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Cardiac Microtubules in Heart Failure : New Therapeutic Targets?

LI Xiao' ,XU Danyan’

(1. Department of Internal Cardiovascular Medicine , Xingiao Hospital , Third Military Medical University , Chongqing
400030, China; 2. Department of Internal Cardiovascular Medicine, The Second Xiangya Hospital, Central South
University , Changsha 410011 , Hunan , China)

[ Abstract] Microtubules are unbranched hollow tubular structures in the cytoskeleton composed of tubulin filaments. Microtubules are
distributed in a network and are involved in maintaining cell morphology , polarity ,motility and division and intracellular signal transduction.
Heart failure is a major cardiovascular problem for which therapy is challenging. Cardiac microtubules have recently been found to be involved
in the development of heart failure. Here, we review the structure and function of microtubules, their role in heart failure and related
mechanisms to aid in the discovery of new targets for heart failure treatment. Increased microtubule density and stability are observed in heart
failure cardiomyocytes,and the mechanism may be related to the increased concentration of posttranslationally modified tubulin, of which
detyrosinated tubulin is the most dominant. Inhibition of detyrosinated tubulin expression significantly improves myocardial systolic or diastolic
performance by increasing relaxation kinetics and reducing myocardial and cardiomyocyte stiffness. In conclusion, cardiac microtubules are
involved in heart failure development and may therefore be new targets for heart failure treatment.

[ Keywords] Cardiac microtubule ; Post-translational modification ; Detyrosination ; Heart failure

O IIEBIE N A IO M TR LR B, R S5 RIS AR U TE O o1 o v iV T B A AL

e SR N1 | /S b B W R U A
I 1 FEE AT 245 9 0 0 A B2 445 2 LR - 2 0
SRR B 2 WIS ELL 7 208 Y AR TR AT
AR, DRI - 400 3 SR I 3 A i I
A R0 B SR — b, 2 5 e A TE 45
TR 20 32 3 2 i 2 D R 0 P 1 S 5
IRTIT , LA AN WA RF 9 2 B, 0 MR A A 0 ) 3 3
(1) % 25 5 e S R b 2 T LA 0, T O RIS
A YA O 1 R BT . BRI, BN R Y

HEE&WAB: HKARFEIL 4 (81871858,82172550)
BIE1EE 41 , E-mail : xudanyan02 @ csu. edu. cn

WATERAR
1 RERERFTIEE

T N MRS 3 15,25 mm, 44 BRI A R A
BT RMEEH. MEERR-REEZ MO
HEABRKE, MEZIA o By .d.e.0 Flm FL T
BEAS, HhRTEENRE « MEEAMT B ME
HH.

TE40 N, 38 A7 e — 8 B M 6 R B

( microtubule-associated protein, MAP) , iX J& — 25 DA H



- 1058 -

OB r e 2024 4 12 A6 45 55 12 8] Adv Cardiovasc Dis , December 2024 Vol. 45 ,No. 12

FE LB SIS 45 A AR 1, TR AN [R) R RG4S i e
JEtE, 2= 5T B RC, 2 ZE RO 45 8 A0 D RE 1
FR4y. MAP T35 MAPL . MAP2  Tau 1 MAP4,
HI = Ff MAP A7 7E F i & oo, O Bk E2 R
MAP4  7EHE(L |- BAT R

TS R — Sl AR L5, AT 8 Ao PR 2 2 D A 4
IR B, X PR T LR A EER
S B2 Bk K AL N A T T R S 5
M 210 6L PN TS P 2 2% S 2= 2 2%, DT 552 Wl i A 174
P o T EEAZEEAE -5 R OR AL AR S, 2 30 1 e S
FRER, T4 A F B s 8B R L8 b R s
PR RS T AR , AT s T8 PR e 1

MAEN T EREE AR FARIES S 54BN
7jipisee: TR RS 1 O o R [ DA v 1 o o AN
NRBZEMMNE ST HIEAER, ok L
HIBF 5T K BRAE 55 0 1 v 3 VA G o
2 L AFIBHO AL RS P RCE B AN RRE T

FLTE 2001 4, Zile 1 TG R AR R & BT %
5O R AT R IR A 22 0 & D) i A
3 BRI 75 B D L B TS R MR AR AT
TEH AR N, RO A % R B G . Aok
A2 XE 105 450 S FEW R E K 105 Bl TE 0 1
vy N REZ R O F AL T8 1 AL o i R BH,
O 77 3l B 0 IR B B 1 B S AR ) 3 R O
IR 2 1 B A AE B B 25 5, P AR 9k B0 L
FNEJERLC LS B, 5 A 50 IR AH e 98 B B
R 3 Nk TR R E e, i R
FR G I e Ry d 5 ok B 2 SR AR R TS B o B b
50 I A 5

TESH YRR (Y F 98, Wang 261 76 & A 0 )1 5
vy A1 1 32 Bl KR 7 K B 36 e o SR I R R
S0 NI LA Y 10 200 6 1 2R 5 ) 5 B, o0 B0 S 1) 1R %
J¥ RN T 21% . Ishibashi 257 i 1 3= 5 ik =5 45
7% (transverse aortic constriction, TAC) 750 J1 Z i /N
BB, & B FEZHAH HE , TAC 47N L B3 48
FWRBETHE 1T 4.5 %, Yuan %5 ™ ik BUREDRIR U LR
TR A G B, A BRAL A B, O 7 320 R B O LA i
B IS R B EERIIN T 37.7% , H3@ 400 ) 067
J& B O R B A IR T R T 21.2% . DL EWF
FEHER DU O BT eSS 5 T 0 J1 il )

BRI 2% FE A, T r A 1 R AR 500 ) 3 vl iiF
FE BRI, Ng 2 78 Tnl-203/MHC403 WK A
Sl Jy 3 /N BRI TAC 7550 7 3 95 /)N LR o 57
B T RE R AT /N BROH, 359 R BT I T R T 1

TG o Cheng %' 7 /1N BLSI B6 4158 50 JE A% 57 1k
FEDKE B4 U AR R 4 O I R bR i Y B AR A B
O AR AR IO JIE GO AR 1, Xk B DU 24 g4
T 3 R O AL Y B B EE 1 ARG O A
RS E M , [R) I AT TAC AR AG I W3 25 /) KoL R i
ARTNRE S5 A K B, S50 20 /) B O JUE Wi 4 2 RE B
AL, 5 1015322 (ejection fraction, EF) pJAFLZR i) 63% %
) 49% ; T EXRT BRZH O JIE RO UL 4 T RE A0 A5 2 T fR
71, L EF 12 TAC FARJGAESRFTE 60% DL Lo X R
O ERCE B ASE P, w] BEAE y—Fh b <7 i A2, S 2K
T AR R R

3 MEOAERPMENZEEMRERETHEC
=\

R SR T 0 ) 3 By 1o JUEE v 2 BRI 1 8 B AR
TEPETE R IR 24O JIE IO B8 B AR M 1 )
S 0 ) T ?

Fassett %" £ TAC 5 T /Iy B0 7 5 38 45 )
w3 IR Js T SR ORI 8 A R K 25 2R e IR
SRR /) B JIEE D REAS 21 B 8 i ek, AR By
e AT AR AR RIS/ (EF 1T, RS A
FHLL /R LR, Zhang 45 [ARELE TAC
/N B g 3 vy 155 e U 58 3 BK /K AL 8028 AL 1Y
YR, TAC /N B LA I B S 2 B k3 1
50% A FHRK KA B80S AT /b B U 4 1 3Rk, FX
HRZHAH LG , BRI ZE /I B EF FLS AR 4735 2R 1715 3]
WERE. RGN BOKANGEIE T AT i
T 110 %85 IR A T 0 T 0

R T T AR R AR BA K Al o, B - T i o o
Lo U Bl 58 1 R R R Bl 0 T S, TE AR SR
LR AV ) PR RE TS 7 N R R ol LN
JREE AL BRI 9/ AR ) 4 R s DO LA i P AE
K, T CD73 Gl A0 M AMIRT 7 A AN A2 ) 80 JUL 2 i
MR EMNE RET m . AN L, e A
MerCreMer-loxP 2% 4 ffil 18 0> JIL 200 Ji0 455 S 4 Ot 6 90 il
( cardiomyocyte specific adenosine kinase ,cADK) ft B ¢
/NEL(cADK ™ 7)) cADK ¥ R 6 460y Jlt 1 — W IR,
AU U R A ) 2 Ae . SR, A Y
/N HE, cADK ™" /NEUFE TAC TR J5 2 801 B 7 5
AR SE AN 220 2 9 5K, BF B2 FI X IR 4H 1 60% #H
Fe, BRI 35% |, [A) i i AR I RR g n 1 25% , JF HL
b2 K I cADK R SR I R 10 1 R 52 A BT AMP 3%
AR B IS P . SRR cADK 4 S Y IR TF
AT g 28 385 1 DR 37 A P AT 2 T8 ek 380 50 JOE
Bl 1R ILIRY , X — R S TR S AR
ER.



OB R 2024 42 12 ASE 45 355 12 8] Adv Cardiovasc Dis , December 2024 Vol. 45 ,No. 12

- 1059 -

S Z2 B 5 DN A 0 o G 1% % B R AR R P T
WO ) e BT A B WE S AT A 45 18 5 A
S Xiao 455K BURT 1 5 f0 75 100 JE 588 5 25 4L
TR Bk ZE 5 0 LB AR , 5 ] 56 A2 s 4k B
LA, A SRS A2 BE AL 3L, V4870 LA BEL T 1Y
AR E SR 1w, R O WU 4R D RE A 1S
B 7, AL AT R A 8 A 4 4 R A A MUK
PR R e IO L0 L W e D B . T O IR T
T — s 2 v AR Y RIS it PR AR R o WA R
SR WA vy SO R M 19 (] B, P s o P
R FE O BE SRR A, LML AT AR 2 30 ] 2ok 4 38
BPEREASFL T, AR5 5 R A, DT 8 20 1 2 A
FEIE A A e o, P S AR O IE S RE AR R
B BRI 27558 8 1 9 A28 v e UL Bk 1
SR ILFFE 1 5 58 B, R TE 3 2 0 ) S il A AL
1FENGE, H R A2 By —Fh & 3L Ak iR 9T 259
HOD PR AN R, 47 T B AR L 1
JRAGEARY v 25 0 TiE 58 A2 B 45 U R 25 00 10 IE 2
RERY S .

IR FIRBIE SO T0 ME RS RO ) il R i A
PRAE TS AAAE AL, (B 248 AR 0 WIE TS A RO IR Y
WEFREE 5.0 ) gl 5 OO, R, O
JIEAHCE 0 ) vy R A LR AR U N L
4 LDHRBIZWEFEREGHREZTEZM

S R S 8 B B R R Y R — A
Ty, X 8 TR S5 A D RE B OC B, AU dh 2
k@A  CWEAL BERR L L 4E, R R
A A R BC == LA L A HIL-1 .0 AL 4 i v
BE ARG BMmRE R, 52 s &
Fe ik R R B ROE 8, HUCh S
MEEE . EEMRAAE N B SO 5 R
PRI BRI, S 46 4 I 2 IR TS 1 32 2 T
o B I R, 25 E R A A PR 1A A vl e ol 2R
1 1% 22 2 3% 2 1§ ( tubulin tyrosine ligase , TTL) BTl ,
TTL J&— MR 8 B R S PE A, 0 50K i
PR ke ok TRl 1 1 1) 25 T A R A O U S 3 v, DT Dk
D EBATR

Xof 5 A BEL P R J5E B LA 118 0 ) o g B
A0 2 v BB 1RO LA S AT 8 R AL 2 o T
B, B AT R AL WU 2 R IR TR o 1
EEAKFBE S TR0 SRR G RS
PLARIBFZE S R B, i 5 2 48 B R 3 O LA
NERJG , 25 2 B A 1) 308 &R 1 & =t W B T, ELA
EREMER M, Rk TTL n AR5 B sl /D il 2R
H 0 B 2R AL, 3 5 760 ) 32 38 1.0 LA il 3%

ik TTL AT RIS 8 11 25 s R Ak, o 1 At 4
FE ek A Thag " o bl SRR B E R ILIY
U B 1 PT RE 2 T RS MR I B0 1 i 1
JRHRZ—

LRI AL A T B 1 S i fer a8 0 LA i
AETHEEE? T Ik A I RS ] 2 R R 4 W 2% Bk 3
FA Lo JULA 6 1 B8 & B, A O UL 400 B A 4 3 1) o0
WLAR B A TE AR & AR A2 A iX R AR AR A6 =2 3 & A=
ARTEATTIE B — 25 i 1) 8 8 T PRk SE A, 33X o 25 iy
) LT IR A 3 U 8k 2 i 8 2 3R [l 1] — R ] ) %
SRS, TR LA M N, RO B 5 WL A 1T X
FOEICE FUILT 22 (8] Y o B 1 v FE M T L I TR
TEVERT o HE I 2 IR Ak 32 240 il 00 LA Jfd v, 3l
S AR B, 24 LT 4 46 i f0E 38 A A okl 2 [ i
0 AN 25 O I AR, AT L AL L B 7 B /N Y
B0 45 5 40 R, DR I AR I 10 UL 200 i A 0 s 2
TG 0 2 1 2 R Ak 2 A2t AU 2 il , DA T 38 o L
20 B RRE JE  BELRS O OLZIE M A i 52 kR 5
AR RS T RE 2 S B0 T R 22—

JUE LT AR AL AR a0 e 2L (H B o6 T 2
GRAL R W] J5 2 I T NS A, B BT Aok
3 TR PR 9 Ve 7 3k, S B/ IN 0 I A 400 ) 2 1 4
4% M (small vasohibin binding protein, SVBP) J&iX />
WM — 2R EE WA R X PN TH A
254 3] — P AR AE 1l 48 A L B0 il & F (vasohibin,
VASH) 97 14 I, 31k VASH {f4#fa 5%, VASH {45
VASHI1 1 VASH2 BFp A58 [, 1 SVBP 2558 i
VASH/SVBP 5 Z KK A1) AT (S 85 11 25 B =R
fe3E ) VASH il SVBP 454 )5, il ik — M 228,
BRFR L (VASHI H S221 5 VASH2 Hrfiy S210) il
I — M FE R IR SR (VASHI i) R222 5 VASH2
H R211 ) R IR R b I BR o U8 SR AR C o i
HR, TR 45 £ B IR AL i1 . B B2,
7 R A 00 48 A2 I T 388 o 3 ol 2 I A R A
FIEY e — IS T R M AT 22 s R AL I 1R
B WRE P

VASH1/SVBP & 4 ¥ #l VASH2/SVBP & 4 W) 1
N0 LA B 35 HLAT A8 R 1 2 T IR b 3 1,
i VASH1/SVBP & 4415 8RR b 7E A3
ONEH, VASHL [ 56 S5 36 4 He VASH2 5 10 £5 LA F.
TESF I 53 E5 0% B8 040 7 3 oy B8 3 10 AL 40 L v e 5
VASHI, 0] R AR 0 AL 40 M %) e A B8 - g 35 408 st 2
REVH L FEMAMAR S A AT LIRRIES R
N1 O o N < W A R B
VASHI1/SVBP & 4413 1k X944, BHLIET VASH1/SVBP



- 1060 -

OB R 2024 4 12 A% 45 #5512 ] Adv Cardiovasc Dis , December 2024 , Vol. 45, No. 12

A WG AT WY GO LA B AT . o JUL AR 5 e
P P O UL 40 M AT 5K o R Y 3 B KD
Caporizzo 57 B Bt I3 LRI C LR O 538
T AR 12 T IR A T i/ 0 ) 3 8
JULER B ARt e , DT 3 T S I RE

T TR 0 A B &R AL 52 ) MAP 575, 7.0 1L
M b Oy MAPA, BUAE SR R PE R T U
( microtubule affinity-regulating kinase , MARK )4 J&—F}
TR MERIB TR 1 22 B R/ 5 2 BR VA T , BEXT MAP4
PEATREIR A AG 4 3 g SeEIR Bh bk e i S 45 4L
B/ D RO UL R L 3, /N O ILEEAE J5 MARK4
FIEWIE TR, T MARK 8¢BR (978 BRUZE O LR SE IS
EF B 7 87 AR BN B, HLXOR /R T -5 48 38 T AR
Ko HE—HWEFE KB, MARKA W] i 3 {2 I MAPA
PR AL, f2 i VASH2 JEARAE N, 18715 o A E A K
A= I AR AL, T 1O LA L Wi B RE . DA b
SRS T B £ B R R AL il BE 2697 O ) 3 i
AR 7512, o MARK4 A fig 2 Hoh i) — MRy A
5 NESRE

AR Z A FIESE TIE S S 1.0 )1 i
FHERE , 32 BRSO Y 8 B RS PR RS N o T
FROKAL BB 0 SR A , T FE A A AR S5 v i3
ONETNRE . U AT 3 U2 O JILAH AR 0% T 285 DT 52
Mo JULZAH L 8 S 20 65 5 DD RE , 3 Rl 1 PR AR T 25 i
[ERALWIBUE S B, W0 RO 8 3 £ iR ]
e O LA R AR R T sk D RE . 25 b, I R 2R
LA & B i MR R AL n] e R RIBS T 0 I 3
U A BCHE s (LT o B 22 1 il % i DR AT 5 SR Ik 552

& % X W

[1] Truby LK, Rogers JG. Advanced heart failure: epidemiology, diagnosis, and
therapeutic approaches[ J]. JACC Heart Fail ,2020,8(7) :523-536.

[2]  MecMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in patients with
heart failure and reduced ejection fraction[ J]. N Engl J Med,2019,381(21):
1995-2008.

[3] Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and cardiovascular and
renal events in type 2 diabetes[ J]. N Engl J Med,2017,377(7) :644-657.

[4]  Solomon SD,McMurray JJV, Anand IS, et al. Angiotensin-neprilysin inhibition in
heart failure with preserved ejection fraction [ J]. N Engl J Med, 2019, 381
(17) :1609-1620.

[5] McMurray JJ,Packer M, Desai AS, et al. Angiotensin-neprilysin inhibition versus
enalapril in heart failure[ J]. N Engl J Med,2014,371(11) :993-1004.

[6] Luduefia RF. A hypothesis on the origin and evolution of tubulin[J]. Int Rev
Cell Mol Biol,2013,302:41-185.

[7]  Goodson HV, Jonasson EM. Microtubules and microtubule-associated proteins
[J]. Cold Spring Harb Perspect Biol ,2018,10(6) :a022608.

[8] Desai A,Mitchison TJ. Microtubule polymerization dynamics[ J]. Annu Rev Cell
Dev Biol,1997,13:83-117.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[26]

[27]

[28]

Janke C,Magiera MM. The tubulin code and its role in controlling microtubule
properties and functions[ J]. Nat Rev Mol Cell Biol,2020,21(6) ;:307-326.
Zile MR, Green GR,Schuyler GT,et al. Cardiocyte cytoskeleton in patients with
left ventricular pressure overload hypertrophy [ 1]. J Am Coll Cardiol, 2001 ,37
(4) :1080-1084.

Chen CY, Caporizzo MA, Bedi K, et al. Suppression of detyrosinated
microtubules improves cardiomyocyte function in human heart failure [ J]. Nat
Med 2018 ,24(8) :1225-1233.

Wang X, Li F, Campbell SE, et al. Chronic pressure overload cardiac
hypertrophy and failure in guinea pigs: II. Cytoskeletal remodeling[ J]. J Mol
Cell Cardiol ,1999,31(2) :319-331.

Ishibashi Y, Takahashi M, Isomatsu Y et al. Role of microtubules versus myosin
heavy chain isoforms in contractile dysfunction of hypertrophied murine
cardiocytes [ J ]. Am J Physiol Heart Circ Physiol, 2003, 285 (3 ):
H1270-H1285.

Yuan Q,Zhan L, Zhou QY, et al. SIRT2 regulates microtubule stabilization in
diabetic cardiomyopathy[ J]. Eur J Pharmacol ,2015,764 :554-561.

Ng DC,Ng IH, Yeap YY et al. Opposing actions of extracellular signal-regulated
kinase (ERK) and signal transducer and activator of transcription 3 ( STAT3)
in regulating microtubule stabilization during cardiac hypertrophy [ J]. J Biol
Chem,2011,286(2) :1576-1587.

Cheng G, Zile MR, Takahashi M, et al. A direct test of the hypothesis that
increased microtubule network density contributes to contractile dysfunction of
the hypertrophied heart[ J]. Am J Physiol Heart Circ Physiol, 2008 ,294 (5) ;
H2231-H2241.

Fassett JT,Xu X,Hu X, et al. Adenosine regulation of microtubule dynamics in
cardiac hypertrophy[ J]. Am J Physiol Heart Circ Physiol,2009,297(2) : H523-
H532.

Zhang C,Chen B, Guo A, et al. Microtubule-mediated defects in junctophilin-2
trafficking contribute to myocyte transverse-tubule remodeling and Ca®* handling
dysfunction in heart failure[ J]. Circulation,2014,129(17) :1742-1750.

Fassett J, Xu X, Kwak D, et al. Adenosine kinase attenuates cardiomyocyte
overload-induced

microtubule  stabilization and protects

hypertrophy and LV dysfunction[ J].J Mol Cell Cardiol,2019,130:49-58.

against pressure
Xiao J,Zhao H,Liang D, et al. Taxol,a microtubule stabilizer, improves cardiac
contractile function during ischemia in vitro [ J]. Pharmacology,2010,85(5) :
301-310.

Xiao J,Liang D, Liu Y, et al. Taxol, a microtubule stabilizer, improves cardiac
functional recovery during postischemic reperfusion in rat in vitro [ J].
Cardiovasc Ther,2012,30(1) ;12-30.

Perez EA. Paclitaxel and cardiotoxicity [ J]. J Clin Oncol, 1998, 16 (11):
3481-3482.

Belmadani S, Poiis C, Fischmeister R, et al. Post-translational modifications of
tubulin and microtubule stability in adult rat ventricular myocytes and
immortalized HL-1 cardiomyocytes [ J]. Mol Cell Biochem, 2004 ,258 (1-2):
35-48.

Schuldt M, Pei J, Harakalova M, et al. Proteomic and functional studies reveal
detyrosinated tubulin as treatment target in sarcomere mutation-induced
hypertrophic cardiomyopathy[ J]. Circ Heart Fail,2021,14(1) :e007022.
Robison P, Caporizzo MA, Ahmadzadeh H, et al. Detyrosinated microtubules
buckle and bear load in contracting cardiomyocytes [ J ]. Science, 2016, 352
(6284) :aaf0659.

Nieuwenhuis J, Brummelkamp TR. The tubulin detyrosination cycle : function and
enzymes| J . Trends Cell Biol ,2019,29(1) :80-92.

Nieuwenhuis J, Adamopoulos A, Bleijerveld OB, et al. Vasohibins encode tubulin
detyrosinating activity[ J]. Science,2017,358(6369) :1453-1456.

Aillaud C, Bosc C, Peris L, et al

Vasohibins/SVBP  are tubulin

carboxypeptidases ( TCPs) that regulate neuron differentiation [ J]. Science,



OB R 2024 42 12 ASE 45 355 12 8] Adv Cardiovasc Dis , December 2024 Vol. 45 ,No. 12 - 1061 -

2017,358(6369) :1448-1453. [36] Fraites TJ Jr, Saeki A, Kass DA. Effect of altering filling pattern on diastolic
[29] Wang N,Bosc C,Ryul Choi S, et al. Structural basis of tubulin detyrosination by pressure-volume curve[ J]. Circulation,1997,96 (12) :4408-4414.

the vasohibin—SVBP enzyme complex[ 7. Nat Struct Mol Biol,2019,26(7) ; [37] Caporizzo MA,Chen CY, Bedi K, et al. Microtubules increase diastolic stiffness

571-582. in failing human cardiomyocytes and myocardium [ J]. Circulation, 2020, 141
[30] Li F,Hu Y,Qi S,et al. Structural basis of tubulin detyrosination by vasohibins (11):902-915.

[J]. Nat Struct Mol Biol,2019,26(7) :583-591. [38] Doerflinger H, Benton R, Shulman JM, et al. The role of PAR-1 in regulating the
[31] Igbal Z,Tawamie H,Ba W et al. Loss of function of SVBP leads to autosomal polarised microtubule cytoskeleton in the Drosophila follicular epithelium [ J].

recessive intellectual disability, microcephaly , ataxia, and hypotonia [ J ]. Genet Development,2003,130(17) :3965-3975.

Med,2019,21(8) :1790-1796. [39] Goldstein B,Macara IG. The PAR proteins; fundamental players in animal cell
[32] Chen CY, Salomon AK, Caporizzo MA, et al. Depletion of vasohibin 1 speeds polarization[ J]. Dev Cell,2007,13(5) :609-622.

contraction and relaxation in failing human cardiomyocytes[ J]. Circ Res,2020, [40] Trinczek B, Brajenovic M, Ebneth A, et al. MARK4 is a novel microtubule-

127(2) seld-e27. associated proteins/microtubule affinity-regulating kinase that binds to the
[33] Tian J,Shan XL, Wang SN et al. Trans-cinnamaldehyde suppresses microtubule cellular microtubule network and to centrosomes[ J].J Biol Chem,2004,279

detyrosination and alleviates cardiac hypertrophy [ J]. Eur J Pharmacol, 2022, (7) :5915-5923.

914 .174687. [41] Yu X,Chen X, Amrute-Nayak M,et al. MARK4 controls ischaemic heart failure
[34] Rankin JS, Arentzen CE, McHale PA, et al. Viscoelastic properties of the through microtubule detyrosination[ J]. Nature,2021,594 (7864 ) :560-565.

diastolic left ventricle in the conscious dog[ J]. Circ Res,1977,41(1) ;37-45. WA B 27 .2024-06-26

[35] Hess OM, Grimm J, Krayenbuehl HP. Diastolic simple elastic and viscoelastic
properties of the left ventricle in man[ J]. Circulation,1979,59(6) :1178-1187.

111111111111 11111111111 1111111111111 1111111111111 -1 1111111111111 1@ -1

ATEMEEEERNES

AT 2019 FRIIGHFLE , BEXRBEZFRLT

1. #6000 F AW ( ELIEHL, E‘Ifa&f”"%‘x%ﬂi) HERNEMXFBZ(S R T E ERWE®R),
TR 8 A 200 ~ 400 ANRFAFH T, A R E L (A LA M H AL R A XT3 ~8 AN A
R E G| A AFE Lk B KA 3] 20 0 L

2.8 X BEERARMFALAB A B LT ELLRA, AL TN AA ﬁ%ﬁx fal
B [ AR A | xx AT HRB (H5)7, ek EHFENEA T, AR EZXHARAAR BRARMAFERE
é\ﬂi%ﬁﬁ%ﬁiké\%%%éiﬁiﬁ EEEER I ¥ &

3OATLAFRETM LR, FBI(ChFRFERE) REGR/ALTRLE Z AR (FEF hip://
xxgbxzz. paperopen. Com}‘,,ﬁ%“’f/}fﬁ‘fx a7 EMHERARTETLET PR, W ERBRAELEFREZEATH
A (1) A2 22 9% 50 (Tl ad FHARATAEIR) o (2) sca‘x:z BAT R Z MR A (TRETIR) : kAGE
ZAEH AT R, B &B}] st AG A6 FEE VAR T — '%7117 FAT A AR RS B RA X EAEFAANGE
AR, P ENT, e RARE R AL, *Fﬁi}‘ﬁé’lﬂ] BAEMIER, (3)BZRABTALLAA 4,
TR LI (TR LT RR) o

A F| G 45 5



