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Cardiac Organoids: Applications in Research on Cardiovascular

Development and Disease-Current Status and Future Perspectives
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Abstract Cardiovascular diseases are major global public health challenges. Cardiac organoid technology,
as an emerging bioengineering approach, provides novel tools by mimicking cardiovascular development and dis-

ease mechanisms. This review traces the evolution of cardiac organoids and highlights their applications in study-
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ing development and disease. While challenges regarding functionality, ethics, and costs remain, the integration of

novel methodologies offers promising prospects. Future research directions are also discussed to inform this rapidly

advancing field.
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Table 1 Classification and characteristic comparison of in vitro cardiovascular models

et
Model type

AE L8 IR A/ F 2H 21
Traditional cardiac

spheroid/micro-tissue

LA IEZH 2R

Engineered heart tissue

Wil =
Cardioids

S A
Heart-on-a-chip

Core definition

Key character-
istics

Core technolo-

gies/elements

Application ar-
eas

Morphologi-

cal dimension

Simple 3D aggre-

gates spontaneous-

ly formed when car-
diomyocytes are cul-
tured in hang-

ing drops or non-
adherent wells

Simple self-aggre-

gates lacking complex in-
ternal architecture;

suspension culture

Basic drug screen-

ing (simplified mod-

el): electrophysiologi-
cal studies

Investigating contrac-

tile force and cardiotoxic-
ity of drugs

3D

Enhanced 3D func-
tional cardiac tissue con-
structed from cardiomyo-
cytes, matrix, and scaf-
folds within an engi-
neered environment

Engineered design with ex-
ternal cues (mechani-

cal stretch, electrical stim-
ulation); quantifiable bio-
mechanical performance;
controllable tissue matura-
tion

Tissue engineering (bio-
materials, scaffold struc-
tures); bioreactors (me-
chanical conditioning)
Cardiotoxicity stud-

ies, heart-failure mecha-

nisms, disease modeling

3D

3D cardiac micro-architec-

tures generated via self-organi-
zation of stem cells, recapitulat-
ing embryonic heart development

Self-assembly; recapitulates em-
bryonic cardiac development; en-
dogenous structure formation (e.
g.,chambers,compartments); scaf-
fold-free;

self-organization

Stem-cell biology (precise signal-
ing-pathway regulation)

Cardiac development research, con-

genital heart disease, mono-
genic disorders; self-organiza-
tion mechanisms

3D

Microfluidic platform cre-
ates a controllable microen-
vironment for cardiomyo-

cyte cultures

Microfluidic technology in-
tegration: dynamic micro-
environment control (flu-
id shear stress); highly in-
tegrated sensing; multi-
organ interactions; small-
scale, moderate throughput
Organoid technology; mi-
crofluidic chip fabrica-
tion; on-chip integrat-

ed sensing

Investigating cell-cell in-
teractions, pharmaco-
kinetics; high-through-

put drug screening

Mostly 3D
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WIEE S SIC, VP IR R EAE A R A P
FIRTSE . BUAh, SRa8E A R g 4R -5 254 S LKA
TR 5 B MKRBL &, AL ig s, 2
PRI TT SR A E SR AL 1 D) SR .

2 XSFEELMELEMRFHINA
2.1 LIEABMRNLREIRBEME

O LB 2S48 B (00 R S A4 8 T T 40 L o 1) 234
R IRk 2R S A TREE RS, EEAH.O
WERER B 5 M RS TR R R .

O 2R 28 B (A 4 15 AR AR A0 JUE B =5 T RO
CMs A AR, F 4 f Sk R 5 ZEAL 45 hiPSCs A A4
T4l (adult stem cells, ASCs) W2, BAA T EEFEH
HFevk. 3DITEHIH AR L5288 E S G ey
HEWE)R, F—RE AR Fkr
FETALER . R % 5 ARG O R B S VDR
f) Wnt/B-cateninfs 5 # #% P, {1 DRAKHLISZ: )7
hiPSCE: V7 1% 9% 1 25 L CHIR9902 133 Wntf5 5, 75
SR R JZAH AN, B TWP-41 & BMP4, )14
A0 2R AR O LA AN 0k, 14K )5 BIJE A%
f3 % CMs. ECsHIFBs[{ EBs, ISR LA O 1)

FRS 2E R, H A BNAER AT IE50~907%/ 43 . 20214F,
HOFBAUER [ B\ IE 4 g ) 2% & R R [ AE T ik A
i Sk R 5ESHEME, 1T AR EE
PO RERAS B 1 B AR IR, BRI TR
(R B RAUKE B2 o 2 U AE 22 B Wt 2% 1 28 1)
fith b, QT I 51N B AT 4 41 i A= K K- 4(fibroblast
growth factor 4, FGF4) 5 ZRiE R H -ANEEAE
AW, WL EGE FGF/MAPKAE 5§15 41 i 40 Ik Ji
SEVER, nl e e dE O BRS04k, i CMsRIAIE
FE B Cx43, BERA THRESHRMFEEE. $
SHMLI 7 7, AR R A A R HON4 S 1
WIER R R, AR O EE S RGN R A E 7
BET TS . BIAESS, 1% EBATE SR S A ARk
TEFETE, IR T 20RO, 7
M oA SRR b, AT TR Wt 5 380 B ) MR
K[ 48/ NI 44 22 36/, [R5 BMPA5 5 3 5
FIBOR , 2 BT T AN A0 T 43 DX 40 B o0 1 e S
PEE R, TEEFRAR R T TH, BRSNS B 7R it
Tk, BT 2R A KRN TSN TS
Y, B T OISR E S XMEERKESY)
RE RO, SR I PR G AL i 35 Bl . KA 2
WETE. T, 20245-POMPILIO B BAPY A 5T
T AL B AR ARG TR R NI B & 4, 45A
Wl /N 15 T o0k, TFR T 3T R AR
WAL B 72 R 48, B30 mm B % MUAT 34742 i 41150
ANRBE, AEF WA R E AR ], B3
BEEAR T B [H) R AR

241K 3DAT ER AR K A WA LA G VR &
JE T B R B R S TR AN SE MR D 210, 2019
T, DLEFRE i 4 5% K 24001 55 [ BA B R R
H AR ZH 2R ) 3DAT B A Bk g WL A 4l il . I/
O ZE RO LR N O IE R A8 T - B HAE
F0HE M B3 HE T 4200 B A B S5 An P A 5, A
Ji = 4 #2 8 hiPSC, 5434k CMsAl ECs, 5 285 i
T KB TR A T e AR ) 82Kk T i = K 3D
FT B2 J2 H) S 25 I X 45 1) Co B A 5 S5 40 o I TR
FEREIOE OFS5NENES, NaERE
PR ST ) AL TR o R B AN, A
Frd i e RS E RS, 1 iPSC-CMAE A M 41 i
IR P 25 LEA ) S B A RO A BT
R T BG5S DhReiE IR Y . 1R
RIS HARTTM, R K55 E B AR
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AT FT 51 T RA B2 B A0 2R 1 O I 2K A5 B HE A 3
Matrigel 4% 18 I E, T8I 228 1 & 7 A XA
AT g 52 I AL 25 T8 A0 3R A BT Y1 0 BORS B 42
i, ITIAIEE 1 O EZE A% B 85 (cardiac organoid on
a chip, COoC), MINSEI T *F A A Co I ) A 22 5 95
PRI e 0 B, D90 RO A 2 W i i
ThRE T m i R sl R R EOR R .

1L A5 248 5 B A A ) B T ORG vhE R A O N
B FIENUE LRI R 7> E 454, B ARSI
ERIRE. 227 VA B R MELVER [ AR A H)
4 hiPSCoM b Y N B2 M40 10 5 -1 1 L4 i 4% 2: 1 B
1) Tt 1 ik ot i BB BROKORE IR S = 4R R b . AE
Bpy b, J TR UE B /0 Bl R 4 i R R IR SR B
B 2 MU AN E TSy G KBRS 4
P 7B I, A o PR A R A% ol S A If
B N A K AT A(vascular endothelial growth fac-
tor A, VEGF-A)5 313 tH % . VEGF-A5 ECs3
Ifi VEGFRZ A& 45 &, i PI3K-Akt. ERKZ5(5 %5
PR, (23t ECsHYAE . LR FE TR, (£ R

Self assembling
method

Engineered
heart tissue

7N
PSCs @ ‘ @

@2 Regulation of
‘What signalling o

mYyoCytes Fibroblasts
Cardiac /\\
progenitor cells QX ) o I
<~ Endothelial
cells
Wnt/B-catenin A7 GE TGE-p BMP
BMP Notchy PDGE Hedgehog Cytokines ©,®
s . —
Cardi 4~ Smooth -
gilto= Fibroblasts
Endothelial el e

myocytes
cells l

Cardiovascular
organoids

AT
Biomaterials

Engineered heart tissue

T, PR AH A 3G 5 I B T LA SRS R, PR
JULZH T 7% 2 5 s ) PRl 6, 3 S, BT R mT VA
BN A28 B ML, phah, thAg B BA R R
P, @I N A & BT YR ), A Y
Xof I BE AR 71, i85 S ECsHESI A ok, i
EEERERAZO- 1K B, WAL T
JULZ0 B FE 58 P 5 Ml MR e 0. 3, 308 R PRI 4 2R 1
SM22a, 4%k [ 1ML 2 88 B £ W AR AR AT 5K I B2 5
I WA LI5S 89%4 . 3DAEMIAT BN AR HE—
A ML S 25 B A A T SR SR, TR M A ) I L
RS . DABH i L O A Ik B S 9, AR A 25 1
FVATHTER I R AT o K 35 41 VR & il B AE P 5K,
F 3DATERHLAT 4T B H I 42 50~1 000 um ) I 5
B, LI ECSTE WES: 43 A« T I LA M AE 2l
AIEHEF . $TEG I K88 B &35 9%, “Fig gl
MRk 2 Bl e B 1, 0 o=~ ILVLEh & AR
LR EE B B A, HA SRR &7 sk Dh e, AT AL
ERE s 1% KO R EEZ MR T
HARE R0,

3D Microfluidic
bioprinting technology

& '

Model design

7
h
v

Cell screening

Microarray fabrication and cell
seeding

“Heart-on-a-chip”

Model egiglishment

=

O MR ST FERE Y RO AS [ R g 325 B B, 2 04 2. TR IR AL 3DEMHT BRI B A -

Different construction methods and workflows for in vitro cardiovascular research models, mainly including self-assembly, engineered heart tissues, 3D

bioprinting and microfluidics.

E2 (CMERSMITERETE

Fig.2 Construction methods for in vitro cardiovascular research models
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LR KB EAEE A RE MR I N SR

22 EFEEINOMELEITIZ

O RGN K E & — NER 2 B s R
WA IR, WA 2 Tl T R B g4k
S SR D A B, GO NEVE IR IG f 5T R
MINRed H 2 —, HR BRI T2k G4 14RE R
(R Ak 2%, Ferb B D 2% A M AE ST A i B R D T B
EBE IR S FE A O I AHL AT AR . oo JUE AHL 40 L 1)
PR A, TR R IR Z , ATl —
X WIEE IR T 2RSSO E P tE, O
BT MRS A RS MR IE IR MESS, BHTIRE N
HA DY S GO . R R, 25—0
[X (first heart field, FHF) 3= AT A4 H 0 0o 5 RIS 43
0, 5 0 X (second heart field, SHF) |2 547 0>
. HE A OHEZRIE . 2R B2 %E
SIE U E %, Hodh WNT. VEGF. TGF-B&5iE
BZ5HERS . WS BAE 2 A SR P,

TERRA O E K B WARSME R | AL 48 — i85 55
P& R AR AR hiPSC-CMsid i R I H DhRE A Rl . 4H
MY B — S SR R, xfE DLF IO 2 18 2 [F) 404k
5= A m gy B, O R SR AR B IR S o K
TR G O W & B R Al R e is MRS K A
EIEHIPS $78 7S WA EEEE-TAD AL @)Y CN
ECs. o ERET 4E 40 0 (cardiac fibroblasts, CFs). il
BT W41 (smooth muscle cells, SMCs)%5 2 Fh 4]
Mt R =42k, H AT CREH BRI G 1
OB FR 5 TS AR, W0 3 T 5
AR OIER R Bt FE R, 245 N1k, CHE W2 %E
AR 28 B 38 7 HOR B AR S L] . A DRAKHLIS
S WIS LR B0 IR 2R A B IR S5 TR R, G
B R IR 2R . AT S s s i A st 72 . i
2 E 2 FHF 5 SHEAL4N AR ) 2 (8] 0 A, 1% 4]
AR I 0 1 2R 5245 E7.5~E8.5 R 11/ i
JRRGCNE R B = A W, E 4> F-HL 7T, HOF-
BAUER% VR L R4 B N AN/ N 2.5K
EIB G A R, FFE S HAND/E I8 = 45 18 T2 1%
R b L AT R R AR R B 1 3 TR 4
Pt E KM . ROSSIBIBA PIERER B /- LI AR 42
TR, FIH EAH A RNAM R 5 H 20k 328 AN [F]
MR, s T =R RUE ) 2 R g i & CMsii
% . RNA velocity 7 Mt —DHa7R 7R H N HEL
R E RN ZERIENIE, EWRR T OERE
AR ) SR . T — D AU A T

WIEIRM SR, R VIR R & i 375 R R4 E, 1
H EMM2/ 1R A8 AR TR . BRIB G 4E/E
B CAF B R AR R, il Th 75 T E A O
DAL s L D AME TR G O RS, Il
WL B IR R BE S BLHT R PR AL, FERE SR AE S b
55 6~10J8 NS HG O JIF e BEAHALL B9 o 760 I 5 48]
RELSRED, MERRZBREERN I, EHR T
O ERE S SRAT 70 R I EUSANE 77, AT SEEL 1 PRt
A ACFI T RE SRR B el bR LB 2 2 ol 5% 5 5 R
W RS ) ECs 73 AL T B, 0 50l A I8z o A1 i Ao JUL
WG T, EBSEh k. B4IMEMEK. £5F
— I T, WUSE PR H hPSCsitiid J LA il ]
FALTARBAN 1 N0 R R & B B g 4 il
E R Ih AN TS CMs. D AR, OV AR
PR NIAE N A5 2 M AN i 2 2 000 I AL 2R AR
(cardiac vascularized organoids, cVOs), ‘& BE 1 15 41
NG KRG BI04 B 72, JF HAES5 A
e b5 RGO HEAR AL o

ERB B L0 M8 R EIEIE, 558
BB AR L R B R B T, WNTAS 5 /E R
Wit iR R s £ S, HeE 55 MESPI.
EOMES& ¥k [ 1Rk, 20k R0k
Moo AEBEN QAL AHT BUS , WNTAE 5 7 B 40
DUt TNNT2. ACTN25 LRI Rk, AT HES) CMs
B # . BMP Activin/Nodalfs 5 I 7E 0 Ji7 5 4 37
B BE W 1R WNT, 1 NKX2. 5% 5 5 [ Fis 1, ik
JE CMs iz 9, i 7E SHF /3L AT O & il i 72
H, FGF8YIE St K g A I Y VEGF {5 il i
7% 175 5 KDR IR Z 40 i 7] ECs#e b, 72 T%
B IR 5 L S5 M % 05 5 . N VEGF AT
AR A B R B CD3 1 ECs % Ji 5 W 26 1)
REJJ . RAME 5 BRI AIBL R 0 Af , RO % e —
FRRAK, 2R E A0 I s = 2 TR 5 AN ) B R 1
BeAh, LEFTY-PITX2R 6] 2 A A NRAE , H
SR LT S L O I 5 5 R A o U R A R TO4T

145 RNIE, O KA BT B RO ME RS
RESEE RN a5 M8 8GN T7 A
ARTTANGE T8 A E I R IR OB TR R, O FE %5y
s O AR A B A T B B, (R AR AR TT O I
REVUHEIF BT i EIUS T2t . BEE R
anE HAHLEN . BV ESE RS A IS
BRBIABIEN, ARFEMEAA2LESXE
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M8 R G A A RN O IR B, g s N
O ILE R E BT TR R &

3 XFREELMEERMARFINSA
3.1 DIIERERHERFERELE

IR S T RRIPNE S 2 vl LS N N
Heak— DRI o B AL M GE RV ) 5 JEBHE 1 (A BT B
ZRRME)A, R, R BORE X
B 5 1) R BRAREAE , DA BIF ST 950 ) B0 HLE AN TF R
TBIT NIRRT R (B3 AR 4B,

SoRAE OIS (congenital heart disease, CHD) & i
LR B M AR BREE N, BRI 1%L
TR . KA =2 —MeomE ) LER S
FOZHIE HIAH ST R, 8% [1) CHDIAE 85
JR A FE DR X 4 [ 5228 199, 20214F, LEWIS-ISRAELI
ST SR T hiPSCRIR R O NERA  , HAER %
M. ST BSOS, B
A H FE BB A RSN SRR . RIS E AR
08 T VA T T A FEE P R 26 R R R I 2R AL 2 b
PRI B TR RHAIAST , 45 RO DT T 124 B A
FKIMHEIEA . ARSI RerEeg, B
MR UL B 23 (B HE A S, BB 7 22 AR IR
T FHOCCHD B GBI BEAFAE . AR S5, JrdH AR K%
KUNDAUJE [4] B\ 3 i LIPS Cs 7344 1) O E Al L S5
Ji6 ) Lot I 1 e 62 )5 22 5%, R scATACH AR 221l 1A
JVJiEs 391 £ 25 ) B 40 o % € Jo ] R 1k PRl R
FAZ B e 17 o JE 200 i P 22 240 i 2 00 3 [R) 4 1
SEEE, UESE T AR RS T R T 45 S
V428 CHDAH S R ML

T AR PO I 92 T R ER R SR IR R AR
WL ERERADAT . BN, S B S N R G
(R T 0 SR, O LR 9 22 [R] 98748 5k ) R
JERY . sk ALC U DU B4 I E Y HKAESE . i
SEREIWTFFE R, X hiPSCsEAT I K 4 45 5l 1 F 2
F R R I hiPSCs ) 485 77 4R o 5 IR R A% 1) ML 8
RAE, T LUA R ROX S (1) SR AL 8, i,
ik CRISPR/Cas9ZE Rl gm i HAR , BFFE N G2 AT LAAE
hiPSCs it Rk Bl B B, 2 5 d i i 204
JL 3 i 4R, T A A DR G R R D PR A0 L, 2k T A
A LA R R 30 A O I B R R IE 2R B B,
T a8 AL Z I R R @, W DESATSE 'F] A
CRISPR/Cas9F; RAE iPSCsH 5| N MYBPC3H: R k2K

RAR, E B R R T B A LR AL L (hy-
pertrophic cardiomyopathy, HCM)J5 EURFIE 00 JIE 28
. AT IR CMs AT AR ECET AR B3GR
G571 R, NIAThR EM YL R Z W3 . HESI 3L,
55 443 AR /s Wnt/B-catenin {3 5 8 B 5 0 O, £
5 40 o #h 3 5 4 1 fibronectin fllcollagen IR IA7KF I
WA, BT O WA 4L S B R B T AL, 20154F,
HINSON [ BA 12 M 5 17 TTNFE PR 29 2% () 56 4k 9 3k
HhiPSCs, #3153 0L NCMs, HM R OIERERE,
PRI T DCM )R BRRFAE , 2 — 0 ] B | TN
K RAE 3 DCMIP) 73 T AL, IR BEDCMI K
WHLHISEHE T BB . K QTHAMELLLE '
JEIRAHFAE , FL2RE% B (1 3a FH D O 2R AL 1
WAL T 250, — T4 6 KCNH2 p.G628S5EA4F
(LQT2EY) Wt 7 i, IKe AL B 1 F460%, 5330
BGEIR, HilmpRO B QT K m W) &, FIH
VAR AR 7 39 A 8 T RO i B EE , n] fE APD4 A
%280 ms, IIE 7 HIEEIGITME ", Duchenne!
HE FEAS B AR SO I A2 B dystrophindE [RIBR 2% 5] K&
(R XGE BB PRI AE I, 2920% 1 B i 23t g AL
I U2, ERKUTZ: 2 ] CRISPR/Cas941 5 11 [H] Y5 &
1] 42 & (homology-directed repair, HDR)¥; A, 2 1F &
F iPSCsH 1) dystrophinJE K AN 2T 45 R RAF . &
)G IiPSCHTAE CMs 5 FBs. ECsHLBE R I il 1 41
BOMEREE, BB E RPN BSHEAETR
BT, RIEAKTFIEE AR 85% 7, J1% 4y
TR, R28 B G 1 B85 e AR 5 R A (R FE
IV o M FL T UIESE , X7 50% 1) CM s Rl &
SR AT e K T KA Thie, N BRI
IREFEA TR T SRR AT

SRAF O ML B R HR A 5 B T IR R 5
AE TR B AR R S S R R SR IO I
B RGP, X P O O 4K 28, ™
P NS, HORRILEI R, W55, i
JE. mLRE . BEIRE . RO RERESE SRR R %
DIFROR N, I 2R 28 B HR B Rl IX Lt 5 %
FEREUR I BRI R, (B2 CHRIE R B
H 7 10388 3 AR R4 P 97 B O B —— s i . R
R BB A T 55, AR BT B DL S T TSR B
PRAET BET T 6 P L I SE (myocardial
infarction, MI) %1, VOGES% " i vk 45155 5K
FENFE O NESE A8 B AL T il — PR A, 0
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153 X35 24 /N 9 B B CMIs K BRI T, e Tn TR
BINZ 5485 , 72/ 5 FBsiE AL 320 b THY JiE JR 1k
LRI KL, T AR E0E Hippofs 538 % vl 3
PEE O LR AR M 3G 58, X — B SR e b OB
RAET H TR P BhAh, 4129K5 MELZ] B 7495 H
AU HORE AN 25 R RS RN O S A A
A B CUBESE J5 B BEAEIX 3 5 X ANz R [X 2
W, R SR KT EEIL T M B
REAE, Qs BEVE AR AR . £ 410 NS Ab FE 5 (
3). 20244F, SONGZ H| ] TGF-B1IE 4T 4EAL, &
A0 S 85 B PROREAD, L S o e DA S5k I 452 4% 31 2
YEAL ) SE B B AR . FE BN KGR FERE AL [ A
KONG ] P\ 7244 iPSCs 175 5 A2 i 1 1L 25 88 B (blood
vessel organoid, BVO)¥: 2 ZIMIL [ & I 6fLik 1, F-7E
70 r/minff FeRe S AF T RE TR, DUSTHUSN KR FF A At
RS ECsZ BB YIN. /). 1E )5 235 77 i ]
PRSI BRAZ 20 5 25 8 B L35 9%, AU R A 4 i [
M4 ECsHIIRIEIE R, 25 8 KM BVOsEK I th 40 [
I, CL3E ECsHIE B R 7313800, LS AR 28 20 i A
THIFRIE L. BEEWRZ N, BVOsH it M5 3|
LR YRR BT RS AL R, 31X 5 B KR R AR AL I
PREFAESAL . X8 PR 955 O LT , WANGEE 7 ik
A8 FH v A BE BE A AR AR B Ab B T VE, TESR AR B
I T CMsH & FER N E, Hil =M H
DURR B B b A i 7 PG 45 e B AR B8 AL R AL U7,
BB TR B, I AR A e A G B D WO 2 A
v(peroxisome proliferator-activated receptor gamma,
PPARY) 3Rk ] 2 38 B 2R KA Th g, B R O
JULAR A (AR T PSR s S it 7B 7 ). AR AE HH e
I TR A ORI Fe b, A 223 el
A FGF2. BMP4. %4 H % K715 S hiPSCo b A
OIFRESE, BG5S SARS-CoV-2 3L F ™, 45
FUEZ 25 B 2 15 CMsAhR Ity TNNT2F1 ECshric
Y CD3 1L AL, GO'E & 7 M i s Ik e et R s B
I ge B o 5O WU ZE . ECsH45 Al JOE [ B AR 5%
BE PR Rk AR, X I A e R e B L 5 | AT O
AR EALEIFRHE T —ANE AR S B ARLTS,
U, BEE N TR GREARN)ZiEH, °F
WO H 5 2R 8 B RUAR S &, O B I F 9
PRAL T H 7. I AU YEUNGE: Vg5 & i 54 2
FIBLES 5 ) ik, RO ESR 88 B A A 455 1 52
5 a5 O IR BE AR R TS £ AR AR 84, HES) T

O M8 259 KB mRALR B e . S4EU A, A E AR
B F A A BN B DA g T A B AR A A i 2
FEPE ) 3D RAERAS T, IR 17— P T
AP ST 8 VAL 5, 3t 7R3 e N YR T
ATPHINADPHI/K 17697 R4 CM-PBF/NTUs, H T
0 O T 28 RE 28 2% B I Ae AR AL B XA
RAELE O ML U AL AL 1B HoR 3C
o

3.2 AR S SR

AR B AR A P 2 SR B I R
77 BB TR BRI, SO I 245 T v o O
EFRAL T O T G (-4 @ A B sh g
MR AR S Re A S 01, %7 6 e R4 2
HAUKPXHE IR A AT 2 S HE S, B3
T+ T M R R S R

TEO I ERIRIT AR T, EHTHR 22 5
iR IR0 T E . TIBURCY 2% B B B i 3
TR CMs 5 FBsIL R KA EHT, I 1 4% B 5k
I M ZH 2R 4 T S SRR B)) 71 2 2 8, 1% BB
1 000Ff /N 73 F 4k A 4 126 v i 4k Y Wnd % 3850 711
SKL2001, [F45 pifg B iz Ak & it 1 s L
PR 605 8 TR 3 1 N 3 G T EHT AR W i T e
B2 B RN A 7 5 a3t — ik s, SKL200138 5 |
WO U SRR MYH7FI TNNC 1 335, {23ECMSs
] BRI A o 0T R 2540 11 0 T 251 - 34
G, 3DCa I R 2 SR AR Fi L L 22 400 i B TR R4 )
%% . ARCHERZ: P2 ) CMs-ECs-FBs — o 3L 8%
FRAEAY T [ A W I 25 5% 22 4 B 2EL 40 2 1k RN
AR 25 2 R, 1A AL E I ATPAE D) R SR B
10 nmol/L | 55 2 Ab B 72 /NI ] 3 B2 R A 5 v 7
NFES0%. R R E R IE K TR 2.5 £, A
I 41 i N ATP /KT FRAK 40% . 85 B B Sh4k s ik
B 549, R BINEY T RS RIUES %5 Y
ZHIBETE R R, DX 5 B AA EAEO IR
YA S 2 &9, T R 5 4E 48 2D
R R TF68%!%

TE B Il SR R 2 R A, O E SRR
SR BARSLI T AR EERE . WVI-
SONEZ B K B — N 44 N “uHeart” B 1l A FRAR Y |
T PG 259 51 RS i O R R 8 S . ABATTRE iPSC-
CMsHI R JRFBsHR AN LF4E 85 1 1, 8 AU I 2R 5530
O A FD U4« uHeart™F & 38 1 58 A B
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(A) Microscopic images

3PM = Obesity Hypertension

(B) Masson staining results
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.« Control organoid Infarct organoid
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(C) Immunofluorescence images
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e

50 pm
—

A STRESHE B, N R AR A A G TR RERERE L I BRSO AL O LR L I 2 O OR B A S /T IR L O IUBESE) i
AR H BRI ES ™ B: Masson e 5 18], ARG @A 24 5l SRR BRI . iy KPR AL LR L G2 DR R A0 T B )
L AESR SR B R R G (B (20 UAALZY; S5 2T 4™, C: G S I, o AR Co R AR A0 JIE SR8 7 ) S P O e a5 R (U MM A%

2 R 2455 H; 4% a-SMA)™,

A: microscopy images, cardiac organoid microstructure in disease models (left to right: control, obesity, hypertension, diabetic cardiomyopathy, HFpEF,

MI)*2; B: Masson staining of cardiac organoids (red: muscle; blue: collagen) in control, obesity, hypertension, diabetic cardiomyopathy, and HFpEF; C:

the results of immunofluorescence staining of cardiac organoids in myocardial infarction model group (blue: nuclei; red: intermediate filaments; green:

a-SMA)™.,

E3 DR EERRERPRHEREXT L (1820 B8 5% 3CH#k[74,82])

Fig.3 Pathological features of cardiac organoids in disease modeling (adapted from references [74,82])

ARG BAE S, ReBE R 2P % CMsHL
A BRSO RS, I R T 1R O A A T
RE S MG IR &G R, AW O NE YRR o3t T
— AN R PR BT T B, S —Fh T il R 2y
{75 328 (RO JIE 85 Pl e R AR B SR B T 56 CMEs 1A%
HRs IR N2 AL B, SR T FEARRNAR SR BS, RE NS S
WS I CMs 1) FE AR B B, L HEZNPE B o 45 25 1
AR F1A8 A BT, IR RS RS PR i i K R 24
W, VAR H6 0 I B I TE 1 R, AT R SR
TEBERHEAS .
33 BEEZESETHR

RAFHA O M AR R T 2R
TEIT SN (K 4). R TRLO AR AT, 3DAEY)
FTENB AR AR 5 A4 D IS5 (1) 59, 2013
4, EMMERT 2] B\ B0 iPSCHTA= /) CMs.  ECsHTFBs
F 3 11 EE B A, 2556 IR R HR 8 A s Tk I /K 6 P S
20 RIIAT B 0 A A R O E RN . 1%
AN EEEZ 500 pmy YT B4R 50~100 pmiT)

1A 383 , @i ECs o b SE RS i J5 PR i &8 1k
RGO IUREREE AL | (B2 S LRI 51 S,
PN RS HERE ANBEFE X . A5 488 75 03 B 2
N, JEt ST BN 35%H-THE 21 50% . 1h Ak,
GUYETTE [ BA S B Rt 410 B2 0o T 325 S5 4 9 R AR SZ
2 RO =g A g g A E R T, 5
HiPSCs4 G IRFE M), 1E Fu 2 BRI BB iR
7N, HHE 8 J5 iPSC-CM (5 LIk 45%, FEIERCH F Ik
RO IUR , RO Hb g v T bR s 5 S HE R 1
I 2

PR ML 2H R85 ek, 2R 48 B AT AR 1 4
TR B 1. RS A MR AE HE J7 VE T AE
TEAMIIE TR m . AR RRE . 112016
4, SHIBAZE a6 R 7 G AE N FEHE T 4x1084
iPSC-CMs, TEFEHE G 127 W82 21 7 A 40 FR 7E IR [X.
B A EE 29 16% . eAh, A B 50K ] 78 5 -2
i Bt & KR A2 BDIEZL, R 29 1%~5%H)
MSC I & R AE X 35 Y. 20194, VARZIDEH
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