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Abstract: Cardiovascular diseases are the leading cause of mortality worldwide, yet their pathogenic mechanisms and
functional repair remain incompletely understood. The emergence and development of human induced pluripotent stem
cells (hiPSC) have provided unprecedented opportunities for cardiovascular disease research, and markedly enhanced our

understanding of cardiovascular disease mechanisms. This review summarizes recent advances in cardiovascular cells and
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cardiac organoids derived from hiPSC, and presents our team'’s related research findings in this field. Tt highlights the

induction and differentiation of hiPSC—derived cardiomyocytes and non—myocytes, as well as their roles in disease

modeling, functional repair, drug screening, and mechanistic investigation. Furthermore, the current applications of

hiPSC—derived cardiac organoids in cardiovascular disease research are also discussed.

Key words: human induced pluripotent stem cell; cardiovascular diseases; cardiomyocytes; non—myocytes; cardiac

organoids
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A: hESCs differentiate into CMs through the formation of EBs'"*’. B: hESCs differentiate into CMs through co—culture with visceral endoderm-like

cells (END-2)""), C: hESCs/hiPSC differentiate into CMs under monolayer culture by supplementing activin A and BMP4'*'

!, D: hESCs/hiPSC

differentiate into CMs under monolayer culture via temporal modulation of Wnt signaling'?’. hESCs: human embryonic stem cells; EBs: embryoid

bodies; CMs: cardiomyocytes; END-2: visceral endoderm-like cells; hiPSC: human—induced pluripotent stem cells; bFGF: basic fibroblast growth

factor; MEF-CM: mouse embryonic fibroblast conditioned medium; BMP4: bone morphogenetic protein 4; CHIR99021: glycogen synthase kinase 3

inhibitor or Wnt/B—catenin signaling pathway activator; IWP2/4: Wnt signaling pathway inhibitor; CPCs: cardiac progenitor cells.
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Fig.1 Schematic diagram of the differentiation of human pluripotent stem cells into cardiomyocytes
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M B &% FGF ik K %—B (transforming

growth factor—B, TGF— ) 11 il 551 & 45 52 B Al 2T 4 241
JLE ) 53k W A F hiPSC—CFs X Hi £ 2
& 25 ) HE 47 5 38 = 0 2%, IF A A hiPSC-CMs FlI
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FEIRIKF BT TGF-B {7 5 38 %, 3K 2y 0 Ik 41 4k
fbo Chen S5 5% & B, 72 R FEE H HLA-F 483L
53 10(HLA-F adjacent transcript 10, FAT10) &
— Pt X MIJ5 O JE 25 4 Ak i 397 25 95 5 ), 78
hiPSC-CFs Fh it 35 FATI0, 7] 2% f# TGF-B1 i %
T AL
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DAL 2 AL 4 RS2 A7 AE T B R A1 JD it A ot
FR 4B, T LECEE 2346 b P9 2 40 B RS- 3 L2
JHL, AR LA e R R A 1 R, R S5 3 b A
F A3 WA, A 2 145 18 52 . hiPSC-EPCs (175
SO T N ST BT R A R O B 2
PRI, 2014 4, Lian 55 & T —Fp | /)N
9 T ALE ¥ CHIR99021 14 K K 7 VEGF i &
hiPSC 431tk PN B #H 40 B i 5 125, 9 % 31 WN'T/B
—catenin {5 51 4 75 X — o 2 Hp i O B0 R T R
Mo ZJG, Farkas S 25 S Al A 7 N T &
Yy Ko Te i B5 R 4L, LR T hiPSC-EPCs 115 5 43
o7 %l Al B AR T 42T 90% . AR 1A BA 3 i i)
FH PRI (4 8 7 5 B 40 B 7 4 B2 3R A9 hiPSC, B
JE TEZ TR B VE R Ak, @S TCRR IR Y
hiPSC-EPCs 5 3 7 ™ . # — £ 58 &k 8,
Gremlinl (GREM1) 5 41 £ 1 fig 4& = hiPSC-EPCs 15
SRR I R IC RS E K KT R
hiPSC-EPCs A 2A.0x Il 8 B9 16 Y7 $ Ak 58 /2 At ot
F14) 20 0 Sfe VR s Wi EL N W T R AR . Yoo
AL OF B A0 I YR P hiPSC i S N B AL 4 D
I UE S 38 o (i s A ot A A A, Vel A A e af )
B A SRR IR FE AR B, st ML/ BRUAY) 0 1) i o
Shen 25 fifi i hiPSC-EPCs 1477 /N BUBk i 22 v
PAOGRLOAE D RES &, & BUHGE 1852 P R 40 A A
Bl 555 0 JULAH L 1, % 8 5 43 40 R0 T BE B A IR
HARYPYEH . AH BB hiPSC-EPCs 5 & b4
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FAb K BERCZE A TR 7 /N BU™ R AR Skl
B R AP BIRITROCR . 5 Ak, AR hiPSC-EPCs
VR Fh 240 B R A /N CUAR T I8 1Y) 9 26 T 2
LN R AL, B T AR R RS k- A T 45 e
ARJG W s e Re . UTAEK, B N AL A & 1)
hiPSC-EPCs 24 9 £ WA 32 Al AR 5% B B, FH T
TEIT I R dle i A S e i A
2.3 hiPSC kiR M K 48

A8 PR R 200 RS T I R 1 e P )25, ) L i
PEBE B, G0 DT RE N AR O AR AR IR A
I p TR R | NN 71 U S R SR B TSPl =
RE B LA b 22 B A= D& PR 5. hiPSC—ECs
EL A O IV I 5 v AN T skt ) 240 B Sk D, A B
A A A 20 A e Sl %) ) A, R R G IR YT R o
hiPSC-ECs 114 731k 5% W £33 45 56 o1 240 Jfa 285 5 40U
RSN 2D FLZEEFE . 2009 4, Choi A1 BR 58
1 hiPSC 5 OP9 i Ji 41 i 31455 3% | s )ifs 5 Ho )
N Rz 4 M 43 4k, B IR 35 CD31°CD43 1 hiPSC—
ECs. 20154F, Patsch 1 BN 38 1< 410 il T2 5 il 4
fif -3 (glycogen synthase kinase—3, GSK3) Jf- ¥ il
BMP4 Zb B | A2 { hiPSC PRyt 1) o IR 2 5 7] 434k, Fifi
JG 45T VEGF-A Jl 3, 7T 7E 6 d N = 8075 5 2 80%
B P B2 20 M A . hiPSC-ECs HA 58 K A A 1fi 5
A= BCBE T, B A VR AT IE B A O I A5 5 TP Y
HITIE SO dn, AN BT R AR A RS
FE Y hiPSC-ECs R I 3 K 1y il iz FEHERE ST, o 3%
i S e X A7 ) IV A A/ N RRAE A R K
SR MIAR Y 1 hiPSC-ECs 5 hiPSC-CMs
PIIRA IR YT o 5 = S At O WU B R 3%, JF
& B hiPSC—ECs 1] L34 5 357 A= 1 48 B0 1 .0
LA M RS ™ 55 41, hiPSC-ECs L BA B4 FT
MR TE B RE ) o Park % hiPSC-ECs #:# F it
2 LN Sl ok P9 2 T R A A TR I A R
P E R KBTI i ik 2 00 R 4 3
M, A g 1 S L P T hiPSC-ECs {5 A9 PL IML
HIERAE 1. A, hiPSC-ECs 3K J5 (1 A WA s 22
P BRI AR . Ye 2O BFSE & IR, hiPSC—
ECs 2 I AN A 1 miR-199b—5p AT LA 3 /)N
RO PR R A A A A, Li BF R B hiPSC-ECs >k
B A I A RT A 5 ML/ BRSO LA 45 Zh i
ZRA R A FH I
2.4 hiPSC k&K T8 Al 4 A

AT T L0 L A R R g 2

AN B, BAT A I K 0 R I A A
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