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Abstract

Myocardial infarction can lead to permanent loss of cardiomyocytes and depressed pumping efficiency of the heart.
Due to the extremely limited self-renewal potential of cardiomyocytes, the capability of cardiac repair after ischemic injury
is extremely low. Mesenchymal stem cells, one of the widely sourced, easily isolated, extracted and cultured stem cells, are
regarded as an ideal source of stem cells for the treatment of myocardial infarction owing to their beneficial paracrine effects.
However, the cardioprotective efficacy of mesenchymal stem cells and their derivatives observed in animal models has not
been fully translated into visible clinical benefits for patients with myocardial infarction. Recently, mesenchymal stem cell-
based cardiac tissue engineering has been widely used in cardiac regenerative medicine and demonstrated excellent cardiac
repair potential in infarcted hearts. This article reviews recent research progress on the application of tissue engineering
strategies to improve the cardiac repair efficacy of mesenchymal stem cells and their derivatives, aiming to provide evidences
for exploring potential strategies that can realize the efficient clinical benefits of mesenchymal stem cell-treatment.
Key words: mesenchymal stem cell; myocardial infarction; tissue engineering; cardiac regeneration; paracrine secretion
Funding: National Nature Science Foundation of China (81970342, 81370304); Key Research and Development Program of
Jiangsu Province (BE2018611)

(Chinese Circulation Journal, 2024, 39: 931.)

BT RO AR A PRI FAEIIERE Ty, (Ol eSO UL AR RGP AE O B AR AL, ]
RIAE G R O U AL Tk, SR RN REDR  OICIE S B O URESE R S8 AR . 1Al 25T 4h i
BLORAEE RAEINE, RETAHREERI MY (MSC) ARGt 550 IS J Sl i g
I TR O UAE B B SR T R LTS, (0 JH ™, S0 A B2 A i B T 0 R U AR T

FATE . ER A RFIFH4 (81970342, 81370304 ) 5 VLKA H b &I ( BE2018611 )

VEZ AL p R R MR IR R b DAL, MED 211112

HEEE . CE Email: daiminzh@126.com

HRE/325  R54 SCHRARIRAS . A SCEE4 52 1000-3614 (2024 ) 09-0931-06 DOI: 10.3969/.issn.1000-3614.2024.09.016

S




——

932 T EER A 2024 4E 9 H 45 39 4 45 9 BH( BV 315 B ) Chinese Circulation Journal , September,2024,Vol. 39 No.9 ( Serial No.315)

MSC FEAE AREFEC UG PR GE B8 SR A7 bl Kb
PRI R Ak, OIEZHZE TR (CTE) i,
RN R . K EEIE B 3D AEWIAT BN B R i %
AISEPE MSC 4 i) 3265 306 FILHAR RO AR RS AR, T
P ANEE T AN AT PE RIS 2 BT A A
FA ARSI AT | LR A R TR B
1 (87T 4Rpa R 2 ITEWiEE O S S HLH
1.1 [ EH

MSC F) B 203 2 VR R T 4 AR 5 1)
Wi S 10 . MSCH 4300 1) T 4 4 i A6 K TR
T =2 U4 M A= K R 75k T 4 R Lo it T A
FRECY, AN, AR AT LAKETE MSC 7RG I |
BRSO RO G . AR KA R S S A
6 (Gas6) / Z KM TR IG G Axl H 205 5 il i
SR G B YOS DA SR R -1 SR B i 5
S IR SR G . BRI sE T, ik
M358 MSC IGTT O UESE G O e iy ™. %
F MSC 1) B /i VE R HA S0 0 W5 R 18 2 4
HEE N, ARTIATHERA BT, LI MSC
I [ b U I AR AP R0, 8 ELARAIL i A OGS
ST
1.2 55457 WMEH

HHT#E 12 AT WU, MSC 1955 73
JEH R DS S s RE O 1 SERTRHGE B
B T R4 I B L B A I IR B 2R E, IR HL
FHOCAHSY & PN AR A O IR -, ol 9 AR 2=
E2. MPRIRSE F RN - 6 . M4 R KA
F(VEGF )., JH4 AR+, S R AE R N+ -1,
I 5T 40 A AR DR 1o B0 B AR AR K B P
TS 43 D06 R -3 3 R Y ARORE T I L Rt A A
T A LR T SR Z AR RCR

VERAFFE KRB, MSC A E A 20t 4 D2 6 FN A1 s
PR TT H B MSC R0 JIE AR T 1Y 8 fole A Ak
FIAN /MR I = 225N RNA (miR ) -486-5p, )&
B I A BTG O Th R A0, A B A L
WUREZEAR R A5 20 B0 ™, H 1 V4 AT 2 40 e
4 B B T —19-VEGF-A Y 5{5 558 B 74
O I A8 A P A HE G E T . A CTE HoAR M 2
PIE#E MSC ( BMSC ) B943- WA R 1~ A6 il 7 i
TABMSC, CAECHUEEE/ N EC I P 2 s H A2 I
B ORI A O AR 1 ST AR L,
MSC S U5 ) 20 B S22 9 AR HL & S e HE e 3
I8 KU B S P 4 170, i Bl 4% MISC i A= 0 AH 26 1Y)
DR AR, FRilEisH CTE R F%E, A2

B SERE A R  AEAN

T BRI, AR A % iR R B A MSC
K HAT AT MSC BT A7k S5 1Y
ODFSIRER IR B2, AR R I FE 45 J AR 32
FEER B P ASHE MSC Xt 220028 5 il T AE A9 8 2 1A
Ho AU B, RSk S HE AR MSC (ADSC)
(L REGEMEE G D B D W, XA D ERFRAA
DS FOFIEI B " 2, 7E—I4)
A 43 Bl UL E 2l . BE . FEL
FEAFSE R, BV 6 A~ H i 4552 BMSC iR sk N
HLIATT & O LGP 55 % R4 ( R B2 BMSC )AL,
Bl 12 4 BSOS 5 I B0 R oK 2
T U AL 2 S O P9 B TE S MSC IR I A
Bl oA A —TFsE Bos, BV S AR, 42
S22 A5 O NI S MSC 1Y 9 9 2 k0 JUUREAE S5 3
5 45 xR CRIFTAEMT T3 ) BE WL OES
MAPBARML Y FTAEA, Ol NI SHE N 28
Bl XTI & AT MSC A S0 Wi 5
BE . YR EUESE, DA NS MSC JE—F
WA AR RN, AR IR YT K
e MSC F 5 Y A1 I 44 B8 20 it 47 45 360 i 1% 2100 LR
B X IR T LA HE OB R B2 SR, H Rk
Z APAL O P TE S MSC SR U5 (4 A A T O LA
YERFETF RO IR R DT IR 45 59, shpisi il g2 ) iy
R AP U WA S 0 1 e 5 e Ak R I DR - 3 32 25 v A 1
R
2 AL TIEFFREEITETERTHEOEEEERKN
AT

SR FEF MSC 11 T 40 7 32 02— B nl A5 30k
o0 WUB i A . A RO LA (IR T R I
IR HE R . A ARANMRIE . ARifEfb AR = A K
A RCRAE Ty AT T I g 2Pk, BHLAS TILAEO ML
FEBE R R I FH o R 2R HE v A5 A e s 2y X
Pl KAUSE MSC R HAG AW A TR, X IS
A AYTE A K gE 26| 2. 4, CTE #
AREME) 2 F T 0 WU ZE IR AR 00 96 250 1L 45
PN G RTTIFSE 2, CTE 5 AR ik 20 s 4k
VR B S DR i 40T 2 45 040 LA B 8t — 45 1)
SEAIAT R R, DR SRAE LR AR 1 5 R
B S PR —Fh “JAA” MR R . BEE CTE #
KRR, WP EE A . KEER A 3D
A DT BN SRR T Be S I 1= 1) 20 B RS A A5 2 AR
R A ) 3 6 ROR . CTE FRoss I A% AR W b R 45 R
SRELN T A R K B e I 20 B L PR 4, 2 ke

S




——

I EJEFRLE 2024 4F 9 H 55 39 % 58 9 (5L 315 ] ) Chinese Circulation Journal , September,2024,Vol. 39 No.9 (Serial No.315 ) 933

MAELRA&ZAL. BiENRAEWMELEH, AHFT
MR . SEEAE SR S, BLAh, BAE
IR AE D I S HE R RN L 98/ AR T B 55 T
ERIHE ST, AT B IR T R b B ik 2
RIMAH AT o WA, i A AR AR ST 40 i
BIF O UEZEE B CTE S5s #4015 e .

2.1 40 A HR

TEULHTE Z 058, T 240 M L2 I 2 1Y)
T A NKE R Geiz sk B % 2 200 L4
Wi RV BT S 0 AT DA S A0 i 7 f AR A
LU IRAIAEA , HIXFE R A RS AE 7 =k DL kE e dth
i A0 AE R A R R i B R FIRSE, Ty
TR AWME LAY, R FERAREAR,
AN . IRITRCRANME . AR S ZE A A
F A E 2o A I e 1 R SR LR T G SR 40, W LA
S AT T 40 6 ¢ i) A G 200 e ) 342 4 0 240 i
ANIESFRAS R FE o R -

T4 AT AR B AN I R BT R A RO LA BE
TR YT A, 5 BT AN MRS AR EL s A 34
HEFHEABE. Bi. HLifghiggim MscC #%
FEANIE A s H R 3 1 55 0 Ve R R — e R 1
PR AU A R, BB B A 86 DX 801 P04 £k
FLOLIIRERYEE "2, Tano % P R, SO0
B E ST AN AR e, B BMSC 20 it A 3 i O A i
T At BARIEC )T 55 3 KI5 28 K, Al fi it
RN MOAF TS R 3 11 A5 F, T 352 MSC 4 i
AIBIT IR BUD I REAS 21 8 s . AT BMSC,
ADSC ¥ 5, 4355, HAEHCA AR ADSC B 8 3
TCRH BN, PRl oA Ay 2 20 i 3k ) 3L AR A4
MORVR . SIS won, B0 LN S ADSC B
FIRIT O NUREAE R 1 P, ADSC AT 4t A 2
Bl O U SE Sh AR i 5 Y, B gE 35
B, A f o] o e O T RE R AT . B SR
DL PIHIR RO EEA . $Em TRl &
- VEGF, R s K N4 4 K IR R AT
B IAE AT S DX 3 A B 4N I A 4 B AR TR E LR, S
B A0 E AR P P (AR SRR R, AE
KECONUEZERB R AT N GOWER R, 1 Kk
1 2RSS DLV A IR ADSC #5742 401 A
FEV 0 T RE B i A0 5 TG 7 T I 2R ME, B
Y5 ADSC 20t 5 38 2 3800 1 4 ik 1 324k 1a A
(AT1aR ) PKE.OINAEFISE ™ BEAM, Imanishi 25 ™
fRIE, TEONUEFEAL R rhE A ADSC U5 i 4 i
2d 528 d i, ATECGERESEC LA S R B 9 ROE

SN FHAHLOE LYk, R R, MSC ATk
L L AN BE RS MSC HE BRI AT RE J1 FI 2 R 4)
LB TE, AR PR AR REE S BRI . £F
AP AE A R iRk AR SO A, AR T O IUEE
HE I 0 T RE A AR

SR, YA R AR B RIS, AT A7 AE 1 22 BR il
fan, HeEBASBBR AR PIRLA MSC I B4 A F 2
VB SR RS, A PR A I AL 98 AT 2 R M 4
JH A 4 S PR 2 A B 2 A I ) B A0
SRS, RS WA T s AR R, B
YA A AR B2 41 - B 40 )2 40 i R 3D R
DIER R, MSC 540068 R 52 AR i 5-A 0 A 3ok &
SO U [ 2 A HL TR T (67 TR
2.2 KEEIE

VT Ak, ol RIS K B A i T K BB
I 0 e S ST T 114D 200 328 5 54 s R EL ) ) %) 1o P
HIS 132 B R S6HE . B RTKEEAE R CTE 45U
FE T 2 —mEoR, B g5 H iR s Hon] S8l
FEES, CHuE RS OIS LT . B
ERIR =R (IR REMR T . JEFRR . 2F
HEASCNIREY ). Hi i DL o e 4544
ST KB T T B = AR VIR S AR K
B 5AEIR G, GG, s A H
T 3D SRR AR AN, R 40 I B 2 15 A
WTTE I 3D 25 [a]. BbAb, 46 A B A R ALK
SR A O WL SR NS B A ML T far, 3 X 0K
SO LUK B AR E G2 P KB AT 1N
W5, AP A 5 2 i O L 2UR R %
FB G, R B e IR . PR T R A B R
DL R i3 AR Mo . 03 20 B Al K R I S 4 ]
Bl A B R AR R sl 5, 2R s A I
RN BRI AT, #Ri i 22 . BT K B 0O
T Fr AR AT 3 S 7K B B S B A i T CTE AR
Gy TSI P

T, BRSO B IEAE R K BERE EA A, g
ANFEMEE B2 B, SR KB S 3O
FRAERIRLRE . JT R BERNSHE % MSC 5 HL Ak S e
5T Jy R 1 T R S AR — A DG T Y R
A IR AME FA LU, T IeEExh o IE s
1]y A ) L DK R A T 38 ST 4 T AT B S B R
H, DR AR I PRATF 5 4 g R 75 Bl et 73
Wang 25 ™ i £ —Ff FH A0 38 k2 DNA- P Jiz A —
FALE ST (eNOS) Fl ADSC AT VE S o K BERE
FEAER BB A G E Ry 7O U SE R T BE . 48]

S




——

934 T EER A 2024 4E 9 H 45 39 4 45 9 BH( BV 315 B ) Chinese Circulation Journal , September,2024,Vol. 39 No.9 ( Serial No.315)

T 5 5 7K B IS BB DNA-eNOS F1 ADSC 1677 ) ,
KRR AR D BE B B 4, AR AT T BRI 2T 2 4L
AR /N, I 25 BEXE N, 0 HL 43 Hr 7 QRS (8] 4
i, PR RIT IR AT SO A U 2 O WL PR AL
Zhu %5 M HA G BE T B AT S SR R A K
Jie F R SR TEA L BIIRE ( GelMA ) —05/ IR J5L 48 Ak A 27
(vGO ) R BRAR A 40 B3 0% 2044, FAE AR AL
WL, PRE O RESh B, I 45 RAESE, GelMA-05/
rGO IKEERE T AL FEBFHT MSC B4 K AIIG5E, n] sk
PR O A U I s O D RE IR YT H Y .

YORFEASE T3 — A 5 AR TR B3 AHOC )
G, EONFEET AN RO A TR TR TR
] o QKB RE AT — AT I e 2R 8 R A i s i
REJTIRRAT RIATRE (AR KR 90K R ).
FTFHORM B E R RS, A5G AT DR 7oK
B MR R, IR S B A 1 2 W
SR EHHEF T HIBEL . Zhang 25 P4k R 5 CTE
G, JEr AR A L R MSC fFiE
FIYEHF MSC Ha%H,  XobF B AFE 41 i & e T2 5 45 410
Az F AL B K B . s R B, R
S AR B M 1) B 200 L 2 3 L D O 7 40 i DR 1)
WEPE, AR IRAE N F o 5 MR IRBE R 2 AR Y
2545, W MSC fLhiiee 7y, il 1 B/ «B
(NF-xB) / A ZE 45810 1 (OPAL) il &b
T A 5 DG 2 A y FBITE AR R T -1 (PGC-1) /
LERARRIG T 2 (MEN2) 15518 B 4EHR 2R A i)
SEREPERILNRE, FEARIP MSC %52 IR R FE - o i
S TR, S ORI MSC AR L,
FIH T RRAE B MSC AT S 25 M08 20 1 B A 3 L0 1)
BB, Z8/IMEFECONU R, A im s A

SRS H I W ke 2 7K EE I R ] MSC e HLAT A=)
TRIT O UV FE I R8s, (0 — U fit FH K B
B3 MSC 1A 718 PSR Mk O IR O FEHL . X, B
Huts . UUE I PRI © E 52 He e 4 Ay e B
S AL 50 iR, o 18 491 (36.0% ) Fil 17
] (34.0% ) BELERERBNKSZFERAAR (CABG) 1Y
FEAl b 43 0 4 37 K BRI /MSC R MSC YR YT, HiAy
15 1 ( 30.0% ) B EH A2 CABG 697 ; KT 12 ™ H
B, ZREFEFNARFHEAEARFFRER
AR, 42232 KBRS /MSC Fl MSC AT B B Pl
FRERMERERIFRT S S ARG, 82
IKEEIE IMSC IGYT 1) B8 F A AL WL R 3 48/ T
3.10%, 432 MSCIRYT B F{U%E3Z CABG iR
7 A BEC WL FR U] 235038 10 T 5.19% F1 8.59%

AR 22 0 55 B I A0 B <40% 1 H B AN o BT B
BEDG 3. 6. 12 D H B, 432 KEERE IMSCIGYT# 1Y
S A 0w G AT B A T T 9.14% . 9.84% Fi
9.35%, 5% MSC VAR IT # 4 W F+ 5 3.38% . 3.39%
16.59%, L4%% CABG IRIT & 0 9T i 4.71% .
4.40% F1 3.62% .

Zi b, 18 FKBER B ARER LT MSC 1.0 ik
B EIRTT RIS R AT, AR SR ERRRIK
VT JE Sl A b g B Ry S B U 4 T A8 A2 1) T L S
Mo MO, BADABENTES . DISIE R T
OIE R T B TE 2, KBS £ MSC K HAh i
A1) SR WK LA A NP ATLAAR — 053 4G S B A
BRI B,
2.3 3D AEYIHTENHAR

3D AT ENH AR R T 2 7 6 A= W B K D
3D RISk b LA 3D 5 R A Y
iz 3D AT EREE AR, WFFE N Bt ] e A4 R 4R
LU INTTE DR N N 45 4 A A 7 TR 78 2 4 i 17
Y 3D LA . AR CTE ik R, #
SEFRATE AT RS () A bR T 4T EN )
REPE O IELHZ, BT 0 A P AR K A 2 B 5
JemaEh . B . R 4EE L iR DL R R L NER(PCL ).
FFLER(PLA A R Py sk P,

mA-, iz 3D AW FTERH AR S IOk P A B2
2 R BB T 1) B9 #0546 TR AE R 3D FTER T
BEME O N, Aol ks 1m B O NI RS, LIE
PEANBPET NG  BGE . IR ARSI
A Z B0 NS P A ) B AR, EA IR ATHE
GEUESE, W 3D FTERHARER G MSC BT S i O
WG VI SZ A 47 Park 28 32 3D FTENAY PCL /R
STPEREZR, IRA N BMSC BSOSk IR Y i 20 i 4 Ik
Ji (dECM ), Pz A MSC (hMSC ) Y.L F
(hMSC-PA ), 0 NUBEAE S B PRI A ARIR T . IR
ATIRFSE K B0, hMSC—PA A Bl T 4k 435 K355 4> MSC
AR TG 75 RSP SE IR 25 RUESE, ik A% hMSC A]
i 1 hMSC-PA 7 R b B i VEGF 45 5% 43 ik R 1
FEAR ST ) % B, hMSC-PA 7] 58 2% | & 5 485 A=
AR 363k, fU4h VEGF-A | R REEK
HF -1, g K7 -2, R ET.
A AR 1 A4 A iz I DL & CD31. Ib4h,
hMSC—PA i 0] 5 i hMSC. (155 43I0 & A il L
WURE Y S5 %) 530 028 12 7 FNBL T Ak i A 1, 78
F TG IR, BFEE FET 3D FTERAI MSC >k
TR 11 X AT T L 248 A e — A AR b 1% i 27 0

S




I EJEFRLE 2024 4F 9 H 55 39 % 58 9 (5L 315 ] ) Chinese Circulation Journal , September,2024,Vol. 39 No.9 (Serial No.315 ) 935

FREB R A EohkS A F A EILAN, KHiZ
Wi B A BB A AR A A BRI G, HL A B I
WS 12 R AU Y TR A, R
3D AT ER B AR AT SN OO IR AE B2, (HH
I3z L FH AR 2 R 5 A ) SRk A D I AR AR 25
P FEURRERRE . 1 B HE R RO A Y e S
[ETf01
3 B4

T MSC (1 CTE A 2 s A dE 0 DR ZE )5 L
REAE A2 B ROA YT s, FLA B I R AR AN
B % CTE 53T MSC WMy kiR ARG,
Kok Z (2 T RFE AT & T G4 580 0L
HAUPA RIS, (RIS I MSC /715 | i
HEEAK A %88 MSC KA AR SR, B
F AL BT T 0 25T 220, ARG J If PR S e rp < B
A7 EESR, IR TR CTE £ AR KRSZEE MSC iG
SR . FREfL . LR A= Rl IR 1L
[FEE, RS T CTE MR AE P AR 25 i e] fE 5 i
B4 EHER RN, b 2L TR B 32 450 L
AU B R B E . WAk LT MSC 1 CTE J7
PAEE Z 06 RIFIE Hr b O URIE BB B R 2

FIREINEE: FEA A4 B R AL ZF 5%

S0k

[1] Shi Y, Wang Y, Li Q, et al. Immunoregulatory mechanisms of
mesenchymal stem and stromal cells in inflammatory diseases[J].
Nat Rev Nephrol, 2018, 14(8): 493-507. DOI: 10.1038/s41581-018-
0023-5.

[2] Wu T, Zhang X, Liu Y, et al. Wet adhesive hydrogel cardiac patch
loaded with anti-oxidative, autophagy-regulating molecule capsules
and MSCs for restoring infarcted myocardium[J]. Bioact Mater,
2023, 21: 20-31. DOI: 10.1016/j.bioactmat.2022.07.029.

[3] You Y, Kobayashi K, Colak B, et al. Engineered cell-degradable
poly (2-alkyl-2-oxazoline) hydrogel for epicardial placement of
mesenchymal stem cells for myocardial repair[J]. Biomaterials,
2021, 269: 120356. DOI: 10.1016/j.biomaterials.2020.120356.

[4] Zhu S, Yu C, Liu N, et al. Injectable conductive gelatin methacrylate/
oxidized dextran hydrogel encapsulating umbilical cord mesenchymal
stem cells for myocardial infarction treatment[J]. Bioact Mater,
2022, 13: 119-134. DOI: 10.1016/j.bioactmat.2021.11.011.

[5] Zhu D, Li Z, Huang K, et al. Minimally invasive delivery of
therapeutic agents by hydrogel injection into the pericardial cavity
for cardiac repair[J]. Nat Commun, 2021, 12(1): 1412. DOI: 10.1038/
s41467-021-21682-7.

[6] Kobayashi K, Ichihara Y, Sato N, et al. On-site fabrication of bi-
layered adhesive mesenchymal stromal cell-dressings for the
treatment of heart failure[J]. Biomaterials, 2019, 209: 41-53. DOI:
10.1016/j.biomaterials.2019.04.014.

[7] Choi A, Kim H, Han H, et al. Sutureless transplantation of in

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

vivo priming human mesenchymal stem cell sheet promotes the
therapeutic potential for cardiac repair[J]. Biofabrication, 2022,
15(1): 015009. DOI: 10.1088/1758-5090/ac8dc9.

Eom YW, Oh JE, Lee JI, et al. The role of growth factors in
maintenance of stemness in bone marrow-derived mesenchymal stem
cells[J]. Biochem Biophys Res Commun, 2014, 445(1): 16-22. DOIL:
10.1016/j.bbrc.2014.01.084.

Shan S, Liu Z, Guo T, et al. Growth arrest-specific gene 6 transfer
promotes mesenchymal stem cell survival and cardiac repair under
hypoxia and ischemia via enhanced autocrine signaling and paracrine
action[J]. Arch Biochem Biophys, 2018, 660: 108-120. DOI:
10.1016/j.abb.2018.10.016.

Sid-Otmane C, Perrault LP, Ly HQ. Mesenchymal stem cell mediates
cardiac repair through autocrine, paracrine and endocrine axes[J]. J
Transl Med, 2020, 18(1): 336. DOI: 10.1186/512967-020-02504-8.
MG, EREE . KAEIEES RNA 5.0 USSR AF T ot [9].
[E AR |, 2022, 37(12): 1270-1275. DOIL: 10.3969/1.issn.1000-3614.
2022.12.016.

Zhao L, Liu X, Zhang Y, et al. Enhanced cell survival and paracrine
effects of mesenchymal stem cells overexpressing hepatocyte growth
factor promote cardioprotection in myocardial infarction[J]. Exp Cell
Res, 2016, 344(1): 30-39. DOI: 10.1016/j.yexcr.2016.03.024.
Kulesza A, Paczek L, Burdzinska A. The role of COX-2 and PGE2
in the regulation of immunomodulation and other functions of
mesenchymal stromal cells[J]. Biomedicines, 2023, 11(2): 445. DOIL:
10.3390/biomedicines11020445.

de Abreu RC, Fernandes H, da Costa Martins PA, et al. Native
and bioengineered extracellular vesicles for cardiovascular
therapeutics[J]. Nat Rev Cardiol, 2020, 17(11): 685-697. DOI:
10.1038/s41569-020-0389-5.

LiQ, XuY, Lv K, et al. Small extracellular vesicles containing miR-
486-5p promote angiogenesis after myocardial infarction in mice and
nonhuman primates[J]. Sci Transl Med, 2021, 13(584): eabb0202.
DOI: 10.1126/scitranslmed.abb0202.

Luo L, Tang J, Nishi K, et al. Fabrication of synthetic mesenchymal
stem cells for the treatment of acute myocardial infarction in
mice[J]. Circ Res, 2017, 120(11): 1768-1775. DOI: 10.1161/
circresaha.116.310374.

Lener T, Gimona M, Aigner L, et al. Applying extracellular vesicles
based therapeutics in clinical trials-an ISEV position paper[J]. J
Extracell Vesicles, 2015, 4: 30087. DOI: 10.3402/jev.v4.30087.

Bobi J, Solanes N, Fernandez-Jiménez R, et al. Intracoronary
administration of allogeneic adipose tissue-derived mesenchymal
stem cells improves myocardial perfusion but not left ventricle
function, in a translational model of acute myocardial infarction[J].
J Am Heart Assoc, 2017, 6(5): ¢005771. DOI: 10.1161/jaha.117.
005771.

Zhang R, Yu J, Zhang N, et al. Bone marrow mesenchymal stem cells
transfer in patients with ST-segment elevation myocardial infarction:
single-blind, multicenter, randomized controlled trial[J]. Stem Cell
Res Ther, 2021, 12(1): 33. DOI: 10.1186/s13287-020-02096-6.
Rodrigo SF, van Ramshorst J, Hoogslag GE, et al. Intramyocardial
injection of autologous bone marrow-derived ex vivo expanded
mesenchymal stem cells in acute myocardial infarction patients is
feasible and safe up to 5 years of follow-up[J]. J Cardiovasc Transl
Res, 2013, 6(5): 816-825. DOI: 10.1007/s12265-013-9507-7.




936

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

(31]

T EER A 2024 4E 9 H 45 39 4 45 9 BH( BV 315 B ) Chinese Circulation Journal , September,2024,Vol. 39 No.9 ( Serial No.315)

Zhu D, Liu S, Huang K, et al. Intrapericardial long non-coding
RNA-Tcf21 antisense RNA inducing demethylation administration
promotes cardiac repair[J]. Eur Heart J, 2023, 44(19): 1748-1760.
DOI: 10.1093/eurheartj/ehad114.

SEH, AP G TRRAE S RAE O AR S SRR S 7 ST P
N [0). HPEERR AR, 2022, 37(7): 753-756. DOIL: 10.3969/j.issn.
1000-3614.2022.07.017.

Roberts EG, Piekarski BL, Huang K, et al. Evaluation of
placental mesenchymal stem cell sheets for myocardial repair and
regeneration[J]. Tissue Eng Part A, 2019, 25(11-12): 867-877. DOI:
10.1089/ten.TEA.2018.0035.

Miyahara Y, Nagaya N, Kataoka M, et al. Monolayered mesenchymal
stem cells repair scarred myocardium after myocardial infarction[J].
Nat Med, 2006, 12(4): 459-465. DOI: 10.1038/nm1391.

Chen CH, Wei HJ, Lin WW, et al. Porous tissue grafts sandwiched
with multilayered mesenchymal stromal cell sheets induce tissue
regeneration for cardiac repair[J]. Cardiovasc Res, 2008, 80(1): 88-
95. DOI: 10.1093/cvr/cvn149.

Tano N, Narita T, Kaneko M, et al. Epicardial placement of
mesenchymal stromal cell-sheets for the treatment of ischemic
cardiomyopathy; in vivo proof-of-concept study[J]. Mol Ther, 2014,
22(10): 1864-1871. DOI: 10.1038/mt.2014.110.

Lee TM, Harn HJ, Chiou TW, et al. Preconditioned adipose-derived
stem cells ameliorate cardiac fibrosis by regulating macrophage
polarization in infarcted rat hearts through the PI3K/STAT3
pathway[J]. Lab Invest, 2019, 99(5): 634-647. DOI: 10.1038/s41374-
018-0181-x.

Kim JH, Joo HJ, Kim M, et al. Transplantation of adipose-derived
stem cell sheet attenuates adverse cardiac remodeling in acute
myocardial infarction[J]. Tissue Eng Part A, 2017, 23(1-2): 1-11.
DOI: 10.1089/ten. TEA.2016.0023.

Yamamoto K, Kurata Y, Inoue Y, et al. Pretreatment with an
angiotensin II receptor blocker abolished ameliorating actions
of adipose-derived stem cell sheets on cardiac dysfunction and
remodeling after myocardial infarction[J]. Regen Ther, 2018, 9: 79-
88. DOI: 10.1016/j.reth.2018.08.005.

Imanishi Y, Miyagawa S, Maeda N, et al. Induced adipocyte cell-
sheet ameliorates cardiac dysfunction in a mouse myocardial
infarction model: a novel drug delivery system for heart failure[J].
Circulation, 2011, 124(11 Suppl): S10-S17. DOI: 10.1161/
circulationaha.110.009993.

Weinberger F, Mannhardt I, Eschenhagen T. Engineering cardiac

muscle tissue: a maturating field of research[J]. Circ Res, 2017,

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

120(9): 1487-1500. DOI: 10.1161/CIRCRESAHA.117.310738.
Sharma A, Gupta S, Archana S, et al. Emerging trends in
mesenchymal stem cells applications for cardiac regenerative
therapy: current status and advances[J]. Stem Cell Rev Rep, 2022,
18(5): 1546-1602. DOI: 10.1007/s12015-021-10314-8.
Shin M, Song KH, Burrell JC, et al. Injectable and conductive
granular hydrogels for 3D printing and electroactive tissue
support[J]. Adv Sci (Weinh), 2019, 6(20): 1901229. DOI: 10.1002/
advs.201901229.
Wang W, Tan B, Chen J, et al. An injectable conductive hydrogel
encapsulating plasmid DNA-eNOs and ADSCs for treating
myocardial infarction[J]. Biomaterials, 2018, 160: 69-81. DOI:
10.1016/j.biomaterials.2018.01.021.
Zhang L, Liu G, Lv K, et al. Surface-anchored nanogel coating
endows stem cells with stress resistance and reparative potency via
turning down the cytokine-receptor binding pathways[J]. Adv Sci
(Weinh), 2021, 8(3): 2003348. DOI: 10.1002/advs.2020033438.
He X, Wang Q, Zhao Y, et al. Effect of intramyocardial grafting
collagen scaffold with mesenchymal stromal cells in patients
with chronic ischemic heart disease: a randomized clinical
trial[J]. JAMA Netw Open, 2020, 3(9): ¢2016236. DOI: 10.1001/
jamanetworkopen.2020.16236.
Tang J, Cui X, Zhang Z, et al. Injection-free delivery of MSC-derived
extracellular vesicles for myocardial infarction therapeutics[J].
Adv Healthc Mater, 2022, 11(5): €2100312. DOI: 10.1002/
adhm.202100312.
Alonzo M, AnilKumar S, Roman B, et al. 3D bioprinting of cardiac
tissue and cardiac stem cell therapy[J]. Transl Res, 2019, 211: 64-83.
DOI: 10.1016/j.trs1.2019.04.004.
Anil Kumar S, Allen SC, Tasnim N, et al. The applicability
of furfuryl-gelatin as a novel bioink for tissue engineering
applications[J]. J Biomed Mater Res B Appl Biomater, 2019, 107(2):
314-323. DOI: 10.1002/jbm.b.34123.
Park SJ, Kim RY, Park BW, et al. Dual stem cell therapy
synergistically improves cardiac function and vascular regeneration
following myocardial infarction[J]. Nat Commun, 2019, 10(1): 3123.
DOI: 10.1038/s41467-019-11091-2.
Mayoral I, Bevilacqua E, Gémez G, et al. Tissue engineered in-
vitro vascular patch fabrication using hybrid 3D printing and
electrospinning[J]. Mater Today Bio, 2022, 14: 100252. DOI:
10.1016/j.mtbi0.2022.100252.

( Wk H 19 :2023-10-04 )

(i SRM0E )




