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Abstract Biomimetic tissue and organ models are engineered to replicate the biological, physical, and
chemical properties of natural tissues and organs. These model systems serve as experimental platforms to provide
critical insights into tissue development, disease progression, and pharmacological response. OoC (organoid-on-a-
chip) technology, which integrates organoids with organ-on-a-chip platforms, has shown considerable promise in
the construction of biomimetic tissues and organs in recent years. By combining chip fabrication, microfluidics, and
detection technologies, OoC systems allow for the precise simulation of the dynamic features of human tissues and
organs, providing essential tools for disease research, drug screening, and regenerative medicine. Despite advance-
ments in the application of OoC technology in single-tissue and organ models, challenges remain in developing
more complex multi-organ interaction models and constructing tumor models. This review examines strategies for
constructing biomimetic tissue and organ models, discusses the application of OoC technology in single-tissue and
organ models, such as the liver, heart, and epithelium, as well as multi-organ interaction models, including two-
tissue and three-tissue OoC. It also discusses the advantages and limitations of OoC in simulating organ-specific
cellular behaviors and physiological functions. Additionally, the application of OoC technology in tumor models is
detailed, emphasizing its potential in anti-tumor drug screening and personalized medicine. The review concludes
with an outlook on current challenges and future development directions of OoC models, aiming to promote OoC

model translational potential and provide new insights for the construction of biomimetic tissue and organ models.
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A5 E I RLAERTIA (3~7 R )R I H A Al AR D s
PR — 58 FRFE B I T (RIS 75 2225 i AR
SR AT AN (a0 AT S5 N 2 4B, R 3R 4N A (Kupffer
cells)FIAT AL R 20 i (hepatic stellate cells)] LAY InAB YT
S USANAERFACE D e U, I P I 4 A B R A0 i
A B TR P G 7 Ve AR U7 2RARE
JHES Py T AU 0 ML VRHE 3 5 AR AR, e $R 43t
HIASRAIEL . N A S E IR, I A
THERACERY) , ORI A B D) R 5 AR BE U AR S
Who [AIF, 1Z05 1 RGEIE B4 AR k47 5
I s P e

OIS L RE S AT R R o UL L ) B, T
IHFH SN A AT A A R S, A
T SBR[ 20 IR i D e 5 R S 5.
TG N7 i T D (1) H A B R s A B AR IE AT
J1-HI# K Z (positive force-frequency relationship) LA

Jetud. iR r S ER ARG S . MEE — RYICHE
MFEAR (BFEHE SR W4 . MERE. &K
TR AN B FEAT DI REVTAY , 0] @S PDMS
A B 2 1) O A R S 4 0. N R
FE 1 LA HE S LRI e A, O AL TR R B
HH A RE BE Rl kil . RS ) (B P HEF LTS
o P (R BoRL A DA KA /N X 4 ) LA RS A AR 2
RE. I RS R R, T AR ER B iPSC
(R NS0 JTLZH PR s 3 U8 DA B Ay 2 TR A o0 I 2HL 27
[0 s 5 =,

G T Z RS B, ERERE O
i E R 2 s Ewh, DL FLIEEK SR 7 B A
A FRIRAAIEETE , R L AE 28 B 1 b B AN b B 7E 2
FLRR B — I DU b =, FERTER R S o, -
RS (air-liquid interface) 1% 3% PABEALAA A
SRAFE, Z Ry T LARAE B R TR, iR EE
$ehn EW) (tight junction markers), 345 claudinf! occlu-
din®V, DK% bR BERaf) TEERME. HAj_E 200
14 TEERZ A i A AT BRI IR AEH S 3R HAK
APTEERAE, UNAE— T4 2 B Bt Fr it e b, R f Bk
TN E R AT A S 4P B A B B R A,
FiEEIPETZ LK I, 22 Nk TRE s R de |
RN BRI (N KA N/TERT-1 4
JO Y G A ) BRI 8 35 7 DA S e 8 B 4 TR A T %
I8, LECF i AR, LAAg/AgCIHERR AR TS A 422U
giig 1, Aor I HH B A RE RS 0 T 42 2 B2 IR K TEER{E
(6.2+0.3) kQ-cn’, LI 26 245 ®, 7R
fiti Jiis B ff a5 4 B 7 AR O R R BT DT IR ML
TS (L W PR R IG 21 5 | 2 4D ) B fef g PR 7
A BTN A7), 88 B F E ST I T AR AR
BB Jta e 2 OB R385 (& S P e 5 B D)
INWIRGE, T L 2% ) O 56 1IF R etz w92 4
A bR A . A, TEREE b RSN R IE
B R HABThRERRE, B0, FAE LIPIRGE b A
W AT R IR BN T BE AT B A5, DI AR
TE I8 I 2 Wi [F]32 200 25 V00 2 1Y) S R S [V
BRIBTEMLE . 5 b BRI, I R R s
TR 2 P = R PGB D) fRe , I8 el
KBRS 7 B 0L P = R fs =, i X =5 o A At
T o 240 M ) B 7, 65 R v e LA T 4 Y L 1)
TEER/H (1 500~8 000 Q-cm?), LLEZE D HENE 250 5T
B A B AR B
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32 ZHREOIFER

SR B ES BTRY AE UL E 2 B I 45 A AT
ThRe Iy S — et , ek EBN A S 1
SORMERMARGEA EAE A, JCHAE LG LTy
A E R R IR, X B 3 B Wil R AT 7 /0 1 2k
MR, ZaH OAEBALEE MR R 2 K0
BIER A - E A S MG, AT SEHERARE
AR 55707 290 S 1A e, 40
PR SRBEAS B ELARALE], A P T B R 2 2 3% B A Y

AE S A T RSO A 5 2% AR BEIA SR T B D) BE sl 5
WhHRGETA . BT, 2485 LIRS CR
IR T e i, JRamt 78 . 299001 R 5 1PAh 45
A, X B SRR AL 1 R AL RSN T

H Tl 22 8% BB 3 BLALHE IR A B R AN
ZBACLERESE A (R ). Ho, IR R
AT AR i B A R IR 2 AN SR AR
BN WG - - -, -85
Blhn, LINSESSE I @ B -5 R ISR B A, SR

xRl SRECHEFER
Table 1 Muti-organ-on-chip models
et it RS i, AP RiRmtE B SH AL RE SR
Model type ~ Model Cell source Culture Parameter Function References
composition time
Dual-organ Liver-kidney HepaRG (hepatoma-derived cell 14 d 0.8Hz; 9 uL'min”'; 100 pm  Drug toxicity as- [84]
model line), HHSteC (human hepatic height sessment
stellate cell), human fetal hepa-
tocytes
Dual-organ Skin-liver HHStec, HepaRG 5d 0.5 Hz; (2.7+0.2) uL min"' Pharmacokinetic [88-90]
model analysis and ef-
ficacy assessment
Dual-organ Gingiva-skin RHS-LC (reconstructed human 72 h 500 mbar; 0.5 Hz Drug toxicity as- [91]
model skin containing MUTZ-3-de- sessment
rived Langerhans cells), RHG
(reconstructed human gingiva)
Dual-organ Liver-pancre-  iPSC 30d 100 pL-h™! Study of T2DM [85]
model as pathogenesis
Dual-organ Liver-brain HLCs (hepatocyte-like cells), 7d 700 mbar; 1 Hz Pharmacokinetic [92]
model MSCs (mesenchymal stem analysis
cells), cortical neurospheres,
BMECs (brain microvascular
endothelial cells)-like cells
Dual-organ kidney-liver MSCs, liver biopsies, kidney 10d 500 mbar, 0.5 Hz Pharmacokinetic [93]
model biopsies analysis and ef-
ficacy assessment
Dual-organ Skin-hair fol-  Keratinocytes, dermal fibro- 10d 2.5Hz Establishment of [94]
model licle blasts, dermal papilla cells skin models and
investigating skin
immunotoxicity
Dual-organ Liver-thyroid =~ HepaRG 21d 300 mbar; 0.45 Hz; 100 pm  Toxicity assess- [95]
model height ment
Multi-organ  Small iPSC 14d 450 mbar; 0.5 Hz; Establishment of an ~ [87]
model (=3) intestine, (16.9£0.7) uL-min"* interaction model
Liver, neural
spheroids, and
kidney
Multi-organ  Heart, liver, MSC, primary monocytes, kera- 28 d 1.5mL-min"! Pharmacokinetic [86]
model (=3) bone, and skin  tinocytes, human umbilical vein analysis and ef-
endothelial cells ficacy assessment
Multi-organ  Skin-liver- HHSteC, HepaRG, human 4d 350 mbar; 0.5 Hz Drug toxicity as- [96]
model (=3) thyroid thyrocytes sessment
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AU E A(cyclosporin A, CsA)H 2 K A A8 - 1
BRGTTE, Wik 1S EIRIKHET 49 K
T B & 2 2065 B 10 07 18 1 4 A0 B T 70
H 22844 JR 973 (type 2 diabetes mellitus, T2DM)/&—
T R G 2 a5 B ARG, YUSESR ILAEIG 3 i
TESR AT N0 IPSCAHT AR [ IR AR B 2848 Bl idE AT K
18 30K L8RI5, L3 F7 (10 ) E AN R & 2R 48 B R 0
RO FAE KA SGE A 2 R Thag, R s b
S AT P B H A T i o A ) 25 W 12
FRA, IE B 5 N 5 il v A OGP ) 2R 2% B 88
A,

=R UL R R E A B T AR A
Mz MOEH, BaroAd etz
W AR, B 8%, BREREE, LR
JIE. FHEEERANES IESRER B 4. 19141, RONALDSON-
BOUCHARD#; P it ML i A1 #4 h R TR0 i L 1
WES B RRAN RS E, MMUREKE T 8B E
IR, SEHEIT T WL B 24 0 B 20 5 D6
H AR B DAL B o &5 B R 25 W0t HR I
JLEEFRRASE B2 5 Im R 70 45 R AR A4, E
B 7 248 B R IR R IR Ae 08 A D BN A b 1) 24
R BN 7 2R 24 50 R . RAMMESS B/ o i 4%
B, Wit /N HIPSCsIE FHIAE . HFHE. KM
B HE DY 28 E LAY, BT VAl A& Y ADMEY)
. XK Z A E LARBIAL AR S A 2848 B 1
575, BRI AARE IR g 7. X
— W EL AT S 7 A1 6 BORE B N B AL
FUANBIE 25 T K SR
3.3 PhERE

AN T HABALR, MBI 2, SRR
ECM. AHUE A AREPA DS PR B E TR
L, MR A S R PR IGE . kiR, &R
SRR, IR A M A B . F A R A P (2 o
M) G EA . P B A0 Y DA S X S A g R 1
ECM#R 2= B 7 g8 12 & AN [ R B & AR AR A A s
AT R 1 6 W RE RS 5] NV 22 50 i K
JE IR R, BRI TMER VR 2 2 ARHE, W
MUBES V) 77 IR AR AR SR B DL S A 254
DRI, A7 BT 28 S D05 e it 155 P ) AR AR

BB SRR I R 2R 3% B (patient-derived tumor
organoids, PDTOs) 2 B H RN R &K PR, £
PRANE TR B8 3D MR 4R B Y, mT DA ey R R

SRR R AR AR I o (H AR PR R AR B ROR
I RIRYE, Wik RASREAREGIR, KSR
FRIVRCRAG ¥ — M AN DL R i) JE () B TR &5 2 ik
AR, B AL AR B IR 0T DA R m R R
(1) 35— 4 U001 A AT K th — P U 5 5 (0 S5 TG
HEROEZIHAR (B 24)100, % Al —MER RS
AR, BT EUE L& IRER AR L
R, 05T R g A AR @ i X R
ARPE ARRATT R T B 3k B R & KB AL
FEFIH TR B R 78 o8 e v 7 i ik & i
Z AR CAR-THI A 7 % — L8 S A48 o L e 7K S8
AR PR, = T i DR DA A DG B b 1) S I 1t DA % i
TR B A IR g I . 2R DR B 55, 7E — TFL AR
O B SR AR 70 b 102 HF 5 ek A P R B, SR
I o P A v HOE AR e, st it — 0 W
TURNIE )\ K P4 M R T B S B0, FFIE S AR
BB R R N IR . ZT TR N T 288
B A H AR AEAES) CAR-TUN L IG T 72 i I & T 18
W08 71, 2 P i T SR s ARSI A T
mRL ATEEMF & (E2B).

T AME M 2 R B X, MERMIEEIT 215
Je N E L, R 2RE8 B0 A AT A AL R 15 97 8]
FUGIR (B 2C) 00 R o (1) SRS 3 R U5 Al Jio3g 11 PR
FEA Gl FARYIGR . ZFRlER . SRR ). (2)
Y I PRFE A B 42 45 77 P U 88 400 i J 7R AR b 1 77
FRBERE - (3) MR A 2848 B8 i A A0 28 2%
B DASE G B IR A B U0 (4) PR A
A B BURAE IR . (5) AR HE IR SE B 4 B I R A
2y Wl — R AT R T A 4 R 3 SRR R 2
AEOO T, AR N R K N B A T AR 4
o ) 40 D R AR e L A A 1O
TFFC R IR, o P 3% R4 1 il 40 B 3@ 3 Notehil % 15
A5 2B R TR B 1 I A%, [ 3G o 3 2 il AT
T Re 15 IR 2 45 B 2 R BB O, M T
i A8 B S P E DAk iR 7 B8 O T )9 7, AT
NI PR PR SR BRI 5 LA . ) 0 A A PR A
J3THT, ARG ZH DA 25 i) 2% 5 98 200 it 17%) 6 43 B
e (K 2D), 145 35 8 A T il & T K
BI— A e a8 B U0, 45 R BRI ARG
I TME 2 & 3858 1 25901 S i 25 btk . itk
b, IR 228 B0 I AT BT N 2 A A A (]
2E), anfiRg - S e, R VR AS B R 254 1) 2
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A: BRSPS R HOR T2 8 B SIRIIE B: 2888 B v T B 2R 8% B M CAR-TAIIB IR 77 C: DURR R & By Sk AL i
JEVRYT 07 SR B IR, D: MU AL 2 & B0 il B IR 28 RSl (e AME RIS T A7 NI AR B ) o

A: rapid prototyping technology for the fabrication of organoid microarrays; B: co-culture of tumor organoid and CAR-T cells on chips; C: schematic of

personalized tumor treatment using tumor organ-on-a-chip devices; D: preparation of vascularized tumor organ-on-a-chip devices; E: tumor-tissue/organ

communication via multi-organ on chips devices (left: external connected chip, right: internal connected chip).
E2 MEXRE TS RIEARESE T [101-103]15 %)

Fig.2 Strategies for constructing tumor organ-on-a-chip devices (modified from the references [101-103])
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Hd, 7B AT TR SRR AR, h A S B &R
G0 R IEAR T AR AR A 2% ST AT, AR R R
O HERAGBR. (3) 0 i3 B AR v A DLAE AR AL
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AR R BN B TF R P R U R R B Ak
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2. A FLED R B R B R IR T A RN BEAN,
HIJERA BT AR T anE 8 2 B, (EXm
BY PRl X 0 AR S v U0, (AR E R AR, 5 9R
BEREVE . IEIE WA R BN A A R A PR SR Y
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