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ABSTRACT Cardiovascular disease (CVD) is one of the leading causes of disability and death worldwide.
Its pathological features include irreversible loss of cardiomyocytes (CMs) , cardiac fibrosis, and progressive
decline in function. Although existing drug therapies and interventional measures can alleviate the
symptoms, they hardly achieve effective regeneration of myocardium tissue, leaving clinical needs far from
being met. The bone marrow mesenchymal stem cells (BMSCs) , as an important source of endogenous
stem cells, possess characteristics such as proliferation and multidirectional differentiation. In vitro, the
BMSCs can be directionally differentiated into the cardiomyocyte-like cells through methods such as
chemical reagents, physical stimulation, cytokines, simulation of the myocardial microenvironment, and
gene transfection. The differentiation of the BMSCs into the cardiomyocyte-like cells and the repair of
damaged CMs primarily rely on their paracrine effects, which also involve the production of exosomes
(Exo) wia paracrine signaling. The Exo can carry cytokines, phospholipids, and various RNAs, such as
microRNAs (miRNA) (miR-296-3p/miR-125b) and long non-coding RNAs (IncRNAs). They exert
protective effects by regulating targets like a disintegrin and metalloproteinase with thrombospondin motifs 16
(ADAMTSI16) and sirtuin 7 (SIRT7), thereby inhibiting CMs apoptosis and alleviating myocardial
fibrosis and inflammatory responses. Furthermore, BMSCs can act on regulatory T lymphocytes ( Tregs)
in vivo, stimulating them to produce repair factors and promoting macrophage polarization. They also
participate in immune responses by modulating natural killer (NK) cells to influence autophagy, thereby
mitigating myocardial inflammatory reactions. This article reviews the methods and related mechanisms for
the directional differentiation of BMSCs into the cardiomyocyte-like cells in vitro, as well as the protective
effects of the BMSCs in CVD models such as diabetic cardiomyopathy (DCM) , myocardial infarction
(MI), and myocardial ischemia-reperfusion injury (MIRI). It aims to reveal their protective mechanisms
on CMs and provide insights for clinical application.
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mesenchymal stem cells, BMSCs) J& M 8 %8+ 2
Wy Zae TaM, HA AR . £ m oL AE m
R SR, RO S TRk 0 L. B
FPh 2 g 55, AT R 2 00 L, TRTT E AL,
BEZ 2% . BMSCs HA7 3 K ) 4L
AISARE T . R Y st 1R BE 7 LA R A A 5 D A R
B D Im %  (cardiovascular disease, CVD)
MG RGP, HE RO O J) il AL
KH &, M T 0NN (cardiomyocytes, CMs)
TR, A AR ANIRIT S YT IR
E AN BN 22 ok MG M 2R, B AT E o ™
AP N 2 S A A TR R R —
BMSCs I iEAENIRIT CVD W 2497, Hoafbil
AE . 9 K 55 40 A 250N R A 988 9 1T L K B T AR ORI
SRR, #&20d. HurE WA BMSCs
K LAk (Exosomes, Exo) (9 CMs {47 E H
B £5 R PR AR 3D . BEEE G T A Ok [ P A AR SC A5
R, BMSCs 2 5.0 JJURE 40 B 43 1 14 07 125 S
BLHT AT B4, R BMSCs K H: Exo %t CMs g {#

(bone marrow

PAE A K HAE CVD A e R (g s /e L, h
BMSCsiG97 CVD iy 32 i R LS %

1 BMSCsE @10 AL 48 i 35 S 93 4L 77 7%

1.1 #FAEX S5-AMIAF (5-azactidine, 5-Aza)
i L DNA A2 5 1 40 00 Lo A 42
& #F BMSCs 73 W B 40 il 4= & B+ (hepatocyte
growth factor, HGF) i1 2 5.0 WURE 40 i 434k
o2 B BMSCs 4346 i 4 . i 5-Aza fF1E £
Fan s A, AR BCRAR, PR I 4 R B 5-Aza
54K 7 A5G N E BMSCs AR S5 3 %
5 5-AzaZs ), W R WA (dimethyl sulfoxide,
DMSO) WA 7z % FA4EH . DMSO al 3 Bk 41 /i
HOE PSR, R i R AN, o DNA R
PGSR AN AL R O B, T SR SR L S
F W] . DMSO 1 il 3 i 18 R 1 S R T AR 45 & & A
(cAMP response element-binding protein, CREB)
o4 & & A
protein binding protein, CBP) IR EE 4] X 5k 1A
% M (adenoviral E1IA, E1A) #H3&1 300 kD &

(cAMP response element-binding
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(adenoviral E1IA binding protein p300, p300) & &%
ey 3ol L 42 5 o U EEOR 2 P2 . L BMISCs i % B ]
RSN T 504 CMs bR, b2 0 5 3 0k —
BHAZMRE G, Bl TS aln dsE R, 400
SIRCRAK, B AR EARR RN, 8%
W 5-Aza S5k 27 R A Sy 1075 S R4 .

1.2 @A F HMEKFH 2L 50,
TEAMMEIG A . A4k . PSRN 855 T T k4% E EAR
Mo ZR g 7.0 R T I F b A EER,
¥ {1k 4 K B F B (transforming growth factor-8,
TGF-B) MRBELRMMMANF ., D5 " Wox: TGF-B
Al Z AR i O IR0 20 1 A e A, T
5 B8 Wk LB 3-1% i (phosphatidylinositol 3-kinase,
PI3K) FI4E H ¥ B B (protein kinase B, AKT) .
22 34 )7 05 A 2R H P (mitogen-activated protein
kinase, MAPK) . c-Jun 2 % K i ¥ (c-Jun N-
terminal kinase, JNK) FI#[H ¥ kB (nuclear factor
kappa-B, NF-kB) 452 5% {55 18 #5200 JIE & 7 3
FE, WY CMs P UL 3 25 F R £F 3% 88 B 55 0 i
H A TGF-Bl e 5B R B (salvianolic acid B,
Sal B) Bt 4 1E A F BMSCs, A% # & BMSCs O
WU AERCR,, ABCA B SRRCR EnwE ,

HIE S H M 2 (bone morphogenetic protein-2,
BMP-2) & TGF-BH MG E L4l -+, FHXF
O WE L RS RN T RR 4EH7 U Ry B . AE.O & B
PR, BMP-2 D5 a4 1 =R 0
WE & B OGS Sk [0 WEFN il 22 IS ATT AR 2k 1
(heart and neural crest derivatives expressed 1,
Handl) ] ik, Handl /] 5.0 MmEAKET, #@
it BMP-2/2% it/ L i AH OC 25 11 Smad 85 (115 538 #%
KA BPAER . B R 7E BMP-2
FEAAR T BEAN 4255 AIE S8 5 1R P9 AT L 58 [ o dsfe 5 T 2
ol Dk A R B AN R R B Y0 IE R R, 3 43k B
BMP-2 7.0 Ik & 8 v A B AR . WANG
g 01 i B 10 pg-L ' BMP-2 & 41 i 5 BMSCs 24
h, BMSCs [ 1E 2 A N0k CMs, B2k 40 i
LA BRARAE 5 R0 R CMs AL, 89T
/R K BMP-2 Wi b ) BMSCs B4 T/ Bt LA
FERERYL, BMSCs 33K 09 -F 1 LR 53 4 2 IR AL L
Fem bR £, H A0 A S O WU R 1 AR
N, LA JI 50 R0 A P A 1 0 I e

CMs ¥ B R 434k i 55 TG0 38 74 /)N BRUEL D T s s 25

#® & 7 A K R (wingless type mice mammary

tumour virus integration site family, WNT) HI & 4f
Yk 40 i 4= K A 7 (fibroblast growth factor, FGF)
SEA R, WNT R 7 3 o 28 it s s 28 L 5 5 3o
PN A R E R AL, S5 IRR & E L E
AR i FGF Bikb 8 BMSCs, A 138 H 5% 43
WIEYE, s CMs bR

RIS 1 0N R R 4o N B () I P2 1 5 RE < P
PR, KTl S et W g EE T,
R A0 M0 7 o B A A R AR AR T )
SEJT AN A, DRI A DR P ) R e R R

P R4
L3 #&EF& O EENG . §SNmEY)

N EAE DR R B i B R CHAE . CMsTEE
LIRS Ab T Ak e A ar sk, WiskaE A S
WLBh & HAEEAE A WL W Ea 71, R L W e i Bl
SR 380 A% 33 1) CMLs B R O fl s B i, o 9 24 g
B, P81 CMs s RS . CASARELLA %
MR Ex: EESHESEBRPETELZHER
(focal adhesions, FAs) il & ¥#% 1% PI3K/AKT #1
WNT/B-# 3 1 (B-catenin) 55 {5 5 i i 2 5 41
FE BB AR A DL R S Gk . SONG %
i G PR LA R Ge R 40L0 I E 5 ILMOA S5, R Sh i
FAZRT UM CMs 404k, 4301 5 )5 40 B
B, B CMs M bR a5 W) K8 5%, 45 B
ARBUBIRIEOT CMs i A B ZAE . CAO%E
) A8 B0 7 A 7 A% 1 3% BMSCs 5E 1] CMs 701k, 1%
RE ] A3 AL ) 3 RS miR-27a ¥ ) T AR N 1 & AF
BUA U AE A G .

i 7 DLALA ) 2 RS, A S i RE A
BMSCs b LBk . TANG %5 U 4% BMSCs 2 5%
T5Hz, 2V, 5ms BRIFCT , 400 LA A 4y 55
P38 5% - 2C (myocyte specific-enhancer factor -2C,
MEF-2C) 1 4% B i% 4% % 11 43 (connexin 43, Cx43)
S5 CMs M 8 (R TA K- ¥ 8 B 7F & . HE 45 17
WHot won . HfEOE S A el 2 5 TGF-B 4§
ML 7RI G AR S T Al e )
BEAMZ—. W5 Y R BMSCsfEBVE &M T
23 th B v A A O B . IR RS R 0 RN T A TR
Bl AR 23 IR RE BMSCs B AR 4 AR AR, 3 58 5% 40 Wb
AEJ), $Em AN EAERKEF (vascular endothelial
growth factor, VEGF) FFGF /K, ffi 4z
o B R R BRI R I, R e S R R X AR

87 P4 B0 07 1 2 R A 2k 40 L ) 7 VA
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H ., {A BMSCs 5 J& ][] o 58 AS [7] F 20 it 8] A T A
FIE = A NG 5 L 2%, 3K Fh A2 2% i HLABOA
5 A1 25 52 ) JHL 10 JUUARE 248 A A 380
1.4 Rtk B ERITES, BMSCsiE m L
R R S N R e s Y ks K1V RIN IR €7 SR B e
FVHE PR 5% ek o P R0 LR A 355 O T R
CMs JE 15 3%, A0 45 1 52 42 fol vk 0 D) 2 2 o v o AOF
g o i DilkRic BMSCs 5/ R CMs f& #b
P L RR 3% 7 d s, 38 A i R R B g 28 o S
B ERM.OIUNESE A T (cardiac troponin T,
¢TnT). Cx43 Ml a-fLBIEH (a-actin) FF .0 LAR &
Yy, 259 SR O LR SOR B Bl B A4
Bz fol 77 1% AT AE MR SRR N A0 I AR AR O SR L R
BMSCs 2t A A8 . A BRIt Bk E ZIA
W B, KI5 BMSCs B84 H T AR 7 —
EE . W, HRFEE SR, BMSCs 5 CMs i)
L 3] 60 285 i 5 AN Ti) 49 R i i R AR

5 DR 2 e 2 oy e SR DR R R JR T o, R TR e e
W TR AR L R RE DA R TR A 2 R 3 TR A A
HEAT B M, B R BMSCs SE 1] O WL 4> 1k 3%
R B AR AE A Y H R R A Y T R
R Bk A5

2 BMSCsXt CMs BR3P 1E A R EHLH

2.1 BMSCs &4 34 A BMSCs X T .0 JLEE 40
JitL 534k DA B 22 5t CMs & 52 F2 2838 3 H [ 5 55 49
Wk & AEEEAEH . BMSCs 143 TGF-B1 fil FGF
HZMEYHE T, B NRY 0 AR Y
1M BMSCs 55 43 WA 1 3 2858 1 H Exo & 48 £ 3 1E
. Exo & —28 B A& A4 30~150 nm 4 40 g 4 4¢ 1y
(extracellular vesicles, EVs), i id4E b oo {56
VIR 5 50 Y 28 MR AR RV SR 0N Y 1 R R R 2
LIRS R AR N P SUR N BN RS (Vi
S RE:, S 5MBRGER, AL T AL
MR, e . e MK SE . Exo i
A 0 AN TR 49 5t 5 HC A i %y 440 i ok ] 4 A o6
PRI, AN [A] A TR 1) Exo X BILAAR 3% 95 95 25 7™ A AN ] 1)
fEH

BMSCs K IE BT Exo & & 2 Fh 4l g 1+ . Bk
JiE A 2% A RNA 55 . Horb K 85 9E 4 B9 RNA  (long
non-coding RNA, IncRNA) # Ak J& 0 BE 45 43 5
WO REMEZEYHE T, FRE " K
BMSCs 3k J5 Exo Jil A HOC2 4 Jifd 44 & i 48,/ 52 A A
#, KLF33:H s X RNA 1 (KLF3 antisense RNA 1,

KLF3-AS1) #&k& CMs i A ifig F 22l 5155
S 7 B 550G 7 5B (signal transducer and
activator of transcription 5B, STATS5B) #5& kK ¥EAE
e ZHANG % ™ HF 5 875 : IncRNA miR9-3 15
F I (miR9-3 host gene, miR9-3hg) il i 1E H
T Pumilio RNA %5 45 5 i 51 2 (Pumilio RNA-
binding family member 2, PUM2) 1] H T il &
¥ EALE A 6 (peroxiredoxin 6, PRDX6) Fik,
BHATERAE T, P40 JUE B I P T4 0 . BMSCs
KR Exo B # miRNA Xt CMs A 4 37 32 F57E H .
Exo 11 miR-296-3p AT A F 0 I 5L A & A7 1 7Y
o/ Mz BN RS R &R KRS 16 (a
disintegrin and metalloprotease with thrombospondin
motif 16, ADAMTS16), s & LEMMBGFBE L,
Wl > CMs 2F 4 Ak 6] B 0 ) CMs 0/ 1= 0 B 58
R 7RO UBEZESF B, CMs Y BLSAE 2 0
B Faq4i & 24 %K 5 2 (nuclear factor
erythroid 2-related factor 2, Nrf2) #H1 NLR % ji%
Pyrin 8 & ©H 3
containing protein 3, NLRP3) 4§ & i /)N A& 1w 3
%, il Exo H11Y miR-129-5p 1l B AR 4 9 /MR B
Ik A S AE B o

T 1% 58 BMSCs 5 S 40 L 43 4k . iT % M %S
%, Exo HAB SRS, EREMELZ2EL
Rl g s H o3 s 4 BCW A7 A R BRPE . H IR
Exo fiz #5189 J7 ¥ o 88 8 0 vk FE R A
2, bBIR2Fh T ARAER B, R EOR S, A
B 5t, H ExofEZiFE | 77 5 A58 8 55y T A g
PRIE, TJoHk R4S 2 & 1 Exo W T 55 56 0F 5% B I PR
=g
2.2 BMSCsA-F&£ZRE OIEGMELEST, h
T CMs st o, ALK 2 7= Al B 98 0E S
LB bk B 200 1 A0 T 96 L2 40 i Ay ) 3 e 8 2
T h R PR SR HEVE T . CMs RARAS I, BitkE
i AR S IR I B 32 A AL, A B AR A0 P B A
KA (natural killer, NK) 4l i % 7 A= 4% Bk
R, RAE S, & CMs i 455 . 7€
A DA JFSE T 7 L0 200 i A 4 SR P A TR, M PN e
T AR AT B B G T AN e B Bh P T Ai e (T
helper cells, Th), 0 Thl #l Th2 fin & .C JLAR 3E 5
P HE B0, T Th22 4 (20 i AR, R
JULABY 475 0 200 M6 00 o AR AR PR 0 o U
VR TE S A Iy R RN 2 I e

(NLR family Pyrin domain
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B, T —BrBaib], b CD4 T ik L4 i) — 4
I A £ W T 40 (regulatory T
lymphocytes, Treg cells) 54 P B4 K+ A H.AE
A, B TGF-B A1 40 A 2 (interleukin, 11L) -10
FHBHE T, BREZHBAL . Ui KW 4%
FER Y Treg 41 i (%) D) B A5 A ) 235 s i B
HREW CMs i, $E7R Treg 40 i X0 i 4 5 9
eI ER .

BMSCsEAH T Treg 4iifl, fifi Treg 4 =4 K
HIBERMMIE T, PRI PR R
BMSCs il i AP M T- 1 (programmed
cell death protein-1, PD-1) Bk (programmed cell
death protein 1-ligand 1, PD-L1) #3G/WiFL ¥ &
I 2% & # 2 F (mammalian target of rapamycin,
mTOR) {55, HFYHE T A 751K Treg
AL, KIEHRWEME. OUS ™ $HFE iR : BMSCs
it 23k PD-L1%E N, BMSCs K I Exo ' Treg
N N 2! Y U S ) O O KON el 7/
(interferon-y, IFN-y). TGF-BHIIL-1%§ 3 ik /KF
WY S e T B, IR CD4 T 96k U 200 B Y 338 5
FRVE T Treg MG AN, FEBE ST, BMSCslt
AT W R AL e i TGF-B A0 TL-4 S8 50 &% N 175
PE KR, 4 CD4ATT bk I 40 MO 5, R IEHTR
e

O E 8 2 b v, B A i R R AE T
o M1 RS W 40 i AE CMs 4t 5 B 01 R 4R T, 3
AITEBRIET: CMs, JORAAE RN, T 5% 742 S M2 Bl
EOWEAAR, 7 A A O, RRU8A% 4 0 I 4 F 00 I
HLUBE 7, FEd R RN . PR AN
2 A R0 NK 2 A 55 41 0 09 AR N S8 RV e R gerh
AT K M ) BMSCs Bl o BT BF 58 T R W
BMSCs-Exo i i ] i 1L 5k 08 R 40 i A7 15
5F & SH2 £ H (cytokine-inducible SH2-containing
protein, CISH) ik, Hhn M2 Y k20 i 25k
i, (R E A Ak . ] BMSCs 5 R I T
NK 40 2 9 KHY G-1 40 ] B #3157, 45 R BoR
BMSCs i £oF 2 Jfd 5] i) 5 356 AL R 1% NK 48 g &
KHYG-1 4 g 7 IFN-y 59774, FRARAn i 2, M
11T 2% H5 Ha 2 il A

3 BMSCsZECVD#ER i EH

3.1 # & # = M 5 (diabetic cardiomyopathy,
DCM)  DCM 58 b v e 1 4% 5 | ik % 7 7% Bl A5
BACH S | SR AN AT R AR A G, AN TL-1

11.-6 Al Jih 8 38 %€ [F ¥ o (tumor necrosis factor-a,
TNF-o) %, 0] S0 W 300 54k R 7 W /% 1k
(advanced  glycation  end-products/receptor  for
advanced glycation end-products, AGE/RAGE) #l
E FBE C (protein kinase C, PKC) /40455
V9 P B8 (extracellular signal-regulated kinase,
ERK) % 2F 4e 4 (5 5 i, i 2 5.0 WLk B2
IS EE A, S R I A BET K D RE R A, HE—
a0 SR

7E DCM K BUBE RS A, IE % K B BMSCs BE %
B & 3 DCM R BLG BEZE LB g, B Ik DCM R
RO LZF 2 A A B, (00 R 5 4 55 DR A ZRORI) 43 ik
(natriuretic peptide A, Nppa) %5 iEKFEREME ™.
F5E 0 B . BMSCs 38 i 380006 B 1R 76 1L 5 i
fif (adenosine 5’ -monophosphate-activated protein
kinase, AMPK) /X 3k #E & 1 O1 (forkhead box
protein O1, FoxO1) 15 il # 68 4 il .0 WL K .
i ¥ 2 A& A 19 BMSCs £ HI T R Bl DCM B RS 1 25
BWR . W TGF-B1/Smad 15 5 I it . 2 P& ik
RO VLR S A . W R R -5 2 B A A 0 1R
54 (cyclic guanosine monophosphate, ¢cGMP) #J
KHERE, ULEK BMSCs hBkiR —MEM-5 S, fE
% cGMP K ¥ & H ¥ B G (cGMP-dependent
protein kinase, PKG) {5538 #, R E S0
DL 4EfE i CMs T2 77
3.2 BMSCs 5 & M4 5% (myocardial infarction,
MID)  MIZERA & ARSI T RN, £
B T RE AR Bl O A A S A T BUR O IR UL
IV T NP, DA TS B0 LA A 5 o
1107 = W A T4 o7 N BRI | TR

5T Y BoR 5 BMSCs A MR/ LA
W, % HE Fl Masson %% 8,46 I DL Kz 8 75 .0 2 1B
DIRERE N, S5RER . 5 MI4LILE, BMSCs#%
L ZH /N B MT AR B 2 4 /s, O JILET 4E AL 72 3 B
WA . JF ELGE A 259 Ak BUR 89 BMSCs B A8 A A
(9 /I8 BUHE 700 % 30 1ML 43 %0 (left ventricular ejection
fraction, LVEF) M 24 .0» % K 4 4 B % (left
ventricular fractional shortening, LVFS) % [fil % 4=
B - R IA wE A B Tt L 6 MIT IR 97 RO 3 m
B3, FFE, i BMSC U Exo th g fifi MK i
O WL A AR R B A5 2 I F le (hypoxia-
inducible factor-la, HIF-1a) . L4 PR K HF A
(vascular endothelial growth factor A, VEGFA) Lk
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Nt PR BET 4 4 A2 4 PR (basic fibroblast growth
factor, bFGF) FRikHehn, 1.0 Jy 58 i K BT I
WHER . 1T BMSCs R Exo #5471 miR-1256 W
i 3 A 25 2 BEAL g 7 (Sirtuin 7, SIRT7), K4
Bk 298 2 (B-cell lymphoma 2, Bcl-2) %€ X
£ H (Bcl-2-associated X protein, Bax) FI& 2Bk
AR W K 4 F R 1 K itk i 3(cysteine-aspartic acid
protease-3, Caspase-3), i Bel-2 8 FH 7K 2 1fif f
il CMs -2, Al A CMs H 98 I F TL-18. 11.-6
FTNF-o 7K F- (9 B R B 3E 55 7 BMSCs R 8
Exo A Ja % MI 4 48 5 J2 i 2. BMSCs 3K I Exo H
WA miR-296-3p, HA[3 & T ADAMTS16 i
T 380 6 40 i A5 8 B, el MO L gt 7L AR
LN 7 5 BMSCs 2K I8 Exo, 898 IV miR-411 %
AW HIF-1o DU 3E MI IS TE L

BMSCs i 1) Exo i £ £ 38 CAV 1 & 12k 1)
il TGF-B1/5Z R ¥0I% & 11 2(Smad2) /c-Jun {5 5 @
B, W ML/ B O WL 2 4k . #E A miR-
302d-3p 1 BMSCs 3 I Exo i 12 445 B 40 i ik 1988
6 (B-cell lymphoma-6, Bel-6)/MD2 i 1 il NF-xB
W, AR R E BT TNF - M IL-2 R385 K,
% MI/IN B E 20 24038 O I J o
3.3 BMSCs 5w fLk fo - F # i i 4 (myocardial
ischemia-reperfusion injury, MIRI)  7£.0> M1 51
ALSE A A ATEIE R0 WL AR, {E R T i
ARES] RO LA 4 MIRT, MIRIT % A ML 5 il % 7
TWEER TSI R A A AL B . A a5 3 EL . ARt
EEL . AR T S AT P N R A
FAK, Hurshses ™ W . BIr IR F
MIRT E A %5 U (0 1 B DA SR 7 R, 2 i m
A0 E TR F R4 . CHEN 28 7% B9 R
FIZE Pl . Sal B AR % 145 1f AMPK #8 & 15
. Nrf2/1 20 K i B 1 (heme oxygenase-1,
HO-1) #0458 4038 % 55 2 5 W08 1WA T S 0
WL 05 . ZHOU % ) #F 58 & 7R : BMSCs 1] i it
Exo PL K miRNA 29 57, A& H] T 2 F {5 5 38 g
T . R BRBETT . LR AT A kA
AR, M MIRT G A0 L
4 BESRE

AR SCEGEE T AR R FH BMSCs & 4h @2 i) o0 il
FE A B o3 A 2 Fhifs 5 07 s, X BMSCs .0 LA
PAER AT IR, BF5E ™ KW 5 BMSCs o #%,
Exo BER 7 BMSCs i T 40 MG I7 Rk, AR

T BMSCs A Sy 5 K 1% 20 it At B i) Jmy B P, JHE fe e
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