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Abstract

Organoids, as a new “model organism”, can provide a new tool for the study of human develop-

ment, disease occurrence and the screening of high-throughput drug due to their composition, structure and function

are very similar to those of internal organs. Recent studies have shown that stem cells and liver parenchymal cells

can form “liver organoids” under the synergistic action of specific extracellular matrix and various signaling mol-

ecules. Considering the urgent need of diagnosis and treatment of liver diseases, it is necessary to deeply understand

the formation mechanism and application potential of liver organoids. This paper summarizes the current status of

liver organoids research, which is of great significance for the rapid and efficient establishment of liver organoids

with perfect structure and function in vitro and the study and treatment of liver diseases.
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R T-2D85 7% B 4 i, F A Rt 4 B DhRe v i ik
ERG HEPUM GRS, AT ) R R AL
THARR AR, 25WAREHRIE DA SO0 15 45 L R AR
FE T EUIR AN A R AL,

B 3T [ FE 2% B, T 240 AR B ST 40 A A R
5E — 4 (three dimensional, 3D)4H i #h 3 5T J £ Fi (5
SR EERT, AR RS RRSR R X
2 i 38 ok 2 oAk, AE R E ) 2 1] R AT 3 3R R
(self-organization), 1%L FEIRML TR N AL RS B &
O R EEMRINE IR ] DA SRR E 4E 3 L 45
F 5 yRE, BMEZN 2 A, HREYERFAH N &5
B AEAR P SRR AR, JF HRA B R 38 A B A B
AN ARSCERIR T I U R I 248 B T
H N HIBETR, B 2 R SN I 2R 2 B DLAH
JHESI R YR 97 TR A B A

1 AFRERYZE A

fER R AR, R RET TR, B
M S B, e & =4z AAEJZ
HIREASMEZ, b RHER B T W IREA L. AT
JUE P B S 5 A B o U 2 A B 60% . AR AR
80% LA_E, S HF 45 # AN Dy BE A 24K, (EZ AT I Zh RE
(IR AT I8 75 2 S 40 A0 45+ AH ELAE F i e [R) Sk
Blo FRHERRRR T HFSEBARML . A R 240 A0 A A 4
Ab, A B IR PR 18] B2 A 640 i R 6 e
7 LA P A BRI A A A D 1 4 (K tipTer
cell)s [I7dMbk fil FI ¥ 1) 72 Jog 200t A0 A 2 ) o 24 a2

2 KEFEHIBLE
TENLIR P, 404 TS A 0 B e, I 52 5

Z P N AME S (IR S S YEVIE 5
SRV AR . 4 i Ah R (extracellular matrix, ECM)
SRS A EAEH, Bor. 4ERRART T 4R
AThREM B . 40 73D I b 19 8% 72 A0 LL 3L
TE2DINEE R 3G 9%, D0 R 40 PR ) 1) A ELAE FH BE 2%
AT AR LR85 B (3R 1). 1E3DZS (A 41 -4
it B 200 i A 2 5 1) ] DA AR 2 4 R TR A B
H, T 7E2D 5235 55 v, A B AR AN PR T 48 i 18] £
HEERIE R . 3DREFREA R IR, BAA 2
IAETR, AEAHEY) 7 5 R AE, AT LS e 4 B A7
TS ANPNGEE . MATEAS . AT RS AL R B S
AT . Kk, ML T2D8E 9%, 3D8% 3% 19 40 i 78
SENIRN T RE 5 A N 2 2R 88 B SR AR ARL, TERIR IR T
IS FH 7 TH A 1R A A BRI A T AL

K48 B (organoids) il 7 & 15— R 5 3D 77
ARG, RERGAENFELE FRLTEHE. LAN-
CASTERS: MMt — /NS B R8s B X, HN
BFERBBETREWE -ANHEARERK: F—, —
MRB/ELICE AL LIS EMMAEA, 5
=L, BERAURA ZAE R E iR B, R
B A N 2 A 5 A B e R AL A (R 2
7 J8 3 H TR 2 B IE 2R A8 E 2 B Al R
MR, HUCHSE 2 H IR S0 R 48 B 1) LA
P HER, HUCHAS 88 B € ON RS FI3DARAEHE,
FEON SRR T4 23 1) 4t B /#H 41 i B8 22 A 41 e
(pluripotent stem cells, PSCs) A H FH H il H 3K
MR, TERAT LA IS 6 348 B 450 5 ThRE 3D 20 i
AR (A1),
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Table 1 Comparison of 2D culture and 3D culture

S %
FEAE Cell culture
Characteristic — Yk B
2D culture 3D culture

Culture method Culture plates or dishes

Cell source Cell lines or primary cells

Morphology Two-dimensional monolayer
Experimental cycle Short
Heterogeneity Low or no

In vitro function Only cellular features

Drug screening Suitable for large-scale drug screening

Extracellular matrix

Stem cells, progenitor cells or induced pluripotent stem cells
Three dimensional structure

Long

High

Similar to an organ

Suitable for personalized drug screening
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Fig.1 Defining organoids (modified from the reference [14])
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Table 2 Current state of various organoids in vitro
B DR

i)z Current state of organoids
Germ layer KA AR LR SHIH

Organoids type Cell source References
Endoderm Thyroid gland mESCs [16]

Lung mESCs and hPSCs [17]

Pancreas mESCs and hESCs [18]

Liver mESCs and hPSCs [19-20]
Mesoderm Heart mESCs and hESCs [21]

Bone mESCs and hESCs [22]

Kidney Mouse and human PSCs [23-25]
Ectoderm Retina Mouse and human PSCs [26]

Brain Mouse and human PSCs [27-28]

Skin mESCs [29-30]

mESCs: /N REJGF4i; hESCs: AMAG-T4H .

mESCs: mouse embryonic stem cells; hESCs: human embryonic stem cells.

B, w0 52K £ 58 T-41 Mg (human pluripotent stem cells,
hPSCs) 5573 b il 2% B .40 A, A2 J bl ] BA
FEAAR R R AR B IR 2) .

3 RFEE=RERIRAMAE

BT RS R i S 2R v, CEAR MR HETE i T
REFI /NS5 K0 o f B2, AR AN R AR 40 2 (pri-
mary hepatocyte, PHS) 135 7= HI4 3 — B2 i AU 1)
AR, BRIl JUAE, BE AR R, 1S
B5 AN 19 Ty e 1 JH 4 0 R 3 440 P A ol T e

BE & A A E AR R R, BT H B — gl = A
HIZR A% B DA ER AN [R) SS 20 4 o 20 2% i ) 2 2 B 1
FUR(R3).
3.0 B—iRpaRIRTREEEE

JH- &4 Ff 60 AL A7 0 2 FE O A 9 A L T g
M. JTAESR, PN PSR A R s B A A
B E FH T S 03 440 A B A A B AR R A B I
% b AR BRI 2345 7 1 S 5T 40
MO SR, FF 0 Bl o TSI J53 AR 4 1 38 i A0 U 2 e
Mok, IR 4R A B o SR B 4ih, RI
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Table 3 Recent advances of liver organoids
JHHEZS 35 B BUR
ok Current state of liver organoids
Species e I AR EE PN
Category Identity Extracellular matrix References
Simple organoids Hepatocellular organoids Mouse and Matrigel [32]
human hepatocytes
hiPSCs Ultra-low adherent plates [33]
Cholangiocyte organoids hiPSCs Matrigel [34]
Complex organoids Hepatobiliary organs Human EpCAM" Matrigel [35]
cholangiocytes
Mouse Lgr5" Matrigel [36]
hepatoblasts
Human PSCs- Matrigel [30,37]
hepatocytes/cholangiocytes
Vascularized liver organoids Human PSCs-endoderm Ultra-low adherent [38]

cells, PSC-endothelial

plates/Matrigel

cells/HUVECs, MSCs

hiPSCs: N3 2 e T-40A; HUVECs: A S5k i 52 40, MSCs: [ 78 i T4 .

hiPSCs: human induced pluripotent stem cells; HUVECs: human umbilical vein endothelial cells; MSCs: mesenchymal stem cells.

MR AR B, FRATTHE 3 X e 248 B 1 AR
T35 CA % 45 KA RO ) BRARFAE o
301 MERmiEBE  (EABBUREFMLT,
M3 55 1) R AR A i 250 EL A T R 28 B I RE T
AN B0 8 1 JEAR BT 52 o 41 B £ WNTTB B 77 (40 R-
spondinl) At A=K K5 BHIHIFH (1 A-83-01)F45i %
PSRRI 7 TNFoI/ER T, BegAEARAME
FREEE P, EENZ, fE WNTESIFIMER T, 7~
U A28 B T ATEARAN 3G 2~34 H , - HiFS
JE A 20 B b &4 (i CK 19 CK7)F0 AT AR AL 2 B b &
V) (a1 Tbx3 Sox9)IFRIA. Br T /NG SE R 4u 41,
MG LB AT A 73 9 R TSI o3 240 B[R] At B
TERCRER BIRE T, HF H 2R3 B TEAR AT UK AR KR
AR RIS A AT RE P2, VAT, /NI AT SRR
S 6 A 2% B I T AR IR 0 43 V) i P S 4 i
FA IR RHIE .

T o O T A i R T DA 22 e T 4 M B
FSC T 4 240 2 S 55 A 41 B (hepatocyte like
cells)“O, i S 5 200 it ] DATE B AR 2 B~ AR o
LY R A TSR 40T RE SR 38 B . FEIX R
Y ONIAD AN BT = S Wi T A B S E AN
U, RS0 E A R R S5 S MR
fiE. FEEBME, DAl BRI A&
FIor b BEIE AT 29PN IR 038 i 55 AT

SE R 40 M ) D e

312 fegmiekBE RSN, R E GRS
S L RET A0 = A Th e I H A 40 i 2o T RE, R
N GIAR T WG A B 0 FO R, S INRE 58 14 20 e
R 7-(B27. FGF10. activin-A)iE4T 1% & 404k, 2
ST LR TR 2 R T AN S A O R R A
JfaB2-1 2 22 fie 40 i 43 A4 B AR T IEAE A 4 iR
W, EATRE R R R, BB, IHE A
L B A W, v R AA A BLAR E V) (WCK19. CFTR,
AQP), HHAFEWIRA T VYA E2IEHIRE
YT R 1) JE A 4 g1,

3.2 BERATREK:EE

321 MReXET  FFREDIREMIHAT 7 E &R
L, FERE AR T S AN M . P R 4 i R R 2
M4, KA TR R 40 AR A UK 20 R 2 B 40 i 5
HUCHZ P HRIE 7 /N R Lgrs AT 92 )5 40 i sl 451475 15 5
(1) LgrS™ 4t fa 75 4 4b o] DAY 3 08 X0 se FFIE 25 4
B, FEEAG R Dy e 1 I S5 4 i A JE A 4 o0 1Y)
Re 7o eAh, MRSZA0 /N BRUFFIE A 23 59 H SR ) IH
B LA AT DL [RRE ()85 55 07 13T 3DEE 7% .
b5, HUCHS PR 5 9% 07 RdAT 1/ eesl, &30
M e 255 ) JEA N EpCAM 4 i [=) 6% 7] LLIE
R XU e IR R4 B, HAZ SR8 BRI H
BRI E ARG . BEE TR AR KR, B 26
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TR L 54 PR TSIz S5 24 i R JIE S G A AL PR S5 4, R
EATT AT 4 HR A P 1 R S5 R i AT L X
WA SRR T EET,
322 mEALATREE N A R
FE NG S IR AR 1% B4 M ) SR, BT A e 2 R 8
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4 FHAEXZB[ERINA

SEGI ARG FRBORMLL, K8 w7 A
EREI S XN 3% B 2R AT LA sk 3
KRS E 91, JFRU3DA LS I T BE . KL,
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Personalized
medicine

|

-

Disease modeling Development

Drug response

FE R a7 A B A AR S8 BI°F 6 (K12) .

4.1 EIRRE

4.1.1 IBHHI R T FS P4 995 (alcohol-related
liver disease, ALD) & H1 -3t &I 51 6 1) — i
AT B PEF o IX P B S R R 1 i 17
PERT 2%, ARG e T F 4t B2 T dtl, s nm™ &
H 72 75/ 8 58 35 A gk g N e (hepatocellular carci-
noma, HCC)“S, FE35 7E i M E [P 4F 0 1] fe /5 2
Ftt. fil, WANGSE 7L —FhBE L ALDY
P AR I A RVRHE (R AP R B B AR . M G T
21 fu(embryonic stem cells, ESCs)fiT4E [ AE 2R 4% B
56 8] 70 5 4 i 3 55 5%, A 100 mmol/L £ Ak
TR, &R R, SARCHEFX AL, ZREab
(RISEER B R RS VE I3 0 R RFALE, WCYP2ETAN
CYP3A4TE I 58 . AL 20 M S ot JUAR A
I T AR,

4.1.2 AR EAG VNG I b AT TR AETPTRE A i 77 12
J9i(non-alcoholic fatty liver disease, NAFLD)2x 53—
FANAS[RIFE B ) S P I 5, 38 R AR AE AT 2R
BAEEE 5 F o NAFLD) A& A2 N HBE G 197 22 146,
Mot — 25 e Jg AR 1 i 17 14 T 28 (non-alcoholic
steatohepatitis, NASH), &/ AJ fe K B A AL 7,
2 o AR PR TR D I B A BR AR R R A B
H FA 7T AR YT 7 ) A A A T AR N
FF4H B (primary human hepatocytes, PHHs)F1 AT 41
M &, (HAR S B SRR ) e AT TR T AN AL

| oo
L—cco

Liver organoids

N

Gene therapy Functional units

E2 FFREXFEERIRA

Fig.2 Applications of liver organoids
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OUCHIZE " 755 £ it 141 il (induced pluripotent
stem cells, iPSCs)fiTA= IS 48 B A RY A AR 4 L 3
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FUASE P JH 2 25 B i aze a2 IR S AR R 2454, -1
E T ANA A B IMEIRAY), B HFEFHET N2
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PRARRE Y N i B T R R 2 A ) ISR 3R
413 JRAMITIE JHF e A A BRER 7S KW DL S i
FRIES VY R Jipr I 0 25 G P 12 M AR e g ) S Jo
SR B E B AR T EEY R BT 0w 5
AT PR FHF 52 J53 24 o i T 7 24 o 248 8 B kA T R R TR 5
55, J9FFE R AL B e gt T — N 5 TR A
AIAT IR

SUNZEPLRE N JH- 20 it g v 1) B 08 & Rl e-Mye
SNBSS ATAE SRR T R S, WS R4
LA TP J5E (1) T e 2R L, T AT A2 e Ok AR
FEF AR MERB M EUE IR . BLAh, @i IE EFRAS
5 3 1 JH S Jo 240 i 2 4% B e R 0 o R R L, SR
Joit 2 P T2 A R TR R A AR 2B, WCK7. CK19,
SOX9MISPPL, FHITUA A LB I NI, AT S5 4H
WA 1 ok & 2 P9 H 4 28 B 928 (intrahepatic chol-
angiocarcinoma, ICC)H]—Mbs MM 4514 . SUN
SEBIHRE A ¢ T NI A 4% A RICCA A ) 56
—ANSCHR, 2T TEA B, S5 4 T e R ICCHA S
TRAHM . B FEN 02t O 28 A S5 41 A B HH 5 41 i
FRARE o oA H WL e B R AT T AT (R 4).
42 FFIEREFMR

JVE 6 U R B FA R I P A RO T 22 Bl E

SOE PR EAE A . SR, X S8 AE S 3 B ]
PATDHRE M AN 4 . PSCsSRIR AT IF K288 B 2 i 5T
FFRE & B I FE R RO AL, FRPSCs 24k >k i 4
MR E, BFETMMRAS T HE RN E A
RS, &)1 TiE B a1k, fE— e fEE L E)
TRNIIER R BB RTS8 B st
AP FE R, S A) 78 5 40 I B Py B 40 P £ 55 40 Tk
T et T PSCsHIFIEZRES B R, HiX M2
(PR TR B I 1 P A s A R o A A A b R 4
2 [ IR A FBs0,
4.3 Yk

BT R SR 38 B BA R @B 1 ae 71, DR
WEZE 28 B I N2k A B A R 1) & . Bt
FON A R R A8 B, BRI B IRg X AN [T v
A RBUBR R B, 3% 48 SR I TR 2 28 B A Ol b Rt
MR TY . RIS, FFAE SRS B 1 — 8T
LRGN EE, FERTHET &, K e g
R BIIT 8. BRAb, b wT DL 8RR I S 5 40
BEALAWE, (R NN B G F G . BAR
N A48 B B b2 254 AU A 25 M I e 8 bn
HE”, (E AR R AH B AR AR A A RS 77 2 R T . R
JH R 2 28 B 0T 25t A7 i ik, AR I 29k AE R
BT A TR — 2.
4.4 EEATT

1 1) J5E [RIY6 T 7E B 40 B A0 41 i 315 7R 451 4 vh
O T ERSI. SEAARIEER, iRt EL
AN BB TR IR R g T B S5k 54
HHARME S, BB 5 B R RS T st
FEBRIERIRIHE R RE T . WY 2 A2

*4 frEABRERE

Table 4 Modeling liver cancer with organoids

P
PRI Disease models
Type of dis- S PRI RHIE JPRESAS 25 B 200 AU 22530k
eases Name of disease Features of diseases Contents of liver organoids Reference
Liver cancer HCC PDOs Tumor cells [52]
HCC with c-Myc mutation Reprogrammed hepatocytes [33]
CcC PDOs Tumor cells [52]
ICC with RAS mutation Reprogrammed hepatocytes [33]
CC with BAP1 mutation Primary cholangiocytes [53]
CHC PDOs Tumor cells [54]

PDOs: Ji N 41K 11 2858 B A B CC: ARAE s CHC: V& 214 JHF 400 i JIE 25 4 s

PDOs : biobanks of patient-derived organoids; CC: cholangiocarcinoma; CHC: combined hepatocellular cholangiocarcinoma.
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LR A AEAT S HE R R BE, A X B R A
B F k69T B fa S AR i B A AN VR 2 0E Y
B . B, GUANAE P id CRISPR-Cas9f A XS
AlagilleZ5 G 1E B 41 B R 5 1 2 28 B (1) Sk 1R gk
1T 4%, 16— DEURRABFERE IERL T B4R, FR1E
A LB T 12500 IR B VK S . FRATTA B
AR, 24 5 DR A0 s B8 AR AE 22 A PR 25 7 T
AiEH T Im RSB, K8 B BOR M O I 2R T
AT T %
45 EMTIEAFERE

N T B R A0 L A i R DR, B AR AR
IEAEAT 2 Fh AR W T2 T B2 () dn sy 38 = 5 R 1
O ERES TR 5 A2 SC BRI A ) T ERAER)
Az i 40 B A A B . JINGESOSF 1 — kIR T 75
3 52 5 41 g (induced hepatocytes, iHeps)# IfIL & 4t
D EAS BB . AT e I T ko A 1 A Al s
Frik %, KriHeps 5 N Bz 40 M AE 2 40 (1) 3D -4 Jfa o1
FERUK B AT LB 5%, SR DR H . 1%
WA R R &AL sh A, i R H %R
%, 3£ T iHeps 3D IE K& B it S AR L4 B 4
R FE &R G, HEA bR S B 25 I Ik 1 eT 47
P . Micro-scaled3 AR 1] DAIE ik 4 i 425 i) OC B 1 7 22
R R, Wiiismsh . G S5, BMA N T
IREEOOT, g i, WANGEESHE 1 — B fif] 511 X
FOE 72, a7 R . KII3DR: %
DA AE AT HE VR F O A5 1y R G P i D e P T 25 4%
. HREEPRAMAEAAEKRE. Ratkmm
IFa) 52 J5 400 B A IR A2 2 T O A PRV RRAGE o A RE R3S 77
RGN R E R I B A ME 7), IF HRIE
A B A B R e M2 ] Ak, SERESEEFRA L,
BRI S SR RS ThAe, B B BB AR
E IO e

5 KEFBEMRERBRAE)H

SRR F JUAR Y, T B8 BT 0 ORI
W, (A28 B BOAR DY ARE — PR SE 3 10 A M 97 2
G, H BRI SRR, HAT, ek,
RERRALIBE. TRV (9288 2 , TG VF 2 PR,
T R AC BRI TR T4 L 2538 40 1
DL SNES NPV OIS A
SR A BB IR0 5 A — A IR R Z
HRITE RS M, DR Z 5 3 A 40 2

IS A A AR B AR ELAE T o RS, 4T
KA EHHFRAREEEIN S EAFRG LM AR,
XA B Z AR B H R 3= . 2K 3%
B FRE D A SRR R R AE R RN AR
o HATHTH T % B ER B IS FURLIR , Bk
H T EHS/IN b AR ) B R JBEBE 5, 3K FE RN ]
TR A8 B 10 R B BR AT . R E R R G AR
AR A AR A IR R, IR IR B AR K
IEAEIR . Oy 1 RO IX S B T T AR L R, 7
MRS, I LR B e B IR R 55

6 RE

HALEE H AT 5 3 IK3DR R 2 —, FIH
T B 444 ) 40 L 4T B 1 TR 2 S e, T
TEARAM R ST LT AR B OB . I el K R
(R 2 35 il 5 25 R RE 9 o LA V2 0 8
{5140 430 7 20 B R I, DA 90 A BR824
TEF AT 2500 R R At . 7 25 14 B
PFP AV 245 58 B L2 VE 2 PP 6 e e o 21 T
B, IF HLIETE B — ANk AT AT 1 3.
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