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[ Abstract] After myocardial infarction,the infarcted myocardium will gradually be replaced by fibrous tissue and permanently cause a
decline in cardiac function. Stem cells have great potential in the tissue regeneration area due to their multi-directional differentiation
potential. Therefore , integrating stem cells into the treatment of myocardial infarction to reverse the decline of cardiac function could be a
feasible idea. Previously, different ways have been shown to promote the differentiation of stem cells into functional cardiomyocyte-like cells.
However, the naive phenotype of them restrict their further clinical application. Thus, current difficult lies mainly in how to improve the
maturity of this kind of cells to meet the clinical requirements. Here ,mechanical stretch is considered to have great in this respect and might
be put into broad application in the future, but barriers such as insufficiency in promoting maturity and lack of cognition of molecular
mechanism remain to be solved.

[ Key words] Mechanism stretch; Stem cell derived cardiomyocytes ; Cardiomyocyte maturation ; Myocardial infarction

TREHARD 45 A — s 7 AR P S 0 WL
AL, TFE— e R B L N XX e (R R, AR T, —
VEHE 4 HE T 40 B A 2 Be T 40 M, a0 R i T 40
(‘embryonic stem cells, ESCs ) ‘B8 8] 75 5t T 41 i ( bone

DAL (myocardial infarction, MI) % 4 J5 , A 3L
89U U 328 7 o 2T A 2H 2R, I A Ml 0 T fE
IR AN T R 2 1 e R R MBS AR
T A E BRI RE . R, H T4 M7 35 0 T MI

K i T BT BE , & — AR v A U .
S B0 WL FER bk N 1 3T Al i 45 07 =0 — 87
R B R S R T A A T 4 A A A LG L
LHAVb B B R | T LA PO JUURD F 250 U 2 40

marrow mesenchymal stem cells, BMMSCs) .55 £k

A fifl (induced pluripotent stem cells,iPSCs) A} i T 21
Jif1 (adipose stem cell, ASCs) %5, i 1 T i Fi ESCs 7
T FAE BRI G 3 HE R R AT WIS T 1 B A 1 DL &

HETB : HK AR 4 (81870181) ; A B R K 22 AL BHF A3 5 H ( XSKY2020205)
BIS1EE B 4T, E-mail ; wesleymu@ hotmail. com; JEIH , E-mail ; zhoufan29 @ sina. com



+ 352 - OB FIERE 2021 24 A 42 858 4 Adv Cardiovasc Dis ,April 2021, Vol. 42, No. 4

RET2m M 115, Horh, ASCs 204k 0 L4 M B4 v
AEFTAEZ 7 T BMMSCs' " o BEFE 247 2 Fh Oy 1 T i
HET A 5340 A A D RE Y0 JIURE 20 i, B T 20 B A A=
O AL RE 40 g ( stem  cell-derived cardiomyocytes,
SCCMs) , SR T AIFFE A , et Co IILAR i 32 5 2l HERY
HARIAS SR RE 7 2 0L T 5 A D LAl i & &
IO B AR i — 2B B I R YA T ML 2595
T o PRI, ey 4 g G ol 28 R A 8 38 PR O Y ) 23R
AT HETRAF# Ry R, 7E HATER R N 2Ry
B AU SRAE O WLAR i 52 380 A9 = ZE MR
— WA NTEX 5 T HA BRI RE , (H LA i TC XL
PSSR AT A BRI, ML A 5K 1) 2285 DL A
FKXT SC-CMs J 3 52 1 F1 AT BEAFAE 15 5 % AL )
S5 T AR OGS R AT 2534 o
1 {2 SC-MCs R AR EEK S E

PR PRSI 80 AN BT 52 380 TR L 7 2800 i IT 3K
{8 7077 L OISR I B 32 Bk B 2 S kO B9 S B f
BUARAS ot 3 B8 S AU O LR A2 380 ) i £ 1my ok
ittt SC-CMs HyE—2B i, A sknynti iy U2 fh 2
P e B0 B TR A 20 2 i 43 1) 1 2 7R AL
B b, o — i T RS Sl i LA 455 i 4 o 1 MR 2 AR
WA B TR ) RN AR AR I S Y A2 5Kk e ik
£ TR AR S 2 L R R R 1 S 80E
Iz sk Iy, L ICA [R]85 (8] DX 3 B AH SC 9T, IS e I
W 2 oK N 2 00T 43 Ry 2 oK Al ) | A2 9K R 2
(AN e P 1Y L 31 550) | % K 00 8 1 2% 5K 1 [
£ =t | WA = R T = LB )
I3k R SC-CMs I 3 A7 WUAH L 22 %l A 45 il 45 22 Fb )y
5 HAEAR U SC-CMs HE— 5 i | Bl 42 54T
JEH R AR A BT R R 1 X )
JIT i AR . 45K R 5 T, B4R Girdo-Silva 251
R 129 i EEARBEVE A ASCs L I AR S 1)
Fik, [ FEFAN R AR S A (CD29 F1 CDOO ) o ff¢
S B AT AR A SR U 10% H 2 LA F g4
sKMRE PTE 2 ASCs [).Cr (L7 Ak 5 AL AR 22 57 35 1Y B
FRY, 10% 2245 W22 b F2 B2 AT fE i SC-CMs 780 L
bR A W AL 2% A i A R Huang
250225 35k of RS2 36 2% W 109% W] i Sy e A 10 22 3K
JE XA fig 5 H A AR BOIRESAA OC . TEZE KA I T
Zhang %" 1 Ruan %' i 33 # 45 (0 Hz) FI9% 5
(E 0 Hz) ZE 5K AR HRSES , 5E 1R & RCR . s
FTE 0 I 3 , 706 B 22 5K 04 A0 30 BE A 4 18 5 Ty
| Hz,Huang 2% 3 — 548 1 1 Hz 5 1.5 Hz (0755
25K ] 75 T AN A A O LA I ARSC LA, B 1 Hz 7]
Bef o Ao 5341, Morgan %52 S SR L R 5 A%

(1 Hz) , 278404 22 5K 3550 37 A /N RO LA i 19
2 B (R AHS2E AA Frs2 m, (E IO D e AE P 4 [R] T B i IX
Ao AR RIZER ZHL R o 1~7 d, WA %5
G 43 28 45 KA T A2 BB ] (4 0.5 h/d) 70
R A2 5k A 1] — A | ORIt 4 A 22 5K 7 18 IX 51 9
RIS . 25 LTk, —H S8 10% 1 Hzf11~7 d
(R ) WML 22 5K il 9 VR R 3 H 93 %
2 g EEsK 3T SC-CMs By B 220

A IR E T E R T i £ nl {2 ¥ SC-CMs 4y
AR RIS, Qi K AR SR LR R 3D KRR A 2]
PAE  MUROR R A L) — 01, R B FE AR Sy
YIS FIMURRZE 5, 46200 0 HLAR 2 5K (BEIBL T 670 ) 7
D NELH B A7 1) FEEEHMOR . — , © 8 2 A WE 9Tk
BRI A B U SC-CMs & & FIAGA . DL K &4
T HEW AN 2 TR WU ZE 5K 5200
2.1 HHE®E

Ko F B, A% 5K il T 4t g HEZ | 41 i 2
AMPL & F % T ik S SC-MCs 1y 7 16 18
Ruan 25" (ys26 360, 2000 2 FAME S 4ok 155 4
ZUH P 20 R B TG SR A 38 S B T v A
G J5R 15 J5E T 44 1) HE 51 A0 BB R0 5 Tulloch 25070 ) %
A DL HEAE R 38 b, 8 B o AT R 42 sk X 5 2
fE T 40 B 75 A 0 LA B (1PSC-CMs ) FR fifs T 4 B A7
A LA g (ESC-CMs ) 21 23w 4if g HE 21 19 52 i, 5
Toak JT A L, R 2 i e A 42 Tl % R R — 8 R
Jiti 5K T BRI I 22 sk 855 55 0 R A 38 4R e HE S () A
Pk, AR, ML ZE sk e 52 A\ ESC-CMs F1 A
N 72000 A 0 o i i3 | iy [ B = £ |
) 220 T A S g B T A /N LG LA L,
VERIGE B TAT 0 eAh, 78 Abilez 4510 i K A2
Kigerh iz ki N iPSC-CMs 7E 8597 & 25~28 d
Ao ¢ TR HH S5 5 A 4 i R AR, H o = IURE 40 i 5 kL
BT 50% o XFAN AT, 2 BT 45 R R4
s AT AR E TR A 2 A i Y B, an K Y K
J3E , BT I R S R B0 Y Kol 461 3 T —Fh
AEXT 35 % 7 5 W SRk AR b AR L L2 N iPSC-
CMs [w] s it Jonn v 2 FIATL AR 38 1) 14 2%, it i ATL A 2
i AR 2B H LT K R D B S 4 e X 4 R
TS R VA BT B N 2 5K 07w i HA IR A

O R B L, Bk 2 5K 7] A 25002 UF SC-CMs W0 JlL
FrEWIR IR (045 RNA fIEE H S &) o FEARZSE
By 12000 e WA TS T o ILEh
B NS A S 43 R GATA4 f;
SRR Nkx2. 5 o0 A bR JER 0 i 44 ik 46 2200 LA ks
B IR T b §7 s S v s s % g = D 510 i w1 O£



Y | e i

FER 2021 4FE 4 BE 42 &5 4 ] Adv Cardiovasc Dis ,April 2021, Vol. 42, No. 4 - 353 .

A i fthae k8 A EEEM; B —1Tabr e
B-WLER 2 11 4/ - LR 5 11 4 ( B-MHC/-MHC)
4 BU AL, FUAEL A T 50 JULZAR 4 Rk 56T e A
NG, o-MHC /% 88 — 2 2 T B, {2 B-MHC
fFE ik — ek 1 E, BT sk 800% 7

2.2 EEE@

TEVEA ARSI LA B 0 D RE B, Wi 4 BE 01 i 4
WS EEE bR, R 2 S0 A XL I 25 1
SRRV S B 2 R AL R R A bR, B R
B, MLAR 22 5K fig b 35 3 IO UURE 2 20 09 3= sh Uk 4
3 A - R O R 3 A A i R
546 Frank-Starling & At , H G242 5K A0 LU R A8 42 5K 0
IR AER AT B0 2 (LA A T 4 e =
W AR AR B 2 4 TE 1 L X T e 2 g S
' ERRZE AR Z R D, 257 242 5K 15 5% 1% 41 i RE X H:
A 2 RSB S LA L PR 52 7, 2% Bk Wi 45 3 A IS 1)
AR e R Tl A A5 T M L (4 K L
o d 40 By #% 55 HE 50 450 18 A5 W 3 o Oy
710 g g — B W A R T ) AR T
W AR WAL, X B IE T EE T2 e e I E .
A 38 3o 10— A e £ A A A T A 4 CREAf
WISA e B 1 — A~ R4 d8 bR ) , R BIHLIR ZE 5k A
B30k 55 240 B B AR Y A OGO & 1) 25 E RO LAY IE
ISR RIS EAE 2 75 0] 45 4 ik 1 i 6] . 50% 42
T [T S = R TR K R Y

X MIB9RTT, 55 250 URE 4 i H A% 2 AR IE
HAEAE A SZ B0 R B2 B a7 R, ik R
AT REMSE DI RE R F Y . DO A A BRI, Se i 2
HPEH SC-CMs J2& 750 L) 43 Ak B ) B3 2 7 =0 1%
AR B, 1 H AT AE G B 5E IR £ 7E Mihic
SEC g MI /N R RS2 06, U A 2 A2 ok
SO 25 H o v PR R B, {5 2D 74 0 30 18] R
Z i 2 .0 25 AR 5 B ) S 80 U2 0 b BB /N R R AT
Kt AT LR B 2 19 T AR AL 215 /B R A 58 4 i
WA, Abd 251 L B MT K8 AT 40 37
H 8 JHG, SR AR T A A L, s2 AT
2H 1 2 25 S A0 B8R 2 % e i 4 R R YA B B s
ML B R A2 A AL A M T AR RO, X s
Iy — 5 TR b IS T 40 A T AR G 22 TR O T
PRIZ Z A0 WEZ5F AN DI BE 1) U 52 ), (EATY 75 56 211
PSR B B S A T
3 EESESNE

WET A, HET A 98 K 245 B AR S AL A ik
B2 L, INFE R 555 SHLH NIRRT 2k
W5t ik e 4 K. (1) TRPV4/PI3K/Akt {5 5 il

TRPV4 38 18 & S 34 Ca® 3 1 A9 35 1 5 BH 25 30 3
HAGsh SN Ca™ TR, AFFTIE I , BARhIE R 72 5K fik
PG TRPVA SEIE 5 HE Ca™ P, JF 300G 2 8L i i s £2
T B A= i 1% 2 1Y PI3K/ Ake {5538 B%, | & R A
ESC-CMs 73 B TA2 5K 7 1) B A EHE™ o 28, d
G A BT B 40 10 P K 4, AILAR 2 5K nT
it TRPVA4 3@ A e a HE, i — 2P Bk 1 i i i 1k
FIM S BRI S0 R W, TG TRPVA 3 38 5| 1Y
Ca® PN 5 22 5K il 5 | A —38 40, ik 2 1 A 42
SKAHAN Ca™ P2 18], 847 HoAb LRI 5 M, a0
TRPV2 i@iE ™', (2) (miR-27a)/SCF i %, miR-27a
Z 5 AL 22280 R A A SR RN T A B
AT . Cao 251 & B, 24 BMMSCs % it Jin 1 6 42
RIS, miR-27a (FRIAA BT AR, Miid Rk & 04
T GATA4 ' TNNT2 MEF-2C F13% #7511 43 250
PRI RGE X E WS miR-27a 7EHLIR A 5K 1 5514
AT BMMSCs (1.0 (LI 43 Ak R B 4 3 i —
ZAAPRIEB SCF 52 K J& miR-27a 4 1F FH 80 1, s e
SCF JEH F IR siRNA 0] R0 R B Rk, H
[ B 2 ik 22 siIRNA Il miR-27 W 23 3fF — 25 348 in 9]
HYMRIE . X ELZEREEG UM (miR-27a) /SCF i #7174
FEHLRZE T X SC-CMs 434k B 24 ) 52 ), (EL 1 41 7 PN
BATy T B 22 I F 5T 0 LA B i
4 [OEFAREE

g ik, MUBEZE 3 B SE 0] 76 AR 25 L 454 AN
RESE T e #F SC-CMs i e, {H3X T i BF 52 77
FE () —A ] U B 5 (1) 2 R, 22 5% B R BE 9 iR
TR & A AN RIE 5 2 18] (9 0] ELPEAR 22 AH L 1Y, 76
TE R g 2 K 22 e 5 R 0 FH 42 kit in 1 &
A RE 723088 LA E 2RSS Ty, b, K
Z R 5T X B2 (R B A T 2 5 i LA A2 5K LA
PRI HXT SC-CMs A B2 i, H) it = 3 S 41 g 5 5
Az U LA AR B X b, BT TG TG DA A5 20 30 26 A3 A 0 LA
R Vs Y21 A 1 o 77 N < B 0
R HLA A 5K fE AT A2 #E SC-CMs 1y g2, 336 oy 2 8
ST Je S A O LA A7 3K 0 A S B A, B2 0
LA B2 AE 52 2% 9 A BRI T 32 45 Fh RO 480
RN EINOREEE K= NI (I L L7l e T L 2 K |
A= BRAC 1 A2 5K R B B AR AR XE7E JL R il SC-CMs
FEHT A B e B, BRI, N TE B 5 i AL
YEREZN G & AEDE 3 1 B Ak S E 2L HH
HIE AR AN FE , H AR P9 56t Ji 48 ol 550, 5 A
UE— 25 N TG IR o b sle 52 ¥4 28 BH 3 5 1T 1) 4F
FEM AR, 45 A B AT R B, R W 5
S ISR AIRARR 8 R RIS A3 - LR N R B, 7 7



. 354 .

OB FIERE 2021 24 A 42 858 4 Adv Cardiovasc Dis ,April 2021, Vol. 42, No. 4

SrINHINTESR 5 56 S UL A FE Al b, 505 0 AN TR
AR SRS, VP A B TRk B AR A CR

[1]

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

& & Wk

Hare JM, Traverse JH, Henry TD, et al. A randomized, double-blind, placebo-
controlled , dose-escalation study of intravenous adult human mesenchymal stem
cells ( prochymal ) after acute myocardial infarction[ J]. J Am Coll Cardiol 2009,
54(24) :2277-2286.

Williams AR, Trachtenberg B, Velazquez DL, et al. Intramyocardial stem cell
injection in patients with ischemic

reverse remodeling[ J . Circ Res,2011,108(7) :792-796.

cardiomyopathy functional recovery and

Geng YJ. Molecular mechanisms for cardiovascular stem cell apoptosis and
growth in the hearts with atherosclerotic coronary disease and ischemic heart
failure[ J]. Ann N Y Acad Sci,2013,1010:687-697.

Poynter JA,Herrmann JL, Manukyan MC, et al. Intracoronary mesenchymal stem
cells  promote postischemic  myocardial ~functional ~ recovery, decrease
inflammation, and reduce apoptosis via a signal transducer and activator of
transcription 3 mechanism[ J].J Am Coll Surg,2011,213(2) :253-260.

Hirt MN, Hansen A, Eschenhagen T. Cardiac tissue engineering state of the art
[J]. Circ Res,2014,114(2) :354-367.

Goldring CE, Duffy PA, Benvenisty N, et al. Assessing the safety of stem cell
therapeutics[ J]. Cell Stem Cell ,2011,8(6) :618-628.

Volarevic V,Markovic BS, Gazdic M, et al. Ethical and safety issues of stem cell-
based therapy[ J]. Int J] Medical Sci,2018,15(1) ;:36-45.

Ruan JL, Tulloch NL, Razumova MV, et al. Mechanical stress conditioning and
electrical stimulation promote contractility and force maturation of induced
pluripotent stem cell-derived human cardiac tissue [ J]. Circulation, 2016, 134
(20) :1557-1567.

Kroll K, Chabria M, Wang K, et al. Electro-mechanical conditioning of human-
derived cardiomyocytes for translational research [ J]. Prog Biophys Mol Biol,
2017,130( Pt B) :212-222.

Abilez O], Tzatzalos E, Yang H, et al. Passive stretch induces structural and
functional maturation of engineered heart muscle as predicted by computational
modeling[ J]. Stem Cells,2018,36(2) :265-277.

Amin S, Banijamali SE, Tafazoli-Shadpour M, et al. Comparing the effect of
equiaxial cyclic mechanical stimulation on GATA4 expression in adipose-derived
and bone marrow-derived mesenchymal stem cells[ J]. Cell Biol Int,2014,38
(2):219-227.

Scuderi GJ, Butcher J. Naturally engineered maturation of cardiomyocytes[J].
Front Cell Dev Biol,2017,5:50.

Llucit-Valldeperas A, Bragos R, Soler-Botija C, et al. Unravelling the effects of
mechanical physiological conditioning on cardiac adipose tissue-derived
progenitor cells in vitro and in silico[ J]. Sci Rep,2018,8(1) :499.

Kreutzer J, Viehrig M, Pélénen RP et al. Pneumatic unidirectional cell stretching
device for mechanobiological studies of cardiomyocytes [ J]. Biomech Model
Mechanobiol ,2020,19( 1) :291-303.

Abd Emami B, Mahmoudi E, Shokrgozar MA, et al. Mechanical and chemical
predifferentiation of mesenchymal stem cells into cardiomyocytes and their
effectiveness on acute myocardial infarction [ J ]. Artif Organs,2018,42 (6) .
E114-E126.

Girdo-Silva T, Bassaneze V, Campos LCG, et al. Short-term mechanical stretch
fails to differentiate human adipose-derived stem cells into cardiovascular cell
phenotypes[ J . Biomed Eng Online,2014,13(1) :54.

Cao C,Li L, Li H,et al. Cyclic biaxial tensile strain promotes bone marrow-
derived mesenchymal stem cells to differentiate into cardiomyocyte-like cells by

miRNA-27a[ J]. Int J Biochem Cell Biol ,2018,99:125-132.

Shimko VF, Claycomb WC. Effect of mechanical loading on three-dimensional

[19]

[21]

[22]

(23]

[24]

[25]

[26]

(28]

[30]

[31]

[32]

cultures of embryonic stem cell-derived cardiomyocytes[ J]. Tissue Eng Part A,
2008,14(1) :49-58.

LaBarge W, Mattappally S, Kannappan R, et al. Maturation of three-dimensional ,
hiPSC-derived cardiomyocyte spheroids utilizing cyclic, uniaxial stretch and
electrical stimulation[ J]. PLoS One,2019,14(7) :e0219442.

Gu SR, Kang YG, Shin JW, et al. Simultaneous engagement of mechanical
stretching and surface pattern promotes cardiomyogenic differentiation of human
mesenchymal stem cells[ J]. J Biosci Bioeng,2017,123(2) :252-258.

Zhang W ,Kong CW ,Tong MH et al. Maturation of human embryonic stem cell-
derived cardiomyocytes (hESC-CMs) in 3D collagen matrix ; effects of niche cell
supplementation and mechanical stimulation[ J ]. Acta Biomater,2017,49:204-
217.

Huang Y, Zheng L, Gong X, et al. Effect of cyclic strain on cardiomyogenic
differentiation of rat bone marrow derived mesenchymal stem cells [ J]. PLoS
One,2012,7(4) :€34960.

Ruan JL,Tulloch NL, Saiget M, et al. Mechanical stress promotes maturation of
human myocardium from pluripotent stem cell-derived progenitors [ J]. Stem
Cells,2015,33(7) :2148-2157.

Morgan KY,Black LD 3rd. Investigation into the effects of varying frequency of
mechanical stimulation in a cycle-by-cycle manner on engineered cardiac
construct function[ J]. J Tissue Eng Regen Med,2017,11(2) :342-353.

Kim HK, Kang YG, Jeong SH, et al. Cyclic stretch increases mitochondrial
biogenesis in a cardiac cell line[ J]. Biochem Biophys Res Commun,2018,505
(3):768-774.

Besser RR, Ishahak M, Mayo V, et al. Engineered microenvironments for
maturation of stem cell derived cardiac myocytes[ J]. Theranostics,2018,8(1) :
124-140.

Tulloch NL, Muskheli V, Razumova MV, et al. Growth of engineered human
myocardium with mechanical loading and vascular coculture [ J ]. Circ Res,
2011,109(1) :47-59.

Lu L, Mende M, Yang X, et al. Design and validation of a bioreactor for
simulating the cardiac niche: a system incorporating cyclic stretch, electrical
stimulation,and constant perfusion[ J]. Tissue Eng Part A,2013,19(34) :403-
414.

Qi Y,Li Z,Kong CW et al. Uniaxial cyclic stretch stimulates TRPV4 to induce
realignment of human embryonic stem cell-derived cardiomyocytes[ J]. J Mol
Cell Cardiol ,2015,87:65-73.

Lux M, Andrée B, Horvath T, et al. In vitro maturation of large-scale cardiac
patches based on a perfusable starter matrix by cyclic mechanical stimulation
[J]. Acta Biomater,2016,30:177-187.

Shachar M, Benishti N, Cohen S. Effects of mechanical stimulation induced by
compression and medium perfusion on cardiac tissue engineering[ J . Biotechnol
Prog,2012,28(6) :1551-1559.

Mihic A,Li J,Miyagi Y,et al. The effect of cyclic stretch on maturation and 3D
tissue formation of human embryonic stem cell-derived cardiomyocytes [ J].
Biomaterials,2014,35(9) :2798-2808.

Ronaldson-Bouchard K,Ma SP, Yeager K, et al. Advanced maturation of human
cardiac tissue grown from pluripotent stem cells[ J]. Nature,2018,556 (7700 ) :
239-243.

Ovchinnikova E, Hoes M, Ustyantsev K, et al. Modeling human cardiac
hypertrophy in stem cell-derived cardiomyocytes[ J]. Stem Cell Rep,2018,10
(3):794-807.

Wang B, Wang G, To F, et al. Myocardial scaffold-based cardiac tissue
engineering; application of coordinated mechanical and electrical stimulations
[J]. Langmuir,2013,29(35) : 11109-11117.

Shen N, Knopf A, Westendorf C, et al. Steps toward maturation of embryonic
stem cell-derived cardiomyocytes by defined physical signals [ J]. Stem Cell
Rep,2017,9(1) :122-135.



O IMERFIERE 2021 4 A 42 B8 4 Adv Cardiovasc Dis ,April 2021, Vol. 42, No. 4 - 355 .

[37] Yang X, Pabon L, Murry CE. Engineering adolescence: maturation of human cell-derived cardiac bodies form contractile myocardial tissue in vitro[ J]. Eur
pluripotent stem cell-derived cardiomyocytes[ J]. Circ Res,2014,114(3) :511- Heart J,2013,34(15) ;1134-1146.
523. [40] Thodeti CK,Matthews B, Ravi A, et al. TRVP4 channels mediate cyclic strain-
[38] Nguyen MD,Tinney JP,Ye F, et al. Effects of physiologic mechanical stimulation induced endothelial cell reorientation through integrin-to-integrin signaling[ J].
on embryonic chick cardiomyocytes using a microfluidic cardiac cell culture Circ Res,2009,104(9) :1123-1130.
model[ J]. Anal Chem,2015,87(4) :2107-2113. WA B #1.2020-07-13

[39] Kensah G,Roa Lara A, Dahlmann J, et al. Murine and human pluripotent stem

D IS SR SIS I S S I S S S S e S Sl e S S ee S S =yl S Sy e Sy e e S e e S e e S S Sy S =y S Sy e e S e = S e =i

HAEmMitE=ENES

HF) 2019 FAMGLEILE ,BERBEEFALT,

1.3 FLF5000 FAA(LEHE BEARLAE LK) RERALEHUXBE (LB FTE ERMEL),
AT 1 A 200~~400 ANFAF A R, SHR R S LAE T (S M A A e X AEIE ) K41 L 38
MNAE;EFNRALAE LR B LA R 20 £ L,

2.8 L BEE R AR FEALERE A AL LT EL LR, AHFLALTMOAR ,FEIASETR
P [ AeRm B Do TR A (%5)7, mkKFHFERNEH T, KA EXHALAR . BEIRAAFE
A TARMB AL HAHTRA HFHR AR R

AFECAHREFM EHZAZ, FAIT(ChERFRRE) XENBELTELE ZHERS (K F hup://
xxgbxzz. paperopen. com j& , & £ “VEEHAG” A MVEBRBETEL L PEAL), M EERBRDGEEEREUTH
(D) Fa 422 % 50 (Tl FAEATHR) . (2)EFE(TREFIR) kB ERMEL EALF 4L, I W £ 45
WHAZT, WHEAZ R ERANBHGFTIFERNARL B LER AT EBRE FLLFNEFR, FmENT, o R
PREFA, EWAXIFNFERZLEGIER, B)BZAHMTARLABE , FHALI TP (TA LT
R o

AT 4 45 #0



