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Transient Receptor Potential Vanilloid 4 in Cardiovascular Disease
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[ Abstract] Transient receptor potential vanilloid 4 ( TRPV4) is a non-selective cation channel, which is sensitive to osmosis and
regulated by volume. It is found that it plays an important role in many systems. In recent years, more and more studies have begun to explore
the role of TRPV4 in cardiovascular diseases,including atherosclerosis, hypertension , myocardial infarction, arrhythmia, etc. However, the role
of TRPV4 remains controversial in different studies. Based on this, this article reviews the research progress of TRPV4 in cardiovascular
diseases in recent years,in order to better understand the role of this channel in the cardiovascular system and provide a theoretical basis for
subsequent research.

[ Key words] Transient receptor potential vanilloid 4 ; Cardiovascular disease ; Atherosclerosis ; Hypertension ; Myocardial infarction ;

Arrhythmia

O L A8 5 R 28 Bt A b ) 22 5% ) 2 9 R e
W, st R T BRI E T i, A
2021 4F 8. Co I B 5 0 A A, 40 L7 0 114 R8s
RMBET R FFE I &, O B E R RAE T H
PR v ] ) 3T oo LA 9 o SRR Y 44, 26%
TES R Y 46. 74% , 72 H Al B s R Ag ey =k 5 4%
T B, RO M BRI B A 4 A

E M 1990 4 W B 5% {4 | {3/ ( transient receptor
potential , TRP) ZZ i # & BN, H il & ik 52 JL-F- T A7 1) Wi
FLEHY A [ 4 P A A L R 32 1k
LAV A B R V. &Y (transient receptor potential vanilloid,
TRPV ) Fe )7L 28 7 U A A Ak DA A S i Az i
SR 328 14) O BRI T, i J 7 Al 4504 328 T A 51
B R4 Fh A REROFE I o A6 0 I 4588 R 5 AT
FEI M) Z R & TRPVL ~ 4, EATHOA N /] 2 5.0 1M
EIIRERTE Y SO M 45 R FRsE . Hoh TRPVA 22

BEIS1EE .1, E-mail ; yybb112@ whu. edu. cn

SR A I (H B iR 8 22 BB S8 UE 5 B AR I
ERG R REEWIEN X U] TRPVA KR AEH B
TR LA A0 i B AT SRR 5

1 #fig

1.1 TRP xj&

TRP & — 28 FA AR DL R (R 25 40 1Y 15 13 3, AR i
Hopm) P3P X AT 4r S 6 A T K E——TRPY
(vanilloid ) , TRPC ( carnical ) , TRPA ( ankyrin ) . TRPP
( polycystin ), TRPM ( melastatin ) F1 TRPML
(mucolipin) , HH TRPV KR fir 44 16 B T 908
BER) TRPVL, P H ] 9 R SR W) BB UR (vanilloid )
5, HJ5 AR5 TRPVL BA7AH [A] 2 3L 12 e 91 114 28
A T2
1.2 TRPV4 BE IR 4544

TRPVA4 f5c A AN [F] Y 52 36 2 vp Bl o BT 0 53l i
2, B R B IR S 2 ] A R B R e A4 A



- 778 - OIS RF IR 2023 29 A% 44 4% 559 Adv Cardiovasc Dis , September 2023 , Vol. 44, No. 9

TRPVA™ | f5 R S23e O R AL 70 TRPVA fY
mRNA [{4¢ 3 , T B 5 9 WF 587 30E 52 7 0 ik P 77 7
TRPV4 [ 8 F 355, I HZ B TRPVA 5.0 JE ) B
BRI RS

TRPV4 J&—AN X8 15 SO il o 25 508 1 B4y
SYERIRH B Tl IE Y XA R I S RO A
AR BRAG, PRh B8 38 ST 1 5 IR Y 38 T R R
FEmETTRE FEEA R, 5 HA TRPY i
AL, TRPVA iy 6 MBS o BRTEAL A, 755 5 Al
556 WIEZ A 1 ANFLIR, Ca® " J 343 oMb B B 7wl
XA FLER BEA M . TRPVA 38 3 L] pY 3R 14
4L RGBT SE Y il TRPVA [RJAE B,
A SRR GE
2 TRPV4 5. mE &
2.1 TRPV4 5ZhBkRRERE

Bl KA RERE AL 2 — i E J M, LR 2 Bl ik
PR 1 AR E S I RN 2T 4 i 9 A, I HL 2 i A8 S8 1L
JIUREZER ISR 4 N B 45 05 4 i 2 3 ikols
RERE LR TT UG | PRI 44 I 457 1 B2 14 e 25 %) 4B 2% 5 ik
WERETEAL A AR T Ca® (VR TE A5 N B2
WIREMZER T 45+ B MR . e T i —
WRFFE ) e G A S SR P B 4 P g TRPVA
BRI HAE . 458 BoR 3L @ bRt 7o
MM R Ca* BRAE R P2 A, 38 T N B il s i
fy Ca’ " {5 53R M IE WA, X sk LRI, P B
TRPV4 i3 1 Ca®* A M3 Fa S PR bR 3 2
VERL . BAb—TFge ") o B0, I A A 1 o 3o 3ok 75
SN Rz S RE IR RSN o I A G ) % i T TRPVA 7
XA R S T BB AR, 8 AR Sl
FakFEPAE T TRPV4 38 18 23 5 30 48 Y 12 T fE
B ) K 2 B

PRI Al Bl b A& i 0 AIG #% BE IE  E (low-
density lipoprotein, LDL) U7 2= 5 35 5 I ¥ 7K 48 it 2
Y, 3K A B koo A R AL kB ) S B DR L 2 I BF
FE SR ZF R o A T T e 1) e SR
S GESERI)BZSmIE7/E R LRk OF i)l G s Uy o
JFid 2t A AL 2 FE AR, A 5 A 2E B s A i A
ALK % I8 2 H (oxidized low-density lipoprotein,
oxLDL) 47, i TRPV4 o] Ji 4% X — i #. 5 —#F
F8 0 IRAE AE UV P T, TRPVA S 5 I 200 ffa P
1t oxLDL FJE 5 B W36 VR 241 )it Iy 475 1), TRPV4 T g
PRSP W IR AN B TE o Ca®* {5 5 [l A Al 8 95
ZIE WEAN I RE , 45 A VR UL IR 20 O i S
FE—T0OC TR E R (—Fh B B2 Y BT, TRPV4 KK
) BORFSE > i M BUAR A # 2 BT TRPVA4

Vo0 Ca* PO TREEA B WA A, 328 11 10 1) 55 s 40 4
IR ox DL 755 1) 96 R 41 B B2 )t i & % HE T 3l ik ok
WEIEVER . 454 FaRBFSE, TRPVA X Ca®* B8 T 1 H]
RIS A T B Dk ok A B AL AR T AL . &
B K28 FE g H (acetylated low-density lipoprotein,
acLDL) kL2 55 —Fh 2 5 3l bk ok 7 AL JE 18 LDL
UKL, TR — R R WM TRPVA 221 B
W2t ML X acLDL (AR W VR, X AP 5 b i) 258 A1
Vo TRARI— T FRE R T TRPVA 3] ik
SAEREAL PR AP T RE , Horh TRPVA TN B 41 Hh i T g
55 Bz AR — AR AL R G Tl %) 0 RN R ER A A M S N
B AR BT O

R, HRTSCT TRPVA 7E3h Kok A Ak b i 7
B RA G AHA AT T A Y — s, TRPVA 123 ik ok
FERBAL Y % A R b e 3 T =R A JF B H i
JITHEAT BRI X5 A 1A S 240 B S5 55, TR I A A A R A AT
K FERARTE A LB, BIREE E skfa/h RS
FESTF) BT B0 KRR R AL BB R T oy T R d
PEfi TRPVA 52 ksl AEAdfb 2 Rl B 2, F FH #iR &
F1 E/TRPVA XU /) B Y ) B 2 1 110 4 9 7R
FEHHEAH I 73 T LR B
2.2 TRPV4 5&MmE

ey L g A g 3 e Y AL 5 , HLE S
D ATEFR R S 3 &, AT A B S E
REEAS BT R4 T I Il R 2 3 Ak . 78 i I R A2 5
R MU N B A TR 3 1 G VR . Bk
R UG 2, 4KH TRPVA PRI Ca® 2 1ML IR
P B AR 1L A T ok b R R SRR RS S T —
e ) A5 AR PAY R 0 R P LA B

117 P R 40 3 3k 40 L P Ca® ™ g T R 72— R
AR 8 &7 5K 2, Boudaka 257 % Bl 2 15 5
Jhik B PA B A Y 1t A A 5K Zh RE A2 b, I R
SR T TRPVA 1 3 T 3 B0 — AL /s T [
PR AP Ca®* (T Rl ad /N LS Ca® ™ 40T K 5

+

iB ( small conductance Ca’"-activated K* channels,

SK., ) Fldrfa) f 5 Ca’" % K* i i (intermediate
conductance Ca’"-activated K* channels, IK., ) [ %
AN AR B8 8 Mk fk ( endothelium-dependent
hyperpolarization, EDH) , 31 izF JIL A B 4% Bt 1 45 9 1
BRI () V-1 WLAH M, B R 5 | RS 7 22 1 A8 R 1) I /8 &
5K o X EDH A5 I8 &7 7 2 R i 453 5 B R 5 2L
TR R B A T R RS, Seki 4%
WKW N K2 TRPVA [ T 15 B 5 1 SK, F1 IK , 193
T IE I s Wistar-Kyoto (WKY ) K f & 5 _E Bl ik
774 EDH BySe e 264 . JF HAIEW] 1 4 K40 ifs TRPV4



OB F IR 2023 9 A% 44 4% 559 Adv Cardiovasc Dis , September 2023 , Vol. 44, No. 9 - 779 -

1 SK, YR IK 0 A BERRAR B T A %k 5 1
KM &R Sk EDH /- & sk DhRE 2 il XM
RIS ERSR I P9 B2 40 e TRPVA J2 308 A% 1 5 i
P 1 HRE R RS SRR £

FEMLS 5K 2 11375 S 10 w86 0 e /0 LA B S /D
ik rf, TRPVA 1 SK, (1922 150800 A1 D BE AR ek 0> 1
TRPV4 5 ah7) s S 19 45 47 1K > 0 WLER 3] i 2 /)N
BRI 5 T8 46T P /K SF- T 5 , 9 L2 T e R v B B %
ZARFEUIN K R , BE 7E A5 M) I 7K P 19 1
UL YRS AR A TRPVA Fil SK ., 1215 R g™ 42
7~ T ] ) 4 5k %I 9T S o s P R ARG T s
Ji /N ik TRPV4A il SK, 19435, Zhang 257 filt &
PRAE 3R I 51 R By & i He /N B3 sl kb, K
TRPV4 1) Ca®" P54 Bz AR i A5 Wi 4 , vl fi &
R A EE-2 FIRHIMA K,

i a LIRS, HETRHE 078 30 TRPVA )
PR A5 0, 0F LS A 5K ShRE AR B T 4R 4 M4 T, (2
A FSE & B TRPVA 24 A A . NI, 5
25T TRPVA X L4 P Rz B It s 14 5% i) B JL AL 2
WAL FERE R T FIHE TRPVA ARG e 1% 1 —

AR
2.3 TRPV4 5 BER
A JUVBEBE I UL o ML o e O S8 B —

H R 80T 52 bR 30 KA A B % TR T K R AR T 38 T
BRI UREE I 7 R B 1 0 WA 5 0 2 o
a0 J7 B8 38 S AT R T Z 0. B 100 T 9 TE (ischemia
reperfusion , TR ) I 5 | i (40> LI 005 2 5 BOR J5 3F & 4
KA LS

55— ANIER] TRPVA 7601 IR #5405 0k X S /E
FRIFE > A o WU B T ——45 L 7 i 6 S 14/
B HEAT B, AN A5 2 75 61 TRPVA 8 S5 4 410 14 30
TRPV4 f) mRNA FIZE (435576 IR $51407)5 4 2 i ) 4
Wk TR, W7E IR J5 24 h i Fil TRPVA 45470700 7] Jef 20
REBE T AL, 140 56 1ML 4> %, @A TUNEL 3 (4 ki,
TRPV4 F5HHIB/0 T IR B SE LU, W%
LB BRSSO A5 B T 2R 25 AR i3k e 2 A
TRPV4 JE [N B RO HEAT 73, 0 A B 1 3R 1
KL LA S 2 (HOC2 ) R A= K B 35 LA L, B
AT TRPVA 25 IR 1455 00 3 PEAnmLER > o g B
R, TRPVA FEH I Bk T IR J5 BO45 9L, %4 LE M T
TRPV4 743 31 0T 40 i F1 A% 00 JUE B ok 4 P98 1
FIR 5058 (VR o SRR rh i TRPVA 4
M e S PRV VA TR 5475 (9 LT U S WL ) 5 kst 4t
EALRE S A A A A 5 TR R R BF ST
Hh, Zhang 57 A0 /N B JUE R /DN B JUL 2 B R

(HL-1) 3 5 3EAT 1 AR N FIAA SN 3Pl , 55 1T TR AF 5
— 3, f ] TRPV4 i 5 8 77 ——GSK101 23 il
OJIETR 3505, 72 TR J[E], GSK101 a] g — D14 iy
BRI O e-Jun ZHEA S ( c-Jun N-terminal
kinase , JNK) I Ca®* /45 & 25 19 1< #6114 26 11 3 g 11
( Ca’"/calmodulin-dependent protein kinase II, CaMKII )
MIWERRIL . TRPVA 54705 st TRPVA EE DR R B AT 2%
/b GSKI01 53 FiRfE] . 78 HL-1 .G L4,
GSK101 fif & Ca®* N FFi75 & INK I CaMK IT () 2
b, {H 3% S F G it 2B AN Ak Ca® " s #E TRPV4 §%5
PURIBAAAE P RONBR . X8R %W, TRPVA 345
it INK-CaMK I #5 1R f g 42 ) 10 JUL TR 4853 45
Peana %5 {5 AR /N B PRI TE O I RS 28 IR S
TRPVA X0 LA B A ALY . TR 5, TRPVA 2L
AL AR A, Bl f LB T 2 g, EE O R R
KA, PR R TRPVA 75 IR J5 % Z ARG L
HOH P RO, 32 TRPVA 1] g2 2 4E O WURIAE 5
FOREP IS LYSNs

HEISCT TRPVA 5.0 IUEESE AY AH I 58 1 B
th TRPV4 XJ IR J5 45 £ 19 im0 A HT, 3 % 37 R ok o6t
TRPVA AE A0 IUEEFEAH SCT6 97 8 sk B B A 45 2 1Y
YEM . (B BRI T TRPV4 X0 U AL J5 O LAY B AR
PLHIRFEATS IR, 7 i — 2B PR O WU AL S5 10 I
RILLFYEAL 55 A2 15 98 T S8 AH L], IR R o
22 14 RH DG g% LA I 24 1y 1) mT s B e, AR i FL Il R
etk
2.4 TRPV4 5 8%E

O HESR HRAG O R U Bl R R R B A% S B A
RGO MESE Bl 05 R/ BN R, n] B R AR B
Al A PR & o Liao 2677 B 57 2 i L A
i w8 TRPVA H.OHKRE KR, FH TRPVA F5 57
TP ——GSK2193874 1] fuff Jg B 4 0 £, 58 R Bl A 2l
AR EE K 1Y 3l A B v B A2 (action potential duration
APD) 4%, FAEHURAAL BRI J5 |, i e 15 k1Y
O P EE) (P ) TEMCR IR S [B] E A WG, JF B
BRI 1 B B0 AR R A A TR AR, X S 5 1R R
TRPV4 7t 5 B 4 A v fE 200 3 2 % /E . Chaigne
A X TRPVA /1N oL JUE Fi A 3 o 5 14 T £ 7
THEFE /N H TR S8 s TRPVA AR QT[] 44
FEA Bl R R R RS T B A2 B TRPVA A
5 /I B o 2 JUL A A, G v i PR 83 /0 B 3l 7 Ha
P 90% BFF2 (90% of duration of action potential ,
APDy,) 5 3 % k. WF A /N B TRPVA 3 3
#]——GSK1016790A ffi APDy, ZE K, 1] GSK2193874
% TRPVA [ 1E 6 APD, 4%, TRPVA4 JEIH it




- 780 -

OIS RF IR 2023 29 A% 44 4% 559 Adv Cardiovasc Dis , September 2023 , Vol. 44, No. 9

B/ BB A0 Ca " BERHIR IRt 55 , IE 52 TRPV4
Z 5P LA Ca® . QT &) Hl APD,, 7
RN FMASMG IE K 3278 TRPVA W] BB/ T E M0
KH R —E ER

ST R B Peana 457 By BT 5 R KRR R T
TRPVA 1ELHKH IR, 4T TRPV4A S50k w
RIS, B AT R PR T e A e kR, IR A
JR FR TG4 s, R S 21 0 2L 3h ) 28 0647 40 S if
5%, TRPV4 5 A\ZE BBk Ak e i O & H BT RS 1%
HAR . Bk, 37 5 2 iR TRPVA 15 53/ %
PR H I OC R DA N L w5 B, O BT &R HoAth
AR R I B ANAL S BEL W S5, 17 R AH OC 1 3l A A A
FFHE IO HEESS H AR WA OCHIEE o
3 BEERE

KT TRPVA FELo M4 596 H 1Y I 55 7 3 JLAF 8
ki KRy Ca®* RO IS RS h HA A1l 4
WLEPE L, T TRPVA 15 BAT Ca®" 38 B 1 BH S 1
HIEHARON T REMHR S NEHETHR KR,
TRPV4 Z: 5 1 ZFputs A8 9 , F38 3 18 A4 BRI sk
PRI RREAS — & AR IR0, 1H L ELAR i £ AL
AT E— 2 AR ST, O L S0 10 & A & R e '
R ZR Y, R AE — P Hh G 18 2 (1 98 0 790 8
FEPUTN ) 5 8 ST S At O 0 387 9 996 A7 7E 1) 7] BB 5%
M, 1 H HAGXTF TRPVA [ AH OC 245 P if 5% 110 28 4 1
Te AN BT Z 60 18 FH R SR 20 AR A5 5 2% mT i
R AT AT W S IR Oy 2 — . FF HLIK A H T
PEAT B9 AR S F 5T 35 R Rl i 5T, 22 )R PR T 5 14 3h 1)
28, R AT e R AH G A I R 5% SR AR 9¢ TRPV4 7E.0>
ML H VR DA R AH G 25 & et (BN TT
NI, HETE R TRPV4A 7R M58 R b BT %
M7, T HAEARR S — R W 7 00 058 5 0 1Y
R

=& ¥ 3

(1] b A (RS Pt 2021 ) SR B 4L, £, WA, (b LG i A%
TR 9 4l 2021 ) AR R [T, b O il B 2% 7, 2022, 27 (4) ¢
305-318.

[2] Nilius B,Szallasi A. Transient receptor potential channels as drug targets: from
the science of basic research to the art of medicine[ J]. Pharmacol Rev,2014,66
(3):676-814.

[3] Moran MM. TRP channels as potential drug targets[ J]. Annu Rev Pharmacol
Toxicol ,2018 ,58 :309-330.

[4] Montell C, Birnbaumer L, Flockerzi V, et al. A unified nomenclature for the
superfamily of TRP cation channels[ J]. Mol Cell ,2002,9(2) :229-231.

[5] Strotmann R, Harteneck C, Nunnenmacher K, et al. OTRPC4, a nonselective
cation channel that confers sensitivity to extracellular osmolarity [ J ]. Nat Cell
Biol ,2000,2(10) :695-702.

[6] Wissenbach U,Bosdding M, Freichel M, et al. Trp12,a novel Trp related protein
from kidney[ J]. FEBS Lett,2000,485(2-3) :127-134.

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

[(22]

(23]

[24]

[25]

[26]

Shenton FC,Pyner S. Expression of transient receptor potential channels TRPC1
and TRPV4 in venoatrial endocardium of the rat heart[ J]. Neuroscience 2014,
267:195-204.

Jia X, Yu T, Xiao C, et al. Expression of transient receptor potential vanilloid
genes and proteins in diabetic rat heart [ J]. Mol Biol Rep,2021,48 (2):
1217-1223.

Strotmann R, Schultz G, Plant TD. Ca’*-dependent potentiation of the
nonselective cation channel TRPV4 is mediated by a C-terminal calmodulin
binding site[ J].J Biol Chem,2003,278(29) :26541-26549.

Nilius B, Prenen J, Wissenbach U, et al. Differential activation of the volume-
sensitive cation channel TRP12 (OTRPC4) and volume-regulated anion currents
in HEK-293 cells[ J]. Pflugers Arch,2001,443(2) ;227-233.

Deng Z,Paknejad N, Maksaev G,et al. Cryo-EM and X-ray structures of TRPV4
reveal insight into ion permeation and gating mechanisms [ J]. Nat Struct Mol
Biol ,2018,25(3) :252-260.

Stewart AP, Smith GD,Sandford RN, et al. Atomic force microscopy reveals the
alternating subunit arrangement of the TRPP2-TRPV4 heterotetramer [ J ].
Biophys J,2010,99(3) :790-797.

Greenberg HZE, Carlton-Carew SRE, Khan DM, et al. Heteromeric TRPV4/
TRPC1 channels mediate calcium-sensing receptor-induced nitric  oxide
production and vasorelaxation in rabbit mesenteric arteries [ J ]. Vascul
Pharmacol ,2017,96-98 .53-62.

Zhu Y, Xian X, Wang Z, et al. Research progress on the relationship between
atherosclerosis and inflammation[ J ]. Biomolecules,2018,8(3) :80.
Murphy TV, Sandow SL. Agonist-evoked endothelial ~Ca**
microdomains[ J]. Curr Opin Pharmacol 2019 ,45 :8-15.

McFarland SJ, Weber DS, Choi CS, et al. Ablation of endothelial TRPV4

signalling

channels alters the dynamic Ca®* signaling profile in mouse carotid arteries[ J].
Int J Mol Sci,2020,21(6) :2179.

Song X,Sun Z, Chen G, et al. Matrix stiffening induces endothelial dysfunction
via the TRPV4/microRNA-6740/endothelin-1 mechanotransduction pathway
[J]. Acta Biomater,2019,100:52-60.

Gupta N, Goswami R, Alharbi MO, et al. TRPV4 is a regulator in P. gingivalis
lipopolysaccharide-induced exacerbation of macrophage foam cell formation[ J].
Physiol Rep,2019,7(7) :e14069.

Goswami R,Merth M, Sharma S, et al. TRPV4 calcium-permeable channel is a
novel regulator of oxidized LDL-induced macrophage foam cell formation[]].
Free Radic Biol Med,2017,110.142-150.

Alharbi MO, Dutta B, Goswami R et al. Identification and functional analysis of
a biflavone as a novel inhibitor of transient receptor potential vanilloid 4-
dependent atherogenic processes[ J]. Sci Rep,2021,11(1) :8173.

Gruber EJ, Aygun AY, Leifer CA. Macrophage uptake of oxidized and acetylated
low-density lipoproteins and generation of reactive oxygen species are regulated
by linear stiffness of the growth surface [ J]. PLoS One, 2021, 16
(12) :€0260756.

Xu S, Liu B, Yin M, et al. A novel TRPV4-specific agonist inhibits monocyte
adhesion and atherosclerosis[ J]. Oncotarget,2016,7(25) :37622-37635.
Jawien J. The role of an experimental model of atherosclerosis: apoE-knockout
mice in developing new drugs against atherogenesis[ J]. Curr Pharm Biotechnol,
2012,13(13) :2435-2439.

Earley S, Brayden JE. Transient receptor potential channels in the vasculature
[J]. Physiol Rev,2015,95(2) :645-690.

Vanhoutte PM, Shimokawa H, Feletou M, et al. Endothelial dysfunction and
vascular disease—A 30th anniversary update [ J]. Acta Physiol ( Oxf),2017,
219(1) :22-96.

Goto K, Ohtsubo T, Kitazono T. Endothelium-dependent hyperpolarization
(EDH) in hypertension: the role of endothelial ion channels[ J]. Int J Mol Sci,
2018,19(1) :315.

Boudaka A, Al-Suleimani M, Al-Lawati I, et al. Downregulation of endothelial
transient receptor potential vanilloid type 4 channel underlines impaired
endothelial nitric oxide-mediated relaxation in the mesenteric arteries of

hypertensive rats[ J]. Physiol Res,2019,68(2) :219-231.

(%55 795 T0)



OB F IR 2023 9 A% 44 4% 559 Adv Cardiovasc Dis , September 2023 , Vol. 44, No. 9

- 795 -

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

1111111111111 1111111111111 1111111111111 111

structural and electrical remodeling in a chronic heart failure rabbit model[ J].
J Int Med Res,2020,48(10) :300060520962910.

Hao Q, Zhang F, Wang Y, et al. Cardiac contractility modulation attenuates
chronic heart failure in a rabbit model via the PI3K/AKT pathway[ J]. Biomed
Res Int,2020,2020:1625362.

Chen H, Liu S, Zhao C, et al. Cardiac contractility modulation improves left
ventricular systolic function partially via miR-25 mediated SERCA2A expression
in rabbil trans aortic constriction heart failure model[ J]. J Thorac Dis,2018,10
(6) :3899-3908.

Butter C, Rastogi S, Minden HH, et al. Cardiac contractility modulation electrical
signals improve myocardial gene expression in patients with heart failure [ J].
J Am Coll Cardiol ,2008,51(18) :1784-1789.

Neelagaru SB, Sanchez JE, Lau SK, et al. Nonexcitatory, cardiac contractility
modulation electrical impulses: feasibility study for advanced heart failure in
patients with normal QRS duration [ J ]. Heart Rhythm, 2006, 3 ( 10 ) :
1140-1147.

Borggrefe MM, Lawo T, Butter C, et al. Randomized , double blind study of non-
excitatory, cardiac contractility modulation electrical impulses for symptomatic
heart failure[ J]. Eur Heart J,2008,29(8) :1019-1028.

Kadish A, Nademanee K, Volosin K, et al. A randomized controlled trial
evaluating the safety and efficacy of cardiac contractility modulation in advanced
heart failure[ J]. Am Heart J,2011,161(2) :329-337. el-2.

Abraham WT,Nademanee K, Volosin K, et al. Subgroup analysis of a randomized
controlled trial evaluating the safety and efficacy of cardiac contractility
modulation in advanced heart failure[ J].J Card Fail ,2011,17(9) :710-717.
Kuschyk J,Roeger S, Schneider R, et al. Efficacy and survival in patients with
cardiac contractility modulation: long-term single center experience in 81
patients[ J . Int J Cardiol ,2015,183.76-81.

Liu M, Fang F, Luo XX, et al. Improvement of long-term survival by cardiac
contractility modulation in heart failure patients:a case-control study[J]. Int J
Cardiol ,2016,206:122-126.

Roger S, Rudic B, Akin I, et al. Long-term results of combined cardiac

contractility modulation and subcutaneous defibrillator therapy in patients with

(E#EFE 780 ;1)

[28]

[29]

[30]

[31]

[32]

[33]

Seki T, Goto K, Kiyohara K, et al. Downregulation of endothelial transient
receptor potential vanilloid type 4 channel and small-conductance of Ca’*-
activated K*  channels  underpins  impaired  endothelium-dependent
hyperpolarization in hypertension|[ J]. Hypertension,2017,69(1) :143-153.
Diaz-Otero JM, Yen TC, Fisher C, et al. Mineralocorticoid receptor antagonism
improves parenchymal arteriole dilation via a TRPV4-dependent mechanism and
prevents cognitive dysfunction in hypertension [ J ]. Am J Physiol Heart Circ
Physiol ,2018,315(5) : H1304-H1315.

Chambers L, Dorrance AM. Regulation of ion channels in the microcirculation by
mineralocorticoid receptor activation[ J]. Curr Top Membr,2020,85:151-185.
Zhang P,Sun C,Li H,et al. TRPV4 (transient receptor potential vanilloid 4)
mediates endothelium-dependent contractions in the aortas of hypertensive mice
[J]. Hypertension, 2018 ,71(1) :134-142.

Dong Q, Li J, Wu QF, et al. Blockage of transient receptor potential vanilloid 4
alleviates myocardial ischemia/reperfusion injury in mice[ J]. Sci Rep,2017,7.42678.
Wu QF,Qian C,Zhao N, et al. Activation of transient receptor potential vanilloid

4 involves in hypoxia/reoxygenation injury in cardiomyocytes [ J]. Cell Death

Dis,2017,8(5) :€2828.

[31]

[32]

[33]

[35]

[34]

[35]

[36]

heart failure and reduced ejection fraction [ J]. Clin Cardiol,2018,41 (4) .
518-524.

Abraham WT,Kuck KH, Goldsmith RL, et al. A randomized controlled trial to
evaluate the safety and efficacy of cardiac contractility modulation[ J]. JACC
Heart Fail ,2018,6(10) :874-883.

Anker SD, Borggrefe M, Neuser H, et al. Cardiac contractility modulation
improves long-term survival and hospitalizations in heart failure with reduced
ejection fraction[ J]. Eur J Heart Fail,2019,21(9) :1103-1113.

Wiegn P, Chan R, Jost C, et al. Safety, performance, and efficacy of cardiac
contractility modulation delivered by the 2-lead Optimizer Smart system ; the FIX-
HF-5C2 study[ J]. Circ Heart Fail ,2020,13(4) :e006512.

Kuschyk J,Falk P, Demming T, et al. Long-term clinical experience with cardiac
contractility modulation therapy delivered by the Optimizer Smart system|[J].
Eur J Heart Fail ,2021,23(7) :1160-1169.

Fastner C, Yuecel G,Rudic B, et al. Cardiac contractility modulation in patients
with ischemic versus non-ischemic cardiomyopathy: results from the
MAINTAINED observational study[ J]. Int J Cardiol ,2021,342:49-55.

Linde C, Grabowski M, Ponikowski P, et al. Cardiac contractility modulation
therapy improves health status in patients with heart failure with preserved
ejection fraction:a pilot study (CCM-HFpEF) [ J]. Eur J Heart Fail,2022,24
(12) :2275-2284.

Dulai R, Chilmeran A, Hassan M, et al. How many patients with heart failure are
eligible for cardiac contractility modulation therapy? [J]. Int J Clin Pract,
2021,75(1) :e13646.

AR 2 LA SRR 2 22, P E BRI b 22 DR Ll T B 2 A
Tl O A S BRI R O P T [ K 3R (2021) [T] . AR R 2 2
5,2021,25(4) :280-299.

Roger S, Schneider R, Rudic B, et al. Cardiac contractility modulation: first
experience in heart failure patients with reduced ejection fraction and permanent

atrial fibrillation[ J]. Europace,2014,16(8) :1205-1209.
M AS B H7.2023-05-15

1111111111111 1111111111111 11111111 1@

Wu Q,Lu K, Zhao Z, et al. Blockade of transient receptor potential vanilloid 4
enhances antioxidation after myocardial ischemia/reperfusion[ J]. Oxid Med Cell
Longev,2019,2019:7283683.

Zhang S,Lu K, Yang S, et al. Activation of transient receptor potential vanilloid
4 exacerbates myocardial ischemia-reperfusion injury via JNK-CaMK II
phosphorylation pathway in isolated mice hearts [ J ]. Cell Calcium, 2021,
100:102483.

Peana D, Polo-Parada L, Domeier TL. Arrhythmogenesis in the aged heart
following ischaemia-reperfusion: role of transient receptor potential vanilloid 4
[J]. Cardiovasc Res,2022,118(4) :1126-1137.

Liao J,Wu Q, Qian C, et al. TRPV4 blockade suppresses atrial fibrillation in
sterile pericarditis rats[ J]. JCI Insight,2020,5(23) :e137528.

Chaigne S, Cardouat G, Louradour J, et al. Transient receptor potential vanilloid
4 channel participates in mouse ventricular electrical activity[ J]. Am J Physiol

Heart Cire Physiol ,2021,320(3) : H1156-H1169.
M AG B H7.2022-11-09



