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Liver Organoid and Its Application in the Study of Liver Diseases Caused
by Human Hepatotropic Virus Infection
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Abstract  Organoids are three-dimensional cell clusters that mimic the structure and function of the organs
in vivo. Due to its composition, structure and function are very close to the organs in the body, it is often seen as a
new “model organism” and is used to study the mechanism of disease pathogenesis, drug evaluation and other stud-
ies. Liver organoids that formed by stem cells or hepatocytes under the synergy of the specific extracellular matrix
and a variety of signaling molecules have similar functions to the human liver as the center of metabolic regulation
and detoxification. Liver organoids are commonly used to study drug-induced liver injury, acute/chronic hepatitis,
fatty liver disease and liver cancer etc. However, it can also be used to study viral liver disease and the liver injury
caused by other hepatotropic virus infections. Given the limitations of two-dimensional cell infection models and

animal models, organoids are considered to be an ideal model for mimicking host cell-virus interactions and host
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cell immune responses. Therefore, this article reviews the progress of liver organoids employed in the study of liver

diseases caused by hepatotropic virus infection, focusing on hepatitis B virus, hepatitis C virus, hepatitis E virus and

severe acute respiratory syndrome coronavirus 2. In order to provide references for the prevention and treatment

of hepatotropic virus infection, this review analyzed common characteristics of hepatotropic virus, the relationship

between hepatocyte polarity and viral susceptibility, as well as the challenges in the establishment of liver organoid

model induced by hepatotropic virus infection.
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25 'E & H Z B T4 i (pluripotent stem cells, PSCs)Ek
JRARHE B AR SN 73 AT A T U = 4E BD) 4544, HH &
B T A B A, T LR O S AR I 4 R T
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SN ESE K AN D Re () 44 o T 2 e i 4E R AN R
SRS BTAN L, 30 7 S5 A0 S A & SR 4
Z A EAER , BRELE PR SE B4 i o, ib A
JF 5% N 52 41 i (hepatic sinusoidal endothelial cells,
LSECs). HFAAR41HE (hepatic stellate cells, HSCs)
Kupfferdf il (Kupffer cells, KCs)F1[a] 78 Jii 4 ffo 55 %
FRAESE 40 ™. A fRg st T — 2 AR B 5
o, I N A AE & R AR L (S T R AR
NA BRI &R E DIRE . fE2DIG R,
JHF 248 368 75 S = T 6 PR R S e A DR R R i AR )
TR, WA G R PASOMAERE . 41 [A) Ry e (1%
Fe& ) R Z AN F SR 0 1) 40 i 5 4 i A
JE 5 [A) PR AE LA, o v 35 BLHF A 4 A 1 S o vk DA
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P AN HE DI 5 2 $ 0 I 3 B A5 A o I A R Bl
EH TR KR, fE3DINE T @R E
BCATTRE . R B I SRR E RS AE 3D 2 41
FZHZR, — M EHPSCSERASCs /M LT K. K28 B AE
AT KSR e 4ERF LS50 5 DhRe, RIS 2 A& 4R
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MR T ASCsEUS ARG AT AR T, WIFE S
Bk B AN M T 40 H, PRI GH B A R
FERF B EK R TR se Bl g U, Rk, AFAEE
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25 ASCsEY T R PE 40 i /FF 40 i, 7E4H M R 7 B
ER T BAE NERTELD.
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T4 &, K/ R IEA MR A B R E R Z
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Fig.1 Establishment and sources of liver organoids
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c-MycHl KIf4)FE N /N RS EF4Ean v, (X R 58 4
A AN I 4R A2 N iPSCs. iPSCsTEEAS . 3
Rk R 715507 1 #05 ESCsAHAL, Rt 2
W iPSCs I 4 A A AT o] B A4 20 i B0 20 21 88 B 28
A, 20134 TAKEBEZ: U1 YR AE R 4 S5 81 1 3D L
E AN IPSCs KR ¥ Ty e 4 I 2 (iPSC-derived liver
buds, iPSC-LBs)JTE RS #E, M A T8 He¥s iPSCsiE 7]
BRI AIRE, SR )5 5% N IR =405 N i
Jik N 52 41 B2 (human umbilical vein endothelial cells,
HUVECs) & 78 5 T4 il (mesenchymal stem cells,
MSCs) 5575, f H I8 B 2 J5 7 1l 21 o 72 S B /)
R, R HE J 48 hN iPSC-LBsH ) I8 ] 57 2 1
EADEI RIEDRE , M B ARSNE T BT 2 5 1k
PYRFZERRABL, P4 350 1 3 B8 E 1078 AT )% iPSC-LBs
] AT R B 201 74E1Z BB XL T — M
B R BRI 6, % B Rt & U 7= A i
N RIFZEDSL, 201947, WANGEEU R H TG IS «
TV FRERT I T ESCsHTA M AR 28 &
(ESC-derived expandable hepatic organoids, EHOs),
2R BRI OO BERHIE , BEZM M N D REVE 4
LB E H , [R]ERE I AT PE AR AT 12048, DL A2 T
b B8 R R FIABEASE FH 48 i %) 75 3K 5 T H K 5 EHOs Y
AR N FRG/D BRI 405 I J , B P e
77, HEEAEAR N 210 R B I JF 4 Al

20214F, GUOSE M (3 5 44 fE o R Ik 4t 4
Y1 i ) iPSCs 2 CRISPR/Cas93: [K i i, 3E 1MiKs 4>
AT A 4 PSS 25 B R0 4 O A 41 Y. (hepatocyte-
like cells, HLCs)fFE A fiff 7t s BE 27 (1) 28 i A
K TR M A 7S . OUCHIZS MR FH g B
A1 SRR PSCs(ESCsMTIPSCs), JFR T —Fa] &
il FLRERTAE 2 Ph A i 28 7 (P41 . HSCsFIKCs)H)
JHNESR 28 B MR T, KA B A 4 i 5 1A N
TR AR, T A B e iR AL 3 R 5, %K
ARSI TR W I A 0 S SRR A LA I A
PEL RIEFLF AR %07V 0 70T 28 5E K
PYEA IR T T B
1.2 BETFRAEF)AEBIFERE

SR (1) 200 PR L 3K FRL B, 468 JH 512 o 4 L (JH 4
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i, ELFE A Z R REIMIMSCs. FEIT2E 2% B A4
IRy N — R 2 R . i

RAFF AT H AT 32 ZEAE b 40 AN JE A5 40 i 25
ARE . (1) FansEa e RIOVA HLE T
JHF SE 5T 4 B SRR, O e A T 400 B A A ) 8 S A
JHDIRERI G, RIM B E AW PR 24
VAR IR 0132 4 5 R 2T SE B 4 i D e 20 AN
JG LB 43 B 1 JH S B 40 B AT TR R A8
RIRETT, I BIE ) S8 28 B AE AR AP AT K R KRB 7
JH WSS R ATy e B o 3 I S0 JH 4 s R Rl A 2
oA g I S BURE AR A, T S SRR AN B R A
TR AT I 40 Th e i 2848 F e (2) HHAE 4R 2K
A B T MR 7 25 7 JIE A 400 i 5 A &7 2o 75
R R 7R T 405 5 A AR A R4, mT
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ENIE R4 — 2 F R E P IE, #Em s
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A #5312 15 K1 (cystic fibrosis transport regulator,
CFTR) MKl 2K (4 -1(aquaporin-1, AQP1)Zh5 &
Y, FEAFAERI R AT B,

HXF T PSCs, ASCsH] EL#E M ZUREL, A 75
FEHE g P RE R AT AR AT A N R A H . 20074,
BARKERZ 2% Pl Wit £ [ 2 — Lgr5(leucine-
rich repeat-containing G-protein coupled receptor 5,
WAHEHR N Gpr49)n] HIoKk %558 /N M 46 g T4 i, IF:
HAN A Lgr5i& ASCsH 3 VEFRIc) . 20134, HUCH
S PTR I LgrS-LacZAEAR RN FIEh ARk, H
Lgr5-LacZBAVEAH MR 2475 B H IL7E IR PR, %
15493 7N B A A BN Lgr 5™ 40 ML AT 55 5% 0] TR iR
A, PR LR E R E S 4B CRRIK AR (fuma-
roacetoacetate hydrolase, FAH)ZRAZ f¥] /N i) Fp ] 7= 4R
DIRePE 4R, iX 3R BH Lgr5 Rk A ] F T-Frid
JIFE - A R, 3 T P SR 2 AR S AT N AR A T
BRI TR, 20214 SAMPAZIOTISS: P14y 25k
AN [7) DX 4 P IE 448 g €, 455 T P4 IE 35 (intrahepatic bile
duct, IHD). JH 5% (common bile duct, CBD)A1|H %
(gall bladder, GBI 1 A A 40 i, 45 175 5 0 oy
KEE, RS ENTARIEE RS EBHES %%
DIRe ik N/ RIHEE R IR B Ok B X (iR 3 )
0 REE 40 B mT T e o7 AU N IR E AR, IE B
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Table 1 Advantages/disadvantages of the different construction methods of liver organoids

SV 5

Advantages/disadvantages

ZRETANMRIFEAT KA

PSC-derived liver organoids

JRART AR HT R 25 B

ASC-derived liver organoids

JEACHT AR 2 4%

PHC-derived liver organoids

Advantages A variety of hepatocyte types can be
generated
It has a wide range of sources and
can multiply indefinitely
Disadvantages The differentiation process is com-

plex and time-consuming

The cost is high and the technical
difficulty is high

The differentiation path is simple
and the time-consuming is short
The cost is low and the technology
is relatively mature

The source is limited and the prolif-
erative capacity is weak

Fewer types of hepatic cells are
generated

The function is close to those of
natural hepatocytes

The differentiation process is simple
and time-consuming

The source is limited and the prolif-
erative capacity is poor

The cost is high and the technical
difficulty is high

fHAE KA E B R IHIE LR .

JHF I Ty e (R HAAT 7 22 22 Fh 2R B A I (T
JR 40 M FIAE A Al 4, 3845 LSECs. HSCsHIKCs%%)
P EVE R, 2 4 i S Y S 2% B B el U
BRI SEE L. HUCHAE P2 30 A 73 B 1
J7AXEpCAM(epithelial cell adhesion molecule) 4 fifd 7]
TE R A XU RE 1) 2R 28 5, AT [a) Dy R e JH Sk
5T 200 JE R L 4 B A3 A BRI RE T, T HLAZ 2R 48 B R I
R EDIRGE Ky o B, R 4R 2 A T R )
FF 2 Jo7 &4 L R A5 0 i e 05 2t R T AT 2R B B,
R T EI TR NI R AR T R, S
R0 B A R AR, I A i R R A5 M . B T
TERGAL, BN R 4 R A R I 2 8 55 A AR
16 B 40 R PR EE A, P DA bR 22 b SIS R A e 2L s P
A B M E R AR E L2 . K “HUVECskK
TR N B2 4IHE . MSCs Al “PSCsKJE FI AT I Z 41
fo LR 7%, AR RO E AL IR R AR T, IF He gk
WREAE G, IR R4 B 230 5 RN JHR U 0L A A
(R ZEAE , ARATIAS 2% 58 BE IR 1R 5 4 R D g 1O, X
T B3 75 2 e 240 L [ DG HG A 40 P 5 S o 4 B )
HAEIFRE RS (R D).

2 FABEERETRESMRPINA
2.1 CRHRERREMASFERER

HBV 2 4e H A4/ A2 43R I 0 ™ 8 A 3L P A
], E ST ABRZA 200G HB VI L IR #4547 1
HA L2130 NoNHBVIR SR8 8 2, H AR
HBVZET: ) AN EIL 1005 AP iR 75H HBVE
HE L8 600345, Ho 81tk £ 83292 000541,
— & N #E HBsAg(hepatitis B surface antigen)iit 7%
2179 6.1%. M 20140 60448 & B HBV I SL LK

1E R YT s B — A BRI IFN-a(interferon-
alpha) I R H , J5 R PARK e AR ) R A H
KA et 7 EETER, EE Y SR IE R
X FTE BRI B 0 H Aw, FCEOR L 0 2 e S
J&& AL 28 5 TR R 56 4 [ B B2, HBV B B4
()15 VG AN g M, BB A, H)E T
W AT DNAJG 28 RF B3, HBVIE L 540 ik b 1K) 5244
BN T R PR R S #5142 5 1 (Na'-taurocholate co-
transporting polypeptide, NTCP)%: & 5 it N AT 41,
TEAM9A% N HBV rcDNA(relaxes circular DNA)# 48
HBV cccDNA(covalently closed circular DNA), PA
cccDNANBEAR HEAT 5 B K BY. HBV 3 22 22 i
WSS E, SIS BT A BL R
AN S5 B T HB VAR AP HE DB % FF 41 ff
FHEZHR-HRZIREMHBVIERIER . KEE
TERHAORAF  ARAMIGTE . BEA0E 85 5 1 2 40 i (] 5
VESETT LA DL H, AT LA 8L B R L A DUTT fg
B N RN S 00 B PR SR 7T B PRI, R
JH R 228 B fEHB VB LI 58 A (1) 8L JE S b 22
LIM&E B7R F M A A D) BR R A b 23 B 1
20 B AT AR B Y IS 41 i 2548 (intrahepatic cholan-
giocyte organoids, ICOs), #RZ& | HBV & |5l /124 il
G B LB I A TR 22 57, 25 SRRk B AN [ AR T
H LR 1ICOs T A] B 2 4>k H Hep AD3 84 Jfd i)
H HBV (K D)aliok H 25 15 1 HBV (F: K Y B
F1C), 1M EHLEE =4 HBV pgRNA(pregenomic RNA).
HBV cccDNALL /& HBsAg. HBeAg(hepatitis B e anti-
gen)fll HBcAg(hepatitis B core antigen); ICOs7E 7>t}
(2 AR AN 5 R B2, VB0 TFN-ooR i B A5
W (polyl:C) A 21 1T 25175 5 2 [A] (interferon-stimu-
lated gene, ISG)/ ¥, fHICOsHHBV/E LA FIFISG
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ik, B RAUEW] ICOs Y HBVIER YA & ], HIwR 7535
J15 AN AR S S BA AR AR Ak, T THBVE
FIHLE AR R IR . BEFER I ok
i B (LA PR BT I 2 88 B A HepG2.2. 1541 BB 43 1A 1)
HBVIE YL, [F] LK IS HBVIEL S 88 B A X 1
MBI J5 55 AR T UGTE AR B B % _LId P A 21 7
HBV DNA, {HANGE M FAK TG 975 B I 1 41 i A A
FHBV DNA, XU HBVEZ 28 B v & i i zh 272,
NTCPE A4 A ) HBVIE G244, 5 HBV
N AR AR BRI G B VAR OC , T S 4R Y
BB IR S B AL, AR FR B h 4R IS
B A A ZOER Y HBV I A T S R R, X
Al e NTCPSZAR LIRS i A 6 B9, it LU
A E R FRIE NTCPI 2R 28 B 85 759 H HBV DNA
FIHBsAg/K -, KILELIHFEIE NTCPA /2 LA =i 4ERF
TEY W RE IR B T 2RA B I HB VIR G . R A4
SRR () T 248 B 40 5 2] HBVE B 35 1fL7E HBV I
J&, 77427 HBV cccDNA. HBeAg. HBV RNALL K
R Bk 7 P, KULSUPTRAKULZE ORI AT
DIBRFEASRUS RIS 2 B AR, R PR o B ik
W FEIRNA A (PAPDSHIPAPDY) )73 771
RG7834fE [ KHBVATHAV/& 4% . DE CRIGNISZ:)
K AR 4 A SRR T HB VIR G T S35 A, 56
UE T Z1#545 7 (tenofovir) MIEER JRFF (fialuridine) (K477
JREER, IX PRI 25940 T HBV DNA A, (HA
YR A HBV RNAZK-.  FIRAF iR B« JEARHEE
PR YR AL IE T 5T HBV 24503 M 07 e A L F
P

Bk 7 M 2H 2 S AR T 40 i A A AT AR I 2 2%
B AN, 3BV H F PSCsAR IR B IE 25 2% B # i HBV
YA BT WK iPSCs 24k F 1 1 P4 IR )2 £ i
MSCsHHUVECsfE3D £ 4t 1 3535 77, 2141 i [A] A
FLAEF AT IZ 8 AT T REVE T DS 88 B 1O FIE
KA E AL 2D3E 77 1 J5ACH- 48 B B L iPSCsk
JRITHLCS S 5 /&G HBY, H [ i) a) 7= A4 B fE Yy
PR R T . BF IS KB HBVIEK Y] 5142 iPSC
RVE IR TE 2R 28 B M ThREBrs , ™ oA B A5 5
Rk 5350 20 I 32 v dn B Rk LL A5
FEC T A B A 5 M s 4 1 el SR P PN R A e
(intrahepatic cholangiocarcinoma, ICC)ZK48 & —H /&
G MM ILRT IR RGN T B SRR 28 B A
BTG, W RIHBVIR LS S 1) 5% SN A K

JLHBVIWICCHEEFARBEILHBVI ICCHEE TG %R
DUBR AN 2, AR W28 BN HB VI L il
WA BTHBV 25 PR AT PPN AL T 37 I B
2.2 ARERAFEEEHRE
HCV & %3 2 £} (Flaviviridae) ] — # W8 FF 14
IEBE EERNAJR TR, 201207044, A% I AH ¢
PERF 290 9 ORI — P AR F0e 25, I A RR ok
HA /AR 2 BURT R 5, 19894F 1% A% Y1k 0 JiL 4
4 N HCV®, HCVIEGLA] 5]k S Fg 4 1 48
18 M 2% T a3k J Dy PR A0 RN 9 0 48 G it 2020
FEAERLAS 700/ 18 HEHC VIR, FFELH 150
JTHCVH G, BHFE4H 305 A HC VIR GLAH
RPIRMACTS, GRS i E X s L R
Wil 2L E W, HCV K Z it £ 1 3 fh 5K 28 0
P (10 10 Y0 R I ) v DA R S R AR G, /D
H0m i B AL R AL 1 D7 UG T, HOV S
P A% 7 88, BASHCV RNAFER 4 R A8 — AT
L BEAE , g% 205 3 000N R LM I 2 HE A ™,
BRI 58 228 — AR B rm e , H
BT M T RS A . HCVIE Ay 2 4 BRI I
AL DA ), WHOFZ H 1203047 B HCV /% 4
JE IR H AREY . HCVAE 25 B 75 TH 5 HB VAR, R
A NIRRT O HC VI B R 15 1059, JFRE
WU (Tupaia belangeri) LA N %% 55 R /) B A1 fig J&K
JLHCVEH, A\ FHE 41 &R HuH7 X HC VUK, 47
Z T HCVEGRAE 7T B3, N AR 41 i 1 8 4
HCV, {H FRJEH DA Ge K& H THCVHE P, T
iPSCsATAE ) HLCsH I 7 2H 2R MSCs K i () HLCs
i 1 T 240 PR AR P 4 SR R 2 ) 560,
FAXTF R4 B HLCs, ATAEZR 2% B 50 E H T4
HHCVIERGAEA . FIAIRH 34 HCVIR G (A A
HCV 3 R B ) (1) F AR ) B AR A A R e AA 7 A0 AT
AR SR AR B, R RAKR B 34 KRG HC VIR it
A IR (FFAE I 40 B 722 ) oA 7= A I 2 3 B A
TR ORI A PR I 2R AR B AT AE BT N 4ERFR
IR , T AN I B I 2R A8 B 0] LA HOV gL 781,
T W TR HuH 740 M 53 AT U 2R 48 5, 28 )5
HCVIE LTSS 38 B 48 h, 5 2DIE R GLHCV
1) e 40 Bk AT 6 Lo BT, R I G HCV G
BEWILREEER, R\mEIERE TR
HCVAH G 78 B0 R e R 8 B 7 7 HCV
N ) LS B ORI - HCV B G4 20
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TR E N R I 18 5K 52 /4 B1(scavenger receptor-
B1, SR-B1). CD81F1% &4 KK ¥ 5 & (epidermal
growth factor receptor, EGFR)A. T2 JiC /M2, DAL
B BRI 7 A BB R R HCV S 34
HH 1(claudin-1). M4 8 H (occludin) £ 5 % 1E B AL
i, HEd HOBEGFRINZ MA% B A SN A
WAL, XUE HCVAE H 2 A7 W [F A AR A TE
TR BEAN, ISGIE A IFNE S (R0 2 08 A
T, BEEIERSS B R RIE, T ISGRIEKF P
b HCVATHEV & il 138 hn, #H)%, 75 FISGFRIE N
) B B2 1)1

JFRESR 28 B 516 48 2D 35 7= (4l e e A v B
2 X, W FU AR B R A AR AR B 40 i & Gk it
HCVIEGL M) 1% B e AL RF T &3, o
W HCV S 4 A EAE A 2. i T S s 48
T2 v FE AL, HOV IR 4L 75 B 3 fan 2 A A0 -4
IO R AN [ STV 40 55 A 3, o o i N AR 40 i ) ek
P, BT 4R B B 52 A i 1, WA R B AN 2R 28 B A
AMA R S ERBITR N ITAI, 338 T HCVI
PRt 7T 0, AR HC VOO i 40 i A2 BUK ), (HAR A1
e Z4H A TR 3 Y T s RN B S B K . NATA-
RAJANZE MR F foi 4z ts i 7P K 7 —A~CD8* T4
AT ASCSHTAE TSR 2 B RS0, R A\ 4 i 41 Jik
i 3D IR AR B 5 78 B ATHLA (human leu-
kocyte antigen) VT i SR AR T L35 7%, 455K
ZFEEE IR R G n] H T 07 HCV [P B 5 9% OB
LEESE SR H 7 — ok it 2 gi i JF 28 28 E A AL, B
5t B A [ £ 2 1K) PS Cs 73 A T >R 1R 15 Wk 248 Jf A 2
MERLER RS, LR ERA R KCs K R,
KX Z MR 2R3 B /A 5K HCV
SR AR A 3 R DT AR BT EUR SR AR B R IR
TR FIE TR A AL BE 2R 28 B (2 2k 7 HCV & il
TR T RAERLFHEAL ; RAIXANE KCs I FE A
B AR A A I R LA 99t NASH(non-alcoholic
steatohepatitis) 2547 5 I AR50 45 R R FE— 3. B2,
XA RGN, 718 41 i — 75 < 1A 1) B A AN G i
(B fRIEAE , B9 HCV i 3 ¥ NAFLD(non-alcoholic
fatty liver disease)i?t FEF& {1t 1 BT A1
23 KAFRERREMAFZEER

% 7 HBVAIHCVZ 4t , HEV 31 1 i R 152
FR{E . HEVE—Fi L EE RNAVE 5, 2 2T
2% Bw WL B AR o 0T % AR NBE (B4

A B RO I AR, R HEV S R FU™ H
P 0, PGt A EREEAE L4 2 000758 & HEVE
ol el , Horh i 3005 K R s I 2w R 775
L HEVBE A R PISET ] . 75K JEH E X HEV
SR A R v T OROR B 5, R B i 3 R A
BFEFIE . #E UK. IRE M. MR DAL
IR, HEVIE L4 B Z250K, MICIERIE 717 34
B S  J e ) R R T R R Rl M I e, A4
ARG RIS K. HEVIE YL w6 2101
FSC™ B I 98, TN S D REAR R 3 3 A 1 K
o WFIUIE R I EIE 30% M HEVIE Je 2 H Bl ph 2
RYUEIR (R 2N ZE 45 AL ), HE VI G i 4
2 RFRIE —Fh 7 I BADBARAL PIEE , Toik 5
2 AR NI HEV I ] 5] R A4 R GURe IR Y,
S HEVE G T 28 2208 % AT EPUREIRIT,
v H I O 1 BT A AR R A I L T, AT
PSR Tk B B 2R ARG T, 1 H R G
PLHEV I S PE258) ), 45 % HEVIEK G 5 #0r wh
2R YENLZE S B AT LE M ATE R, iRa R
PEITVE, T 98 I PRARE A AT 1 Fa Rl S BR R
HA B EH,

HEV [ #3577 20008 TR e M4 &,
FFEE 400 2 (HuH7. PLC/PRF/5)F1EAC AT 400, iX
LEAH i R AR SCRFHEVE ], (B MR, i
FrEAAR, RE T HEVAECHT L. #F kR E R
J LRI RN 140 5L A HEL A 290 i i T 40 P 2 25 1 I O
KRB SCRFHEVA I, MR G HE VSR R 9 -
N HFVRPE R 28 B S HEVIE L (AL g A
B E 5| N B Transwell R 4t T I B4 B2, T
A WLEE B HE VRO = EL7E 40 B Tl 70 [R] 6, A
FLIL T~ 1 B 2 ik e ) B B A 3 4 R e R T
TEEE F5 A0 M F A0 SR ARV SR8 B rh, R
HEV RNAZERHAKTEF 1 IFNF A4 K00 5
N, T HEVIEGAE AR AN 5 51 R T IFNAR G HT
TR EE SN, 3K L Iy BR A HEV-15 5 240 i i A B4R
FAIHEV I EURALHR AL TR AR BRCH
HE VL2 Ho 57 (1438 , (2 H X L A% HEV
RGBT INRAR , WihG 1A X HEVIR LA 1] 75
TFHLHI LA R 851 = BAERIRAE A, B XA K
TR I SR8 B A 2 7 AR AL, R i HE VI Sy
I EUHE LRI AT FTHEV 2590 /& I HEREY,

HEV Bt ] 5] i ™ & 1) FE R IE R m AT %,



1428

Gk -

THREERE, {EBHEZE . W EESa %
B F g SR, B ATUiE =697 12 14 HEV I
GRS . N T RB R B EHEMAESHEV
VPR R R, SR I SR A B R A AT BT
HEVZ¥)iiik , 4558 K AT (brequinar) Fl & =
RAZEEHH, (homoharringtonine) fE A M| HEVE
i, EAT 5 G1634R T AL (1 H) T M i 24 48
TR A R [FIE, R R RS AT 4
Ypiiik , i Kk B EAEMIIZ (niclosamide) ELH HTHEV
£ F H 2 18 3 #0il] NF-kB(nuclear factor kappa-
B) & 5 1@ B R M H HEV & il 1 U4, il i % A A [
PR U D 2 88 B AR AL AT R IR, R I AR
TY/INGY T4 2 5 h i 22 (vidofludimus calcium) Al
it e 5 3K (pyrazofurin) B AT 3 BT HEVAE A, 1
HX P Fl /N 53 35 e v A ) B A2 B HEV 3 R
2R B F ARG ST R AH S HEV E#R (Y1320H .
G1634R)™. &z, HHEERE E IV EI 7 HEV
RGN i, A BT 0 FLHEV % 1) 25073 AL ) 6 3L
J2 1] B B 1 I BAE ML (2 7 HTHEV i 2
B o
24 FiEREREFLRERE
SARS-CoV-2/&KHL et H 20194 Ik 5 & LUK,
CL 38 A BRME R R AT AR L P 5 () fs 5 . SARS-
CoV-2/& gL 35 % DL I B RE R A = B R R I, B
i B8 T R AR I IR DR X R () I AU E , R AT pR
U R Oy SRR F I8 25 A E (acute respiratory
distress syndrome, ARDS), J-fEH L 285 Hil H &
FETZU . SARS-Co V-2 5 e i I & A= 5 B i A2
Ab, INATFECFAE . OB BEAE. KIS 2 kA
RIS, K80 08 E W, 7G5 ARE
PRI EnRe S, s e B AT I e U
— TP % 1 93541 COVID-19(corona virus disease
2019)(F Bt B3 0 =] B PRI 78 R B, 53.2% 1 i
I L 20.5% 10 B I, T L
COVID-19/& 5 8 JH 4010 50 9 H WL U9, it ok, K
L SARS-Co V-2 INE G i Ol J 4
A0 R i) B 3 1 PR O 0 2, e i 2 L e A OE
TR RN U, 3l id % SARS-Co V-2 4L SE T &
B RE A SAT R A TR, T R A R A
TR I 0 AR B /N PRI ) i K TS Bl M A, i
7N SARS-Co V-2 JLn] 5| & FF k4545, 2k i 51 ke 1T
Thfe 5w B0, Z4E COVID-19 84 KA FF 45 1)

PR By, 55 MR R AR #(63.4%) I T L 1
(36.6%), A5 f 8 A B8 35 4504 LLROE AR 9 B
DL, COVID-19 23 I M N Bz 40 i h A7 75 K&
SARS-CoV-2, #£/~k SARS-CoV-25%F AT A3 #4 [ 14
B M B 5 HATIA N SARS-CoV-2[1) 32 22
SRR I B 5K 2 B 40 2(angiotensin-converting
enzyme 2, ACE2), #i \MAH; SARS-Co V-2 1)+
EEALEN N ACE2 S B+ F AL, ACE27EH
B R IA KT B, 5 IR R 4i A Y,
H RN LSECSFI 4 g *4. iX$&7~ SARS-CoV-21]
T 2 TR JIE T 0 i A5 A G A 451 4 2 T 5 R A
1585, 165 2, SARS-CoV-21] 18 A\ JFF I 41 ffg 3 1E
Forp R A, o AT LA s e M A A P B
EM .

ST R P B B NE R AR R R A R
SARS-CoV-2/& 4 e B0 ML LA V-t Bt 2876
ST B AT EEAE . 20205 YANGZE B A
PSCsHi7 A& 1 40 M A1 2 2% B i 5¢ SARS-CoV-2, K
B PSCsHT A 1) R AR P9 70 A 241 Pt FHF- &4 it A0 R A5 4
U2k %% B 4 SARS-CoV-2 5 J& . [A/4, ZHAO% [¥7)
IEHKIR RN SERBEER SRR RE TA
KHF 5 ACE2"/TMPRSS2(transmembrane prote-
ase serine 2) HHEF AN B E, T 0T AN AR 44 SR Y 1
SR T M SARS-CoV-2F &% 1 h, /5 &
AL IR JE TR R R 4R R, 45 R B R SARS-
CoV-27] LUR LT KB T, H HIW BRI H
R EE S PRV COVID-19E38 (1)1
1145 7] BE 2t SARS-Co V-2 /8% 4t 5 5 i I &5 41
ZARABE 5 I RR T RR RN R IE A . AR Z R Eh )
B T2 COVID-19# 8, e N R K550
CIEFDGE . frE. e a . b ANl o 05 ) <
HELRUNGR . FIE ACE2H A 1) AdSEL AAV # 4
B BT AR RN R DA AR B SRR,
HAE 5 15 W 18] N HIF 9T SARS-Co V-2 e . & 4% AN
G PE SRR IE T AR, (BAE W B S Bt A 0 e AiE
FHRME T TR AR . S T3 R BR 1,
A B W 2 A4 M B ELAE RN A O 40
G 38 N T B AR

3 REERE
oK 3B R R VR T 20 4 1 T 40 /AR 4T e/ B i
271 H L K% iPSCs % [ 3k 57 RIS | Tk i) 7 S 3
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AR 38 B S50 5 ThBE 1) 3D ok & ), T2k a8
HIHER . ditMYRe SR N 2T 6L, A
— PR B R, BT R RN K 2T
SR 7T 0 B 1A% G 5 B RS G A B Y 1) S PR
PR, SEEE BN LA M 3 55 B DA ST 32
2 i H 928 BV PR 3 ARURRE B T % 52 Oy PO DRSS
A% B AT DUBLUTE IE ) S5 i A e, ANRT AR
T IRGG . SR . HENTRT . RFEF4E4L
A K% JFF 98 25 BF W < 993, BT B T WF 70 W B 1 7 B3
(lTHBV. HCV. HEV }SARS-CoV-2%5) & Ju it i
Wi o TAESRIEHRIE 1K FH 26 25 B A5 40) HL At i 55 K
go JUHRE TR WBYREE. VLR
R R TSR S B (1 A 56
BF 50 01030, W P 1 R AR B A R R 1 e E A
g PE, XA g SR IO AL T R AR T PR . EAR
i 1 Jib 9 44T L R B4R R DRI A U D ek R At i R %) A
JIp I LA BB , W HO VO A I 41 i &
HuH78U ; HBV X id 1A NTCPZ 44 (1) i 44 A
Z HepG2 5 &%, (A5 R A X T IEH 4 =, B
Jort 11 R R B A O R PE e fE N B 22 515 5 T8 %
R, X0 B LA U IE R AR RSO R
e Vg T B I L VSR 28 B, FIE SR 38 A N HES)
WE JHF 1 3 B B S 0t 70 m) U R R AR T AR AL 22
(#£2)-

JIFamff B A 82 2 Al vt BDE LIRS . 4E R
Dhie EAFAEA AR ECE A B B 07 Pk, X R A
X TR A A5 L 5 8% £ 457 58 7 1) B HAT R 8 B DI RE
0 B AR A 118 S 3 R 4 5 o 400 P P 2 3 T g 42 5K
BB, M ) 5 e EAR IR RS . A
M. IREMI S T s 2 A= AR

MR 20, BEAZ A0, 75 A F SR
fiok; CEZRBRARARNE b, JH 20 BRI 50 g Xof JH 552 1) 21k i
470 BRI St JUEL /S PR T 8%, e i T T e 32 47 Bt
5 M AT Y o A e, AT -5 0 <06 JHE 20 JH T i 5 2
R BB R, T T e AE N 2 5 A
200 PR 08 A A8 G e 8 v R0 A T4 S A s A
AR, 4ERFIH IR IE R DhRe. HHIESS 3 B 1E v 3Dk:
TR 2R 545 Gt (1) 2D ES I8 44 F A8 40 M AR 1% 7 1 A7 AE
R, FERIAAMMITA . REAH AR
TR EE LA R D RE B 25 07 1T, Horp — AN SRBE X il 2
HF S -4 1 T RS JEC A MIN R 1T ) R 8 e AL
PR A 1R e 2R 22 e Wi 5 FR ) BN IR M i) iz, [
I FFF- 4 6 8 2 B RS0 2 52 i JIEL /N 90 T J AT IR - )
gy, FEETHRARF I DhRe 8 . IR SR B e
5L St ASEADLAA DA T 20 L A AR R, T A A R P 2
AN S S FE NAR [ B R R, W FLR WK
FARRAC A0 SR Gt T B A L AR IR R &
&, U H BT R N ALH] LD AR 7 5 e 2 4
FRAH ELAE R
JH 208 £ A A 4 R 5 05 7 1) B R TR A AE
YR AR, JCHREX T WA 5 (W HBV. HCV.
HEV S )R S ik 72 . R il v voe 1
4B SZARAE AR MR B ) oA, W HBVEE L 3= 2 it
JH 200 I P 5 JE AP FBE R AT, 1T e G A7 I JH- 4 i
WA P B LA SR 4 o AEAA DSB8 o R AR 4 L (R
SEEENME ) I HBV B e 56 8. 25 5 TR 2 e tldb
() HepaRGHH i, 1% 2 HH JFF-4H it 114 AW M A2 0 75 v R0k
YR ) OSB3 . SCHULZESE PR H £ 24T}
#j 55 1 MRP2(multidrug resistance protein 2)Xf HBV
SR 55 I AR 14 1Y) O¢ R AT 7T, TIMRP2 3 227

*2 FTAEESSEFEMATAMERA LA

Table 2 Comparison of liver organoids and other hepatocyte models

Rk JFIR S B AR

Characteristic Liver organoid model

JEART A

Primary hepatocyte model

JHHEE A A 2

Liver cancer cell model

Culture environment Three-dimensional

Cell type Multiple cell types
Incubation cycle Long-term culture
Functional integrity Relatively complete
Individualized modeling
Technical difficulty High

Cell polarity

Suitable for personalization

Full polarity function

Consistency Possible variations

Two-dimensional Two-dimensional

Single cell type Single cell type

Short-term culture Long-term culture

Short-term functionality

Reflects individual characteristics

Simpler; limited sources
Limited polarity function

Considerable variation

Limited function

Not applicable

Simple

Limited polarity function

Good consistency
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JH- 20 B TN S 0k, &5 SR I HBV Ik % JF-44H g 3= 22
T 3 4 ) R RS AN B NAR , 156 B HB Vg A1 ot
TR, HBV A TE 204k B4 1 4 e
A Bef T, R4 A AL & HBV N AR S il (1) 24
A, XA T MR HBV B 2R i 1 i
Fio SR, 0 BF B YL U A2 W8 I B B e X 2
W2 A, S EUH D Re S AR B AR AL, AT
FCBMEAEIR o 240 A0 A PO R 2 08 3 M I 46 R
ML 1 B B2 H R0 23, o B B e AN L #4524
JH, 348 3 AR A B R o R A . LR A
JOple P S50 B B G 5 R, AU B T8~ w4
JH 9% Je FLrg A R I R AR AL, 3 DR W It 2
TR IR TT SR AE TR AR

R ERIERS, O Z N T 55T
PRI T, ATE BT AR BIRAS S 4 N HEAT s
B R AE ML S 23 PAN SR A, (BT TG —
SeP bR, EERIAE : (1) TG T4 A iR
EYIMIAL, AR B AR S B A, 1T B AT RS
BOKZ = AR ST A M, J0H 2 5% 20 R 2 o 4
J, T =l S5 4 AR B A S YOG ; (2) AR
BB T RN AT T I TR . SR B B IR DL
JR/ANEFERZE, (3) shZ HIESE 88 B A @ AP
BIARE, T BT IR 28 B AH SC R e 45 SR E A
ERKZESR . IR, NEIRER B 7 457 0 T g (A
L AT G 2 PhiR, 5 ARIFREIS A R K2R, 17
WEAWEE A TEE . S Ah, MK T AR SRR
MIZRAE , iIPSCsRUE M3 B R HIE-F G R H 38
SEBrRe 0T B R

ZE ERTR, KA. R R M SCRE HB VIR G AT & i)
IR sk =, 75 FEAS T HB VI AR i 58 F1
PLHBVH AR K . EAR HC VB GL ] i i Hi s 75
TBIT AR, (R g It R R AR E WL, B
A ] 52 FAA SRS BT R HCV 5 16 2 48 i 2 18]
IR BAE FH R A8 7 P, R HEVRRIR G Ht
SEREE I R, (HIX L4 f A A th HEV L AR R
ik, PG 7 X HEVIR G A1 Sl ML LA & HEV 515 3=
Z A HEAERIRANI TS . BT SARS-CoV-2%F AR 5%
(AL G, TR AMERAE IRIAE, 224tV AT 56 1) FH 4 i
YW R A W] A, ™ B RELAS 1O H B G 5| B AR
PpLaI O oe . BRI, R AR 2848 B A A (0 LAk A A
TEAY. , K W R HHE 50y g T i 97 25 B R L i) BT 72 S oo
BAYIIER -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

SEHK (References)

ASRANI S K, DEVARBHAVI H, EATON ]J, et al. Burden of
liver diseases in the world [J]. J Hepatol, 2019, 70(1): 151-71.
TREFTS E, GANNON M, WASSERMAN D H. The liver [J].
Curr Biol, 2017, 27(21): R1147-51.

LOZACH PY. Cell biology of viral infections [J]. Cells, 2020,
9(11): 2431.

TANG X Y, WU S, WANG D, et al. Human organoids in basic
research and clinical applications [J]. Signal Transduct Target
Ther, 2022, 7(1): 168.

IAKOBACHVILI N, PETERS P J. Humans in a modeling physi-
ological events in 2D vs. 3D cell culture dish: the potential of or-
ganoids in modeling immunity and infectious diseases [J]. Front
Microbiol, 2017, 8: 2402.

CLEVERS H. Modeling development and disease with organoids
[J]. Cell, 2016, 165(7): 1586-97.

DUVAL K, GROVER H, HAN L H, et al. Modeling physiologi-
cal events in 2D vs. 3D cell culture [J]. Physiology, 2017, 32(4):
266-77.

ROWE R G, DALEY G Q. Induced pluripotent stem cells in
disease modelling and drug discovery [J]. Nat Rev Genet, 2019,
20(7): 377-88.

YI S A, ZHANG Y, RATHNAM C, et al. Bioengineering ap-
proaches for the advanced organoid research [J]. Adv Mater,
2021, 33(45): €2007949.

AKBARI S, SEVINC G G, ERSOY N, et al. Robust, long-term
culture of endoderm-derived hepatic organoids for disease mod-
eling [J]. Stem Cell Reports, 2019, 13(4): 627-41.

KIM J, KOO B K, KNOBLICH J A. Human organoids: model
systems for human biology and medicine [J]. Nat Rev Mol Cell
Biol, 2020, 21(10): 571-84.

YAMANAKA S. Pluripotent stem cell-based cell therapy-prom-
ise and challenges [J]. Cell Stem Cell, 2020, 27(4): 523-31.
EVANS M J, KAUFMAN M H. Establishment in culture of
plu ripotential cells from mouse embryos [J]. Nature, 1981,
292(5819): 154-6.

THOMSON J A, ITSKOVITZ-ELDOR J, SHAPIRO S S, et al.
Embryonic stem cell lines derived from human blastocysts [J].
Science, 1998, 282(5391): 1145-7.

TAKAHASHI K, YAMANAKA S. Induction of pluripotent stem
cells from mouse embryonic and adult fibroblast cultures by de-
fined factors [J]. Cell, 2006, 126(4): 663-76.

TAKEBE T, SEKINE K, ENOMURA M, et al. Vascularized and
functional human liver from an iPSC-derived organ bud trans-
plant [J]. Nature, 2013,499(7459): 481-4.

WANG S Y, WANG X, TAN Z L, et al. Human ESC-derived
expandable hepatic organoids enable therapeutic liver repopula-
tion and pathophysiological modeling of alcoholic liver injury [J].
Cell Res, 2019, 29(12): 1009-26.

GUO JY, DUAN L F, HE X Y, et al. A combined model of hu-
man iPSC-derived liver organoids and hepatocytes reveals fer-
roptosis in DGUOK mutant mtDNA depletion syndrome [J]. Adv
Sci, 2021, 8(10): 2004680.

OUCHI R, TOGO S, KIMURA M, et al. Modeling steatohepa-
titis in humans with pluripotent stem cell-derived organoids [J].
Cell Metab, 2019, 30(2): 374-84,¢6.

SUN L, WANG Y, CEN J, et al. Modelling liver cancer initiation



WM TSR A B S AR NI T8 2 A T W 7 [ 2 A

1431

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

with organoids derived from directly reprogrammed human he-
patocytes [J]. Nat Cell Biol, 2019, 21(8): 1015-26.

HU H, GEHART H, ARTEGIANI B, et al. Long-term expansion
of functional mouse and human hepatocytes as 3D organoids [J].
Cell, 2018, 175(6): 1591-606,e19.

YAMAMOTO J, UDONO M, MIURA 8, et al. Cell aggregation
culture induces functional differentiation of induced hepatocyte-
like cells through activation of Hippo signaling [J]. Cell Rep,
2018, 25(1): 183-98.

SAMPAZIOTIS F, DE BRITO M, MADRIGAL P, et al. Cholan-
giocytes derived from human induced pluripotent stem cells for
disease modeling and drug validation [J]. Nat Biotechnol, 2015,
33(8): 845-52.

WU F F, WU D, REN 'Y, et al. Generation of hepatobiliary organ-
oids from human induced pluripotent stem cells [J]. J Hepatol,
2019, 70(6): 1145-58.

OGAWA M, OGAWA S, BEAR C, et al. Directed differentiation
of cholangiocytes from human pluripotent stem cells [J]. Nat
Biotechnol, 2015, 33(8): 853-61.

BARKER N, VAN ES J H, KUIPERS ], et al. Identification of
stem cells in small intestine and colon by marker gene Lgr5 [J].
Nature, 2007, 449(7165): 1003-7.

HUCH M, DORRELL C, BOJ S F, et al. In vitro expansion of
single Lgr5™ liver stem cells induced by Wnt-driven regeneration
[J]. Nature, 2013, 494(7436): 247-50.

SAMPAZIOTIS F, MURARO D, TYSOE O C, et al. Cholangio-
cyte organoids can repair bile ducts after transplantation in the
human liver [J]. Science, 2021, 371(6531): 839-46.

HUCH M, GEHART H, VAN BOXTEL R, et al. Long-term cul-
ture of genome-stable bipotent stem cells from adult human liver
[J]. Cell, 2015, 160(1/2): 299-312.

DOWNS L O, KABAGAMBE K, WILLIAMS S, et al. Peer
support for people living with hepatitis B virus: a foundation for
treatment expansion [J]. J Viral Hepat, 2024, 31(8): 490-9.
BN &, hHREZSIERNE 02 Bk
R 28 B5 16 48 T (202248 fRO[I]. T 4 A% L5 2% 5 (CHINESE
SOCIETY OF HEPATOLOGY, CHINESE MEDICAL ASSO-
CIATION, CHINESE SOCIETY OF INFECTIOUS DISEASES,
CHINESE MEDICAL ASSOCIATION. Guidelines for the pre-
vention and treatment of chronic hepatitis B (2022 version) [J].
Chin J Infect Dis), 2023, 41(1): 3-28.

ZHUANG A Q, CHEN Y, CHEN S M, et al. Current status and chal-
lenges in anti-hepatitis B virus agents based on inactivation/inhibition
or elimination of hepatitis B virus covalently closed circular DNA [J].
Viruses, 2023, 15(12): 2315.

RAJORIYA N, COMBET C, ZOULIM F, et al. How viral genetic
variants and genotypes influence disease and treatment outcome
of chronic hepatitis B. Time for an individualised approach [J]? J
Hepatol, 2017, 67(6): 1281-97.

HERRSCHER C, ROINGEARD P, BLANCHARD E. Hepatitis
B virus entry into cells [J]. Cells, 2020, 9(6): 1486.

NGUYEN M H, WONG G, GANE E, et al. Hepatitis B virus:
advances in prevention, diagnosis, and therapy [J]. Clin Micro-
biol Rev, 2020, 33(2): €00046-19.

HOSSAIN T, ROMAL S, MAHMOUDI T. Production of recom-
binant hepatitis B virus (HBV) and detection of HBV in infected
human liver organoids [J]. Bio Protoc, 2022, 12(8): e4392.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

LIM C K, ROMEO O, TRAN B M, et al. Assessment of hepatitis
B virus infection and interhost cellular responses using intrahe-
patic cholangiocyte organoids [J]. J Med Virol, 2023, 95(11):
€29232.

YAN H, ZHONG G, XU G, et al. Sodium taurocholate cotrans-
porting polypeptide is a functional receptor for human hepatitis B
and D virus [J]. eLife, 2012, 1: ¢00049.

DE CRIGNIS E, HOSSAIN T, ROMAL S, et al. Application of
human liver organoids as a patient-derived primary model for
HBYV infection and related hepatocellular carcinoma [J]. eLife,
2021, 10: e60747.

KULSUPTRAKUL J, WANG R, MEYERS N L, et al. A genome-
wide CRISPR screen identifies UFMylation and TRAMP-like
complexes as host factors required for hepatitis A virus infection
[J]. Cell Rep, 2021, 34(11): 108859.

NIEY Z, ZHENG Y W, MIYAKAWA K, et al. Recapitulation of
hepatitis B virus-host interactions in liver organoids from human
induced pluripotent stem cells [J]. EbioMedicine, 2018, 35: 114-
23.

LI Z, GAO Q, WU Y, et al. HBV infection effects prognosis and
activates the immune response in intrahepatic cholangiocarci-
noma [J]. Hepatol Commun, 2024, 8(1): ¢0360.

ROMAL S, HOSSAIN T, MAHMOUDI T. Generation, mainte-
nance and HBV infection of human liver organoids [J]. Bio Pro-
toc, 2022, 12(6): e4358.

MARTINELLO M, SOLOMON S S, TERRAULT N A, et al.
Hepatitis C [J]. Lancet, 2023, 402(10407): 1085-96.

CHOO Q L, KUO G, WEINER A J, et al. Isolation of a cDNA
clone derived from a blood-borne non-A, non-B viral hepatitis
genome [J]. Science, 1989, 244(4902): 359-62.

FREEMAN A J, DORE G J, LAW M G, et al. Estimating pro-
gression to cirrhosis in chronic hepatitis C virus infection [J].
Hepatology, 2001, 34(4 Pt 1): 809-16.

POLARIS OBSERVATORY HCV COLLABORATORS. Global
change in hepatitis C virus prevalence and cascade of care be-
tween 2015 and 2020: a modelling study [J]. Lancet Gastroen-
terol Hepatol, 2022, 7(5): 396-415.

ADES A E, GORDON F, SCOTT K, et al. Overall vertical trans-
mission of hepatitis C virus, transmission net of clearance, and
timing of transmission [J]. Clin Infect Dis, 2023, 76(5): 905-12.
CHOO Q L, RICHMAN K H, HAN J H, et al. Genetic organiza-
tion and diversity of the hepatitis C virus [J]. Proc Natl Acad Sci
USA, 1991, 88(6): 2451-5.

MANNS M P, MAASOUMY B. Breakthroughs in hepatitis C re-
search: from discovery to cure [J]. Nat Rev Gastroenterol Hepa-
tol, 2022, 19(8): 533-50.

KNIGHT A. The beginning of the end for chimpanzee experi-
ments [J]? Philos Ethics Humanit Med, 2008, 3: 16.
BERGGREN K A, SUZUKI S, PLOSS A. Animal models used
in hepatitis C virus research [J]. Int J Mol Sci, 2020, 21(11):
3869.

RAMIREZ S, LI'Y P, JENSEN S B, et al. Highly efficient infec-
tious cell culture of three hepatitis C virus genotype 2b strains
and sensitivity to lead protease, nonstructural protein 5A, and
polymerase inhibitors [J]. Hepatology, 2014, 59(2): 395-407.
PODEVIN P, CARPENTIER A, PENE V, et al. Production of
infectious hepatitis C virus in primary cultures of human adult



1432

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

hepatocytes [J]. Gastroenterology, 2010, 139(4): 1355-64.
ROELANDT P, OBEID S, PAESHUYSE J, et al. Human plurip-
otent stem cell-derived hepatocytes support complete replication
of hepatitis C virus [J]. J Hepatol, 2012, 57(2): 246-51.

CHOI J E, HUR W, KIM J H, et al. MicroRNA-27a modulates
HCV infection in differentiated hepatocyte-like cells from adi-
pose tissue-derived mesenchymal stem cells [J]. PLoS One,
2014, 9(5): €91958.

BROUTIER L, ANDERSSON-ROLF A, HINDLEY C J, et al.
Culture and establishment of self-renewing human and mouse
adult liver and pancreas 3D organoids and their genetic manipu-
lation [J]. Nat Protoc, 2016, 11(9): 1724-43.

MEYERS N L, ASHUACH T, LYONS D E, et al. Hepatitis C
virus infects and perturbs liver stem cells [J]. mBio, 2023, 14(6):
¢0131823.

BAKTASH Y, MADHAV A, COLLER K E, et al. Single particle
imaging of polarized hepatoma organoids upon hepatitis C virus
infection reveals an ordered and sequential entry process [J]. Cell
Host Microbe, 2018, 23(3): 382-94,e5.

MOLINA-JIMENEZ F, BENEDICTO I, DAO THI V L, et al.
Matrigel-embedded 3D culture of Huh-7 cells as a hepatocyte-
like polarized system to study hepatitis C virus cycle [J]. Virol-
ogy, 2012, 425(1): 31-9.

WANG W, YIN Y, XU L, et al. Unphosphorylated ISGF3
drives constitutive expression of interferon-stimulated genes to
protect against viral infections [J]. Sci Signal, 2017, 10(476):
caah4248.

COLLETT S, TORRESI J, SILVEIRA L E, et al. Investigating
virus-host cell interactions: comparative binding forces between
hepatitis C virus-like particles and host cell receptors in 2D and
3D cell culture models [J]. J Colloid Interface Sci, 2021, 592:
371-84.

SO C W, RANDALL G. Three-dimensional cell culture systems
for studying hepatitis C virus [J]. Viruses, 2021, 13(2): 211.
NATARAJAN V, SIMONEAU C R, ERICKSON A L, et al.
Modelling T-cell immunity against hepatitis C virus with liver or-
ganoids in a microfluidic coculture system [J]. Open Biol, 2022,
12(3): 210320.

LEE J, GIL D, PARK H, et al. A multicellular liver organoid
model for investigating hepatitis C virus infection and nonalco-
holic fatty liver disease progression [J]. Hepatology, 2024, 80(1):
186-201.

AZIZ A B, OVERB@ J, DUDMAN S, et al. Hepatitis E virus
(HEV) synopsis: general aspects and focus on bangladesh [J].
Viruses, 2022, 15(1): 63.

HAKIM M S, WANG W, BRAMER W M, et al. The global bur-
den of hepatitis E outbreaks: a systematic review [J]. Liver Int,
2017,37(1): 19-31.

WIESENFARTH M, STAMMINGER T, ZIZER E, et al. Neuro-
logical manifestation of HEV infection: still a rare disease entity
[J1? T Neurol, 2024, 271(1): 386-94.

EUROPEAN ASSOCIATION FOR THE STUDY OF THE
LIVER. EASL clinical practice guidelines on hepatitis E virus
infection [J]. J Hepatol, 2018, 68(6): 1256-71.

RIPELLINO P, PASI E, MELLI G, et al. Neurologic complica-
tions of acute hepatitis E virus infection [J]. Neurol Neuroimmu-
nol Neuroinflamm, 2019, 7(1): e643.

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

(82]

[83]

[84]

[85]

[86]

[87]

(88]

LI P, LIY, WANG Y, et al. Recapitulating hepatitis E virus-host
interactions and facilitating antiviral drug discovery in human
liver-derived organoids [J]. Sci Adv, 2022, 8(3): eabj5908.
WANG W, WANG Y, QU C, et al. The RNA genome of hepati-
tis E virus robustly triggers an antiviral interferon response [J].
Hepatology, 2018, 67(6): 2096-112.

XIANG K, ZHUANG H. Liver organoid potential application for
hepatitis E virus infection [J]. Adv Exp Med Biol, 2023, 1417:
133-9.

LIY, LI P, HE Q, et al. Niclosamide inhibits hepatitis E virus
through suppression of NF-kappaB signalling [J]. Antiviral Res,
2022, 197: 105228.

GUO H, LIU D, LIU K, et al. Drug repurposing screen identifies
vidofludimus calcium and pyrazofurin as novel chemical entities
for the development of hepatitis E interventions [J]. Virol Sin,
2024, 39(1): 123-33.

HUANG C, WANG Y, LI X, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China [J]. Lan-
cet, 2020, 395(10223): 497-506.

ZHU N, ZHANG D, WANG W, et al. China novel coronavirus
investigating and research team. A novel coronavirus from pa-
tients with pneumonia in China, 2019 [J]. N Engl J Med, 2020,
382(8): 727-33.

SIDDIQUI M A, SURESH S, SIMMER S, et al. Increased mor-
bidity and mortality in COVID-19 patients with liver injury [J].
Dig Dis Sci, 2022, 67(6): 2577-83.

AL-ALY Z, XIE Y, BOWE B. High-dimensional characteriza-
tion of post-acute sequelae of COVID-19 [J]. Nature, 2021,
594(7862): 259-64.

XU Z, SHI L, WANG Y, et al. Pathological findings of CO-
VID-19 associated with acute respiratory distress syndrome [J].
Lancet Respir Med, 2020, 8(4): 420-2.

YADAYV D K, SINGH A, ZHANG Q, et al. Involvement of liver
in COVID-19: systematic review and meta-analysis [J]. Gut,
2021, 70(4): 807-9.

SONZOGNI A, PREVITALI G, SEGHEZZI M, et al. Liver his-
topathology in severe COVID 19 respiratory failure is suggestive
of vascular alterations [J]. Liver Int, 2020, 40(9): 2110-6.

YAN R, ZHANG Y, L1, et al. Structural basis for the recogni-
tion of SARS-CoV-2 by full-length human ACE2 [J]. Science,
2020, 367(6485): 1444-8.

PIROLA C J, SOOKOIAN S. SARS-CoV-2 virus and liver ex-
pression of host receptors: putative mechanisms of liver involve-
ment in COVID-19 [J]. Liver Int, 2020, 40(8): 2038-40.

KRB, mk, BRI, A5 B AR B I el ¢ 78 T i
S ALHER L[], R 44 E(GUAN G W, GAO L,
WANG J W, et al. Exploring the mechanism of liver enzyme ab-
normalities in patients with novel coronavirus-infected pneumo-
nia [J]. Chin J Hepatol), 2020, 28(2): 100-6.

YANG L, HAN Y, NILSSON-PAYANT B E, et al. A human plu-
ripotent stem cell-based platform to study SARS-CoV-2 tropism
and model virus infection in human cells and organoids [J]. Cell
Stem Cell, 2020, 27(1): 125-36,¢7.

ZHAO B, NI C, GAO R, et al. Recapitulation of SARS-CoV-2
infection and cholangiocyte damage with human liver ductal or-
ganoids [J]. Protein Cell, 2020, 11(10): 771-5.

LANCASTER M A, KNOBLICH J A. Organogenesis in a dish:



WM TSR A B S AR NI T8 2 A T W 7 [ 2 A

1433

[89]

[90]

[91]

[92]

modeling development and disease using organoid technologies
[J]. Science, 2014, 345(6194): 1247125.

BROOKS A, LIANG X, ZHANG Y, et al. Liver organoid as a
3D in vitro model for drug validation and toxicity assessment [J].
Pharmacol Res, 2021, 169: 105608.

BLUTT S E, ESTES M K. Organoid models for infectious dis-
ease [J]. Annu Rev Med, 2022, 73: 167-82.

ETTAYEBI K, CRAWFORD S E, MURAKAMI K, et al. Rep-
lication of human noroviruses in stem cell-derived human en-
teroids [J]. Science, 2016, 353: 1387-93.

GARCEZ P P, LOIOLA E C, MADEIRO DA COSTA R, et al.
Zika virus impairs growth in human neurospheres and brain or-
ganoids [J]. Science, 2016, 352(6287): 816-8.

[93]

[94]

[95]

[96]

ZHOU J, LI C, SACHS N, et al. Differentiated human airway or-
ganoids to assess infectivity of emerging influenza virus [J]. Proc
Natl Acad Sci USA, 2018, 115(26): 6822-7.

KANEKO S, KAKINUMA S, ASAHINA'Y, et al. Human in-
duced pluripotent stem cell-derived hepatic cell lines as a new
model for host interaction with hepatitis B virus [J]. Sci Rep,
2016, 6: 29358.

Fooly, BRAL . A AR MRS [T]. IR RIS 4 E(MAO Y
P, WEI H S. Regulation of hepatocyte polarity [J]. J Clin Hepa-
tol), 2022, 38(11): 2654-8.

SCHULZE A, MILLS K, WEISS T S, et al. Hepatocyte polariza-
tion is essential for the productive entry of the hepatitis B virus [J].
Hepatology, 2012, 55(2): 373-83.



