ) A=A ) T i P R
DA BEMEAILA 15 B TR Dby 2 285 B A e IXUBS P A i 4t
THEIISKE . S35 —Tr i, F A BT
BRI RTFEFAELL AT S5 AT PRI ST, T2 ™
Az A R A R A2 B HLAR I R Z (A AR
DIBIARE A, IR A A X R B A PR, 22
A0 R LIRS N AT S = W TR S A 13
S, BEAh 3D MM IR AT DADEAG BREE AL~ ) ot
PR BRI 2 5 5 RS 9 JTP AR 4 LA B A P A 2R 1Y
Sy THLE], IF45 G BT R REPE AOPs T PR 45 1k
FHIBOS AR

3D PRAI-20 15 57 AR IR 5 FCA A S 18T
EECE A e s 2 AN 2 IR R 5
HA B I —DHR w1 IR A Y SO R T
I EAERTE™ . SEUPIEREE R S R 2 KB 2 Fl
HMIZ  R— PR B e nid B, DL, FAT
B BN TC A HER AL PR B AL~ W s R AT
OIS o AT REPE AL AL i — 5 2 Al
Z T REE I 17 vk A PO AR R R MY
S TT I I R S TN U5 1 2 A 4R L 2H
(P 2) , A5 1) S W 18 2 R 5 A 2 ) o 51 ) I g 11

AOPs, 9\ 1] J2 5 & I P-4k /7 5 (integrated approa-
ches to testing and assessment, IATA), 355 fb 24 i
SR RS T Ia S0 & A 2 P A i) S 22 47
FhrYZ—, B TR =Y T B, R
JARSME 24 53 M (in- chemico) 5% 11 B AL s (in
silico)%t 53 S F A4 P BEA T VARG AT LA v 3000 Y
MBI . BA 5 L5+ 3 sh F A0 01 IR e 3
B A O S T8 g IR MR AN, 3
BE N T ARSI AL 2 1) A 4 M B FUK 2 7
REfS 5 I RETELE Wb S M A8 Ak 3 AN S R b S
S FEEMLE T N 4%, Ak 3D SN2 i 15 7=
R R R X — 20 g IR P A T B 4 iy ) 3k o
o WIRIREE A1y T7E 55 — 9 R RE A I o A
BRI LR, W5 B T4 = AR T ) R A
i — DR B A o ) e

25 F TR 3D MRS 5 SRR T G A 4D
T SRR PIRE IR R T AR R SR BRB
R AWV AR A E AT 3D A ATED 5 i B
(1) 3D 4 AR A il 85 5 s, Hh BROE B RLTE #E 47 K
i PRI 25 ) SO R S T I S RT LA
AR AR RO LA 3D AT Ep ] LA
PN 2 AR N IR . 81 AOPs &l 45

1 ELE R AOP

SRS MIEs 21 Cells 141 Tissue/42 T Organ A& Individual At Population
“ pv
| — In chemico / in silico —
L EE e mARME. P el
> = & Merit: Low-cost/ efficient odeling data
‘l" . . WS ‘\&' *
= PRSMIIA In vitro ﬁ@w (R
& I !
e = = = 2l 2#/Omics e
iz % 3D models I
= e AR KA Y Extrapolation S
wl EL — PRaEY; b
- BF e Endpoints: Phenotype; i e
2D 8 A& s biomarkers; pathways Prediction
PEFA: o3 s R LA Y
Merit: High through-put hepatotoxicity prediction and mechanism assessment
e VAT IS
f; ﬁ Epidemiology

B2 HELEBERESTHHSERSNIRITMEGE
1 : AOP TR A1 55 45 R A% s TATA F7s 28 G MDAl i s MIEs R 43 7R g3k,
Fig. 2 Integrated testing assessment approaches for hepatotoxicity guided by the adverse outcome pathway

Note: AOP stands for adverse outcome pathway; IATA stands for integrated approaches to testing and assessment;

MIEs stands for molecular initiating events.
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