DOI: 10.11844/cjcb.2025.09.0019
b E 40 A Y22 244 Chinese Journal of Cell Biology 2025, 47(9): 2387-2399 CSTR: 32200.14.¢jcb.2025.09.0019

Rt AEFITHBAFEFRABFZRBALR. ELARN, 22 LH
EKMNERAEY-FEEEREBEHR, L =F UE B IEHE & i 7 Cell Host
Microbe(# T L %)+ Cell Res« Nat Metab%: TN T| &k & % & L, & EHAAAS.
Science Daily % El Ir K 72 38, £ B& A 24 Lo AR T o4 MK th 2
RBEERECREZSEHAZR. YEHERGEAVEL 2 RHFLCHME
BBl TEZREFARS, THEAFRLXETIRA. BEXREAFELF
TE.

https://www.sustech.edu.cn/zh/faculties/liliang.html

FHRE R B A AYIIHIE PRI RI AR : AR
SlaREE1L

FTREE FR"

(FT RHBOR S BR 2 e 2 B 2 R, BB I AR S SO I TE iR 5 S 3=, VR I 518000)

WE  FEAESDRMFF I E T EXEER BRI RR @A) AR B R T 2L,
12 ALK RTREXT ESAP LR P 69 B 2o 7y A AR F Bk, BAMES T . mART o fe.
ARSI GAT AT IER B BT AR S AP AT e KA . £ 24 W o) feAess MAFAE, 1200 8H
KM H ERIVE RS, ZXARGGERTHIERR ALY H AR R HR, ELELT
KB EAMERREARE G Gk F kT & 6 A AR, H— T T E AW IH k6 2 A IR,
FRADHTT L AT I REEAITAZ F BT @ 16 49 PRk 5 R RAIE, VA A Z AR Y IF L HF R 5 16 RAEL
RS L Fo R B ART| . FHEXBEMERARARLEAN LT B LN ZPFEELE, 9k
AR, RAK BB EE FF OREEIR, ARE S FHROEHLE—FLREENA.

XB2iE SRR E,; 29k, il EEOR; N IKEAL; TR

Advancements in Liver Organoid Technology for Drug

Screening: Progressing from Innovations to Clinical Applications
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School of Medicine, Southern University of Science and Technology, Shenzhen 518000, China)

Abstract The liver is integral to drug metabolism and toxicity evaluation. Traditional models, such as
primary liver cells and animal models, are widely used but have notable limitations in replicating the human liver’s

complex responses to diverse stressors. In contrast, liver organoids, derived from human embryonic stem cells, so-
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matic stem cells, and primary cells or tissues, can emulate various liver cell types, essential physiological functions,
and structural characteristics, offering distinct advantages in screening effective drugs. This article provides an in-
depth examination of the latest advancements in liver organoids for drug screening, focusing on innovations in
organoid construction, culture methodologies, and drug screening technologies. This review systematically summa-
rizes the latest advances in the application of liver organoids in drug screening, with a focus on key breakthroughs
in organoid culture techniques and drug screening strategies. It further explores their current applications in drug
screening and provides an in-depth analysis of the challenges and future opportunities in clinical translation, aiming
to offer a comprehensive theoretical reference and practical guidance for ongoing research and clinical implemen-

tation in this field. Despite the significant advancements in liver organoid construction and its application in drug

screening, challenges remain in standardization, cost-effectiveness, and ethics regulation.
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HAT, TSRS B 004 8 3 2t =M oRIE I T
HRR AT R, B, NS T-40 il (human somatic
stem cells, hSSCs)[ B & HHA A E & LA RER
ARG ER A2 {45 (Ieucine-rich repeat-containing
G protein-coupled receptor 5, LGRS")H % GET- 4 ]+
753 2 IhAE 410 (human induced pluripotent stem
cells, hiPSCs), PL R AJRJE+21/fl (human embryonic
stem cells, hESCs)!"l. 1X = Ff A [A] ) 40 i 34 T 15
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A R Dy e BEADL S5 T TG i 22 S . AR 4E R AN
LGRS 4 it T LA 52 45 M B (1) JF2H 2373 88, 3L
H, LGRS 40— M AE 52 45 1 2H 23 b e 0
X4 7E 5 R-spondin 1H 1 FRFE AT 1
TR KRR E , (AR /A IR, (R4t R4
H P, R-spondin 11 1E LA 8 Wntf5 5 18 2%
I LGRA/5/6FLAA AL S Mo /N334 751
A83-017] 7 ) TGF-BHIZ R ALk 4/5/7, L] LA
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Firstly, normal liver and liver cancer organoid models are constructed using stem cells from various sources. Subsequently, these organoids are utilized

for toxicity assessment, high-throughput drug screening, and studies on drug metabolism and efficacy. The integration of advanced technologies such as

automation equipment, microfluidic technology,3Dbioprinting, and co-culture supports the application of liver organoids in high-throughput screening

and precision medicine. Furthermore, the integration of high-content screening technology, machine learning algorithms, and multi-parameter detection

and integration enables high-throughput data analysis, which is crucial for enhancing the accuracy and efficiency of drug screening.

E1 FTAEERE AL AN AR AR E S 5T (E F @i https://BioRender.com| {F)
Fig.1 Overview of the Application Pipeline and Technology Integration of Liver Organoids in Drug Screening
(figure created in https://BioRender.com)
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endoderm, DE), [ J5 5& [7] 7346 4 B P IR JZ (hepatic
endoderm, HE)#H 40, 55 70 8 AR R 41
Jd (hepatocyte-like cells, HLCs)"™, 20194F, WU
I Activin A 5BMP4ENodal/BMPi# #% SEHLiPSC
) AV 5 ) 2344 200, i 5 J8 5 FGF 481 BMP21%5 &3
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AR P AE_E R Ry . AR T M 228 B 1 4 it ok
TR, FATEE o> NI 1 7 2R 8% B A0 %2 40 4LRT iE
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Z PR Z (1 40 i 3 85 77 8 hiPSCs L 43 4b 37
MK 1, OUCHIZ PHIF & 7 —Ffhn] 585 ¥ 772
753 hiPSCs/r b v & FFARME . FE IR 2N B AN Py B 4 e
J% Kupfferdfi i () 2 H R IR 28 B - 20234F, KIM
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DRYH AR SR N B2 A, 2Rk T B R i A
R I 208 RAFAERAS T . R NALRI T RE 404
H, S5hASCsKIUR I R 238 AR, hiPSCsifs &
0 F I 25 85 B R I HE B AP JHF A R 24

hESCs A 3R 140k B, B L rl o6 AT
I P 5 Fen 20 2578 g 2 ) A2 28 e 4T PR 4 R AN
The e B PR, oAb I FE 5 hiPSCsHH B .
B0, WANGEE PUK MRk e ) Es 7, nl
hESCs \2DH5 774548 3DKE 7%, I N BA DIRe e
Y R EE AT AR I I A DS 28 5, DR Es
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A IR, HAZAEBOR AR, PRI T I 2 R0,
12 ZHEFERRK
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FRIEE TR RGNS 3% 7 2RI 2 2% B 10 70 R T g
BRI . (E TN IR LR T, KR
SKVR I Matrigel2 B 51 # FH IR, & B 40 i $2 4t
FABAT 20 P A0 R R OA B, SRR 2R AR I
BN AE D424 {H Matrigel il 70 & 2% HALIK B4R 2
S, RMIATAER RS EY M E R AR e P
— R AR AR 1B 72 B 7 /K 6 (defined hydrogels,
DHs)28, PR a] Ay e il Fedb 25 F s v i, #H BT
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WAL e A, DU AERREY, Wik
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R 22 A B A I P S il s 80,

RIRRIX — 0] B, 7K % P 3838 52 31 O3 P
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T ASE FE SR A5 B AU BE IR 5 () A= 10 ) B AR
PEBI, g, BTN 5138 I R R A OB R RI
A JFL B G 34t DG C B O 1 A BROKCF, AR TR A I R B
H IH PEG SR sl DA g 1 iPSCHT A I I 28 4%
H P2 5 MatrigelAH B, IX MK B I4 B 32 £k 5 K3
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A R B O MR R AR, RIS B AL B o
BB SR R AL 2T 6 T LS I A SR8 A e Je
BRFEFACER 7R . it TAKEBES: #g 1 —Fif
BT 2L SRR G AR i, T OO A
7 A BAE hiPSCHTAE I AT 28, SEBL 1 I R (>10%)
AN R, ARt 1 I A 24 B
3DAEMITEIROR R EamAlaE. tHEHL
FHE L HUMAIAT B R A5 2 2 R S B ROR, H
FEA ARG TR R B OKIE 0, RS
20 B S HL R B A S R A TRl A, R R iR
N R GRS, 3DAWIAT BV T 2R 858 B A 7] E
SRS E V7 T EAL T AL e an B B R T AL
SR, TEIE 3K S BRI FE AN 2540 R e VP i FR
2 I RS AN AE A RE 70 52 BIUBR 1, AT ZUH 4 A
HAFRRRE K. B, & 25T 3DAAT ENEOR )

GEMEZRYER R ST, (HE R EHIR
SRZEL SV 20 W 22 R B S 2R i, T I Rk
iU, R b, RS SR B H AR TR AR NS R T
AT S AL (GR ), TR AT — 24k
sk .
1.3 #HpEHIEFR SHIMER

JHF I P 200 B R S S A M 2E e, S
JZ 4l (liver sinusoidal endothelial cells, LSECs). Af
SRR AN (hepatic stellate cells, HSCs) Al 75 41 i
(Kupffer cells, KCs)%, eI 1 i B #2884 A0 FLAE
FHEL [R5 AR D Re 1), &g s — K577 10 3D 41
JHOABE 2R I v A0 I JoT 400 i 5 = 5 o 4 e ) £ 52 2 A
HAEH, 1M 3DALRE TR N G4 L B RS HE R 25 A
A S ST o AN, 5 T 4 i ) 2D B 3D L — 3 5
POAIEL , AL HROUTZ ST 2 ) JFJi 41 I A0 R 21 4

#1 BRIFFREE[REN=HIERERARER LM

Table 1 Current 3D culture systems for liver organoids: pros and cons

HeA 5 17 ATk PRI JRI PR 22 R
Optimization Type/method Advantages Limitations References
focus
Culture matrix ~ Matrigel Supports organoid formation and growth, =~ Complex composition, high batch-to-batch [27,45-46]
high bioactivity variation affecting reproducibility and
stability; expensive; tumor-derived nature
limits applications
Defined hydrogels High tunability improves experimental Poor stability, weak mechanical properties, [47-49]
reproducibility; good biocompatibility fast degradation
Synthetic hydrogels High stability; long-term mechanical Lacks natural biochemical signals; requires  [30,50-51]
support; precise control over physical/ modification to enhance bioactivity
biochemical properties
Decellularized scaf- Preserves intact ECM structure and bio- High batch variability; risk of immunoge- [34,52-53]
folds activity; provides the closest approxima- nicity; difficulty in vascular reconstruction
tion to the in vivo microenvironment
Culture Rotating bioreactors Improves organoid formation efficiency; Labor-intensive and multi-step manual oper-  [54-56]
method enhances albumin secretion and drug ation; increases risk of organoid variability
metabolism capacity in liver organoids and heterogeneity
Suspension culture Facilitates relatively higher organoid Labor-intensive and multi-step manual [54-56]
throughput using hanging drop or non- operation; inconsistent organoid size; low
adherent surfaces homogeneity
Microfluidic plat- High-throughput, uniform; enhanced Complex chip design; higher cost [57-59]
forms nutrient delivery and shear stress stimula-
tion; supports multi-organ interactions
3D bioprinting High-precision spatial control; automated  Limited printing resolution; risk of cell [60-62]
high-throughput; improved reproducibil-  damage; insufficient bioink development;
ity; allows design of complex physiologi-  difficulty in fully replicating cellular diver-
cal structures sity and microstructure
Organ-on-a-chip Enhances organoid maturity; simulates Chip designs need organ-specific matching;  [42,63-64]

physiological shear stress; studies inter-

organ metabolism/toxicity

high complexity in system integration
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WIAHB I T A0 T, O R T — R 4, )
RO T I PR L g0 U B3 AR AE

2 iR ESBELIFER AR
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BRI RO, DU L 259
AR, B 75N A4 5 b ko &
PR B B R . TR 38 B IR 5 X
NI ECM R G0 RN A5 1 7R A8 S5 R 1 250
e 1 BRI I, UTEESR, RIS AN E Bk
RO 45 AR R U 24 4y s 34k 3o e AN A 2 7 TfD
A S5 PR 8 5 G i R 45 S 2
WU B B A ORI 4 L 355 95 R B2 AL, AT BRI S
56 v [ O e A0 Y BT AN IREA . ZHATZETF
KT — s /40, Wik QS A s Al

i S50, SO T 25045 A M B R KR A A2 )
WEEBAEE IR A, ¥ R T4 s 7% . %R 4%
TE /D> H RN 2450 FH 2 DA R B 2 1) 75 SR 7 TG T
L5511 96FLHL. SHINOZAWAZEUIFF R | —FhKE T
3D ZRAS B 1 Eil AT &, 238254
WA AT TR BT IR R L s i A 4h
IR S S 7 S B SR S AR M RO
RIBELF88.7%, K51 H88.9%. XTI, BT HHT
TCAREEA (1) S48 B 4 i o 335 9% ik Jo A 77 7 1%
JH AR 228 B AE 250 i S B e S AT 9
PEMARIF RN 2. B RE R 5 NS 27
EFREA I BB 8 AR T N iRz, BE
Pem TSR EE ST EEN. Filan, WUSETIT K
T HaMEHLE N & St (automated robotic interface for
assays, ARIAs), % R G H T 257K I ) BEAL
AEBTIAE « ARTAGHIE F S it il 2 A0 E IR A,
WERE TAEMIEE (62 106%), Hid T HdE2 5
P, 32T T ER R . A, ARIA RS0 AE RO & i
B RES AT ROCCRFIL A3 %% 2] (machine learning, ML)
BRI ZRAET T, 92T o (R P AR 2 1 Joia
TRIFRAL | B AT SE ) A
22 BESmEATIEREE

2T I O BEALE TP 25 0 L R 40 Btk
A, M4 377 (U0 ATPERE PRI ) X REAS I 26 530N,
TR AR, K TG i 58 B4 7= 254 (R A AL .
T 755 PR 75 126 $7 R (high-content screening, HCS) A LA
IS B Bk il B (0 m R AR Pk I R
KEHHE, ERMMoKF B S SHE, mdE
AEE BB 2 28500, WM. Z49R0H
Bk e . AN AE S eSS, U
24 1) 3 325 2% L 46 WS ] ST 8 25 4 Pt % 245 4 1) B e
ST, 20234F, ZHANGEE U 3T NIF T IE SR
#%'E (human liver organoids, HLOs)] 518 & DILIX,
B PEAL - &, 5B HCS, f#H CellProfiler LB AZH 1
845N/ RNFFE(WIZTE A . SRR R R
), SRR T HAN NS 1R ) 2 Yk R LS AR,
{H2 HCSA I 2 BRGS0 A EESE 1) . Hlas o
SRR AT R R B K B P B gk AT i — 0
HrANFZ 3, L2504 F RO PR AR . i, 20254,
TANZE IR T 44 4 DILI Tracer 181 3 84N T8 56
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3 LR EESBEEAMIFIEPRIRA
3.1 HPEMEIHE

LR ANGEAL I AR, R PR Al 2ok
B ARG ARE A G K R R %=
FEAE I, FERRES B SR E TR B
K JTo BEFRE, a4 AL 4050k JH- 40 1 1 45
fitehs, W ALT/ASTRIR . JRRHER . Zokifh et
&, ATAROTAS YT EEE TS DX S SR
(acetaminophen, APAP)Jy i, 2 Iitfft 700 FH IS5 &
HIRANRIT RS . MASE U @ 5T N1
S A4 A8 (human-induced hepatocytes, hiHeps)f 3D
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Table 2 Assessment of opportunities and challenges in liver organoid clinical translational research
e Bl £704 7R
Category Opportunities Challenges References
Standardized QC Unified operational procedures and QC systems  Significant methodological variations between labs,  [26,94]

enhance experimental reproducibility
Cost & scale
nologies to promote scaled production
Regulation & ethics
lation
Multidisciplinary inte-
gration cine to optimize technology development
Precision medicine
ity, supporting personalized drug screening
Technological innova-
tion drug screening efficiency

Develop low-cost materials and automation tech-

Clear regulatory policies accelerate clinical trans-

Integrate bioengineering, pharmacy, and medi-

Liver cancer organoids retain tumor heterogene-

Microfluidics, 3D bioprinting, and Al improve

lack of unified standards

Current materials (e.g., Matrigel) are expensive [1,72]
with long culture cycles

Lack of organoid regulatory framework, ethical [26,94]
controversies over embryonic stem cells

Insufficient compatibility of high-throughput equip-  [96-97]
ment with complex organoid models

High difficulty in fully simulating the in vivo mi-  [91-92]
croenvironment and cell-cell interactions

Difficulty in balancing scaffold stiffness and cell = [41,44]
function in bioprinting
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