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18] 75 R T 4R B E [ DAL AR S AL RO S i R

&R E OH#
ERIUERR K2 5B TR, £ 5 AR A EATRE, J3 100083)

BE  SPURLE Ol h i L S PLmAE T # IR R &%, B, AT etk
B TF S U SLAR R AR B A R 3| . Al LR T B (mesenchymal stem cells, MSCs) & —#t % i+ %
B, Lk ATk — kR RARGeFTH. BT, B TLRFGRINT BN, S84
e B LR TS F 0 Y F 4R 5, FEM 3T 4efTiEMSCsF 3. &AL S Lmie, Md ik
TS B R AR £ 5 LA IR B AR T KB AF. B A LR K I, #MSCsk) S I 6 41tk I
FEFRIZORNFEYAES. AVRTHE. HEEF. ERFAFFUARS TREFFE
HmiRNAFS Z R F), Z L8 ABdstl LA L FE#ITEE, LT BRSNS FMSCs LA
SRR R,

XEIR LU BRI T 4N 854k At

Progress in the Study of Cardiomyogenic Differentiation of
Mesenchymal Stem Cells

Liu Taidong, Huang Yan*

(School of Biological Science and Medical Engineering, Beihang University,
Key Laboratory for Biomechanics and Mechanobiology of Ministry of Education, Beijing 100083, China)

Abstract Myocardial infarction is a kind of disease caused by irreversible necrosis of cardiomyocytes
resulted from cardiac ischemia. Concurrently, using stem cells to treat myocardial infarction is more and more
attractive. Mesenchymal stem cells (MSCs) are multipotent stem cells and commonly found in some interstitial
tissues of human and animals, such as bone marrow and fat. Owing to their good ability to expand in vitro, the
potential for multilineage differentiation and without ethical constraints, scholars have done numerous studies on
how to differentiate MSCs into cardiomyocytes efficiently and selectively, so as to replace ischemic myocardium
necrosis cells in patients’ body. To yet, it has been found that in vitro induction of MSCs to differentiate into
cardiomyocytes mainly use chemical agent induction, biological factor induction, physical induction, co-culture
induction and molecular manipulation induction (transfer miRNA and transcription factor). This article mainly
summarizes the above five methods in order to understand the current research status in inducing cardiomyogenic
differentiation of MSCs in vitro.

Keywords  cardiomyocytes; mesenchymal stem cells; induced differentiation; in vitro
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A RERISZIE, HE RN KRG OB E 7R 0
TRERIRHRr L T A8 O LA R FE T BT A i —
MEW. B4Ry e REFEIEEFIR,
Bl Bt L VSR L RA T MR E IR . Lol
MAFE T KD IR A2 B MER ML) REZ B T
B, BEEDRNEZIETT, ERREROERF. K
. DHBZBEZERT. BERKRT 2OV
WITVER BRI B DBS, BRI
HARMIBA LR, Btk el K —fiE
ST 76 T 40 M7 i, B3840/ 5E A 4 £
JULEH Ffo A T P A o Lo T 985 48 B (mesenchymal
stem cells, MSCs)2 — K 5 KB, REFE(RINF R ED
¥, BEZ R E Y RS E S U ik
T4 2HAAL, AMTRIMEIMSCsEHE & B8
78 5 T4 Bl (bone marrow-derived mesenchymal stem
cells, BMSCs). fg 7 /8] 78 Ji& T 4H ffd(adipose-derived
mesenchymal stem cells, AMSCs). [ 7 Ifil [B] 78 /& T
#f| ffd (umbilical cord-derived mesenchymal stem cells,
UCMSCs). i £ [8] 7& /R F 48 Ffd(placenta-derived
mesenchymal stem cells, PMSCs)%. MSCsk T BE%
SR RCE AR, B DA R B AR A, &
BLRAEHHBETEMRA. R IR0 WU 4R
P LA TMSCsH B 4R A, s PR B FIMSCsiG 97 0>
WIEEFEE R ERWATH. BRMWOMARY, H
FHMSCsHE N Z 4 0 JE R BX AR — & B VR I7 3R,
ERAFRSIZT LU S E SR TGS, 1XF
BEREEMHEEM, ik, AXFEMEINES
MSCsFH b R QUG L LR B 5 (L E 2)
BT EYRFES. UEESR. HEFREFUK
FTREREF)RITER.

1 WEHES
1.1 5-BREHEES
SERETR—MAEAMIEFRUEDNAELZ FE
WA H, B AR, 58 FMSCsH L ILE 4L,
19994F, Makino%P 1 IR R I, 5-B M FH he 5 i &
/N R B B8 2 JR 41 fid (bone marrow stromal cells) [f]
OGRS A S 4. ABATIE R B, FI3 pmol/L 5-&
B % SMSCs/a, 2175 30% 140 i j £ 4 40 okt
2 R0 UL MR, bE A fE 4 Al H R, 2R S
T IVE RS, a8 8 K13, 3R EH R
AHRENESC. BRERER T OUHRRE

FBTAE Y, B R LT DA B AL T B o O 1R 40 P
BHOETR . TFRER, ARRIEAEENR.
RIBLUFREH. Fo, MAERERKEE DRER
5 L+ I & 6t % i (adrenergic receptor) 8 B i 52 14
(muscarinic receptor) it B 4 fig . 2% 17 £ 0 R F0
R MRS, JFEMF RIS T5-BREFR
XFiEFIERS,

R, WA RS-BEREHESARKRE. G
FE K3 pmolV/LAIS-FHRH 4L # /N BMSCs 24 h
HRPEE3E 76 ) Ja AR il 2.0 s &4, ERF LA
K28 B R A RY, S-BEE WX MTERK
MR TR TR ERIERI®, HBERNLZ,
S-EME ST ARG BUERER. FANA 2T RS-
RHE HVEHPLE, BT AR X S R M Rk — 2
W5. Ao, ERNBEBWS, AHB LBALTE
FEDNAZ F 2 MAH F a0 AL E AR,
1.2 XZBUBEIHIFIES

H ATFEMSCsH) L UL 5 5 S 2K &
L BRAL B 157 3 45 il o # 86 & A(trichostatin
AYVHN3E 2K 7 #2588 (suberoylanilide hydroxam-
ic acid). Choi%5F!"H th o5 ¥ B AL EAMSCs 2
JE R, LR E B RRER X RARNIE, &
ORISR R PSR, KPR 4R A, ¥
THAR R R ERAS-E T N kg, F
T 2K i S 52 1 R A R B e 8% LE S- B ML H SR A 5
SMSCs LAl Mb, HMEE S FEINBRE R
WEHF _MEAERREBERMESIZIRBEEZR.
Feng %" M, MSCs:C UL 43+ 4k B AL 1 7T B8 2 42
HEAHZBA, MAEDNAZFHEL. Bi, FHR
K10 pmoVLK) ¥ Bt X R R R T B AT
PRI RIMSCsth 13 Bl fa Rk L AVE H 4 R,
HXBE T ERARNEREESBNRER2ASE,
RIAS5.6%+1.0%H) 40 L % B0, B3 E8 43 O
WURE 4t it B A B R TR HRE 70,
1.3 HEEEES

14 # B& (phorbol myristate acetate) — & 11
BECHUE T, SongFMk I, & FEMSCs L L 1] 1
BRETEEEEEH. 208485 RIMSCs
AT ERALC LG, i B g8 Rk L UL
EAT. NIREQRSE. WREQER. RREE
HH43. BEBZE, B ELRERZEULREN
% M (sarcoplasmic reticulum)$5 & ¥ ATPE F1L-%! 45
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BFiEE. ¥ S5 K RBMSCsH# 1 .01
RUK R, AKI0 LA B 2 0 40 L fN 41 4L bR e 9
/b, MSCs 550 LA 238 [7] B e 4 2R 143 1 JEE £
B, FEAE.C L s A Sl B BT IRR, X Uk P A b i
Pk 4b 22 f5 FIMSCsREFE A N R AP i & . 40
Ffo o ) v AL T4 i 4% 5] T (nuclear factor of activated
T cells)fiMyoD# K2 5 T # B O HLH 5 F
RN,

ERFERENLRBEIEEER, 7
MR- HE. ok, 4550 F Ak g
BAERMER, FrilB & 259 4B 4 o A A&
BT OAESLIE 7 AT KB SERRIE,

2 EYIEFES
20044E, Planat-BénardZ5!") 6 & &5 M /N B AR

i 2 R 3R B T — FMISCs— & 5 1ML 40 43 41 il
(stroma vascular fraction), 3£ B 7 & & 4K A+
IL3. IL6FIT-4MAf A 1 (stem cell factor, SCF)f FF 2
FURBEIFHEPESR, 20K AR AL EFH
RS LIFEA. X R —IRERES-EHH M
18 5L T &S 55 FMSCs 434k 9 0 ILRE 41 B 1 B 52 5
.

WNT K 5 R & A B Wt 1 TR AL A R 7
BREFHIBEMERA TR FRESREELEM
T B K L RE R HIMSCs I 04k B AR, @i
PR Wt ITEMSCsH RIA f5, A i —
Rk O R H T GATAS & E H4(GATAYE
OAFRIET. 3T R B 2k O AR 2 Y0 A0 B
ULARiC Y HIMSCs, &4 TRMBEMSHFHEK
A AR TS S, OUFRIC R 298,
HRIAR SR RIEN 2RI, BE—BHRRY,
Watl VRIS R4 B B-288 Y R #EMSCs L AL
a7 AU, B A A TR T BLEK AR TR SR B0 T5-
BIRE, %% SIMSCSTER SR RIE LT
O L KT, ShigEPER & 18 #2407 B1AN
S-EHH R RKRBMSCs L, 45 B, 454
. WD, A O URE S BT B 4 e 4
B ERRERER K, HAME SR BEL/2(ex-
tracellular signal-regulated kinase 1/2, ERK1/2)#]5%
A, REY, XMEKEHES LT UER
PR T R A ) O ALE 24k, I H A
2R SERKI12 BB AR BE B IEAE K

LR AR A E TR AN IRRE
T, ATREAE AN RIRER TMSCs. IERHTXFE
MR AN ER T, M HENR T RBLERATE
SMSCsy L UL /ML T RE R —Fila s, XL
IF, EYE RS E SRR R ER SRR
REFUN, KRR, EAEME RS FHH
TS &, (BRI T B, HTIRARE 2
PERA B

3 YEFER

ANERREESEATF IS S, HEEGERES
EIEEEH. mEEYisd, IENEARES
525k & IR B BT YR A7, 0o TG e I E B T 2 AN TR
2 O R ETKN 1. RIS FEY)
FRSMIRE S, MR E MR FE TR %y
MPRE. SR AEGIERIEmM. 55 A
A I R L E R AR SRS T R B, B
LAZ: 54 BT 1 0 UL B 6 R R A0 T — P L 3R
BErh, Rk, s30T 40 A o 4 R e A AR R
o Bah, BEE M E R A(micropattern)#) & &, A
TMRBESBEEHMBPIRE, BERAE LML
SR RSB, MRERERIE O, B
"B R B A A TR R B RS T ARy
IR 5 5 Sk A
31 HEES

HuangZ 2@ i s fis b 3 7R B M E AR sh 4
MSCsHE N BI Y1 R A7, B 5L KB, 10 dyne/cm’[#)BY1]
J§7 1 BE S R 1T L 5 K RBMSCsHI L LA k. 5
4, HuangZ Pt R T A FEFARE . A RE o
(6] FAS [7) 4 AR 2R 1 3 25 22 5K B /1 % K BRBMSCs
IR . FREW, CULRESMREEKN IS
BR: 10%M2EKMN /7. 1 HzZHAR, 24 hHES
1A, fESE4&TF, B4 10 umol/L 5-EMIH 3 [H]
REFEBMSCs, & B /C UL At 43 44, L B g 4 P 2 7
Jrit BRI, #— DXt e AL AR K B S AT Y]
Rz A5 TR AL B RS R BN, 25K R ) B 2 R
REAED, A BTN S, BHRMA
B 42 2 BT 5K 7 RS, BY YR A T 5
RLR AT mHES . BEE TR 1 SR AEM R
RIRN, dRE 284 R ILTE K A 125 515 2 3
iz AETSI R TARS SRR EE
VEF o 38 Xt 40 A B 2 A A ST U U0, B AT B T ) B
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T AL A e, BrLARES ZETKR ST,
BIYI N R 5 R SRR AT R e T4
Hi A is B oS8R
3.2 HHES

T ARRRL BE IS, SRR AR R Rk b eRR
BMSCs. GenoveseZIF| F K 10 V. %
40.5 Hz. K5 NS msh BRI AMSCs, 7£57 54
2318, 2BA3FAKEREE, RMBREER
R B 1A FR 38 n, TR AR R B AR B B, (BT
HHZH TN R, EXHRERL LUWRCY.
B THE3E, MRS NRLT RN, TR
ZR 4 L T 7 B R B ) B3 1 5 O B S Mo
Pt in sE B, PavesiZ I ARG AN AL T R
BREETHGHNSANEE. MIEKHN, HELS
BCN8 V. 2ms. 1 HzHHY, A+4 V. 1 ms. | He,
4V, 1ms. 1Hzf{J 837 5 /5 AMSCsHIE RIEE
KB F OB, BEELERKBEARNKE, &
TEME SRR RLE I B F R RBE S P AR BATR AR

BRI B FIR, B35 2 X 40 Y A G0 K BORE ™= A F
U5, AT R A A N BRI, b A, R KRR AT
DURESELC B P9 4/ 0 $h 254, R EMSCs O L] 43
{2728 ThrivikramanZ2*0% AMSCsH# 2l & A it
B EAKBR R B SRR, iR TR
SHKRBRIER b, STMINE 100 mV/em. 10%
A, 1 Hzf )G, ARZEHERER, R &
KO ALEAR S .

BAR B 65 % SMSCsHI L LR 44k, (HR2TE
EARSZI6 3 72 P 75 B 1R DU b 5 i O X £ A %
SRR, DAk BT B S 40 R S AN i B A A A
k. AT EMELHERDC IR, T REKER
BMSCsth & — MER/ZRM T Ml
33 RERES

TE AR T, OO EE R FMSCs
S AR BGOSR & R T BT E S1T7
. EEkR, MERRARBELZLMNARESTH
B A AT . T 4 T4 B R TR A B N R (R
FEAR A TR )X KAz e E =R . MBE
BRI R R B S AR TAR, 2 1% H A e
e {RAET4 L

20104F, TayZ P00 B8 — B BLRE S HIE 5 iy
AR R A A I SRR B 41 B A S B R BN L

W 7. W5 55 3 B W[poly (lactic-co-glycolic acid)] 3 48
L, BB AMSCsEM Tt L, /57 MER4R
FIEE1ARMERKIN, MR KL T B3, 4R
HEAKIFABRFTAFHASE, ARZEERE
BB . BARTESEAR RIS 14K 5 Ee kil 2] -0 WL
MmRNAFI## 28 MmRNA, 182 H 8800 2 JLEk &
A E R TOL, TR BIMAEFMCRIRE, X
i AR E M R T A O UL . X R —IRTE
AREHEAT A AGRF, AUEE SEMSCsTER % 3
LB LS. WE, HRSEEMEREARE
BWEE— R AR R HMSCsH) O AR LR
i PE A5 30 B BT - AME 5 R e R B
B SEEL IR, 1) & BT BY B T R R AR, R
ZURIFKIMSCsYI REEE LA R A T RIH O AA R
HAEDY, SRR B S RO VLY BRI s fR #F
OV, T Ah, BRI, BRE AT
AR mizREPHEEEEAD, IEREREAR
¥ B F A AT AR R
34 BATEMRIES

HATRERBEERZR LA DR —MIBIT
Bl EHN=ZBEELE MTHAR. MRRERET.
IEER, B THREN— MR EF ML IRE
BEiME, HRNAFERNEUTHIH: 854, 7l
DS 4 T 40 e T AL L AR 2 A ) 22 A R
FREAROT, B B R T A S R AT S B
K, SR A\ 1 O VAR 2R RE BB AR AR AR 0L
HIEHAL.

WAL A B, HMSCsH f T #4000 JE 5 4 A1 )
A ME I = 4EMRL, FE XS A4 REIE N7 5% 1Y 2 5K A5 4
fuse I =455 5, MSCs:O AL 434k BE &, IX U
HA KR 225K e (R A B A AL BT . R T ARG I
HERE, BEH KK RMSCsHe M 1E it 4 3% O
AR, FFREIN20%30 A& 2K AS V. 1 Hzi Rk s Rl
BUE, RBMMSCsIRE RIF, L 1 L llE it B4
LR OISR R R R ERE. BiEieAR
K AR T 40 B 4 4k B HRGED . Kai 0k
AMSCsEFRE K £F 441 KL TR (e- C W BR)-B I L,
HMAS-BHRFLIE, 15KERN, MAKaERE LI
PCH. R RE MR R M A R AEKE
F, MY AL IEMSCs IS 5 Ak 77, T H AR E O
WA AL IR BE

BHERG, MEEFLRRABREDHETHS
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A, HA BRI LB RAEAR, RL 5k
ETRERE HAMTTEIR BT AN, %7 SRR
TR A B AT SR PN IR AR F IR, A LA
o BB ISR . HNSETS . RBERIBT A
FaRE 17 L

4 HEBFFS
MSCs 50 W40 L6385 3% R — R e 1 41 A 5

0 I A IR 58 5 FMSCsar L B T ¥k, SEIRAE B,
P9 R 40 O 7E O L AH BB 3 RE % 43 1k o Bk s O AL
0 ™!, MSCsth BEAE /O UL 0 B 2R 38 R A O LR
PN, 1E 5 I FMSCs & & A 5 0 UL I FE &%
BRI EREE, LRI N E B IR R A8
HigsE, BEREFFMSCs5 LM %A
AEARTy BEREL R, 7 7 4t P AR R 4R, BT LAMSCsAMY
RE BRSO L ZH ML 70 it AL 2215 5, I AR Co AL 4T
Mo B RIGEN ARG S, EEHE M RE R
A B MR R F R S S . [BEILRE 72 %
MSCs 50 UL L 7E [7] — 35 35 1L i 1o 47 288 o e 43
FREESR, RAAWFhAE ARG A, (B2 AT LU BT IR
& B E T
41 ERHEERES

Hl oA KEX T HELERIE FMSCssr ik
HIRR 7, R R LR BIRREE. 20044,
XufEH /N B BMSCs 5 3% A4 K B 2= U140 LA 1:40
RIELBIE5R, TR, AR Koz E A,
GATA4FI L4 f3 8 3% F2(myocyte enhancer factor 2,
Mef2), 3 AUV B B ER: . BR T H AR
O KA, FRG BRL UL4E Bl SMSCs3t 55 37 35 5
HIRCR BB, ghsh, EILFE TR, O LA HE
FIXRMSCs# - B R A F . HHFFRAUEH, #
LA P HE B 0 L4 B e 4R #EMSCs3R 150 L0 Hi
FRAREE. HxEF. MEEREGBAEE
R M, gRMEERERESHP AR EE/E
F. Han%E™ R, FEABRGK IR AL 32 RO LA
ffa, Gef KR MR E#E R H43. MSCsEXHER
B LA 3 35 5 T DA R () BRI 42 3 SE AR 7 1
“REYR”, FLEEFR G FIMSCSTE 1 B A8 B sh PR AR 15 Al
&, LIEThREREI T E . EF—RIE, ZERF
MSCs 5 UM RG5> B M N EE R — P 5.
AHPRRM, EIEEFREHT, RHERM AL
Ay Il & 4 J& 48 ffd(human umbilical cord perivascular

cells, HUCPVCs), tkBMSCsH 5 38 KU LI 4 4L
71, B4 BEE S A M R T IRHUCPV S B
EVE ORI FIA)E, e S LR
B AE, BTCA, HUCPVCsHT BEAE N —Fhih
9T UV B (138 B4 T 4t Bl SR YR
4.2 [EEEEFFS

Li%" M BMSCsF %7 4 K RO E VL4 HI4%1:10
MBI SR TR BN F1FA, HEHS
JiEERBMSCsIZH & K; BB, S0 M1 48
R I BIEE 10K 8, 4 M 1 2 0k 4e B,
H HLBEA B ) R, Y048 2R ORI R R T,
BRH#EMMHEFHAEE. H5, HEELUH
P A A 55 R 0 AR K R F BB 5 S MISCsHL 48 11 4t
iE[‘tS]o

L FR BRIB EMSCs 5 L AL IR (5 B IR,
FIMSCs L AL 43 . B R M FE R IER E 4,
FEEFRONMRE, AN TFHEELEFRLE TR
MSCs. FLEEFEFHTE %, EXE L EFIMSCs
T A&, & FHTRERLREIE. AHER, [
FEFL B FENMSCs O UL 234 3 TC AR 1Y, X AT R
FIMSCsH IR A [F 8 MSCs 5 0 L4 B AR X7 B R
FERER X R

5 SFREES

miRNA#H &K B A8 % 18 i 4% 77 45 A mRNAK &
Fe 5(— 3 B R IX )RR 1E SRR, X RESEE T 40
MRS AT EXTRERIERRRE. #RE TR
RS EEFARBIFRIEEMREL. BESF
YRR E, ANS AmiRNAFIE FE T 328
ENEREARTNREFERSE. FIUAMNEF
PR R K 2 FImiRNA B 3% K 7 76 I #MSCs 0 Il
5 R FIPER
5.1 miRNAES

£ 4 B 4 4k MImiRNAE 2  f2 &, I
miRNAZKF H =2 R 24, BAXEEFImiRNA
R FERESMUIEH, kK2, miRNATLEH 51 iF#%
SAER . B R K B, miR-16fmiR-133aE H IF
WY miR-124 B 5 SR 346 AR F i
A #H HmiR-165 A\ ABMSCs)a, 4 i & $iG, £SHH
MR E AR RIE B ME], F8BMSCs#Hi 8 EG,
W, AEEE, BT ORISR ES, FAE
FIBMSCs & 4 0L 1) 4344, CaiZPHRiE 7 — 4
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miRNAZE Lt B & M RAE A BF 7. FREE
K BBMSCs 5 0 ULEH i 3L 3% 77 HO 2R A b, K0 R L
miR-124 /3R IE KT T %, BEERALSTAT3HI7KF L,
GATA4RIRIX B3N, #5317 UL TR K%
%o XMB—ANAE U, miR-12488 5] 40 Hf O
WL Ak, B—A R f ORI 2o B4,
miR-133a% & B2 B M R A KB T 24K, A
M5 SMSCs AL 7346 B0,
52 BREFES

Ed b -2 HONMERERETFHRE
BAEWREMRA ROV F SR B, bl
W B, I RIEHKEREF S AMSCs, AR
—ERE LRSI O T ERRERIX. Myocardinfk
K1 35 = ¥ Pl F(serum response factor) 19 F W E F,
REBUR AR LR R R IASD. BHGERR, B E
B myocardinkE R 5 N\ AMSCs, 1/ f5 R I4H M Ae
[ i 22 3 0 UL P38 L4 i 2 [, 7T WMyocardinfg
LIIMSCsHIFI B L5, NKx2.51E ALl 30 H
B FEF, AMSCsHRIE G L FE R CILRARE
VI RE, FEXEABREBEANOERE KR O

fRjG, DEEIhEE S8 8 — g B Er>.

FImiRNAM # 3 [ T 7% $MSCs L UL I 4346 SE
B bR IES T HUE B2 X T 40 M a8 BEAT A
7, T ARRHFEEFERAM . £HEEMSCs
LA L 2 F R SR — SR TR TT
&, R AEIF A mRNARE R R T EHER
S EHLE ST 4 L.

6 RE

B PMSCsx AL LU ARG T, FES
k—Fh AT SE A5 S B & R BMSCsH L LI 4346
MEZATUER, FLREMERRBERGEE—
SERRE LESMSCs LR ML, BXE 4 FF A Eei
SEERBRBONER. MEEKBESHFRARE,
B FESERBRAGERD. BHRE, BEHBIN
S BREE SRR RS SRR, FTUIRA
W& EREHEBKAEIMSCsor . MR
BiF B f SR E, AR i S8 2R T3 E A
ES. B, AEMNERLOIE BIRRR A E, B~
MABERLLVHRE A 2R A B RE, 4

F#1 MSCsERCMsS L EMFSHZNREERS

Table 1 The advantages and disadvantages of various induction methods for cardiomyogenic differentiation of MSCs

G ki A R &% 30
Induction methods Advantages Disadvantages References
Chemical agent induction (1) Agents are generally cheap (1) Agent may inhibit cell proliferation [56]

(2) Experimental process is simple

(3) Induction results are generally positive

Biological factor induction
are relatively safe for use
(2) Experimental process is simple

(3) Induction results are generally positive

Physical induction Experimental cost is relatively low

Co-culture induction
CMs

Molecular manipulation Induction results are generally positive

induction

(1) Biological factors come from body and

Induced cells generally can be nearly mature

(2) Agent may induce tumorigenesis
(3) Induction results can be negative

Biological factors are relatively expensive [10]

(1) This method can cause physical damage [78]
to cells

(2) This method is very dependent on the

reliability of the reactor and the operator's
expetimental proficiency

(3) Induction results can be not so good if

without auxiliary stimuli

(1) Need to culture CMs [22]
(2) Need to label MSCs for direct co-culture
induction

(3) CMs secreting factors are complex

(4) Induction results can be negative

(5) The sorting procedure for dividing CLMs

and CMs can compromise CLMs viability

Molecular manipulation is relatively complex  [12,42]

CMs: LAY, CLMs: LU .
CMs: cardiomyocytes; CLMs: cardiac-like myocytes.



1244

FERATRBARKREEN CINAESHR.
HTMSCsHA R, BARSZ®H MK
A REE B A R 4 R E RS F A, o DL 40 A [ AL
B X A LA RFAF R 5 5 A R AL, X
REAMSCSER SRS ELS W, BE S
CRNBFINE THRARERBESERTERAY
HIIAR . HRBA DR % RO RBI BB S
EAR . ARG —H R, e s R % S
t, AR AR AR RIS A —, 25
HAE. BEEMBEGEREMENER. Bl H#
BANFEHOREMSCSNE. L8, BFE. 5
SAAREERNFRESBRENEM, HAS
TV SLE YR FIG K V6T B B M BE R, FUHIR
R ARG TT BT 75 B A0 O FUURE 40 M B 1 R, SXRE A g
SE S L K 200 B R R T A O URE BE 36 T A W
RILA . AT 5 NETR, KX TFMSCsLlLEE S
B FHSIS T — P R. REESHS TFH
HH TREEE TR RRE RS S oL R T
i, A BEAEMSCsIETT LUESER F REMAT . 8
EMSCsH 3 0N 40 i B IR ST WL, HHAE S
HFEAEEENENR. MERSMLT RS —
50| EAE LR, A B KRB HIMSCsRIER
oA L0 BE RO A ZRIR T O U BE R — K ) 2%
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