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[ ABSTRACT]

risk of hospital readmission and death in patients with cardiovascular disease.

Cardiac fibrosis can cause cardiac diastolic and systolic disorders, induce arrhythmias, and increase the

Fibroblasts are the main cell type that

maintains and promotes extracellular matrix deposition in cardiac tissue and are sensitive to changes in the mechanical mi-

croenvironment.
chanical factors influence fibroblast function.
advances are discussed.
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Recent studies have revealed the specific mechanical signal transduction pathways through which me-

In this review, mechanotransduction, vitro mechanical models and clinical
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Figure 1. Diagram of mechanical signal transduction

1 DBENFERERE

TENIP 73 o ad B b, O 2 e 4 R T 5k
id 30 AZUR o MIE BT 2 200 M0 P 221 32 B A ] 26 Y AL
AT RZ WL, I X6 AR A [ B B R, B AR S
X T2 R AR AR B T B0 ME AT 4k 4
M RERUE .

BEJFORE HE 2 O JIE S PR B8 AF 5 v ) 12 R TE Y
JrzENER S WFTER M, RO U 14 2 AR 2978 10
~20 kPa'"l | TILENE PRI Lo LG T, 2ok 22 1 06 0 M

FEAVLE =) 23 a0 J0e SR 21 24 i 3 19k, 1 1 3 00 10
Tl 3 A 1 v 2 R L U R 0 s T T 0 R
Fr AR I R R AT 2 S B ) e SE AL B (lysyl oxi-
dase, LOX) # A &t B 3 LT, {2 9F 7 2 o Al i
FAYBETIN . 7T o A 2 1% 344 am D) 2 5 0K 2T A% 40
FOTEAL 15 Al AT A 41 o WA i I SRR T 4
VE— A5 3 A B, 0700 I 7 A Atk A I S B b
AW NS

LBl 77 A A ) 09 Ao TR s 4 o) B £
YN r= AR 0, 0 I 4 20 rp 40 i BT 2 5 R A 3



26

ISSN 1007-3949 Chin J Arterioscler, Vol. 31 ,No. 1,2023

SR Z AR AR ATE 10% 247 R 40 1 Hz,
o I Pk B R AR BTN T 15% O UL O
PR GRS, O e B 2T 248 41 i J97 32 30 19 & 31
PERIAR 7 276 R R B2 B A el A8 T F 5 3 B D
e AR FR L AR R, 0. 01 ~ 10 Hz #5R 75 [l N
AT 1% ~5% WG A AT) 23 4 2T 4 240 i 1)
A A, B ) FNRR B s X B AT 4k 41 e
YRS S 43 WA DI RE 7= A2 B 42 s, 4 10% Sk 7
ARAS T LT AE4n i T 79 T AL J 2R 1 DL S £F %
TR A B, 177 24 0 AR TR F] 209% Bt T D 2
F DA S AR 38 B L A R s b, o5 — T 58 3
BH, 285 BCET 24 40 6 it Jan 5 1 S 18 10 22 485 384 o ok 47
YN T A KT, 5 45 1) ()1 1 25l g A8 7 2R 1
AT N

O NELL LU 1l 21 2 40 i 3 A7 B 1 1 358 RE AL
TR RER, 11 A AE 51 R4 85 4,
KT ARG AN RO A0 F 45 ol g 27 0] 9%
U] 5 M BT A AN L T e RN ZF 4 Ak, 38R AR TR 5T

2 HREM DU FE SiREE

TENUAE T BPE T, 4t e 5 v i) g 2 fUs i
N ESHESH R REERTEZEEH, eNEs
T2 B A7 R RN A4 L PN B A i 4 AR SRy B T 1)
AL I T 225 S A AR 2R 5 5 B DA A
VAN S IS B Y S e Y B e e R DK
BRI A2 A4 ) 24 flURR S 7 G R 2R, BN Az Ak
WA R MERE NS, I F RS FEiE
LALFE TRP ZX %3 18 | Pizeo , TREK-1, ATP H{/E4H
SRR N
2.1 FhAPHERAK

BAERIEM o 1B L A 5 R AR i
B 2405 5 32 R, FE 4 T 40 A A/ 35 S5 RN 41t P 400 i
B, FEHFLSIIARN A 24 MRS A R 2K,
B —Fh Az R ES BRI — 4147 € 19 ECM FLiA, SO
A LA T 24 MRS R PR JLR,
Bl AR av BART A DAL 4L Y
oA uy ol e I (TS N e o A

SO AEAH H, 72O WU SE 5, 1 21 4 410 i
A avBs A EFK FPE AN, Perrucei %5
I R v P R BRI IR BT A A A Y, avBS
AR R B I A, IF B a7 e KR Sk i
i, AT LA BRHLLE F 2 e v il R RO R 2T 4 20
J 1) LR 2T AE A0 54k . $ER BB R avBS I 5
VOB IKIRYT O ELT 4 AL (¥ T RETE:

avB3 S 5. NEHLET g o34k | e Stk
DUV BE G, O avB3 & KAy FRas 1 o,
Sui %2 &I, P60 75 K (cilengitide , CGT) # h—F
avB3 Fl avB5 YRR, X2 52 e B S 00
JIELTAE Ak /)N BB Y 5 AT D804 o JUE &7 448 Ak 19 7 .
I, X HR T COT IRYT DR Ak i vl Bt

Zhang %15 % B MK0429 1 R av B4 K1Y
FRIGR), AT LA RS AE AR R 6 B ZSF1 /) B A
B 2 A Ak BRI T ok 5 R 175 5 1 Il 48 2 Ak /)N BB
RU A AE AR . A Zhang S50 IR K B Ab-31
W —F A av BEA R MBI, 7640 iS50
i B AT ARG AR & 1 £F 4E 4k (idiopathic pulmonary
fibrosis , IPF ) f& 2 ili i £ 4 41 ffg TGF-B 175,
TFYift, BT av BAERWAAE NS, #2878 Ab-
31 MK0429 1ERHE W) av 845 R A HI AR TT O ML
YL Rl REPE

OWUEEFE S, B1 B A 3R AE L JE AT 4E 240 il |
Jo, MCOTSE R, A 4 i Ay B1 A KM
PEUBCET 246 240 M (75 A (R R 2B T R
AL ULAE A b 1 A FXF O IR By A, % T0
WERREF A4 A 1 B H& A R A s XX
T AR BN =

HAlT, 45 & a 1bR3 ,adp7 .adB1 Fil alp22 1F
S B AR I IR T St sk s Bk 25
fiE ARAEVERIR | 22 & MERE AL E A IR A 3697,
LS I  245 1y 1741 AR 07 FH 2 75 i () e o8 2 R0 3 1Y)
DR 4Efbbs 2B R A = X, Bk, HATarse
A5 A58 4 B R 00 I BT 248 40 it v g 2205 S 0
EQINNEECTIIE T ITIN

P 2R R 11 2 o o o A v — S B AR A 2
R, E53EE aT LLa SR AR 1 B 45 2
TR PR E A IR T VE-SSEEHA .
OB-A5ZE R 1 (NS ER 11 11) 55, 2O MR eT 440
frp R SRR T R 7R R EF e 4N
J T Ak i B o R B A A 111

BRI 11 7EAHABANME 2 [ IR R 3R 4
X LE ARt [R] (9 4 i S p120 3 FRER LR B-i4E IR
BEOLE WA Z [E 1 1245 A3 84 | 1
fpES, B-EAEAY - EHREALH, a-iEH
FEASNEhE A 40 E e 4, il X s ) B
e BSEE R 11 ¥ 5 5 Sk B R e oy 15 il
%, 5140 RhoA/ROCK {5538 % . MAPK {5538 % |
TGF-B {55  Wnt {5538 1 , Bk 3+ 3 ok
PR O U FESE R I 2T b

RUEBFE M 11 S4p X R Ew &Y, 2



CN 43-1262/R " [E Sl ik difb 44 ik 2023 4F55 31 55 1 27

SO ELF e R SR T 11 U T 4 2
P B S ) R AL i ANV AE ok Ry B e 3o A
HHFEOO MR A 2 4L ) A 15 o 1l AT AR A B
B, e B2
2.2 NEHREFEE

AT 4 A 2 ik 2 A ) A UG Tl aE R
TRBIUI ) 20 M 35 I ik 3R T 5K ) 55 23 Bl i
TR A BLBRNE g, I8 2o e s 2 JRE
5K SO A U TR IE , BUABER R
M) JACZT A 240 B A7 355 2l BE Y ) 2 SR B 1 0 2
BAUHE . BEEHERAZ 7 B AV 7 B R U 7Y 4 (transient re-
ceptor potential vanilloid 4, TRPV4) | Piezol . i i} 52
PR H1, {37 8 15 6 ( transient receptor potential cation chan-
nel 6, TRPC6) M Tl B 57 {4 Hi (i 3 38 7 ( transient
receptor potential melastatin 7, TRPM7 ) B E Z &
(transient receptor potential vanilloid subfamily member
1, TRPV1) \TWIK #H 3¢ B9 4 2§ ¥ 38 i ( TWIK-related
K" channel, TREK-1) Fl ATP g 1 5 % 738 if
( ATP-sensitive potassium channels, KATP) 2/

TRPVA S04 12 WF 52 i 28 i 20 i 5 ) = S 2
o WEFERWY, BT B 45 40 i 40 I mT DL 2 5
& TRPVA [T A v i 80 4 4 K A g
WAl T 2 15 5 48 1 I ) 32 00 TRPV4,
TRPV4 3 i © 9 Uk 91 5 18 2 H 9L 2F 4 fb A
Y ARG HET Hatano %57 (W57 6 B TRPV4
AT D IR 4E 40 b 35  Adapala 257 BF5Y
F ML TRPV4 REAZIRSZ ECM A7 00 U
BT 4 40 35 Ak, Bk, X E 5T ML BN 4 A R
TRPV4 i R/ AR, #8575 T TRPVA AYBLUK BEWS
O WU BE 5 /0N B O BIE T 446 Jia 451
DUIIER] TRP VA4 100 5] BE 08 B3 ECRHE R P40 JUL R
BUL LT 4EfL X SERTST SR F5 5T TRPVA REWE
] ST 2 40 i ) 5 A AR T O IR LT AR Ak, HL
I+, Adapala %5 ifF57 B TRPV4 WG A1 Ca™ 19
PRSI Rho/ROCK Y35 P48, I8 i MRTF-A 15
SR AL, T Ahn 2577 R B TRPV4 1)
PR UEF A 20 MG A6 AR 1T 5 MAPK/ERK 4% %A
Ko BRI, TRPVA T BUMLET 4 20 ff 7 1k 19 5 4%
Gy FAILHIAT AR5 2k — 20 [ W [) Pt 5 5 L 2T 4E 2
HRE 5 Pk B9 TRPV4 B BR /N BOK B 5 TRPV4 /Y
fER

Piezol J& JJ“F U ES F-I 3, H 9 /N5 AR e
FAIT AL C s AMEEAR S | C b i R o
ARG AL 2 11 S0 55 B B AR 1Y Piezol 7EJ&Z

JIEAE SRS B Ca® 152l B S Ca K
T (538 B AH B AR, DT S C 45 A [R] 1Y) 4
FA:= BRI W, Blythe L0V 58 3 IR Piezol 7E /)
SR CO I B 21 4 248 ift v 3% 3K, Piezol FA LT B 6%
PEE BT 4 41 A RN 43 06 98 5E F ¥ 11-6,, Jakob
ARV E— AR NG B BET 4E A P Piezol 38
1B BE S AF O P S o 3T B O, T S
Piezol 2> BB HR FIECE: S5 EAE , 41 A K R 34
I, PA R 4 BR300 1L-6 34 220V My HHR A
B2 FHGEUZE. 1 ] A 1 A 2 P 400 i o 2 A
LT I X0 5 45 240 B ) 2 ), & B0 v i K R 25
HUN B0 P LR 4E 0 B Piezol 114 32 35 34, i
SiIRNA Tl 254l Piezol REHSFRAR mi#KIE S|
TS JIET A 240 1 ) G DR A A B T, [ 2 IR ER .
— I W |, 2 5 Piezol EHFEEBHERE LSS
FUOMELF AR WU R, 3 HLEB 43 9 P F i 45 4
MAEHY Piezol THAEIEGR P DL EZERIER O
LML Peizol 7E 155 A F 0 IE£F 4R 4L ]
e A HEEEH,

UEATE R B985 0 48 7 T Al 19 157 BsF 7 A Rl 37
W IELE LA AR M ) T AL VR, BESE R 3
il TRPC3 ¥ 1 AT LA R AR He g 8 47 A /DN B 00 JUE &7
44k, ML 5 ROS/GEF/H1/RHOA i #34 5P |
TRPM7 0] LLFE ] S AR LR AL AR 0, 5
TR A A R B L Ak B A RN G I 4
TN SR TRPMT ZE BB J1175 5 (4 ) £F 2 40 it
TRIHBERAS b B4 FH 14 A 5 48 ; Abraham 2615 3¢
N R 2T 4 240 i 4 S v TREK-1 R T 3k
A7 FARGE S0/ o0 LT 4E 4L 5 T Wang 25700
W, 5k 3618 TRPVL W] LIS RN E LR 25 S 107
SR 14 e

3 HARRBERNAFESES

AR 22 th L3l 85 i 22 | T A b ] 22 4
S, BN AT AR R S, ECM 1R NI 3 2 400 i
B BRI g A8 B AT R R AR TONE g (4
e R e 2 B 5K T B KF ) ARG ECM I 2 AS B 37
B (EAS A0 M W S ECM W B 22 ) K 3P
U R ) A5 T e R HL W & YAP/TAZ Fl
MRTF-SRF {555 S %
3.1 YAP/TAZ

Yes A< H ( Yes-associated protein, YAP) . 5
PDZ 4563 p ik s LR & A (‘transcriptional coac-
tivator with PDZ-binding motif, TAZ) J& TEAD %%



28

ISSN 1007-3949 Chin J Arterioscler, Vol. 31 ,No. 1,2023

SR PRI 2 R A% e PR 3R 3K A 5 i) i 2T 44 240 L )
HagE ACEHE 1L ECM & BRI 73 W 55 2 A 2k it
T D JIUREEFE 5, O JE B%2T 4 40 B H 1) YAP/TAZ
PBE . YAP/TAZ BT a] LLF 0 I 2T 4E 40
M35 4B Mia 557 8 51 Colla2Cre (ER) T /)
BL, RIS S B2k YAP/TAZ 14 ST 4 40 i v] LA
VDU WU BE S5 2T 4 Ak 2T 4 58 i 7, FF 2503 0
JIEXIRE

YAP/TAZ J2& Hippo 38 [ 1) % 5% JL 803 H il
TN A, ¥R Hippo 18 85 5 2Bk T Y Ser/
Thr ## i MSTI 1 MST2 4 Salvador ( SAV)/WW45
S5 8 R— Fh s MG S A Y Bk R L LATS1/2-
MOBIA/B &1, B2 {L)5 1% MOB1A/B & [ 4k
W1k YAP/TAZ, WEFRILHY YAP/TAZ @it 5 14-
3-3EALEG, Mg AR, 4 YAP/TAZ
KA EWERR LS, YAP/TAZ S 340z, 3 5%
Tl s X7 #H B AE H, A0 4% TEAD1-4, 5 & 5 A
#ik,

YAP/TAZ T AT 0 J57 5 7 27 il 00 40 i Jok e
IS KRG S A2 P28 o Rho FNAH B 4R WL EH 2 A2 E
YAP/TAZ W% 56V, 50 R EhEE R G
FRE ST 4 9 AL 3 T YAP/TAZ 64, (H g-Jil
Bl ER AR B AR S BT YAP/TAZ B T
W RS, AR 2R 5k S YAP/TAZ ¥ 5E i A 5
Wi, FERCH AN RSk T TS B R, YAP/TAZ 140
JiL RN A0 A 22 [E) 2248, T 40 - 4 5 1 3 v 4 i
ENFEANAZ P BE X U YAP/TAZ 138
Herqefem ok,

SRUL, YAP/TAZ 800 EREF 2 40 i 15 1k
FLC LT AR I B 3 T LTS SR AN T 48, 75 23t
— G,

3.2 MRTF-SRF

OV IS TE O IR 21 27, S 3508 4T 2k 20 i 1)
JEFIREE K A AR Al 24 BT 2 40 e ) 161 3R 5% % A=
ARG I3 [ R F ('serum response factor, SRF)
Ao BLE M X SR ¥ ( myocardin-related
transcription factors, MRTF') VE R4 B 28 RHO %K
T A Wl e SR RIS TR, & ROk 0 254 A S i
—#B4r ., MRTF 2 2 RhoA 155 1) S8 T iE
T B SEILEOE N T MRTF FRAIEOILE .
MRTF-A F1 MRTF-B, " MRTF-A 24 S0 JE 4F
HefL Y CHE T, Small 25 78 MRTF-A $2 /Nl
HOURSR 1) JUE 15 2T 24 240 i 1) UL ok 2T 4 440 B 2% £k B
I8P . Rho AYILTE 14 ROCK/LIMK/ cofilin #5448
BIRNSEARE B CIshEA Rt g-IlshE

PR 2 56 il (-l & 122, MRTF-A Fl MRTF-B
A ZARSFEE R, A0 45 N I RPEL 454 38R XU
FENARICAE % ( bipartite nuclear localization signal ,
NLS) , A FS5NahEAL A, Y - NshE A%
W A-MBE AR A Y, - WL3h 11 & 5 B, MRTF-
A Y WS &5 8, &8t NLS, Importin 5 NLS
55 K MRTF-A B B4 A% N, MRTF-A /&
— M SR IR T, B 5 MADS box ¥ R
SRF Y3 FAHEAEM, BRI EGE 5 CArG box B %L
PIE R 55 51 Small 25107 SiEBH MRTF-A % 53
5y ECM 3 A (38005 , 0048 1o2 YR, MRTF-SRF
Y HES S o2 BAEJE R 30 T N
CAIG &, S AN MI SN LT Y T2 BURR RIS £

XTI MRTF-A 5 YAP/TAZ 2 R f£7E
BCZR ., YAP 5 TEAD1 254 5 R MRTF-A 3 [ 1)
FoIk IO AE SR AE AL AR B . Francisco %5 KB,
Wit YAP ik s Je iy /N B, 8020 1 2R A 40 i v i
YAP J& ,MRTF-A &350 il DT 980 42 00 IE 2 4 £k Al
IfgRE

4 HREBHNZEESES

20 A% P A o RIS S A B, A T2 — > R S 1Y
R GE , 1 PN SN OUZ AL T 15 A ) A A2 2 20
o 2R SRR T D A R T ) S 2R R 3 A
HHESWRY ARG, XM 528 40 i i 25 7 1%
il ST LU ECM 454 B A% 2 40 A%, i )
PR B RR A HE o) L5 T TR
4.1 EZERMAZSHEBENARBRESHE

200 M 4 0 2% 3 5 00 i R 2R 52 B AR (linker of
nucleoskeleton and cytoskeleton , LINC ) % 22 21 it i A1
HARAZ , T SO VF 124055 (0 B A3, D125
ST AL N G G DL TR RIS T

LINC 9 4h ¥ BE I B9 KASH 2 H ( Klarsicht,
ANC-1,Syne Homology) 5 L& H & A+ 8] 22
YIHER: . KASH 8 i1t SUN(Sadlp-UNC-84) 4%
FIEE 1) SRR e B N R, Sk — 0 i 4
FIRZZFIGAAT, KASH 47 6 FFHL : Nesprinl | Ne-
sprin2  Nesprin3 | Nesprin4d . KASH5 IR B2 48 i B 5
4 15 & 1 (lymphocyte restricted membrane protein,
LRMP) ., H:p HA Nesprinl ~ 4 Fl KASH5 5 41 ity
HUESL . Nesprinsl F1 Nesprins 2 545 8l )1 &
F/ sl IR 2 -G W UL e 3h 38 AR EAE L, 52
K5 & Mz 8, Nesprin3 5% 1 Plectin ,
|22 M HAEH . Nesprind i i1z 8l 8 F 6 5 0



CN 43-1262/R " [E Sl ik difb 44 ik 2023 4F55 31 55 1 29

MIEAEH, KASHS 530 f1 i A4 &, SUN A
A SUN1 W5 SUN2 WV AU SUN2 ¥ & a] DU iF
RhoA FYELHE , W #ELT 4EAL ' Stewart 2147 %
PGk = SUN2 () LINC B5 % /N, B TR T
AKT 1 MAPK 3 # 5 , 5 20 LA & i TG 18] 57 £F
Y1k,

LINC 56 B4t BB X 77 27 I 38 s g 5 | ke 56 (A
e IRk, 7514155 % 5 R0 S N B
#% T kB ( nuclear factor-kB,NF-kB) 15 51815, 7F
55—~ 60 min HL, NF-B M i i 50 5% 2 2] 40 i 4%
RJG XEE A B, LINC B SR IhhEZ 4, S35
NF-kB 7 2% & 7 76 41 Ml 4% N, 30 NF-xB 15 P 4E
Ko BrLL, 580 LINC 2 AR Ge A RO AE #E NF-xB
AARARAZ 15 40 B R 55 8% . Wang %) & BH, 76 2R 16
ML HOL A T 2 B A B A R A B R S A R
(LINC) Z &Y 54, DNA 195 il g 3R

LINC E AR 54 4E LA G, 7E Nesprin2 @
Wi /INBRUIG B 2T 4 41 i v, TGF-B i F I St 1
Smad3 %5 i Z BH, S BT 4EAL K R B
4.2 ZWMEREEE

A% ) 7 2 e b 200 6 A A A =2 TR Y
AHEAEH %200 582 AL DL K DNA 12578 B
Yo iR B U

K S LS A (1 a] LA 40 B A it fin 7 2% AR, I
PRE HR/INRIB AR, 708 B2 ey ) R oL, Toi s AL 3
T [N T £F 2 20 B A% 4 B — A i - A ER 1A
T AERE BEAI A L 0T b, T4 ath 1) JUL 3 28, 1 i SR 5 4
SEMUMK S35, IWITTE BEBRIE 4l A% . 408
Hh ] 22, ] DASE o 5 AR R A R S AR TE fig
J1. WUShEE (ARS8 -, Do T 4%
A , NI S R 3R 3k . X A8 T B T AEAR K
FEE FHORE T ERINIE , IR 2 E
FH(Lamin A/C F1 Lamin B) 17K, %% 512 Lamin
A/CHEA, SENIEA XK, Lamin A/C &M EHIESS
AR, i Lamin B 2 25 B Y 8 T 45 44 1)
RSy, THMA K28 A A/C,RFE
B T2 ML A 3 K A% 2 B H A/CL 3
AR SN K% 2 M i 5 = e A
F )T DNA 36 5 o 0 S AR B, A 200 it 1) e 724
FKI/INFE 10 ~50 pm 785 P, B T4 i 20 fn e o
JOXoF A% e o 1) S0 B e g X RN R s A B R
IS 18— A3 S 40 T - £, 3 A M AR F (20 I
Wedn . AR B S B 1 g 2 4N 2, kb 5 4k
235200 DNA [FFBORMR AR AR BE . PRI, s (0 B e 2R

A7K P B T 40 MR RS R/, L KB B9 T 5
,l.iﬁ%“&@] .

T AT TSR I, 40 1A% 64 49 BEAZ S n] LD ik
FARR MG O R A E (/N T 15 ) PR A R
I8 ARAZIE PRI AR J3E Y ol 2 5 S5 T 3k 4
M AR R RRAE . PRk i1 B2 RnT RE AL
IR JS 2T 24 2 1 JUL B T A 240 L o Ak v R AR
AR SEH W], Lmna BER/NLE 8 JAIRE FITAL T00 %
BEZR RIS ST A7 A AL R R AE (1.0 ) 508

5 BERLOENFREME R K IMRE

A=Ak 2 A I 5 0 G 56 HE 3l i BH T 40 i Y
ATV 7 2245 5 ) S 04 i AT o0 RN 2 RE AR
R BT IR SME Y Ty A R A g e 3, A
Y TR R0 A ) A k2 T T A B R A R T AT
YA ) #1555 e S PR 0, T OoRIRATE
ARSI AL ) 25 A~ 22 R AT fliiR iz 7 ke
SRR TR

WH D IELFGE AL G AR A1 T 2 bR 2l T A
FOLAR P B35 o 1 2 S I R 8 9B e, DA Sz R 4 -
ECM [ AHE 124V E R, T R4 ECM AEAR [T
R —FOKE I, B R AT D
I, KB e B R R T A ) 4 B W B R T H
—, WHREC IR T AR 2R EAG o] 75 1) ) 2%
PERER K BER KD , T 7EARSP A EE T F 3 5L Y
FIEEAEE . MRS LD ARH AR TR, BT LAY A
JRE AR FL B8 ECM AT AR O K SRR | VA i R 3k 5
LML ECM firA: 7K BERE , DA K DL SR P s I e
IKEERE AR N T A UK EERE . Wi L 3h 4 FndE
IHFLBhY ECM AT AR (1) 7K B R R L AT W (R P A 85
A PIFRBPELF W A5, SR T G 32 B el o5 A I A
P AT B, AR AR AR X 558 1 5 1 3 T A R R Y
IKEE I N AE S 850 i 1o 5L R M a3 i)
TR 3L A 2= e R R A Ak 2F AL R, T T AR
e WFFE A R T B A AL R R A B A 3 1 ek
HEREARRIN T4 AR a0 e 38 44 3h g B3 R A L 97 22
(AR LA B SO0 A0 A AR 2 A £ AR 454
REAE'2 TS A8 e 4 T AR R -PEG /KB 5
G, A A A v (0 286 4 1, AT A5 LAATE 52 2 48
Xof (O U T 20 200 M Ak R e

SR, B R 7K B8 IS 355 32 AR 3R S5 A L A 4R
SEORSATY SR ELA B R ), Hevp — A~ JE 2 T gl
S TEVR N A0 H AF7E T 3D B AR, Bl
AR RHANEAE 2D M1 3D K537 2455 v i



30

ISSN 1007-3949 Chin J Arterioscler, Vol. 31 ,No. 1,2023

IR AN RA T A BAIRK 23 R, #94E 3D
PRI g 24 15 TR S 3% 45 S BIF 5% 1 B 2L O ) 2 —
MRECETT R TR TREEN EWRRKR. KL
TS KEEC AT B 3D B IR T AT AR
2P RE S T 4 O I B2 A A Y T b S A R
53T, Sadeghi 2570 ) ) F W Jie FR 5 75 445 1% ( gelatin
methacryloyl, GelMA ) #2161 5.0 JULAA I A4 T U 4
3D FEFRARY e A I S RO 1A B0
LHZUBLTTNIEE | LA AR R A 12455 2 v il 2T 24 40 i 7
TOBAN R SR T 445 7w R RS, T TE A A
k. SR, HHT 3D B 5 RIRH LU LL 38 il ik =
ECM 2 FEHESS B 40 0 L ECM 7T g J2
PHAE R SR, (HUHC 32 S BR 7E TR R 00 1 A PR
AR AR

F3AN i 3 R SIS T R S PN A X 28— A i
F XA TR P R A B A T H R O
TIF 5 X 1 £ 24 440 L 7 52 e T A e A 34 5T Y
25 L RSP g 2 AR ) B8 B 4 RO JIE 2T 4 AL
HhIg g I ShAS B B | Ry 24 ) i e A AR A
HHAER-G . O JUBISE S | BEAE X 5T ) R
E G AR RAE X NI EE AR, Zhao SF2¢ 0
XFZIG, LR & Z WK BEIR N 2 MR, (D
PRy A 1 R S 1Y [0[RI R I AR 3]
U FICET A 240 B DA S 3D ) A XA, LA K
TEMRAE DX NS AR N 55 — S5 58 DU 7 1 [1) K2
X RIRE AT T R, DARADUREIR A 1 A
WFFE 0 P 5% SR I 55 375 B T3 1 /K o6 5 DA i ¥
PG BRI EE | K B o JUE PSC 2T 248 200 i 1) B «-SMA
BN, 1 AR g g 10 AR s A b
RRAE ) AT BIFSE 3 JF S T 5 7 1) i 2 37
535 RE A K BE A}, R kg P i 157 S 248 ((acous-
tically-responsive scaffold, ARS) , K%M T G155 44 Kk
PERE I 28 % BB 1 A BRI B s . HE— 2P, Wang
L2l IR T 3D 1Y) Biowire 116, 1% /0 IELT 4E 1L
B RERTE T O A T IR A O AL 2N i, A5
P70 WUREBE DRSS (it B DX 317y DX 3 55 i 1 5 @
[FEEIIA T U I S 2T 24 200 e FC LA, W iZ R &
5155 UM 5 TR AR B A 5 20 -4 i () AH
YEFT ; @ RE 1% /55 1k EL b &5 £b 455 780 v iy e 45 4 BB el
AN RIS =R N SR S e ot s A 71 1 )
YAt 7 TSR

T RERE T 0 2 MR O I T 4 A i 1Y)
SO AR RARS MR 5 B 5 22 RUFE 0.0 I ) 27
ik 5 T ] hiPSC 52 ACKE £ O ik AU ET 24 20 i 5 05
HECM FREGER ], 8 BB A2 T 47 b A S0 1 ok 2 5

BEANM IR A B FAE S 2R R G i
AR TR T AR AN AT R RS

6 EREANFESHEDRTHENLIIETT RIE

B ) 1205 5 WO R 2 I R IR I £F 4 Ak i
FEREER MG, IR WO NEZF 4E 4636 97 P A
S B Z BFST  AH AR IR T W 21 4k 16 55 F A 21 4k
Pgpgrh IR T A i R L A I PR T I 5 9 4
RO W R IA Y7 #5147 5% 4k, in ROCK £ 1 411 il 51
KD025 Bk REMERH 1k 77 27 X b & BERY 0 , 1m0
BT 7 2415 5 1 S ANl i 27 446 . H wir, B A
ROCK il 5567 45 A& A Bl 21 4 Ak e 1) T 3316 PR
TG TF7E T e (NCT02688647) . M4k, 1 ] FAK 1
il Defactinib J5Y7 [ i 4 8 5 P 4efb b 2 ot |
mRa g, #E AT I (NCT02758587) , #45 %
FHSE AN 77 PLN-74809 A1 IDL-2965 W 1F 78 4% &
PRl £F 4 Ak £ 35 2R 47 I R 3K 5 ( NCT04072315
NCT03949530) . 1 miR-21 #EIk Ky 7 5% 443 i 4T 4
i) VORI s il Tak VAR (=W {2 T b ORIk
TRAFALR AT E AN Fe A | B0 ) miR-21 (4 ) AR
SRR SRR RG-012 B Hi 0 E 754 52 i R
B ATTAR , DO SR HOZ A5 BB H TRY9T Alport 276
TIE B E BB £F 4646 (NCT03373786 )

Sy AR RVIBR T T U #1555
HYFE S oh LA L T 27 AR ) 2 T BT T 2R 4k 2
JLE) 12 T A e B B R AP B BT b AE . Le
SOV T B A HRN BE Y35 W SR IR | DR
AR EO R FRAR T 0 WL ST J5 KRR I 2T 4
AR L, HAIL I 5 18755 B2 4 40 L 1) 7 27 4% Tk
AT, X AT 5 0 K B8 A R AR IR B
AR SR, AE DL Z T ) VAL AR A
N FH e 4k

7 BEMRE

O MELF4E AL 50 0L P T S Rk Y R R
YIS, W04 7s 1 4 MU g = Jl R A
RIS RLAE, LR A 5 1 05 e S ad e, SR, 73
TR AR AR, A TR R SE B ) S A S g 45
i HE DR R GB FLO IR LT EAL AT AR SEWE PRI, 12715
SRGHIEM TR T 1A F S e N2 A4 T4
e et A A e 2 R R R A T R R SRR
XS RG T HAERE S AR LT R T
AR, 3 0 22 ] 5 A8 1 BILA, I X g 2



CN 43-1262/R 1 [Esh ik fb42ids 2023 4F56 31 555 1 1)

31

R O R T Ik I R R, A TR ST
YR GE L YR R B JEE | R ok B BIF ST 4R
TETT Je AT v o SV 1) B i 0 2 SURER A G
L PR BELEBT 750 sl 2K, i AN BT kA T U A
I

[ &% 3CiHk]

[1] GAROFFOLO G, PESCE M. Mechanotransduction in the

cardiovascular system; from developmental origins to home-

ostasis and pathology[ J]. Cells, 2019, 8(12); E1607.

ESRFR, BULBH, R, OB PR O M I 5T R

[J]. "PEBIKELZ2E, 2020, 28(8) : 679-687.

QIU J L, LUO SM, ZHOU Z G. Research advances in dia-

betic heart disease[ J]. Chin J Arterioscler, 2020, 28(8) :

679-687.

(3] 2% WH, RAL¥e. WO RS 240 M 7E O JILET 4E Ak b i VR T
BUR AT FE e S (7], v I 2l Bk i A 22 ks, 2021, 29
(8): 652-660.

LI L, WU L L. The mechanism and research progress of

—
S}
[

cardiac stromal cells in myocardial fibrosis [ J]. Chin J Ar-
terioscler, 2021, 29(8) : 652-660.
GOULD R A, CHIN K, SANTISAKULTARM T P, et al.

—
N
[

Cyclic strain anisotropy regulates valvular interstitial cell phe-
notype and tissue remodeling in three-dimensional culture[ J].
Acta Biomater, 2012, 8(5) . 1710-1719.

[5] NGUYEN-TRUONG M, WANG Z. Biomechanical properties
and mechanobiology of cardiac ECM [ J]. Adv Exp Med
Biol, 2018, 1098 1-19.

[6] IEDA M, TSUCHIHASHI T, IVEY K N, et al. Cardiac fi-
broblasts regulate myocardial proliferation through betal in-
tegrin signaling[ J]. Dev Cell, 2009, 16(2) : 233-244.

[7] MURRAY I R, GONZALEZ Z N, BAILY J, et al. av inte-
grins on mesenchymal cells regulate skeletal and cardiac

Nat Commun, 2017, 8(1) . 1118.

[8] SARRAZY V, KOEHLER A, CHOW M L, et al. Integrins
avB5 and avPB3 promote latent TGF-B1 activation by

muscle fibrosis[ J].

human cardiac fibroblast contraction[ ] ].
2014, 102(3) : 407-417.
[9] PERRUCCI G L, BARBAGALLO V A, CORLIANO M, et

Cardiovasc Res,

al. Integrin avBS in vitro inhibition limits pro-fibrotic re-
sponse in cardiac fibroblasts of spontaneously hypertensive
rats[ J]. J Transl Med, 2018, 16(1): 352.
[10] JENKINS W A, VESEY A T, STIRRAT C, et al. Cardiac
av33 integrin expression following acute myocardial infarc-
tion in humans[ J]. Heart, 2017, 103(8) : 607-615.
[11] HIGUCHI T, BENGEL F M, SEIDL S, et al. Assessment
of avP3 integrin expression after myocardial infarction by

positron emission tomography[ J]. Cardiovasc Res, 2008,

[12]

[13]

[14]

[15]

[17]

[18]

[19]

(20]

[21]

[22]

(23]

(24]

[25]

78(2) : 395-403.

SUI' S, HOU Y. Dual integrin avp3 and avB5 blockade
attenuates cardiac dysfunction by reducing fibrosis in a rat
model of doxorubicin-induced cardiomyopathy[ J]. Scand
Cardiovasc J, 2021, 55(5) : 287-296.

ZHOU X, ZHANG J, HAIMBACH R, et al. An integrin
antagonist ( MK-0429 ) decreases proteinuria and renal fi-
brosis in the ZSF1 rat diabetic nephropathy model [ J ].
Pharmacol Res Perspect, 2017, 5(5) : e00354.

ZHANG J, WANG T, SAIGAL A, et al. Discovery of a
new class of integrin antibodies for fibrosis[ J].
2021, 11(1); 2118.

SCHROER A K, MERRYMAN W D. Mechanobiology of
myofibroblast adhesion in fibrotic cardiac disease[J]. J
Cell Sci, 2015, 128(10) ; 1865-1875.

SLACK R J, MACDONALD S F, ROPER J A, et al. E-

Sci Rep,

merging therapeutic opportunities for integrin inhibitors
[J]. Nat Rev Drug Discov, 2022, 21(1); 60-78.

YAN W, LIN C, GUO Y, et al. N-Cadherin overexpression
mobilizes the protective effects of mesenchymal stromal cells
against ischemic heart injury through a B-catenin-dependent
manner| J]. Circ Res, 2020, 126(7) ; 857-874.

HINZ B, PITTET P, SMITH-CLERC J, et al. Myofibro-
blast development is characterized by specific cell-cell ad-
herens junctions [ J ]. Mol Biol Cell, 2004, 15 (9):
4310-4320.

RILEY L A, MERRYMAN W D. Cadherin-11 and cardiac
fibrosis; a common target for a common pathology [J].
Cell Signal, 2021, 78 109876.

STEWART L, TURNER N A. Channelling the force to re-
program the matrix: mechanosensitive ion channels in car-
diac fibroblasts[ J]. Cells, 2021, 10(5) : 990.

ZHAN L, LI J. The role of TRPV4 in fibrosis[ J ]. Gene,
2018, 642 1-8.

BERNA-ERRO A, IZQUIERDO-SERRA M, SEPULVEDA
RV, et al. Structural determinants of 5',6'-epoxyeicosa-
trienoic acid binding to and activation of TRPV4 channel
[J]. Sci Rep, 2017, 7(1) . 10522.

HATANO N, ITOH Y, MURAKI K. Cardiac fibroblasts
have functional TRPV4 activated by 4alpha-phorbol 12,
13-didecanoate [ J ]. Life Sci, 2009, 85 (23/26):
808-814.

ADAPALA R K, THOPPIL R J, LUTHER D J, et al.
TRPV4 channels mediate cardiac fibroblast differentiation
by integrating mechanical and soluble signals[ J]. J Mol
Cell Cardiol, 2013, 54. 45-52.

ADAPALA R K, KANUGULA A K, PARUCHURI S, et
al. TRPV4 deletion protects heart from myocardial infarc-

tion-induced adverse remodeling via modulation of cardiac



32

ISSN 1007-3949 Chin J Arterioscler, Vol. 31 ,No. 1,2023

[26]

[28]

[29]

[30]

fibroblast differentiation [ J].
115(2) : 14.
JIA X L, XIAO C, SHENG D Q, et al. TRPV4 mediates

Basic Res Cardiol, 2020,

cardiac fibrosis via the TGF-B1/Smad3 signaling pathway
in diabetic rats[ J ]. Cardiovasc Toxicol, 2020, 20(5) .
492-499.

AHN M S, EOM Y W, OH J E, et al. Transient receptor
potential channel TRPV4 mediates TGF-B1-induced dif-
ferentiation of human ventricular fibroblasts[ J]. Cardiol
J, 2020, 27(2) : 162-170.

JIANG Y, YANG X, JIANG J, et al. Structural designs
and mechanogating mechanisms of the mechanosensitive
piezo channels[ J]. Trends Biochem Sci, 2021, 46(6) :
472-488.

BLYTHE N M, MURAKI K, LUDLOW M J, et al. Me-
chanically activated Piezol channels of cardiac fibroblasts
stimulate p38 mitogen-activated protein kinase activity and
interleukin-6 secretion [ J ]. J Biol Chem, 2019, 294
(46) . 17395-17408.

JAKOB D, KLESEN A, ALLEGRINI B, et al. Piezol
and BK,, channels in human atrial fibroblasts: interplay
and remodelling in atrial fibrillation[ J]. J Mol Cell Cardi-
ol, 2021, 158 49-62.

[31] EMIG R, KNODT W, KRUSSIG M J, et al. Piezol

[32]

channels contribute to the regulation of human atrial fibro-
blast mechanical properties and matrix stiffness sensing

[J]. Cells, 2021, 10(3) : 663.

XEERE, B8 07, MEMAR, 45, WUWOI BURes Td e pi-

ezol Z 5 MR S0 B e 4L LRI AFSE [ 1],
[E G B AR BRI , 2022, 38(3) ; 394-402.

LIUHY, RAOF, YE X D, et al. The mechanical force-
sensitive ion channel Piezol is involved in the study of the
mechanism of hypertension-induced atrial fibrosis [ J].
Chin J Pathophysiol,, 2022, 38(3) : 394-402.

BARTOLI F, EVANS E L, BLYTHE N M, et al. Global
Piezol gain-of-function mutation causes cardiac hypertrophy

and fibrosis in mice[ J]. Cells, 2022, 11(7): 1199.

[34] NUMAGA-TOMITA T, KITAJIMA N, KURODA T, et

[35]

[36]

[37]

al. TRPC3-GEF-HI axis mediates pressure overload-in-
duced cardiac fibrosis [ J]. Sci Rep, 2016, 6 39383.
ABRAHAM D M, LEE T E, WATSON L J, et al. The
two-pore domain potassium channel TREK-1 mediates car-
diac fibrosis and diastolic dysfunction[J]. J Clin Invest,
2018, 128(11) . 4843-4855.

WANG Q, ZHANG Y, LI D, et al. Transgenic overex-
pression of transient receptor potential vanilloid subtype 1
attenuates isoproterenol-induced myocardial fibrosis in
mice[ J]. Int J Mol Med, 2016, 38(2) : 601-609.

MIA M M, CIBI D M, GHANI S A, et al. Loss of YAP/

[38]

[39]

[41]

[42

[

[43]

[44]

[45]

[46]

[47]

[48]

TAZ in cardiac fibroblasts attenuates adverse remodelling
and improves cardiac function [ J ]. Cardiovasc Res,
2022, 118(7) : 1785-1804.

MIA M M, CIBI D M, ABDUL G B, et al. YAP/TAZ
deficiency reprograms macrophage phenotype and improves
infarct healing and cardiac function after myocardial in-
farction[ J]. PLoS Biol, 2020, 18(12) ; ¢3000941.
DORN T, KORNHERR J, PARROTTA E 1, et al. Inter-
play of cell-cell contacts and RhoA/MRTF-A signaling
regulates cardiomyocyte identity[ J]. EMBO J, 2018, 37
(12): €98133.

SMALL E M, THATCHER ] E, SUTHERLAND L B, et
al. Myocardin-related transcription factor-a controls myofi-
broblast activation and fibrosis in response to myocardial
infarction[ J ]. Circ Res, 2010, 107(2) : 294-304.
WANG D Z, LI S, HOCKEMEYER D, et al. Potentiation
of serum response factor activity by a family of myocardin-
related transcription factors[ J]. Proc Natl Acad Sci U S
A, 2002, 99(23) . 14855-14860.

FRANCISCO J, ZHANG Y, JEONG J I, et al. Blockade
of fibroblast YAP attenuates cardiac fibrosis and dysfunction
through MRTF-A inhibition [ J ]. JACC Basic Transl Sci,
2020, 5(9) : 931-945.

JAHED Z, DOMKAM N, ORNOWSKI J, et al. Molecular
models of LINC complex assembly at the nuclear envelope
[J]. J Cell Sci, 2021, 134(12) : jcs258194.

AGRAWAL R, GILLIES J P, ZANG J L, et al. The
KASHS protein involved in meiotic chromosomal movements
is a novel dynein activating adaptor [J]. Elife, 2022,
11 €78201.

THAKAR K, MAY C K, ROGERS A, et al. Opposing
roles for distinct LINC complexes in regulation of the small
GTPase RhoA [ J]. Mol Biol Cell, 2017, 28 (1):
182-191.

STEWART R M, RODRIGUEZ E C, KING M C. Ablation
of SUN2-containing LINC complexes drives cardiac hyper-
trophy without interstitial fibrosis [ J]. Mol Biol Cell,
2019, 30(14) : 1664-1675.

WANG S, STOOPS E, CP U, et al. Mechanotransduction
via the LINC complex regulates DNA replication in myo-
nuclei[ J]. J Cell Biol, 2018, 217(6) : 2005-2018.
SCHREINER S M, KOO P K, ZHAO Y, et al. The teth-
ering of chromatin to the nuclear envelope supports

nuclear mechanics [J]. Nat Commun, 2015, 6. 7159.

[49] STEPHENS A D, BANIGAN E J, ADAM S A, et al.

[50]

Chromatin and lamin A determine two different mechanical
response regimes of the cell nucleus[ J]. Mol Biol Cell,
2017, 28(14) : 1984-1996.

FURUSAWA T, ROCHMAN M, TAHER L, et al. Chro-



CN 43-1262/R " [E Sl ik difb 44 ik 2023 4F55 31 55 1 33

matin decompaction by the nucleosomal binding protein
HMGNS5 impairs nuclear sturdiness [ J]. Nat Commun,
2015, 6. 6138.

[51 ] CACOPARDO L, GUAZZELLI N, AHLUWALIA A.
Characterizing and engineering biomimetic materials for
viscoelastic mechanotransduction studies [J]. Tissue Eng
Part B Rev, 2022, 28(4) : 912-925.

[52] LEI Q, HE J, LI D. Electrohydrodynamic 3D printing of
layer-specifically oriented, multiscale conductive scaffolds
for cardiac tissue engineering| J]. Nanoscale, 2019, 11
(32): 15195-1520s.

[53] MA H, MACDOUGALL L J, GONZALEZRODRIGUEZ
A, et al. Calcium signaling regulates valvular interstitial
cell alignment and myofibroblast activation in fast-relaxing
boronate hydrogels[ J]. Macromol Biosci, 2020, 20(12) .
€2000268.

[54] PEYTON S R, KIM P D, GHAJAR C M, et al. The
effects of matrix stiffness and RhoA on the phenotypic
plasticity of smooth muscle cells in a 3-D biosynthetic hy-
drogel system [ J]. Biomaterials, 2008, 29 (17):
2597-2607.

[55] PEYTON S R, RAUB C B, KESCHRUMRUS V P, et al.
The use of poly (ethylene glycol) hydrogels to investigate
the impact of ECM chemistry and mechanics on smooth
muscle cells[ J]. Biomaterials, 2006, 27(28) . 4881-4893.

[56] HUANG G, LI F, ZHAO X, et al. Functional and biomi-
metic materials for engineering of the three-dimensional
cell microenvironment[ J]. Chem Rev, 2017, 117(20) .
12764-12850.

[57] SADEGHI A H, SHIN S R, DEDDENS J C, et al. Engi-

neered 3D cardiac fibrotic tissue to study fibrotic remodeling

[J]. Adv Healthc Mater, 2017, 6(11); 10. 1002.

[58] BRACCO G L, STEIN J M, MUYLAERT D P, et al. Ad-
vanced in vitro modeling to study the paradox of mechani-
cally induced cardiac fibrosis [ J]. Tissue Eng Part C
Methods, 2021, 27(2) . 100-114.

[59] ZHAO H, LI X, ZHAO S, et al. Microengineered in vitro
model of cardiac fibrosis through modulating myofibroblast
mechanotransduction| J |. Biofabrication, 2014, 6(4) : 045009.

[60] HERUM K M, CHOPPE J, KUMAR A, et al. Mechanical
regulation of cardiac fibroblast profibrotic phenotypes[ J].
Mol Biol Cell, 2017, 28(14) . 1871-1882.

[61] FARRELL E, ALIABOUZAR M, QUESADA C, et al.
Spatiotemporal control of myofibroblast activation in acous-
tically-responsive scaffolds via ultrasound-induced matrix
stiffening[ J]. Acta Biomater, 2022, 138 133-143.

[62] WANG E Y, RAFATIAN N, ZHAO Y, et al. Biowire
model of interstitial and focal cardiac fibrosis[ J]. ACS
Cent Sci, 2019, 5(7) . 1146-1158.

[63] ZHOU Y, HUANG X, HECKER L, et al. Inhibition of
mechanosensitive signaling in myofibroblasts ameliorates
experimental pulmonary fibrosis[ J]. J Clin Invest, 2013,
123(3) : 1096-1108.

[64] LI C X, TALELE N P, BOO S, et al. MicroRNA-21 pre-
serves the fibrotic mechanical memory of mesenchymal
stem cells[ J]. Nat Mater, 2017, 16(3) : 379-389.

[65] LE L V, MOHINDRA P, FANG Q, et al. Injectable hyal-
uronic acid based microrods provide local micromechanical
and biochemical cues to attenuate cardiac fibrosis after myo-
cardial infarction[ J]. Biomaterials, 2018, 169; 11-2I.

(RS )

(8% 16 W)

[44] DIRAIMONDO T R, KLOCK C, WARBURTON R, et al.
Elevated transglutaminase 2 activity is associated with hypoxia-in-
duced experimental pulmonary hypertension in mice [ J ]. ACS
Chem Biol, 2014, 9(1) : 266-275.

[45] SLUIMER J C, DAEMEN M J. Novel concepts in atherogenesis :
angiogenesis and hypoxia in atherosclerosis[ J]. J Pathol, 2009,
218(1): 7-29.

[46] KAWABE J, HASEBE N. Role of the vasa vasorum and vascular
resident stem cells in atherosclerosis[ J]. Biomed Res Int, 2014,
2014 . 701571.

[47] XU J, LU X, SHI G P. Vasa vasorum in atherosclerosis and clini-
cal significance[ J]. Int J Mol Sci, 2015, 16(5) ; 11574-11608.

[48] RANADE S S, QIU Z, WOO S H, et al. Piezol, a mechanically

activated ion channel, is required for vascular development in
mice [ J ]. Proc Natl Acad Sci USA, 2014, 111 (28):
10347-10352.

[49] KANG H, HONG Z, ZHONG M, et al. Piezol mediates angiogen-
esis through activation of MT1-MMP signaling[ J]. Am J Physiol
Cell Physiol, 2019, 316(1) : €92-C103.

[50] CHEN P, ZHANG G, JIANG S, et al. Mechanosensitive Piezol in
endothelial cells promotes angiogenesis to support bone fracture re-
pair[ J]. Cell Calcium, 2021, 97 102431.

[51] ZHANG L, LI Y, MA X, et al. Ginsenoside Rgl-notoginsenoside
R1-protocatechuic aldehyde reduces atherosclerosis and attenuates
low-shear stress-induced vascular endothelial cell dysfunction[ J].
Front Pharmacol, 2021, 11 588259.

(HECHmEE B2



