EREYHE E£32%F F3IH 201746 A
Journal of Medical Biomechanics, Vol. 32 No.3, Jun. 2017 205

+ =
N E4HS :1004-7220(2017)03-0205-08 o -L/E\' x .

ROCK1 K EHXESHFE I RN TIFHER
I & 75 AL 48 A 3 5E

Ix®, WA, RFZ, HEE, WER, FHH
( LIBsGE R B AR 2B, T2 A 2=t T, 11 200240)

WE: BW  #iT Rho #5125 H L 1 ( Rho-associated coiled-coil containing protein kinase 1, ROCK1) A HAH2E
155 43 F1E A2 3K AR HURN R R 48 10487 1 ILAA D ( vascular smooth muscle cells, VSMCs ) 34 5# Tl g v A9 4 A
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ROCKI and the relative signal molecules participate in proliferation
of vascular smooth muscle cells induced by cyclic strain

WANG Li-yi, GUO Dong-ming, PANG Jing-zhi, YANG Yu-chen, SHEN Bao-rong,

QI Ying-xin( Institute of Mechanobiology & Medical Engineering, School of Life Sciences and Biotechnology,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract; Objective To investigate the role of Rho-associated coiled-coil containing protein kinase 1 ( ROCKI )
and the relative signal molecules in sensing the mechanical stimulation from tensile strain and regulating the prolif-
eration of vascular smooth muscle cells (VSMCs). Methods Physiological cyclic strain with magnitude of 10%
and at frequency of 1.25 Hz was applied to VSMCs in vitro by using the strain loading system. The proliferation
level of VSMCs was analyzed by BrdU ELISA; the expression level of ROCKI1 , phosphorylations of protein kinase C
(PKC) o/B Il, protein kinase D (PKD) and extracellular regulated protein kinase (ERK) in VSMCs modulated
by cyclic strain were detected with Western blotting; the expression of ROCKI1 was specifically repressed by using
RNA interference (RNAi). Results Compared with the static control, 10% cyclic strain significantly decreased
the expression of ROCK1 and phosphorylations of PKD and ERK. The phosphorylation of PKCo/Bll decreased
significantly under 10% cyclic strain for 12 h, but returned to normal level after loading for 24 h. Repressed ex-
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pression of ROCK1 with RNAi significantly down-regulated VSMC proliferation, suppressed phosphorylations of
PKCo/Bll and PKD, but no obvious changes were found in phosphorylation of ERK. Conclusions Physiological
cyclic strain with magnitude of 10% may repress the phosphorylation of PKCa/Bll and PKD via inhibiting the ex-
pression of ROCKI1, and subsequently affects VSMC proliferation and maintains vascular hemostasis. The inves-
tigation on intracellular mechanotransduction network of VSMCs under mechanical stimulation of cyclic strain may
contribute to studying the physiological and pathological mechanisms of cardiovascular diseases.

Key words: Vascular smooth muscle cells; Cyclic strain; Rho-associated coiled-coil containing protein kinase 1

(ROCKT1) ; Protein kinase

R R, IS F- 35 LAT AL (vascular smooth
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VSMCs i FATE G1 197K 253 2468 77 ; Schulze %51 i
i 4% SRS T D20 L BE D dex-1 Rk, AATTH
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Vo Mo s 5 L UA T AR RS S T RE AR AL H A,
VSMCs ({55 I 19 38 i AR I BT (B AE W IR
AR BT J3 15 Al AL R B35 56 G H AR I R TR, KL
A i T e A R R 1 £ 1 A T 9 S LR A Y
WFSTAE R AR 4 B T B MR 1L 25 1 B 40 7 B 5%
WI4E 7R Rho AH G4 i 25 F1EE 1 ( Rho-associated
coiled-coil containing protein kinase 1, ROCK1) .ERK
FELFE D % B D (protein kinase D, PKD) f44&
P C(protein kinase C, PKC) ZJ& ] iEZ 5 5K B
AFAIME A AL T LS HIZ IS5 4R R () ROCK
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AR SR A FRR R VSMCs A% 10% 725 1
P, I A A 922 B S 56 ( Western: blotting ) |

RNA 40877, O 12,24 h k26055 5K AR
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B AEAk , #E— 20 A5 56 -8 I ROCK1 Xf VSMCs 1
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ARSI IAR Jg 24l Bkt VSMCs Ty R A9 1 I & =4
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1.1 KX VSMCs {yEU#t R itz

JFAR VSMCs SR F 408U He ik 35 5% . HLAR AL IR
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BT mm® /N B 4 G, 3540 i R A A0 I B R
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LAV RE R [ S IF B . LUG, BE ORI,
4 ~7 dJ5, vl WLZH SUH g JE A A B TC S 7 4 g
KENRGIRES ] DARAREE TR . HUE 4 ~8 fRH 21
R T 95% LA i VSMCs i TG 42505,
1.2 ZABaE A KR 2T L

L FX 4000 24 fifg J&] 09 14 5k 7 A8 i 2 e
(Flexercell A7), JEE) , X7 VSMCs i 175K W A8 in
#, VSMCs L) 3 x 10° 4~/ FL38 B A T Bioflex 6 fL
Ko, BEFRRE T 37 °C 5% CO, 4 s 5= 46 h
Kide , M UMRE] 70% ~ 80% fili T, 46 il I il i
DMEM R:#=# R4k 24 h J5, % VSMCs Jifi fil45i %
S 1.25 Hz (5K NAS , Nz i a] 435147 12 .24 h, AR
T 00 1% ) U i 7 A P e R B SR Aol 2 A
PRSI 10% A= BEPESK N AR AL . LA G i ok o7 A%
RS2 R X TR
1.3 KHEE PCR LI

TRIzol B4EHL4H i . RNA, fil A DEPC &b 3 (14
JG RNA 7K 75 i Ji FH 2 28436 56 BE T 52 B $2 B
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KBCLLANT o5 x 2Pl 4 L, B SE A% 1 — W R
(dNTP, 10 mmol/L)1 uL,oligo dT 1 wL, RNA f§f
57 (40 U/L)0.25 pL, MMLV ¥ 4% 5% i (200 U/
pnl)0.25 ul, B RNA B 5 2 ug,j]l]7j(§ 20 plL,
B s OB A5 A SEEIKS cDNA P48 T oK B AT,
=20 CHRIAORAT , KIRAF IS TE - 80 CUkAA

KB ROCKI1 B[ ( ¥4 T.) FFNANT « sense
5’ -CAGT TGGT TCTG CCTG CATT C-3’ ; antisense
57-GCTG CTCA CCAC AACA TACT G-3°, NZ=H
GAPDH 5|#) ( R T.) F 441K : sense 57 -
GGCA GCCC AGAA CATC ATCC-3’;
GCCA GCCC AAGC ATCA AAG-3’ ., PCR Wik %
F20 wL, £ A4 S EE 4R : SYBR Premix Ex
TaqTM 10 pL, sense Primer 1 pL, antisense Primer
1 pL,cDNA 2 uL, )5 K 2 20 ulo 52 E
PCR Jx W #£FF:95 C .3 min T #4;95 °C .30 s,
62 °C 40 5,72 °C 30 5,40 PMEHR,

1.4 Western blotting SCI§

FH 4 CHive iy PBS THUEA MWK . 755 & W
TR T VL5 20 0 5% B, AR 2% B fin A 80 ~ 120 L
2 x A BRI . TR S min, FF 40 M EI AEFL PN Ok (7]
THE (A0 7800 240 . WA R] S A A AR
It F - 80 CukAtirF .

BCi 10% 1 J2 53 B EF 4% b J2 W 46 e itk A7
SDS-PAGE BEIEHLUK 3 B HE o R IR 1Y 248 A
S KA S min, 13 000 r/min Z5.0 2 min, B
WIATHLIK, A ERER 12 wgo HLIK O E AL,
i 12 mA, 2 TR AUE R 15V, 5 IR
60 min, 8K 55T 5% BEAE Wk ¥ TBST = i
B 1 hy HIE 5% AR WA () TBST 4% LA B —
YU, —PLH AN : ROCK1 ( Santa Cruz Biotechnology,
1: 200 ), Total-PKC ( CST, 1 : 300 ), Phosphoryla-
tion-PKC ( CST, 1: 300) , Total-PKD ( CST, 1: 400 ),
Phosphorylation-PKD( CST, 1: 400 ) , Total-ERK ( CST,
1: 800) , Phosphorylation-ERK ( CST, 1: 800 ) FiI GAP-
DH( Proteintech,1:1 000) , it & TR & ,4 C W
ARG UCH 1 x TBST PEE 3 WK, BFIK 5 ming — 4T (6
PEBERRBEARIC) [AFEH] 1 x TBST 4% 1: 1 0001 Lt 7]
MiRE 5 2 R SO 2 hy 1 ox TBST PE B 3 3K, 4 1K
5 min; fif NBT/BCIP {2 (5 b 2 405 748 5 ]
BIO-RAD 23 w]—#E /3 #fr 3K Quantity One #E17 EIZ
JRIE53HT

antisense 5’ -

1.5 RNA FifsLig

Y bV 3 A W o 24 N R I R 2R A R
ROCKI %5 5 M T #t B Bt (Sense: 5°-GGA GGA
AGA AAU AAG UAA UTT-3’ ; Antisense: 5’ -AUU
ACU UAU UUC UUC CUC CTT-3"), ff 1 5 Kk &
ROCKI A&AFERME TR LAY NC Bz (Sense:
5’-UUC UCC GAA CGU GUC ACG UTT-3’; Anti-
sense: 5 -ACG UGA CAC GUU CGG AGA ATT-3)
YERXT IR,

ESIESE T VSMCs #1T 6 fLANMIIG SR AT
RNA T4, 255 40 F : O Bt 250 pL opti-MEM Jii A
100 nmol siRNA/NC, #242I8%), /EH Mix 1 %W
@ 250 wL opti-MEM fil A 5 pL LipofectamineTM
2000, 25 A IR FIRAUE 5 min /A Mix 2
W) Bk Mix 1 ¥R Mix 2 SBIRA 195,
YER Mix 3 SR S ECE 10 min; @ H RS
F#%k DMEM ¥ 6 L 40 B 55 % e 1 VSMCs % 3k
2 WK ARALTIEE 500 p DMEM, il A Mix 3 %W, 1R
A HE TRE N 37 °C 5% CO, kAt hisss;
® 6 hJgHEfLAMIN 1 mL 7 10% /N 175 ) DMEM,
ZIGak S E T 37 °C 5% CO, 4 f 55 35 46 55 9%
24 h J5 440 M O AR A o
1.6 4HAEIEsESCIS

SRR AR I 2 F RNA 325 1 8 h, K BrdU
(1:1.000) Jin A 41 B 15 3% W, b BE 45 o f5 H 44 B8
2 x10* /L BE R AE 96 FLEREARAR 1,37 C 5% CO,
A BB FEAE T 4RSS 5% 12 h, VSMCs I BE J5 1z H 8%
FEW, 4 Cidw. B ZJE A anti-BrdU 4 &
(1:100) ,25 CR &I E 2 h, A POD & )X
7,25 CHEAIFE 3 ~ 10 min, FEFE S I SR
s s LA 1 mol/L H,S0, £k B i, HEEFR
SR, I A 450 nm, 2% 630 nm,
1.7 FitEHHR

SIS PTG LA ISR = FRifE 22 RO R 1 ke
b 2 HEIR R Mgt 2= 5%, P <0.05 Rx 2
SAGIFE L TAERER 3 ML L,

2 HFR
2.1 £ 3K M T mEH T VSMCs 1 3E
ROCK1.PKC Z %1 ERK B30

2.1.1 A #MHKS T H 3 VSMCs 3¢ 7 fo
ROCK1 £k #g %k HiZ 1.25 Hz g5 10% J5
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PEB RS VE Fl T VSMCs 24 h JZ , BrdU ELISA #:)
VSMCs 35, 25 J: R0, 10% J& 3% 5K 107 722 310 461
VSMCs 3 5§ (P < 0. 05), Western blotting £ Il
ROCK1 # HJfi /K, ¢ e 5 PCR #:l ROCK1
mRNA Fik g, Z5RE/R, 5HE 12.24 h fX] I8

[ O static m 10% CS

AL, AP sk N A N4k 12,24 h J5, ROCKI
mRNAFIE R B RS R EHTRE(P <0.05)
1, A= BEPE K N AR S0 ] VSMCs Y451 Fl ROCKT 2
KWK T) .

(©) 12h 24 h
ROCK| == ROCK | s
GAPDH s wse. GAPDH
static 10% CS

1.2 (O static m 10% CS
*

|

static 10% CS

*

n

(@) (b)

< 12F g§12
wn 7]

=

= =

S 08F . go8r
o) Z

g % 04
§ 04r =0
g 0 £ 0

static 10%CS 12h

E1 4EEKFITI VSMCs 55750 ROCKI FixBIEMm( * P <0.05)

ROCK]1 protein expression

24 h 12h 24 h

(a) 10% 5P A4 24 h B ZE A VSMCs 3, (b) 10% 5K )5 A

#1224 h #P] ROCK1 ) mRNA 335, (¢)10% 5K S INEE 12 .24 h i ROCKI 1y H Rk

Fig.1 Effects of physiological cyclic strain on VSMC proliferation and ROCKI1 expression

(a) 10% cyclic strain applied for 24 h significantly

repressed VSMC proliferation, (b) 10% cyclic strain applied for 12 h or 24 h significantly decreased the mRNA expression of ROCKI in

VSMCs, (c¢) 10% cyclic strain applied for 12 h or 24 h significantly decreased the protein expression of ROCKI in VSMCs

2.1.2 AmHERE T ImEx PKCa/B . PKD Ser916
BRERACE e AR 1. 25 Hz IR BE 10% J& 391 5k
WARAE T VSMCs 12 .24 h Ji, Western blotting #;
I PKCo/B 1 PKD Ser916 [ BB MR LK. 45
R, S kX A AH L, p-PKCo/ B 7E JH 01 1 7K

(a) 12h 24 h
p-PCKou/BI1 [H p-PCKoy/BIT B
GAPDH GAPDH e S
t-PCKo/p11 t-PCKo/p11
GAPDH GAPDH

static 10% CS

12,0 static m 10% CS
" *

0.8

0.4

Relative expression

12h 24 h

B2 S FITN PKCo/B F1 PKD Ser916 BEERLAI(ER( * P <0.05)

AN 1224 h 4 R0 PKD Ser916 B2 1L

Fig.2 Effects of physiological cyclic strain on phosphorylation of PKCo/ and PKD Ser916

static 10% CS

NAFRIMER T, 12 h 2B EE T (P <0.05),
24 WX Rk AN AL 5 FR 1R AL L,
p-PKD Ser916 7£ 12 .24 h ¥ R BB E M R (P <
0.05) M ZEHFE IR, A= B 5k B AR 5 4% |t 25 L HD
il VSMCs f) PKD Ser916 pymif b3k (WLE 2) .

(b) 12h 24 h

p-PKD S p-PKD SeSe S

GAPDH GAPDH sr S
t-PKD [ t-PKD
GAPDH GAPDH

static 10% CS static 10% CS

1.2 - O static m 10% CS

8 : 1
% ost
=
»
[
2
£ 04f
Q
=2
0
12h 24h

(a) 10% sk P28 fm#k 12 h #)f PKCo/B BERRAL , (b) 10% 5K B A%

(a) 10% cyclic strain applied for 12 h decreased

phosphorylation of PKCa/B, (b) 10% cyclic strain applied for 12 h or 24 h markedly repressed phosphorylation of PKD on Ser916 residue
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2.1.3 A®MEKE T mEX ERK 69 Frm SR
1.25 Hz 08B 10% J PR 5K 0 A8 4E 5 VSMCs 12
24 h J5, Western blotting #:ill ERK 2 (H i B iz k..
K 25 5281, 5 - X REAH A L, p-ERK (3215 5
7EJR A 5K N AR AU AE FH T, 12,24 h 35 52 9 i 25
TRE(P<0.05) . FRL, Az B 5K N AR 4 i) VSMCs
1) ERK @z fb.( WK 3) o

12h 24 h
p-ERK [ p-ERK [

GAPDH GAPDH /i —
+ERK t-ERK

GAPDH GAPDH

static 10% CS static 10% CS

= 1.2 - O static m 10% cyclic stretch

.S
S 08 T .
5
=
[3}
=0
12h 24h
B3 4EMKMTMEE 12,24 h BEMH ERK B b

("P<0.05)
Fig.3 Physiological cyclic strain applied for 12 h or 24 h signifi-
cantly repressed the expression of p-ERK

2.2 RNA F##0 % ROCK1 % ik 3t PKCo/B,
PKD #1 ERK B¢ 89 82
2.2.1 RNA F# 474 ROCKI &k K T K
VSMCs (4 ROCKI %f ERK ,PKCa/B . PKD B2 fk. 11
VEF, 8 i 4 5 RNAL #17] ROCK1 323k, #&
T, ROCKL 9 ¢ 5 M 1 48 7 Bt b 2 40
VSMCs 1 ROCK1 ik (P <0.05), 625 5 %=
B, BT FH 0 4 S v 4 7 BoxP ROCKT () 3R 35 w]
A EH R HIER , TR P22 (WK 4) o

ROCK1

GAPDH |
control  RNAi

.§ 1.5

210 "
5

205

-

Q

~ o0

control RNAI

4 RNA FHEZH%] VSMCs fJ ROCK1 Fi%k( * P <0.05)
Fig.4 The expression of ROCK1 in VSMCs was significantly
decreased by the specific RNA interference

2.2.2 ROCKI F#.%F VSMCs 3¢ 7564 vl Ea 2%

ZMFT 0 ROCKL ¢ 5540 A B il VSMCs 19
ROCKI ik, BrdU ELISA # il VSMCs 1458, %5
RO, HXEA L, T4 ROCKI J5 VSMCs M1 BE
BFERK(P <0.05, W& 5) . Pk, ROCKT Kkl
AELE [ P8 4% VSMCs H%H

o wn
T

=
(]
T

Proliferatio(BrdU ELISA)

(=]

control RNAI

El5 RNA FH#I% ROCKI FRiZBEMIR VSMCs 1858~ P <0.05)
Fig. 5 Specific RNA interference of ROCKI1 significantly
suppressed VSMC proliferation

2.2.3 ROCKI F#.3t PKCa/BII, PKD Ser916 #%
B Frm  FRAKRMT, H ROCKT FE R PE T4t
B VSMCs 19 ROCK1 ik, Western blotting
K PKCo/BIL 2K 14 5 Al PKD & (1 [ 7E Ser916 i/
SIBERR ALK, 430 LA &S PKCo/BIT FLEL PKD 25
HEK RN S, 45 /R U, 5 XA, T3
ROCKI &5 VSMCs f#) PKCo/BII Fil PKD Ser916 Wiz
oK P i 2 AR (P <0.05, WLE6) o A ik, ROCK1

(@) (b)

p-PCKo/BII = p-PKD *
GAPDH & v & GAPDH
t-PCKol/PIT | — t-PKD
GAPDH B B  GAPDH RS
control RNAi control RNAi
=] 15 [=] 15
.2 2
2 2
%
210 210 "
5 5
205 205
= -~
= 0 & 0
control RNAI control RNAIi

6 H#l ROCK1 Fi% 3t PKCo/BII 1 PKD Ser916 %58 1¥ 7k £
MIRME( " P <0.05) (a) RNA T4l ROCKI 3% [
VSMCs i PKCo/BII R4k, (b) RNA 44| ROCK1 I 3%
F&AIK VSMCs ) PKD Ser916 iRk

Fig.6 The effect of ROCK1 RNA interference on phosphorylation

of PKCo/BII and PKD Ser916 (a) Specific RNA interfer-
ence of ROCKI repressed the phosphorylation of PKCa/BIL,
(b) Specific RNA interference of ROCK1 decreased the phos-
phorylation of PKD on Ser916 residue
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F2IK AT HE IE 0] 9845 PKCo/ BIT T PKD Ser916 {7 s i
iRtk .

2.2.4 ROCKI Fitst ERK 9 8m i Hra  #H5
ZAF T, FH ROCKI H¢ 530 T 5 Bea il VSMCs 11y
ROCK1 #jk,Western blotting il ERK &5 H S ik
B, LB ERK NS, S5 EH, SXTIEAR L,
¥t ROCK1 J5 VSMCs ) ERK i fb /K - i B I
HES TR EM(P>0.05, LK 7)., ikgs R
7, VSMCs 1 ROCK1 ik 7K P25 b X ERK @R 1k
FIVE R AT e e Hoxt PKCo/BII FI PKD Ser916 i
TEBIFEF 2.2 1 ROCK]1 k%t ERK BRI 275 B
A VAR AT BB 5 2L KA S SIS

p-ERK
GAPDH - -
t-ERK E
GAPDH
control  RNAi

Relative expression
= s
o o

control RNAi

El7 RNA F#H#IF ROCKI FKixX VSMCs &) ERK B E L T 2
E3m
Fig.7  Specific RNA interference of ROCK1 in VSMCs had no
significant effect on ERK phosphorylation
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£ VSMCs AR5 M4 ZHEMTER
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