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Advances and Applications of Liver Organoids

WANG Yixian®, ZHU Yanjing”, WANG Hongyang™®, CHEN Lei*

(International Co-Operation Laboratory on Signal Transduction, Eastern Hepatobiliary Surgery Institute,
Second Military Medical University, Shanghai 200438, China)

Abstract

Liver is an important organ mediating various metabolic functions and also has high incidence

of diseases. In recent years, the morbidity of liver diseases has been increasing gradually. Especially, primary hepa-

tocellular carcinoma has become the second leading cause of cancer-related death worldwide. Thus, understanding

the physiological functions of liver, developing practical experimental platform for liver physiological metabolism

and disease progression researches, as well as establishing new strategies and methods for disease intervention in

vitro can provide new ideas for the pathogenesis, early diagnosis and comprehensive treatment of liver diseases.

This review discusses the recent progress of establishment, applications and technical bottlenecks for liver organ-

oids and their potential advances for exploring the underlying mechanism in liver diseases.

Keywords

AT L 40 R AE A A 22 20 i 5 Ay Al A s
(i) B ) 4 A2 K A S5 AL 2T R O — 4 (three-
dimensional, 3D)&5 MM, R AR HINA R B K
AT R, OREFAH RIS B B OB R A5 0 . AR B TR
SR BRARAS, A2 HERIRTIm KRB 98 55 07 T B AT FE i
R AT . Hl, REFCHTHRERED. Btk
PR JEREST, T 0 SR A A B AR AL
JRAOA S 2 o ¥R 7 R I ST A0, 20174 Nature
Methods 51 72 ¥4 28 4% B BORVE N A i B 27 80804 2
FORM,

JH R A N A B K R R AR, EH 22 Tl 24 84 400 PR AR i,
ALHE LR B (AN AR 41 BR) . Kupfferdiififd, 5
ZAM . ARG, SR 4. E SRR 40
FL AN ARE PR 40 i S50, 8 47035 N AR VF 2 ) 1)
Ae. BAARSkuL, NIRRT A B, 258, EAR.
NEANGE A 255 2 M o AR, VR AR Ak
By i DA S s I S5 AR B R o GRSk, Bl AT TAE TS &
JTRISE NN, & B 1 i 28 2R B THE S

liver; organoids; 3D-culture; stem cells

R ORI AR A A LA A ) 7 A e 0T, (H 32
B R R SR O T 8 M B i A B VERT
R KAV 55, B HEBRRE IS
T RBIR, PR Tl P B AOm ML, b
e A R FEAR T, SR I R R T kA
FEJEIBE . Br% R4S B 5 TR BOR LTI AU 1 AT 72
NRER THNAE. BFERESE @Bk, ¥
2 BN SRBCE AT, 5e B R 950715, ST
REAR NG RFACMISIT o 3 AR 5 I BAAE BT HESRS
WER RN IR ARS8 2
A5 SRR R U T AT T PR R R, T AE S
fifi EIOVIE 7RG B AE T AR A . A AR 1k S AE
VEFAL > THLH] . Z9MRT B VEVEOT . SE 1R 259097 2L
i AL B Fr SUIR YT T RO AS S5 7 T ) R BT,
X HESD B A HE LR ST 1A B BRI S

1 FFEEREEMLRET
4 H 0l H £ B8 T 4l Md(pluripotent stem cells,
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Liver organoids

Reprogramming> ActivinA>

PSCs Endoderm

- FGF
« BMP

Growth factors

ECM embedding

Liver organoids

-

ASCs isolation

ASCs © Wnt . TGF
- EGF
« BMP
+ FGE ., pock
- HGF
(] Activated

(J Repressed

A ZEETANPSC)RTAERI RS B B L TPSCsE MU G - X B H iR E IR (WIEE . PIEZBSMER), 150 M4 KK 7
FUE SR 73 TR LA S AR . Br @ SL AR T4 I (ASCs) T AL RS B U 28 75 2000 7 FUAR AR B O TN 2R, PRI IR\ B4 b2
J5i (extracellular matrix, ECM) ™, 7E45 52 B4 R TR R 125 . ASCsATA SRR B RIE T 1, HBS 370K R 75 B IN) 78 o sk S e 4157
55T A AR R S AR A A R R G . BMP: B R R E; EGF: R A KT FGF: Buef 440 4 K 5+ HGF:
JF2H A ;. ROCK: RhoAf5G8 (1 iA; TGF: #ALEKH T .

A: PSCs (pluripotent stem cells)-derived organoids are established following directed differentiation of PSCs, which requires a first step that involves
germ-layer specification (endoderm, mesoderm or ectoderm), followed by induction and maturation, via culturing with specific growth and signaling
factors. B: ASCs (adult stem cells)-derived organoid cultures require isolation of the tissue-specific stem cell population, which can then be embedded
into an ECM (extracellular matrix) with defined, tissue-specific combinations of growth factors to allow propagation. ASC-derived organoids, as shown
here, are of epithelial origin and lack a mesenchymal or immune component unless it is added separately. Signaling components that are important for
guided differentiation and niche function are shown. BMP: bone morphogenetic protein; EGF: epidermal growth factor; FGF: fibroblast growth factor;
HGF: hepatocyte growth factor; ROCK: Rho-associated protein kinase; TGF: transforming growth factor.

Ell ARPSCsTEMASCsHTEHIAR BRI AGRIES E R [16112250)

Fig.1 Process for the establishment of human PSC-derived and ASC-derived liver organoids (modified from reference [16])

PSCs) Bl il A T-41 il (adult stem cells, ASCs)FH 4L A A
aE R AR . P2 BT 40 9 ikS mid Sk
W EE SRR E IR E(AIEE . TR R B
SMRRR), P50 i B A BT A0 i R - L 8 57 B
5 4 A2 ) 7 AR RS T A ST R AR AT AR
MR AR B W E e 7 20 B Hinas B T4 R, 14
B ot N B4 A 413 57 (extracellular matrix, ECM)H,
FERE SE R AEAC IR TR SBT3 A ()M
JEFE 2 S PR AR v B A R, MU T ik (X
 (portal vein, PV)FI| - g ik [X 45 (central vein,
CV)FFLEA [F) 1) 4 B ST, L rh ¥ 22 20 0 2R,
e JHE 1T DK X35 K Sox 955 FH Ak hy brid JHF 48 207,
Lgr5'(leucine-rich-repeat-containing G-protein-coupled
receptor 5 positive)H 2 JPOHT - Hh g ik X 8 )
Axin2 RIS, IR RS S 4E R AN 18 2R
HAEEAE; 5180, £ R L4505 15 D0 T B 158 ik
DX 32k 400t 7T 2 7 4 A RS P 20 A 4
(hepatocyte-derived liver progenitor-like cells, Hep-

LPCs), Z 525, XLy g A% i T

o AN [] 24 P RSV ) S ISR 28
1.1 FSMZRTEERIENESEE

20065 1L H A 5 AT AR R B, R 250 FH 30 5
T3 B B DU AN 5 48 i R P A 56 I % S R F-Oct3/4
Sox2. c-Mye A R KIf4%E N /I G AT 42 v, B
ISR EATE O Z e T4, Wl 2 if 312
BE T-4M B (induced pluripotent stem cells, iPSCs), ‘&
MHERA. BB EERE. BB, 9000865
BNy A RE 55 TT ARSI AG T 40 e AH AL, iPSCs
KPs+or 1z, XRAH B WG 400 1 K & fe
71, FEAR AR FR I Al E i L A G R R, s
AR WA FEAKERSE, SN REE
T, PR, B8 AT 2 A 9 A AR R4 20 i B 2H 21 3
R, BT XS, iPSCslih 12848 B I H %
AR UR . 20134 SHANSE 3 i v e & i 6 th
JE0] LU FiPSCTE AL 1 /N 73, — 28 AT LA
F AR AR A N AR 28 i T e 1 38 B 55— 2K W]
DA o JH 40 1) Dy e, AR T- 95 5 22 R 4 s A
{14 JFF 40 L ) B R AR A o 3K B8/ N3 1R i
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A BT e 20 B SRR 17 8. [F)4F, TAKEBESS2 gy
URAEAA A 5 I 3D UL & P R0 1) RE 4 1T 2E (iPSC derived
liver buds, iPSC-LBs)f ¥ st #2. At Al 46 KiPSCs
75 T A0 P9 R 2 A A 5 5 S 4 L %, R LT
T 28 Ja RS AN e R /N BR R, 2 5 1948 hiNiPSC-
LBsH [ I8 7] 551 3 M8 A& I R IEThRE. %
925 Y o F1 B[R 3R 1A 2 B B, RAINGS 3 T8 B I 2
550 o8 I 2 B A AR UM, FG P 0 A D e M of A ] o)
BLPSC-LBs[A AT ALK E . bJE, % FIBAEE AL
T MBI R TR &, %A R AL
A7 A AL /N BT 2R, 20194, 1% 4] B F L
15 3 K G, AbATTAR B iPSCs T 57 Y HAT 821 A1 5
SR F-RE-EE 2 B, TAKEBEZERO 3 S il it
NKZ e T 40 r3DK: 77 77 S e B A X 38
S B Y JE S R IR I i < BOR AR S5 R, TR
PR AN BRR A HH 10 B A N 328 5 s v A2 30 BR Ak i
b J A ST PR R . B RS K
BRI IR B IR A R AR S, AN A,
TE RSy SR N B 1, B 2TV R R T B — HEL— ik 2%
v E, HNE RO R A i R) 5 A 2 (A
BALEIIBRE R . SR TR EUR RGTE
BRI H A M, i AR AR B R B R R R Ak
FHHAE I RAE T AT ReTE. 20204FE6 H, DL2EE: K241
21 B\ 25 4 A N 2F 55 240 e R IV S S 2T 445 240 P DL 3R 4555
SZRTYIM R, 254 KIE B R 0KEiPSCs
ISR () R A0 i 2R, B 240 &6t ThRE s & TN
T AT IE, K R AE 2K R A fEiE4 R ™). %07
FiSe S B N T RS B A — Rk, M
IR TT BT g Y
1.2 JERRTimpRRIEHIEEEE

19814E 81 # K 2% EVANS AIKAUFMANPY
TR BTy A /) BRIV A SR A5 T 40 i R I S AR AR %
I8, R PABATHAN R B Lo g i A B R E HI A £
) AT BRI B, (EDRTE 2 S5 AR KR (] 5L, 7R3k
R K280 1) G 4 AT 78— LR R A 58
Tl 1 3k B, B E19984F, THOMSONZL #2474 M
EL PN N Y etk VAR ONE S INi TR S TSN
WA SO N — A AR R T aE A
V22 IR RE, B 14 o A RURr S R AL ) R A 2
JAh, BT LUK AR AR NS SO KRR E RS, 2019
R MK K PR e WANG 2] BACIF] F 37 AL 8 9%
FECL LI, Joia 7R 20t N SRESCsATAE I vl 4

i B 2K 25 ‘B (human ESC-derived, expandable hepatic
organoids, hEHOs). %S %% B v] AR e Hh 24 35 X0 ]
T REJH T 40 M i 2R B AR AL, A 234 D e e JH- 4 i
BRI, [FI AT DAZEAR SN 204K, DA &2 Tolk
Bl PR B R FH 40 ) 75 5K . SR EhEHOs )48
Jifl #% #t NFRG(Fah~/Rag2 ™ /I12rg ™)/ & i 45 175 AT
JUE J5 22 IR LR SRR PR AR 8 0, I ELAE AR 4 W [a) BGRA
HIHF AN . B 900 R 2408 B RN G B R /) Bl
(B S R DT B 5 R, EATREAS 2= A AR &, B
AN TV Rl a8 da fa AT SR NS g L TA) 78 )5
21 Hfd(human fetal liver mesenchymal cells, hFLMCs)
5 FIhEHOsH JF R AT AE ALY, i 28 2 T b B
Ji R DAREADL 55 VRS 14 A A 5 FR) e 3 A B AR
1.3 BATHRIERNAEREE

BT 4R N LR A B o) — R R
&, R AP RA . 5iPSCsik A
tt, ASCsT] LLE M H bR s B HH3REL, BRI iZ@ 1t
AN T HE 28 7 240 0 B O R B B B T A D A i
{HAZIBA WAL — 2 )@, L ANRIZHZMASCs
HA AR )53 Fhric, %058 140 i el -4 #E
H w200 5 AR 8 SR I 2 g, DRI R 0 & M 43 1
pRic Pt A3+ oy 6 2. 20074F, CLEVERSZ5E4If
FOR I, By Wnt#l 3 [K] 2 — Lgr5(1H4% 7% v Gpra9)n]
FH R %58 /N i &6 i+ 4 I, IF Ho\ A Lgrda@ Bids
T2 — A bR i . BE S TR I, & Wt
BN FIRSPOL [1)3D1: 77 F 4t ] 34 B NLgrs T 4H
JL AU o B 3 1 1l P A AR IR 2R 4R B GF )P, )
BN 288 R s A P U v 0 35 T B A 2R 88 )
Lgr5'41 . 20134, GROMPEH] A% B, Lgr5H
FIEAAT FH T bR I o 40 B i A2 B, 38 ] B
T 38 — PP A2 43 P AR A G BR ) T 4B o A AT 45
A5 705 B HE A B AN LgrS Y40 ffl /ERSPO 13 757 2k Hh 8%
TR E, BB Fah™/NR G0 =4 ThRE
P 44

R 7 Lgr5 g 4b, & A7 HoAth 38 2 i 40 Jfg v] 78
M. 20144F, TANIMIZUSPT7E3,5-— £
FE-1,4- A = HALRE (3,5-diethoxycarbonyl-1,4-dihy-
drocollidine, DDC)45 173 ) AT I A & ILEL AT s 4 24
MTEZ 1 S0ox9 EpCAM (Sry HMG box protein 9-pos-
itive; epithelial adhesion molecule-negative )il il 7£ {4
HNBETT A 9 IR FEA G, SCRe A v ThiRe vE 4
f. JCHA M, 2017 4 OCHIYA B\ B*F] Ff ROCK
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Orgs), PRI 1 G /)N B 40 i AT 2 1 3 D9
HhRE 1. WEFEN RAESERS iR I, 2RAR B ORYE T
ANHEAn L, F BRE Or B IR BT AS . ThRe A
HE R R IR R AL, LA i 284001 1 2 V) B (partial
hepatectomy, PHx)J5 3 58 (1) T 41 i i s 1%, A AT 14
FERE AN E S 40 0 /) B b H I A 9 3G I 2, 3K
BEAUL T JH- 4405 51 i o R0 38 5 S B2 R — I 38,
PENGHEMR I, E3DE TR R G, #4775 3 M R
0 P55~ TNFar] RLEZE /0N B4 B 475K, R4 3
A8 JE BAL AR KINEE FR6 A H LA o B 50K 4K
HNEEFEI BT AR A A N Fah™ /N R 2 BT b,
TEARN AT AR FAZR, i D, HZUB R A5 5T
FHSRAR 12 A X DL T3 O 40 P PR 47 18
14 FHEERE

W98 S ot P 2 8 A [F) — Jih e 2H 23N 1 B[R] —
S B A [R] b6 28 23 22 1) 241 i B A AN [R] ) i A B
FAUBIREY, 3X PR 14 2 T BURRE VR TT 2 W) DG B
K. HiEERENS AREE. MREHON R
AR 537 2 D P50 2 0 v 2 e o PR, DR e ) i
BLTF A RE A E ZE KR IR 4 AR A RR AR ) e B
FORAY, AR T e AR AR 12T B e . JRR
P 98 32 160 45 410 i 928 (hepatocellular carcinoma,
HCC). M AEE 4 ffud& (intrahepatic cholangiocar-
cinoma, ICC). 4 A — T P9 IHE 40 i Jes VR & 22
(combined hepatocellular-cholangiocarcinoma, CHC)
ZHREAL. 20154, BROUTIER %5 R F 252 s
VIR 20 234 i 7 =P 5t % 1 i (primary liver can-
cer, PLO)JZE A B ALAY . AR UT M PR BE 1 R K
Ji IR ) AL 2R AR S A L R DR TR AN R DR L RRAIE, IF HL
FEAH [F)BE 7R 2 S5 A R K IIHE A W] OR BE AN 7] g 25
ZUERI AR . PR AE A SO R W, PLCRAR B Y
BURIERE . LR R R ELE AR N 3] LAAR
PR UFHARAT . BEAL, 2T 5T ] AR K PLCIS 25 &
VEN A hs e P %5 8 AN 25 iR i i 2, I FH LA e

T ERKHNHIFISCHT7729841F il 7 1 Jif M FH g v
JTZ5W . 20184 55—t 7t A BAAE e 4 23 % ol v
PR IR T 2RAR B, 5201 74E 190 FEAH LL,
TR T RS B AL HRIE . XA T
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$, IR L F I T R 2 2 S IRTT, TSR R a]
WM T4 52 4 B v 7 1 vh i U e 8, DR T
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BB A EVIREAS B, 1K P AR W RE A ] DAL FE
B IRAE K, WVETT RBL T 25 14 K A AR A7 il
S 2B, T R U st 5 B S AR H e AN PEA VR T
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2 FHRERENEHA

KB/EHARRLG U TEEZERHMRAN. 1) NE
P NFRBEERBAREH RS, AL
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YN HATAE F 2R 28 B E L T R R, M AR I (3)
e s TE L T R AR Jik [R] 2 05 A5 A0 245470 7 32 (1)
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HAT NAMA L Bk g0 R T 2R AR R, A BT SR
HELYT . XL AMEAR B F AR LIRS B T T
2 R (B12)0T,
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23 % 48 R AR FE M ElE N LA ik
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ST RS AR R OGP IR . B RS,
AR A R, AR R R, 24
Yoy T EEABIT K, Zi90E R Aok i 2, 1 ff
132590 R I BE LW K, 29k i TAERE R
JIHENEST, 3DEE FE B R4 B H A AR E 1) KR R A,
TR A PR MR AT A, IF HLSEIE G T AR i e Al
B E T, H AT O 2 RN — R EE AR ) 24 4 T 1
B, HAEZEE, BN HEEA R RR TR
B B 2454, 3k m] R T IR AT 259, an: YR IR IR
ZGWNIT RO 2 Ak HEAT 22 Rl OR 29 M ABUT
FIE RIS, thah, it B R IR R8s ikt
AT 53 0T, W 7838 AT s 5 S50 24 2 119 3R 00 188 4% B st
2R JE R, S BB AN VAL VR T 5 pE O S
FHEFo 201947, LISEUSIH I 96 28 48 B E 47 e i
2y . W FTE MIE A T AR AR A I A A X 3
SREMRL, F L 7274 BHe 2R 48 B 4l f bk, 2 518
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¢ Developmental processes ASCs

* External stimuli * Cell therapy

* Stress signals * Drug development
: 2 * Genetic engineering

* Cell-to-cell interactions PSCs

* Mechanisms of stem cell
homeostasis Developmental

processes

C: precision medicine

A basic research Patient

Developmental
processes

B: biobanking D: disease modelling

PSCs

°® * Pathogen analyses
J * Genomic analyses
‘7 « Screening for disease-related

genetic variants
« Metabolomic analyses

Healthy

FA BT T AT TU(A), B ERAR AR B RE . X SRR SOR R 55 I 7 ) IS SR 290 ) A A P R0 T8 i A R s LR A4 (B),
o NSRAF IR AR T LA R A SEATAE 2R 3R B, %2R AR B AR AR FE ) IR AR (C), P B Fh s IR, AR 23 T 254 15,
T RAL Y L GBI AR S I R ALI; REHEDS 52(D), BB AT AR RO AS B AT T IO 25 SR, I TR AR R A S R TR
B TE B

Organoids can be used for basic research (A), including studies of human biology aiming to understand developmental processes, responses to external
stimuli and stress signals, cell-to-cell interactions and mechanisms of stem cell homeostasis; biobanking (B), whereby samples obtained from patients
can be used to generate patient-derived organoids and stored as a resource for future research; disease modeling (C), to understand the mechanisms of
human diseases such as infectious diseases, inheritable genetic disorders and cancer using various laboratory techniques, including omics and drug-
screening analyses; and precision medicine (D), in which patient-derived organoids can be used to predict response to drugs and as resources for regen-
erative medicine coupled with genetic engineering.

E2 AFAFEBINARTRARESE 1611220

Fig.2 Potential applications of human organoids (modified from reference [16])

FH129F0 470 JifJ6 25 W03k A7 0 25, 25 SRR BH, 7E129%
Ui 25 K 2 B AU D B B A AR
B, WA — /NGB 23R I 2 A U, 1X—/)
W 2N TR 2 BRI HA TR EK B
AATENE . A AR TR e R AT 4
PRSI 2 — Fh oA U 254 I A% o

JF T 25 48 B AT A N R 1R 25 10 I 2 M A 41
TR . 2540 1% JH 452 4% (drug induced liver injury,
DILI)/2& @ M4 45 Hh d o DL R 22—, 72 24
Pl PR K6 2R TSCRN b i i 4 e ) R SR R A
Sk, TA BT R 2SR 48 5 138 70, K R
F TV Ad 25 W) AR 2 400 K B MR B BIF 9 44, 2013
4, KOSTADINOVA %" 37 7 3D 35 9% R 4,
% ARG TS R AN B A E S R AN A, S R
TR, e A EA. FHEEARE. ik
BRI PR ZR, AT 4 R A0 i 3R B R S e A LA
b, BEEMNE, BIEEAS 5 AR R
P450 & 4t, H 440 S RERIVEAE N IR RE JT . BIFAT

W], M E R R B S A E MM RGE R
40 ] LA N 24 4 2 1 O P A 1 RS A RS, B
SCREZPIR 2 A AN R SO NAS I DL A 1 B 55 24 ) Ak
LN
2.2 FRIRIEE

RAEE OO FAE G 1AL 15 A
LT 5.
221 MHRERFER AEFFFAE G RORHLEI, A
VSRR E A L B AR Y S R B, DRI D0 AR T
HA R € B A sl 20 SV a1, AN [R]40 1 A %
05 B AL A BT ANFNS . 2019768 IR 595 (coronavi-
rus disease 2019, COVID-19)& H1 /™ & 2 W 25 &
fiE 68 IR 975 B -2(severe acute respiratory syndrome coro-
navirus 2, SARS-CoV-2)/# 4% 5] ik (1157 L 48, 1%
FEGLPERIEUR M =, B AT R A ERYE Bl N AL 3,
BURER A R AN, SR — W B R 2
a8 H W0 A D RE RGN R A /2 COVID-19 %
F AR W —FhILAERE R . — BURAT 0 2 FL 3R B,
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7E1484 COVID-19 8 2 H 475544(37.2%) 1 I T
e, FEIFDIRSEGE T IEETEH, AENAR
A BE(ALT). RARIREZBE(AST) B P i B B
(ALP)BI & H 21 2 (TBIL)SY, AN [A] 41 41k Y8 (1) 2K 88
B ] DA KA 52 5 52 SARS-Co V-2 B e [ 5RAL, 7E
BEREFLANEE YT R RS —E ER . ©
HHEF N IR I, SARS-CoV-21] LURKGL AT 55 24 98
", I B ReAE o g AT R E R AL RS, %
FLAR KB, COVID-19 835 15477 1T g A2 Hh o 25 /8%
G 5| e 1 EL A 41 1 52 453 R0 B S 0 BE T R AR R Ak
Mo

222 REAR R EEIGIEIRA TS N SEE
TR R EE EEAE M. AT, MR s
B FEAFENLMEMB R DERMIEBA LA
PR bR S A R A AR R A% X LR K R € AR
A RTELRE, G 35 bR 4 i AR HE LA I, /N BB
Y et DL BE G BRI R 2 o AR N UE g 2k o, S
PR S0 B WK 2. IRk, R E R AR DL,
TR R G4 E . B (R A SR A AR S R 3415
BTTRBEICN R B, 2 Pl 4L ZUE AR 0 55 77
KAE . WIR, MR R E L2 BARE
N, IR AE R AR IS AR P BR8] O B R R
IR L 25975 R 2 R AE DY, G U B SR B R A T A T
R IR N IRET R ISR 2P S N . R4, RESE
FeAR M AE S AR MBS A S AR FE . 20194F A
e A A st 2 4 A2 -4 (human induced hepa-
tocytes, hiHeps)# 37 &8 A7 JH IIE 45 44 A1 D e 1 25 2
B, SOKE I TR 0 S DR T 2H R 45 R RN T R
IS 72, 40 [hiHepsZ 88 B 5] AHCCHE K
UL Kl e-Myc, Bl f5 2548 B LR AR 4 5T
Wik 2 A BAE L, 2038 TR I Sk AR 2R
AT, (i THCCI R AE, Bt DUBATTHER, -MYC
AR TR R IT M Rz — . SRIIE R, BEA
I NotchFIJAK-STAT AJ LA FH 1ERA S5 5 (1) JH-4H A
) P9 P S A R 1k . s W F Tt 45 4 4

0 7% S5 ZHL 0 P 15 AR A AN (8] 25 ) U JHH e S 2
BREAR, KT — KB WG 2588 77 0 7 5T
FEAM, e B A AU R, H b GAPDHFH M
41 B VA S INEAT 1 4 290 i S0 0 30 o 52 A4 A A
HAEH, %5 )5 & 410 N CD44/JAK-STATA5 =il i
T A AT 2 33 PR i 2451561

223 i@tEskA REBEIEWH TR

BRE SR AR R AR . R G O R B a8 A
IR IR 2 (Wolman)Ji A2 FH ¥ i 44 o 88 P i 1 B8 (LAL)
SR T 51 RS AR, R A JH 4 AT R & R B AR 2K
P it 25 i B0 1 0 P R AT Ak, 1200 R — A
B B BT I DR ST IR IT SRIG . NIRRT ST T &,
H 7% 7R 5T B2 A} K 2 [ OUCHIS ] F Wolmandg A
[RIIPSCsht) i | 34N L1 LA 2 B 7™ 5 (1) SR 48 B AR AL .
BEHT A B 7T AR R H, B UUEER(OCA) AT LA iod )
Bal iz W 7 FEFGF19K 22 VR R =0 IR, Jir DL
OUCHIZS 1 K 4% B 5 7% R 4L P I AFGF19. A
TR G, AR VAR 17 FR) 0 45 4 s 25 37 1 4R
(eactive oxygen species, ROS)AE: Al 2 F /b, Jf HIE
a5 B A AR B PR AR 1 FUAIESE T FGF19A7
OCATEWolman i iG7 HHIgE IO E, AR AR 2542
B .
23 BEEF

JFF I A% L V6 7 25 T 28 R D JFH g ) e — D7 %,
SR A2 77 1 5 T W A A S Py ) 8, 3 R A AT
FHARSN S E . 3DV BN EIR R 4 i
YRR DNAZETE %73 51 Jy 2 A il i B8,
¥ 22 T oy AE VSN B R AT BVE SRR RE H A7 IR I B
3D&EH, HEA IO 2% 10 2 41 5k ik g
TN T 2R 4 B A S R SRA T REH] Tl it
BARALCY, 20204F, £ —FH. . WP EE
P B2Vt Dy ) F 3D AT B 450 A i) 46 HH 3DAT BN 25
2%'H (3D bioprinted hepatorganoids, 3DP-HOs). 1% [4]
BAE 56 o LAHepaRGAH i 9 A4 KL, I 1 A 5% I Ji
A% BE L h N A Sk BATAT BN, Z Ja 753264
B " HepaR G 17 40 2340 £33 28 i, #4403
TR G R Dhfe . AEFEN D38 H A A 3 G2 ok
I ) T2 T R ML S o A 2R /N AR P, 8 /0N B
G ] R RE . AT DhReAR &M S N
P S e A D 1 7 A 28 F8 A5 PR 3DP-HOS 7E 74
(R ThEE, TERME G 5848, /NRRALT. TBIL. H
FENHZLER . 2 e IR FIALP /K 2 2% PG, X
R OUAS B 48, R/ LTS Hh IR R
SEAH R R AL R /KT B IR 2 T F, Ui BI3DP-HOXS TR
P R LT /0 B ) Pt 2 R A SR B A ) S VB T AL
R, FR N IR TN B2 YA A
1 (I3DP-HOs W] JE BRI REVE ML &R 48, ot — D4
5 1 3DP-HOs) 5 e 32 T RE AN I DI g, /) Bl A7 I 26

FEEER.



i B4 SR &% B et e S A

1139

3 BAMHSRE
HCLEVERSK % 5 — & SC & LUK, KA+
RIS K, SRR 2 N H2 %5
ENGENE NIl 2 AT EER LT E % N
T, RASE R LR R o AT R R AE 4
BRIE [ I FR AL, AN [R] S50 2 2 TA) 1) S 5 B AT AR
fiKe XRPFNRBRERKE T EE N BT LS K
AAE T, LTS5 40 B i AR A A [R] SR A 4
Moy s, dEmdkE e B AU RE . — Mok, Bk
T o 3 I A6 0 B 1) RS I MR 5 3 0 1R S B
() o X LG T 501 FH A 3 s 1 ] VA Ve DR - AE 85 77
RO HL, 75238 E 40 M 0 R A 8 HROR AR
OB FE, IR SR BE B T B R YETTAS 2 g4zl 36
VR SEABAN H AAR N 2 B R AR AR R R A AR
PRI, 28 1) R 88 B 55 9% R g A it in i) AR AL AV A=
PRZEAT, Bl A0 SRR IR g e . T UTTE
RAR N HME-ECMAH BEAERH . s &
OIE 2 AL o TR0 2 5, HO A R T Se il TR
I HAH UL R, $ v a B S S Y B L
Fork, M2 SR 38 B BORTH I 1 53— B R
o BEE IS B ARR G N, 3 3hd HOZ 8 e ik
BT 57 53 VAR SR B [ IR 25 B AR 0 1) 7
3K, BT LB S AR R ) B AR AT AR At T, 2T
BALUIRIE, RN, AR E K B IR Gk E I
PN &8 B R R B2k B A A R, 6
R E KB ESR, Bk H TR R it
FTEA K/NIG 2 A BT Re AR v B AR L i A 2R 4%
Ho A O V28 ORI R M ke bk R 1,
il 40 B AR B A2 S L KBRS ) R
oA AR AT R 2K 88 B8 (organoids-
on-a-chip). |~ S b oRUL, FEE B R DA
R HEARNZ G, BERIMEIIN RS E B AL DR N
A TR B o IZEOR A AT DR ORI 2
BN RAR 2 P B 20 M A 5k 3 T A 3 DI
L, T H AT USRS B R G0 AN R 40 i A e
L (A AR HI 3G S T M A AT 2018
A, JINZESTE R T —4~3D-iHep(3D-induced hepatic)
RIE SR HIR RS, % R G018 0 20 f 4 2 ot
(liver extracellular matrix, LEM)7K % & FI1 30 i 25 2
Bk LA P T A 40 -2 4 - B A ELAE
FH 3D G . 7 32 () 40 M A0 8 o oA B8 1 s
FEI3DIME W28 B B E 1R 1 4 i (W) AH HAR

F ARG M R A A B T R

JUE RS B BORIE IR 1 2 Pk, (B R
HEZNRABAREEYS HRPREY. 4R
AW RS HE DR SE R T A 5 K S BT B,
YRAN T 2DIE SR IEM MR R B A
ORI S R R OR . 3DITEIEOR. Tk
Ttk R G5 HoAh et SRS &, BEMAT BRI,
Wi S s IR AR R A R R S TR AR
W7 77 s &, A Bk — D i it FT R 1
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