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Rock S E S 5 TNF-o #li# S2 EIK sk F iR AL A
EROLE BGH R E,F T FEH (400037 TR AR KR R 2SR

[FZE] HM R Rock {5 538 B TE MR RFE I T a(tumor necrosis factor-ar, TNF-ou) 51 2 G 1 i 5 Ik 1L -3 AL
il ( vascular smooth muscle cells, VSMCs ) ¥ 5 R fUFE . Ji:  HZR Bk RIS 35 S 3L e 3l ik VSMCs, TNF-o il i
VSMCs, Rho {#f# ( Rho kinase , Rock ) #iliil 71] Y-27632 Fi4b38 , CCK-8 ki) 241 M 48 A5 £k , 375 X 4 el A0 000 200 i Jd 391, 928
AT 27 W S 184 5 40 i AZ 0 ( proliferating cell nuclear antigen, PCNA ) 7E VSMCs ) i€ v M #1578 1k, Western blot 1546 il
Yiiffl PCNA SRk 78 b, g5 AMEdEsR 24 h ), S5 FIMXT B4 3,20 ng/mL TNF-o Zb3 W] L) i 214 i1 VSMCs fiy 3
JF (P <0.01) ,PCNA FEHRIK R FH = (P <0.01),S ] + G,/M BT LL GBI B A0 (P <0.05) s A Y-27632 Hikk B
J& , 15 20 ng/mL TNF-o Kb BRZHAR LY, VSMCs 113 58 % 32 5 8 Z M) (P < 0.01) , PCNA 2 1 R AW W (P <0.05),
S+ G,/M HAZ0ME LA B8 (P <0.05) o &5 TNF-o AJ{ZE VSMCs 1654 F0 40 i JE 30 1575, Rock 11 il 3 7T BH 745
TNF-o XF VSMCs (13X —1EH], Rock {5538 #2: 5 TNF-ou i35/ VSMCs 344 58 1120 i J 40 0 s o
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Rock signaling pathway mediates rabbit basilar artery smooth muscle proliferation
stimulated by TNF-«

An Jiayin, Zhou Zheng, Liu Jun, Yang Hui, Lei Xue, Li Zhengyang ( Department of Neurosurgery, Xingiao Hospital, Third
Military Medical University, Chongqing, 400037, China)

[ Abstract | Objective To investigate the role of Rho kinase (Rock) signaling pathway in the prolife-
ration of rabbit basilar artery vascular smooth muscle cells ( VSMCs) stimulated by tumor necrosis factor-o
(TNF-a). Methods VSMCs were isolated and primarily cultured from rabbit basilar artery. After Y-27632,
Rock inhibitor at different concentrations was added into the culture medium, followed by the stimulation of
TNF-a.. Cell viability was determined with CCK-8 assay. Cell cycle of VSMCs was determined by flow cyto-
metry. The expression of proliferating cell nuclear antigen (PCNA) in the VSMCs was measured with immuno-
cytochemical staining and Western blot analysis. Results  Compared with normal control cells, TNF-a
treatment at 20 ng/mL for 24 h markedly induced VSMCs proliferation (P <0.01), increased the percentage of
cells in S and G,/M phase (P <0.05), and enhanced PCNA expression (P <0.01). Pretreatment with
Y-27632, however, significantly reversed the above effects induced by 20 ng/mL TNF-o, that is, significantly
inhibited cell proliferation (P <0.01), decreased expression of PCNA protein (P <0.05) and the amounts of
cells at S and G,/M phase (P <0.05). Conclusion TNF-a promotes the proliferation of VSMCs and cell
cycle, but Rock inhibitor, Y-27632, effectively reverses the above effects induced by TNF-a. Rock signaling
pathway mediates TNF-a-induced acceleration of VSMCs proliferation and cell cycle progression.
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IR & P i 1% #2285 ( delayed cerebral vasospasm,
DCVS) J2& ik W il T &= H 1l ( subarachnoid hemorrhage,
SAH) J5 (7™ T K AE , 51 ARAR m YR AL, W] S BUR
5 ™ 0 TN R ) e R R R JR) K R 22 ) fE R
31 DCVS 5 i 2L 4% A SN, [ Bk A 1
WA BENG R . SAH J5 A= 2 28 2l Ik 1Y) s Lk 751
ARSI A R A0 AR PR 7, ~F- 2 LA B A HE A i
R v S b TR SV LA B A st Tk B 3 4
MR sr 22—, Had 345 2 & A= DCVS (B E R, £
TR 2R 2 5 0 457 T UL A0 G A 0 o AR . B AT AT
5 2 G SV IS A K 11 5 5 2E ( cerebral vaso-
spasm, CVS ) 1) & AR ML Hh 5 452 F 22 A A1 T, i R L= )
FH TR JE b e BT 6 Hefth 7T 45 245 ) 1 J2 38 o 9 i) 58
P SR T S E % SAH 5 CVS py kA= e s
FR A1) IR R IR AL A F o (tumor necrosis factor-at,
TNF-o) 76 SAH J5 CVS g /E i # vp kg 45 o 2 19 A
AL,

Rock {5538 j# 1, Rock J& RhoA "l %08 7 )
RhoA J& T/ G SR AR M 51, BA GTP Bigd v, 1 1k
f) RhoA RIJIE FU#AY AN Rock 234 431, MM 41 1
AN A GERS SE A OAE . ORI AT R
YEA Rock 411 4 571 I IK I & H >R G 97 SAH J5 1Y
CVS'™, SAH J5 TNF-a J£75% 55 DCVS H B i 4 B
Az 5 Rock {5518 Y 5C 2R HAT AN G, A
WFFE IS AR H 37 58 S 5L IS 3l ik -F- 18 WL 41 L ( vascular
smooth muscle cells, VSMCs) , #] F %8 %iE [ 7 TNF-a M
Rho M 77 Y-27632 4bFLAR L, LRI Rock {7
10 PR AE TNF-o 1755 1 1R 80 ok ~F- 3 UL 400 i 48 B vh 1Y
YEM .

1 WS

1.1 3

DMEM/F-12 353535 516 4= ML (fetal calf serum, FBS) 4 H
Hyclone /% %], Recombinant Rabbit TNF-o ) H 3% [# American
Research Products 2\ 7, Y-27632 g H 35 [H Selleck Chemicals 2
], CCK-8 155 & [ Dojindo 23 7], BT a-actin 1 {4 = KL
WA ], BRI A 20 M 4% 51 R ( proliferating cell nuclear an-
tigen, PCNA ) i 414 SABC G2 41 ki) £ ) Western blot
ARG W B R DU A8 0\, BRI S AL B bR 10 E DT/ B
T A A AR A R Bio-Rad HL KA | SEHG 5 4 8 7 22
K R IR B S 3 sl v 4R 4L
1.2 7%
1L.2.1  ZfEFR 5 %€ R RAEIE S IK, UL H ek
JFARER IR VSMCs, NS, R KRB . =ML ETE, 4
M) SEREAH % . AR AR KRG IS, T 0. 25% (IR R I AL B0 J5
1A FIRIETEI R I 240 M - 18 ULBD 2 ) o-actin 3

T FEhRIE, 2R A I AU T A0 400 it ot Py SR BT (e s, T
SCAAML A RIENC B Ik VSMCs, BUE K REFH) 3 ~8 U4+
1.2.2 S5 ALK 10°/mL (9% 5 80T 96
Lt N (T CCK-8 5250 sk ilcA =38 Y 6 FLAR i (FH T
PEAN AL 22505 ) , B & 10% FBS () DMEM/F-12 % 3 i & F
37 °C 5% 1 CO,WEAE N 3EFE . 24 h 546 F TG IfiLiE DMEM/F-12
KEFREFE 24 h, Z )5 P OmA T R % 24 h, 538 @
FFVPE ot 2 - G I 3 (9 DMEM 3% 3% 0 ; @ TNF-o A B4 : %
20 ng/mL TNF-o [ 35 35 ; @ TNF-o + Y-27632 b B4 . fin A
TNF-o ZEFFT 1 h finA Y-27632(10.20.30 wmol/L) Fiikh 34,
1.2.3  CCK-8 iLAGM VSMCs st Ta Pt Kb Fxbgiid K
A% VSMCs JH AL, T8, 4 B4y 4 B 96 FLAR N (g 411k
3AEAL), A I Y-27632 (10 wmol/L) B kb BE4H , 45 4L
100 L, YUk RS F5 08 41 M [5] 254k J5 e LA 143 2H i 8 45 3% 24 he
BFLINA 10 pL CCK-8 ln & FIFAMNIEE 4 h M5 fLAR &
F A BB FAE 450 nm P S NI S LG EAE
1.2.4 S dififb 2 BoRK I VSMCs (4 PCNA By3%ix ¥
M LAK 2 10°/mL (93 BE B2 Fh T BiCA 36 38 19 6 FLAR, 10%
FBS ) DMEM #%3% 24 h J5¥3% , i A TG IL7E DMEM 4b ¥ 24 h
JEtE 1.2.2 Sy H b BRAT M, B ALAL PR E 24 b BUR 353 A, T
SABC B T e 4 Ak g 8, B J5 ] DAB &8, [ oK oft
UE 30 s, 4R N AR A FHPESE SR . B4 3 5K A, OB
TR R FRELIERE 3 LS, Image-Pro Plus 6. 0 34 &
RHPE T 9y 10 B 1
1.2.5 =40 A 30K 0 20 i ) 1A ¥ 1.2, 4 i ab # 4
M, AbFR)E 24 h VSRS O, TVA PBS PRI B LA, K B0 )E
20 T R B B, P T0% B9V 2 4 CRIE . ik
P BE VS IR AE ZE I A5 A T 2 (8 1 b, PO X LS00 4 L 397
1.2.6 Western blot £l PCNA 351k R 1.2.2 S
AL T A M, i B AL PR S 452 VSMGs, IT A & A 1 mmol/L
PMSF ) 241 Mo 24 W, 78 53 24 J O AR 24 f# W 12 000 1/ min 2§
> 10 min, B LY, 4748, -20 C{RF7, BCA I E &=, HAL
#5350 g, 12% SDS-PAGE I B Uk , %% B, 5% Wt B 0403 15
0 2 h, A B s B — L PCNA (1: 200 7% B ) . GAPDH
(1:2 000FBE) NS 4 Col i, ERR 3 3K, INABUAR bR iC —
P1,37 CHEE 1 h,DAB &4, &K AR I IR AH , Image-Pro Plus
6. 0 FRAFHEFT B 43 BT il B B2 0150 % (8, 1% GAPDH [ %%
BEMEAEN 1, PCNA 5 GAPDH JB#% ¥ [H{f 3R/~ PCNA 3%k
K, LI E A 3 K
1.3 itz

FIFA SPSS 10.0 Zeit#h i, 4% LA x = s Fo, 21 B R 5
HE T 2511,

2 HR

2.1 JJRFhPk VSMCs #9552

PO IR AR 5B T LZE AT L 400 o-actin ARiC FH
P, a-actin 55 40 i G0 Al 7 17 HE 51, B 22K SRR, GIE 52
VSMCs, LK 1.
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El1 E%HEEE a-actin ZEH K HFRIE
(R R B B AL x400)

2.2 Y-27632 3t TNF-o #3495 VSMCs 34 78 & M 69 %
"

CCK-8 LA &5 - W /R AN M7 35 5 24 h J5 5 Xt 2
AHEL, TNF-o 7] L) S 3 {2 i VSMCs (3% 58 (P <0.01) ,{H Y-
27632 TALFRAE 3559 5 TNF-o (MRS ME T (P <0.01) , If
YR, Y-27632 b4 FH T4 5 [ ) 2 A LT
RS (P>0.05), %8 Y-27632 %} VSMCs B458 0, Y-
27632 FEHEE 10 wmol/L B B vl i 24 TNF-o 75 5-HY VSMCs
5 (P <0.01) , I, T3 #8 10 wmol/L Y-27632 #£17 J5 4L
40
3.5
3.0
25F b
2.0
1.5
1.0F

0.5
0

T
o

D(450)
o

1 2 3 4 5 6
21531
1 P MExt B8 20 ;2 TNF-o 422 4033 ~5:20 ng/mL TNF-a + 10,20,
30 pmol/L#y Y-27632 43 40;6:10 pmol/L #) Y-27632 4 22 41 ;
a:P<0.01,5 Mt BaE ;b P <0.01,5 TNF-o &3228 k45
B2 CCK-8 %l Y-27632 %t TNF-a i S VSMCs
AR

AP bEAT BB 2E ;B TNF-o #3840 ;C: TNF-o + Y-27632 #3848
B3 EmpmilsamiEREsH VSMCs PCNA f1%kiE  (SABC x200)

S'Mn

2.3 R mpeF M Y-27632 2 VSMCs ¢ PCNA

ER=E S LA
BFPE Xt B ZH 40 A P9 A5 PCNA (12 63k, BEPE 7= 4 K B

B4 (1. 120 +£0.199) ; TNF- AbFRZH 40 HOA% PN BF 1 7 4 2 VRt
B, FEE =PI BEAE A (3. 199 £0.494) ,PCNA 3K 5B H:XS
MRAAH LB B BAE SR (P <0.01) s TNF-o + Y-27632 4b JRZH 41 g
1 PCNA RIBIRECES , B M I BEAE 2 (2. 077 £0.203) ,
FEIRE L AT TNF-o 40 FHZH (P <0.05) . WL 3.
2.4 Western blot 4| Y-27632 *+ VSMCs #5 PCNA %
EF Eu LR

[ %o BB 20 2 19 223547 (0. 196 £0.014) , TNF-o fEFH 24 h
J& , PCNA R 1R 3K (0. 505 +0.061 ), % %5 BR2H Wi 25 38
(P<0.01), TNF-a + Y-27632 /b Bl 40 PCNA 7& [ # ik W
(0.299 £0.074) , %% TNF-o ZbFHZHBH 5 FRE(P <0.05) . WK 4,

1 2 3

PCNA— s e e <—36x10’

GAPDH— «—37x10°

1: B bEstp8 28 ;2 TNF-o 43228 ;3 . TNF-o + Y-27632 43248
El4 Western blot # il &40 VSMCs PCNA E B/ RIE

2.5 AKX e m Y-27632 x TNF-o 45 8 VSMCs
J) i % v

TS AL 24 b )5, B EXT BZHAbF Gy /G, HAAT S 1Y +
G,/ M HAZRHE H 53501 (86.54 £5.33) % . (13.45 £5.33) % ;
TNF-o 4b 21 2H 2 T Go/G, 3 240 Ml 1L 451 F K& Ry (62. 00 =
13.03)% (P <0.05), 4 F S #9 + G,/M 3 40 Ma kb 1] F T+ K
(37.99 £13.03) % , 5B MEX AL LR 22 A G2+ L (P <
0.05) ., 10 pmol/L f) Y-27632 Fikb ¥ )5, 5 TNF-o 4b ¥ 2H 4
L, TNF-o + Y-27632 AL b F G,/ G, 31 4H M L 451 5 25 T o 28
(84.81 £1.87)% (P <0.05) ,4bF S + G,/M 41l fifg tb. 451 p&&
Z(15.18£1.87)% (P <0.05), # /8 Y-27632 W FFH#E T
TNF-o 1755 W A0SR 0 0E B, i 25 R 5 CCK-8 vk Aar il 45 S —
.

3]
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HAEG%HF SAH J5 DCVS #5821, DCVS 1) %
AR R AR, R— N 2R R LR IE S 505
o R R DCVS B & A AU Sk i Fr e pe 28
5 R A, T 8 M L R A 2 A M AR | ol A RE RS A=
AR EUMAT AP, I A A AR T- 2 5 X —
MR, U LA RERER NS5 T SAH 5
DCVS ()% 4= : DCVS 78 SAH 540 H N &4, X 5 RAE
SRR B A JEAS — 2, SAH S5 B 51 K I S8 0E
I 432 LA R FA i oA it 11 4 A S5z I R LA 40 Vi) Ay 3
Tl S i L0 TS 2 WU e A A 3R S i A 95 2
o AR RMER N AZ T2 —1 NF-kB 5 SAH J5
DCVS Fr % A= ) igi I 45 BE 18 5 B U AH & . Rock 5
3 AR A AR AL R Z AR, et 2
Fhigte S8 SAH J5 CVS iy &4, d i1 Rock 114l 5
XoF i 1004655 1 5 B FNE YT AR ARV 2 3l A DR 52
I e gIESE , HRTd FH— A Rock e 3 i 300125 47 1
IRAT IR SAH J5 CVS™ . e #Fse ™ HiE Al
FH RT-PCR 51 8 Z 8% [H T TNF-a ZE45 0 SAH J5
CVS Ay« — kI AR op H: mRNA 3 T4 5, 4
I, FR AT HE D TNF-a 5 Rock {Z 238 i 7£ SAH 5
DCVS % A= il 45 Be s st i FE rp G R Y. SR, H A
TNF-a 76 SAH J5 DCVS & A= v i BLAARAE LA & Rock
5518 & 5 AE TNF-a 2 5 DCVS & #% /5 FH it
NiEHE

Ab5E CCK-8 A 45 5 i /R TNF-o fig i 42
PER L JFE 3 ik VSMCs (934 58, 1 Rock f 41 41 771 Y-
27632 Sy BEAR M B ) TNF-o 1755 19 200 L 385 5
PCNA S 40 A% N IR o> T a8 L, 78 S 940 i 4%
MR IAIA g, fEHEA G,/ M WG TR, i i 284k
5 DNA 4 R— 25, HAe M N A A A7 B AT LA S e Hs 41
Ffa s oL L AR S 4R AL 2 Al Western
blot Al PCNA 78 A [7] kb B4 1) 73 A Je ik 15 L,
2k L HH Rock #7HI7] Y-27632 1 240 TNF-o 55
() PCNA ik, 5 CCK-8 yE MM &5 AT 5. B
oL i P e B Pt ot e SN R W e T
LA 24T A o — A ) i 2 A AT B I R
DNA, AAfF5E A 3 A B RER ST T Y-27632 il
TNF-o 1755 () VSMCs 3% 58 3 — 358 2 v 20 fifa J&) 09 Jr ke
FIVERT, 25 4 /R Y-27632 Ji 38 i B G,/ G, 1ok 5K
P HIVER

SAH J5 B H s+ PDGF,VEGF ,TGF-B1 iy
FhAn i R 7 W1 @ FH ), Jrh PDGEF 5 TGF-B1 AT L)
H VSMCs | i 25 4 20 0 i 5 40 it 3 24 3 1)

VEGF H A 5 2000 80T T WILA 34 A= V8, A il 48
P B0 2 v R T AR ) X e 4 i PR T R A S |
e VSMCs 3458 M 1M £ DCVS (1) & A= vt 8 2 4E 1
S 4 L PR -7 AZ 21450 5 S8 s G A 0 B RS
SAH 5175319 1 40 it 38 3 34 v ki A v i e Y 5 1L-6
() i, FF L B 981 B g HORAE T, SR A B I A
R K MR R T R 0 K T i TNF-o 7E
SAH Ji i Fp i B TH s, TNF-o0 7] DA% 4k NF-xB 5
. NF-kB 1E R 98P J W AZ U PR 7 1T 4545 70 4 e ST 30
& cyclin D 733l 8006 L5 5% (50 240 it S8 3 E A% hin
B, DNA SR in ™ i 4 3 5, AR 4 R
X—ZESARAE, VAU SAH J5 5 P TNF-o Y B2 T+
e, MEHE T i VSMCs 358 , 330 T DCVS k=,

Rock 55§ 7E CVS KA RBHEEMEH . o
750 Rock (5 E- B 5 5 SAH J§ CVS 1 & 4
FEHLH A RS S, —J& Rock MHI LR & A5
BEFENBRE R IR 1L, —J& Rock J{I% Y PKC
WA PEIH RS A E A MR . XN R ILFEE
T SEUK S Pk 451 CVS &4k, FRBFE ™ B
7 : Rock 5 1l 45 BE 2 RE 25 VI AH ¢, A e AR 30 ik il 451
T SR, 2 PRI (4 TL-18) AT 34 /i1 Rock mRNA
KR AR FIB R TIRE, I 52 B () Rk B AR 7 , Bao
SEPU A Deo 21720 % 30, Rock 14570 Al vek 2> 48 1 440
Rl 7= A=, I AT e i 1 ] B g 40 ffd IL-6 mRNA £
5 J /> TL-6 S5 R AR - 7= A o SR AT HE I
TE DCVS J A I A5 BE 3 Az o f vy, T A Y v I 3
()M 7T 38 3 Rock {553 #% 5 #2 VSMCs iy 3%
BH , ARHFFEIESE Rock I Y-27632 7 LI TNF-o
XFFHii VSMCs 34 58 2500 , Ui B Rock 5 53 f§ A &
T SAH H TNF-a 5] %[ DCVS,

2z PR, RFER 7 TNF-o 1] LB | # VSMCs [y
B, BEox SAH J5FHE Y TNF-a 22 5 1 I 55 BE (4 -2 WL
Y M FE SN, 7 DCVS Hp Il A8 BE Al 38 5 AR AL rp e T
BHEAE M., Rock #1#%) Y-27632 % TNF-a 5 S 19
VSMCs (345 BHA M /E R, #2785 Rock {5 53 1% =
57 DCVS H TNF-a 51 A9 I 55 BE A 38 B 800 . 1%
gERYE— R T TNF-a 5 Rock 15 5 # 7£ DCVS
TR AEH X TG R LR ZEIGYT SAH J5 DCVS (15T
M ELA VAR 1 R R AL

S E Lk
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