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[Abstract] Cardiovascular disease (CVD) remains the leading cause of global mortality
and disability, and its mechanisms and treatment research rely on effective disease models.
However, the clinical translation of research findings has been limited by the inherent constraints of
traditional two-dimensional cell cultures and animal models, which often fail to fully recapitulate
human pathophysiology due to interspecies differences. In recent years, the convergence of induced
pluripotent stem cell (iPSC) technology and organoid systems has established a transformative
paradigm for cardiovascular research. By reprogramming patient-derived somatic cells into iPSC and
leveraging three-dimentional bioprinting and microfluidic platforms, researchers have successfully
engineered cardiac organoids and multi-organ chip systems that exhibit functional electrophysiology,
contractility, and vascular networks. These advanced models not only faithfully replicate dynamic
disease processes, such as myocardial injury and atherosclerosis, but also enable applications in
drug cardiotoxicity assessment, disease modeling, mechanistic investigations and regenerative
medicine. Nevertheless, critical challenges persist, including low organoid maturity, batch-to-batch
heterogeneity, and the absence of neuro-immune crosstalk in current systems. Future research
will focus on bioengineering innovations, constructing multi-disease microenvironments, and
combinatorial approaches like CRISPR-Cas9 gene editing coupled with transplantation therapy to
accelerate the translation of precision medicine and regenerative therapies for CVD.
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B0 FEF i B AL R 0 I 25 22 R 2 20 P, SRR E AR AE
H R HN T GHD AU 2 Fh b 428 8, R R Rk |
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A5 E A H AT T R GO A 2 Rk ) 2 R AR
AEAL IR AR o = 25 1) g BY, O B 2 RS XA TRk AL
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B 57 Co LA B A B2 200 PR R s 2 24 4 A 55 2 Tl I 25 40 o
T AR A FEIEAER (embryoid body, EB) 2. i iz 45
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SO AT 4E 40 M (human iPSC-derived cardiac fibroblasts,
hiPSC-CF) Stk 37 B 1) 1 4135 0o JIF 2R 88 5, REFR 0 UL
W8 T BE AN H A B B, A, T AT ENER (1
kR, AT SEBLC LS I AN AE 3D 2 [A) HR RS B A
Ha s B 7 AR I O 24 5 1 A 2 A B 0 L SR
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A I R Rk A HT R AT 4R AR B (OCT4 25 1)L ik
PREY) (TNNT2 55) 19532, JER I B3R -1 (endothelin-1,
ET-1) AbFE RN % T o0 T2 B4 4E ® 55— 71, FIH 240
3L RE FRASDR Y, 2 TT AATE 78 240 B 8] R A LA P 7R 52098
HrfE A B Fldn, B AT CE B 7R 2R e RO LT
2 Ak, O RS fik o R B Ak U S EE ek B, O R S A 4
20 2] S 43 AT T S5 B A 5 20 i R B OE S B O AR S b
B, WEAE @ I BVO AL 7R 2650 M B e /B PR 4
e By 25 7K U M B8 HR B TR 0 5 R M AR B A K I R, Wt T K
B 5 3R 3h A5 7K B EL A S B0 2 7Kk e AL A PR 5 3 3ot 3 v
17 78 57 T-20 i o Notch 3244 3 f45 545 S A0 T i N 2 40
pofi /N AT A AR K R T B (platelet-derived growth factor-B,
PDGF-B) IR IAE HE ML /N fik 7 4%, F10 WIURE E 5 Th g
WA ™, g4, iPSC H A ] 4w, R CRISPR/Cas9
15 iPSC /K P A IE S J5 , 40 E R i 9878 /& 15 5 e B R 4
Bi4n, /£ TNNT2 JEE 5848 (p.R183W) S8 1) DCM #iZlr,
RAZH] IPSC-CM KBt 2Rk Ty BE 32 453, T i 1k CRISPR/
Cas9 A IERAF G, LR O L) BE 73 B i3 ©F, W Fo 4
FFRHIPSC JE88 BN CVD AR AL HIAIT 78 42 4 20 AR 1) 52 56
TG
3.5 LJJE - MERFEIIEF RGN

OMES 8 REEATE B ER S, (HF 5 — 00
B HE DUR B O MR Dl . R, O )T - i s 37
T RIBE OB A BERE NG LIRS TS A 23
"B SN E IX 24% 465, AU 5 B 11 O L A B 0 il
Ghosheh %5 ©4 R i 5 88 5 RIS s 4L 3% 3% 3D 4544, i
NGO I N TR A TR R 05 [ I 0 1 4 080 4 R o1 LA
O AU AR, th 2 B3 B JL 15 7% 04k & 00 47 1 MU I ) 47
fif o AT WAL B K IPSC 21 H ¥ P9 S 20 A / i 5 BE 41
Ji 5500 W 228 B LA 7R, A0 AR O I SRR R A BT A A A
PR RS FR AN, KRR BT —DIE
52, WORARTAE M E R E E & o5 88 (laminin subunit alpha-5,
LAMAS) 15 i 2 VLTS 85 11 110 3R AfSe 4 4, 1“6 448 e 1)
55 43 W f /N B AT A AR K IRl F- 32 4R B (recombinant platelet
derived growth factor receptor beta, PDGFRP) 15 5 _F i3 /i
DU, DAS o O IR 2838 B (US4 70 o I HLBIE F038 i B I A5 48
JieLRT DA 980 R T 51 L 1R BT Tk Dh R B AR A, Jmad 5553
WAME A A B2 2R D Re , JE— 0 IR S I 40 i 7E 28 38 i St
FEREAY (g A B A, T T R O S A AR
FURR AR S TR O IE - IS 7 PG B, R,
Bl KRS Py A5 28 i Ty 3020 ik B 4 A R UL I B g 2 s A
JHL PRy 2 I, S T A P 9 4 2 S BT s L ST LA L A B
FR LA 262 T i 22 S 08 B DL IR SR Rk R 1
JS7 P 5 G5 R A O I A5 AR 2 (1A 5, R T 90 B S I
Z RN BRAE SURLARI, 72 245 975 148 B R LA BE D B0 S b PP A 24
WEOIME RENPAREH . SET S, O - L5
FEREAAH LS TR S0 N S — 2H S0 ) 22 38 B U IRD, R K
TR O L RGTREIR L E ZE T A
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FSCN o JUE PR T A B RO B 5 0o JUTL 0 0 4 B 3 32 24
1% ©0, PR, G Ay o L G B B B B RS A T i
TR0 FULZE I DA AR IR FEZE 2, R 0o IR P AR AU i
BRSNS . AR, BIF TN B I iPSC B A H  Z Bt AN
M0, T 1T RAE A 3D AR OIERE . Kiz
KA BN 3D FTEN I R I A 45 & BRI I )5
BAEARE 1A H O LA 7 5% 5% 2R HE B 45 ) 2 T Y A
BE M RAAE . MAb, %S T T D R I X 4%
% SCRFR ST E TR A e S AR I 3 B A AR R
DR 7 & 4 A PR B 38 T A1 38 75 3 P 7 400 M 17 2K 38 ' AR B
AL O, — 05, B SR & H Y E iPSC ) BVO, iZ
EESE EH P R 41 RN JE A0 B A 1, 28R IR R T R I i
BT RN R M4, IR RO R Al R R BB
8 B0 5L R I fY R I A A, I — R O AR B AR R
L P O,

O ML 38 BT RS M K DR 2 &K T CVD 1 AT
F B (g ™ A 5 TR FR AR K P S H AR,
iIPSC BRI K8 B 1K B, N CVD 28 F RS H 4R (i vl
AT AR . A A B R R R G i 4 1 S 28 B I AT W)
DB R SR HE R IR LI 98 AR # . FE — T KB 52,
FE N 53 I8 o T i T AR K T S50 R AR ) A B I e S A
IPSC SR ULEH ARG F R A 2 Gl ot 2 o LIS H8 3 1) 2 00 1
i OO0, L UL AE /IS R AR R e, iPSC-CM ) 222 F) 240 A RS I
R O MRS X, 7T LR A2 A X s BE IS sh Th R &, AL
R AT B A K FE, RS B R st
4E U, Tan 2 U2 SR ) S e gk B O IF 2 B8 B o
55 hiPSC-CM J 40, M EE 5 &K 88 B« TER M 2 i /
FRAE A (0 K RO I IS, AR AB M 28 B 3 50 L4 B 1
FI AR R R B, (3O W WO Th RE IOV, I R R
FEOEAREN. FIRTITNE iPSC HIE K58 B A RXT %
TP HEBh 0o B AR YR T 5 T A B

4 iPSC XFRERARIHEKS BRI

R PSC MK HHARW I E R B H I HEIE 2 7
(1715 SR s % NS ct /B 22 T Ak iR
4.1 RAFEAZ

E 11 22 30 iPSC A7 AE 0o LA A 1) 2 3 FE R I, 2230 R L.
WAL, 1N RE 58 A Bl O WLAT i B 25 B Th e, WG 3)
Ve AT, B 13 T P A FRR A 2 T,
4.2 Bt EL M

iPSC 734 1SS 38 B B I A7 A8 7 T, 3 i R 0, 366 1t
PSRRI IPSC L7 B T A 41 1) R LB AL R 10E , S B0 1h i
T v B 22 S VO R A X Y BRI 3R 5 e ik vk
(4 Matrigel) £ 50 24 2% B T A5 AL A A 1 U7 i A 2%
A E TR AR BT D) 7 R R A RS R TR O SN Y - B
20 i B 2 A 2 U, 2 R T 400 e R B R s v
AR Y B T P T S R N = ARSI RS PR E e

AT R B bR Y R A0 g R, R e RESR T H
BMLEAR, ity &, 42 i 40 p 2R 42 1 78 Ay b Ao
2 Uy oy, s gl 2 op 75 BV 3 53 (3 4%, 40 Matrigel
SBR[ I R AR T R S A AR S R
KR B 5 =, ST G0 1 S R R 1 b v AT 5 A
A Z, BARALEE iPSC B S AG I B 7% 4 PF 4% (pH 18 IR
R ST AR HERRAE SR o 3 S it 2H AR 4 B 43 125 3 Th e TP
il () A AR AR HELAESE, 47 Bh T4 51 iPSC 7 (LRI K 88 1 1%
FEI P EG M.
4.3 BRIREER A BRI AL N FH Y

HAl KB EZ RR TR 3 R, SD R g4m i, p
GAFERMN T ERM ARG RS S5 B, Bz 2 24
W A1 FH BRSSO IR 358, 4510 4, 75 09F 70 /0 WL 4 0 45340 R0 4 40 1
BEOBRREEERZ RATHNHREL S, B i Ek
B AN RE T8 AL S B IR BE DL RO I S AR AR B L (R E
A HAE M .. D5 S5 OIETE R E A
YR IR 2 )05 2 PR VR T i A Ak i ) i
FH A, H RO IR A AR T N AR 1) ) 2 2
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