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culture, open the possibility of generating a virtually unlimited supply of cardiomyocytes for clinical applications,
drug discovery, and provide an in vitro model for heart development. The past decade sees significant progress in
this field. The advert of induced pluripotent stem cell (iPSC) technology enables personalized cell therapies and
negates ethical concerns surrounding human embryonic stem cells. Despite the great progress, the clinical use of
hPSC-cardiomyocytes as regenerative medicine is still in its infancy, and many technical hurdles remain to be ad-
dressed. This review summarizes technical advances toward the generation of clinically relevant human cardiomyo-
cytes from hPSC, including the methods of differentiation, enrichment, and scale-up. We also provide an update on
the potential of hPSC-cardiomyocytes to be used as a reagent for clinical application, pharmaceutical drug develop-

ment, and basic cardiovascular research. Furthermore, we highlight the key barriers that need to overcome before

hPSC-mediated human heart repair becomes a reality.
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hPSC is derived from human embryonic stem cell(hESC) or by reprogramming of human induced pluripotent stem cells(hiPSC).
[E1 hPSCHIKIR
Fig.1 The sources of human pluripotent stem cells(hPSC)
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Sox2 Mespl
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SSEA4

Nkx2.5 a-MHC
Gata-4 ANF

Hand2 Tropomyocin
Tbx5 MLC-2a
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hPSCiif7Oct4. Nanog. SSEA4FISox2% L8 fithrd, AU E, E AT RIEIGE AL, 7 FpEE IR 2 F5 & Toray Mespl K Mesp2Biif
Fik L TFt. Nkx2.5. Gata-4. Hand2. TbxSFIMef2CHIZFR ik br & E ONLAIMAE R UG, B, OER R MEAR EPANF, o-MHC. MLC-2a/%

Tropomyosin /T 4315, I HBEA 73 b 8] i 28 08 S Z i T i o

hPSC expresses many key pluripotent markers such as Oct4, Nanog, SSEA4 and Sox2. Upon differentiation initiation, the expression of the markers

like Oct-4, Nanog, SSEA4 and Sox2 were quickly down-regulated, followed by transient up-regulation of mesodermal markers such as Tbra, Mesp!

and Mesp2. The expression of the early cardiomyocyte-specific transcription factor Nkx2.5, Gata4, Hand2, Tbx5 and Mef2C marked the beginning of

cardiomyogenesis. Then, the structural proteins ANF, a-MHC, MLC-2a and Tropomyosin were expressed, and the expression level increased with time.
[E2 hPSCENOAL A R REERES I REPHE S FIRSRIEN T

Fig.2 Schematic illustration of hPSC cardiac differentiation stages and associated markers



SR NRZRE T AL C LG A B 0t e S R iR

255

5% o Sartiani %W iof 1 35 B H 9 AR AL B B T IR IE
BRI, K IhESCYR O LA fa 55 7234 A J5 A4
2R B R, AR R B 5 BN O = A A 4 1
A o
1.3 hPSCiR/O B HARRI AR LI R4 1k

hPSCIE L L4H L 8 75 2 AT AL 3 1 % 4lifh
X HAEGH LA TT I 25t S A Y B 2Ok B
1.3.1 hPSCR-SLamieey ALY 38 BUA IR
B A B 3E 72 & 2 T Re i 2 R VE Ak
ANGH A KT R AR K AR A 4H B R, TThPSC R 4f (1)
ARFMRAAENTRE ErENAERK, TR RZHAE
VIR RL 2% B AN REi 2 1. W TR I R AR K
ROCK i 55 F T-hPSCH5 7%, MhPSCHEE M. T 44
N2 B R TR %A, F AR K R T ), AR J e 45
AR — APk

VF 2 0 58 /0 20 55 7 Tl i boRs 9% ¥ 3
hESC. Phillips55** ¥ hESCH% F T Hillex™ i ¥k -
b 3G 7724 h, R e AR B dE . 35 9%
7 dfE, AP EE TP AS s I R Cytodex ™Gk I
A0, Al J5 P MV A P e SR 4 9w DA A A i 4
7% o Lock&F1WE Jie i 1 77 i b A FH 268 o JI B e 1)
HyQSpheres™J #4hESC, & T F 5 Ik H [ Fox A2 Fll
Sox177] 75 F 40 i 734k, IXFh 715 R 3R A3 80% 1) A
240 i, H BT DLEES R N4 I 4l e 34~451% . {H
T AL 150 mL¥E 71K &, I HARUEB 5 26464
AR, FIHE T — P IE . OhZEe153 ) F i
1E KR T B 3= 10 77, SERESCHE M T F 3L i i e 4t
AR R BT o A0 AR RT DLd ik JRA K i i e 1
()7 VEAT AR AR, FF H R 40 B 5 n RS 45 AR25 1K
MARFFZ AL, MG, X—/ NEEFERAM
B TOSHO-10™ ER5FRhESC, KIMAEIX —RE IR R
o, BN O LA B % 2 A T R A UL GH
(EEHR ) A2, BT R4S (10O LA D LU 7 458 B 85 97 441
NEERD T

BORHOE T — MR F R FRhESCIW 7 A, 1%
ERTG R hESCHE P E S 1M B R4 1T 5.
1% J7 125 30 L “BIFE (trituration) B K 20 Ff 3T 508/
Y ML A AT AR AR SEEGUER, 2 FESAN L & H X
TNEEFRATRFR10/E N AR 04k, 2 T AR AT 72
A AR R, A A KRR R R Rg . B
722008 J5, A — A hESYHME & H AL B s . [F) B,
Amit %W I R AR KB TR S IMFGEFAIIL-6. - Singh

PR ML AL I mTeSR 135 77 &, ¥34F S T hESCH] LA
TETHAM A N AT BFR 7, HIX vk n 15 H
T RIS 28 9 BEAT R mT
1.3.2 hPSCR-SHLEmARAGLEAL AT, e
(FThPSC I UL M 2 T FE& T Ui A P 5 44 AL 1) S
YeafAte R T4 BRYA YT B Co LA DA 20 T A
i ARSI — . BB, KRR Rt
IZ0R, I FAE 5 T Re = AR m G, S Td i
N LB 30 X3 77 VAU SEhESCRCo UL 4T ), 3
PR AR T VARG T E . S—Forik
&I T Percol B BS Lo 77 VRSN AR, SR )5 B 7
B 771X He“cardiac bodies™™Y,  # Bk — 25 i i i 2
YA 7 e o-MHCRH 41 i, 77 40 LN i & 45 %
EF60%. A HRIEE TR bR ECD1661,
EMILIN2P3T8Y 35 8 R Ju sl DY B L 55 P BH 2, iP5t
AT HH B 3, R PE M 40 I 4R 2R OA £1)60%~99%
{EZ T VRIS 2 A 2 4y 38 20 L 1) 2% A1 A i 45,
HFF AR AR IE 7 34 S5 40 P A A7 e Ao Rk, e it 4
J 4335 1) 77 VR Sl A O LR AT 2 — PR R T i
H T I L IR 2k (1) vl R 7 4 TR W 2 ' RhPSC
VB O UL B B A R T ¥ o %5 R B el shis
T MmESCH & F.L LA . Foa-MHCE 3 15
% BT B R DU FE R I cDNAR &, SR 5 Fa e B Y
mESC, TEAH /4 B2 T i N G41877 1, AT 3Rk45 &
i DA . FRATER S R IR 10 5 1k )
I FThESC, i 3% Jim 41 ff 28 40 B e % e 0 55 0,
IE B AR 1O LA M 2 T 38 99% 0, 55 Hw U vk
AHEE, 15 2R 0 1% 7 V285008 T RS hESCI O L
YA, EARTERPSCHI 51 N K 45 I PR . FH i K
E KR 2 HR, HIEFE— S MR k@
A (P4 N AT RO R K IR (4548 H 12,
T ol ey 0 5 N O JUL AT N 2 25 Pk B (1 4
s

2 hPSCiRCALARRERY N A

hPSCs-C IL4H I AT H T O I FFAEVR YT . 2590
FERFACNE R G B BERIAIT 78 55 U (E13) -
2.1 (LIEEAERARRRETT

O ML P9 2 4 THE R 3 FIAE T 8 de v 1Y)
PR Z— o hPSCHA AL 7 Jo i &0 JUL4H 11 1) fig
FEFFAE R 2907 O I J7 T JE 7 1 AR 47 B FH i
Sto BBAb, IPSTOAR N A B AR Y 1 A kAT A



256

RFAIGRIR -

Cardiac
differentiation s ®

hPSC Cardiomyocytes

g Basic research

Cell

/V replacement \
-
-

Patient
Tissue enginerring

]
LI
il im] |

Drug screening

RV ThPSCH-Co VAR AT F T O EFRAEVRST 250 R AIC I B R BRI 7055 U
hPSC-derived cardiomyocytes can be used in the fields of cardiac regeneration therapy, drug pharmaprojects and basic research on heart development.
[E13 hPSCiF DAL AAERI N F
Fig.3 The use of human pluripotent stem cells derived cardiomyocytes(hPSC-CM)
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