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HE A 8] BF) B& R B B Sre /2 B A F 4B HR B @ (OPN)UE P AR K 64 4 iR 5b W Ao it 4545 5
AR FFACEGAVE R, R A Src 4% M 374 7] PP2 FELET Src, MLIX OPN 5564 /8 -7 7 Al4m L (VSMC)
FEM Ao it A B MGG PR, AR BRI B PP2AT A E T T 5 4-F A5 £ BE B (FAK) Ao A
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X R, PP2 T8 Z494] OPN #5169 VSMC %6

W Fads O QA (BE M Ao iE 4375 M55 A 2t B4R 76.6 % A2 33.8 % ); OPN T 2 54§ FAK #diL(#
BRALIK-F- iR 5t B 40 64 1.948), 4L ILK 45810, 1% FAK 5 ILK #9456,V (% 2T 84069 46.4% ).
10 pmol/L PP2 T 8 R 4% %] OPN %349 FAK A 81t. 4241 OPN % -F2F ILK #9 & B8BAutE A . 12
# FAK 5 ILK Z A #94:4-. SR RKH, SrctEh OPN- #46% -FAKZ 5 &2F 9153549,
i@ it vk FAK A= ILK 6955540 A B F & 2 19) 6448 ZAE A kB VSMC 44 56 Feit #5578 1.
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¥4 A (integrin) 2 N 3 40 i 55 40 g Hh B 5
(extracellular matrix, ECM)#H B 1FH 5 IR 2 44,
o o A B I S HE S 21O AR Y A e ) B
B R, T, HIE M 105 2 P a0 A 2
ITHh. AU, & TSP ih & i 57 40
EYEIT ARG SEIRBRIEA LS4, H, 1%
A FE W 5 55 S (outside-in signaling) & A f F-H
FZ — B A RIEES Src M%) BT A (focal ad-
hesion kinase, FAK)#{i%{t!2, Src fl FAK #{2& 5
BERESNAZ AR ERERE, S8R ERT
DUAE JC T 3l 4 % 7 M B R AL, A4 p130Cas Al
paxillin®¥, JFEPET 3 Rac iEN, {REHMITHS,
WEUESL, 44 E Fi— BF 8 H (osteopontin,
OPN) Al & it OPN- # & % avp3-FAK-PI-3K & 121
HE I E T LR L (VSMO) I &L B A 267, {H Sre
7525 OPN % 51 VSMC ZH B R A5 1875 1 2 1
AER. 55, BEFRMBIKMEE(integrin linked-
kinase, ILK)tLEZESEETRETSHAMIHE
W ELSS T, EHEBIRRVLEE -3 BE (phosph-
atidyl inosito1-3 kinase, PI-3K)iffbJ&, nJLA#E—
ARG FUFE BB B (protein kinase B,
PKB/AKkY), BEIMS 540 M2 MAEY AT R iel,
H#T, AKX Src. FAK fIILK =#7E VSMC F/) L

P UL AE: Srcs Rilt: T, #HERME

TR R EIEAEAER 7 e R 8 2UEsE, S
£ OPN BUiE ARG SR ETIERA WAL L,
AW A Sre 5 5 A HI7) PP2 BHBT Src IEHR,
M & VSMC Fi Mt FER SR AE, FFRIH Gt
UUIEM T PP2 Xf FAK Al ILK BER 1k K HAR B AE A 1)
e, UL B Src 7 OPN- 4 % avp3-FAK 5
SEEFHTENEM.
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DMEM ;375 H Gibeo A #l; /ML FAK 5
Fi(sc-1688). /NPT ILK #Hi(sc-20019). FPikE
HERBER AL L HL(PY-99). HE I A- BUBR LYK
HIRF AW H Santa Cruz A Fl; RPTH A BRBEERIL
G Sigma 275 %A 1gG 4 E Pierce 2 &
Src R S EIIHIF PP2(% T DMSO #)# B Calbio-
chem A #]; OPN A ZEH|&®, BUARK VSMC
L% 3% 37 3£ 317 DEAE-Cellulose NELEZ M40,
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TN R v IR PR R e . K&
W PE R & 5 IS 4 SDS-PAGE. % Tyl 5 e fa ik
7%, By T B414 66 kDa 414y & B /K ik 5
AT m R AR L 7 b, I SE IS R IR A RS AR v
FRLUE OPN AH—35. T B Moyiak 5oy I s e A v 1) 2
HRE &
1.2 {pEEFS5494A

R ST B E VSMCT, 4 VSMC 4557
PERIA I T 1220 (smooth muscle 22 alpha, SM22cx)
G % A0 AL 2 G A A B AT S, SRR 3~5
KA. AR FR M VSMC A K 3 80 % L&,
MEYEEE SR 24 h, FARRAS TG, M. 2)5,
B 20 ug/ml OPN, #4£E155% 30 min /£ 4 OPN
A, MAREKEPP2 (0.1, 1. 5. 10, 20
pumol/L)E DMSO Hi#d & 1 h f5, A 20 pg/ml
OPN #l# 30 min 1£ % PP2 218, DMSO 4. 4r5l%
MR VAR I & LA M ) BE B R R VE I, AR
FAK. ILK B /KFRBE 2 e A AR .
1.3 SJIETIEFN Western ENiE 53 47

FSCHER[101 773, FHA Mo A% (1% Triton X-
100, 150 mmol/L NaCl, 10 mmol/L Tris-HCI, pH 7.4, 1
mmol/L. EDTA, 1 mmol/LL EGTA, pH 8.0, 0.2 mmol/L
Na,VO,, 0.2 mmol/L PMSF, 5 % NP-40)%} 7| 54f# & 41
B, SR LEW. BE 300 ug A, W
N NET- 22 s (50 mmol/L Tris-HC1, pH 7.5,
150 mmol/L NaCl, 0.1% NP-40, 1 mmol/L EDTA,
0.25% W) & S AKFh 180 ul J&, MMAEH A- 3
fIE%E 20 ul, 4 CH#E301 h, 12 000 r/min &0 20 s,
W BB TR ME B X I]), In A/ BBt FAK
BHLEN BT ILK $BH50& 5 ul, 4 Ci#E312 h. B
Ja, A1 ul 1 pg/ul BPi/h iR 1gG, 4 CHEB 30
min, IAZEE A- BEHE 20 wl 2 E54KF % 200 ul,
4 CH#Ezhid®, 12 000 r/min 020 s, WHEEH
A- fIERE - PUR - PR = s B AW . HKIKA 0.5 ml
NET- JE# 28 M8 1(50 mmol/L Tris-HC1, pH 7.5,
500 mmol/L NaCl, 0.1% NP-40, 1 mmol/L EDTA,
0.25% W), £2pFi 11(50 mmol/L Tris-HCl, pH 7.5,
150 mmol/L NaCl, 0.1% NP-40, 0.1 % SDS, 1
mmoV/L EDTA, 0.25% #MR), Z&rP# 11 (10 mmol/L
Tris-HCl, pH 7.5, 0.1% NP-40) T 4 ‘C %1 T ki
20 min, 12 000 r/min &.0»20 s, H 2 X SDS ¥
S EIFUTRE, 100 CHI#% 3 min, 12 000 r/min
B0 20 s, B LEW BT SDS-PAGE, [RIR{THX

FL A 5 21 40 B ARV I 45 100 pg B PR g BE X
M (Input), ¥ ¥ ZE PVDF i L, 4r5H PY-99 Al
PR IR AL BRI FAK A ILK HBERE 1k K F- LA
KwiEZ B A EAER .
1.4 ZHRRFAMIRIG

KRR FRIG VSMC R QB ILE, B0
WAL . K4 RT3 1% B4 s (NCS) 1)
FEARE, REAMIKRE R S X 10° A /ml, JIAA
[F]¥< 5% PP2 B DMSO Tl & 1 h /5, #&F0T-H 20 pg/
ml OPN H# ¥ 96 FL#, 50 ul/ fL, &F415 L, 37
CHE2 h, PBS k3 )G, KKH4% ZRF
BRI EE 10 min, 0.5% HEMKIE (A 15 min,
%1% SDS HEMM)E, 595 nm WK H .
1.5 HO0BmExE

FOCER(111777%, ¥AEARET IR VSMC #:f T
WAL, ARAEKE100% I8, BHER, H
THEWSKEB A LRIR. PBS ¥id 4 E F R4
Ja, %R BT S AR RS E RS E
B, HENEE 24 h FEUE, BHTE E R HE $fa.
FARAEEE TS BT AR D Ao, EER
IAER, TREmRRG O ERB AR EE, ¥
DA st 3% 7 40 B RS A T 1
1.6 FitFaE

S BRI E  REER R, KA SPSS10.0
Gt oy M A AT AL 18] S AN 7 2595 M. Excel 3K
EH .

2 #R
2.1 PP2 %] OPN iF55R9 VSMC F4Mt

OPNI T 5 ¥4 & avB3H H.AFE A ME 3t VSMC
FIRFB AT R, B Rh P S a0 45 R R, VSMC
M T OPN B#M 96 FLik 2 h f5, ZHAMEE
MR7EFLAR b, “M 2R, &5 90T e,
2SR ENE 1A). SAFEIKE K Src 5 54
HHIFIPP2 FIRE 1 h 5, VSMC 7EFLER L (¥ Bh Bt
Z S, RIS BB, B PP2 IR
I, A FE B 40 32 W 9 22 R B Y 40 e 5 [ K
%, HAEFENE). XPP2IKE NS5 umol/L i,
R B 40 B A BO G REEAE LT RRAL T BE T 23.4 % (P<0.05)
(K 1B), PP2 %71 DMSO A~ % Wi 41 Hi /- OPN 3.4
B L IFGFY, R Sre 78 OPN i35 2 (1) VSMC #h it
BhREEEEM.
2.2 PP2 #i#l OPN iE SR VSMC iT#
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FEFIEA X L (LR ER 3 K)o 1. 2: Input; 3: XHHE;
4: PP2 ## 30 min; 5: OPN #li#% 30 min; 6: DMSO fii
HE 1 hJS5% ¥ OPN ## 30 min; 7: 10 pmol/L PP2 iR E 1
h a4 ¥ OPN Hli#% 30 min; 8. 9: WIMhtfH.,

] Z3200 OPN 52/ VSMC i, £W Src 25T
OPN # '3 VSMC TBME 58 Fi&t.

2.3 PP2i# OPN 588 FAK Es{k, 12
FAK 5ILK &4&

OPN ###% VSMC 30 min J&i, FAK 1k w
BEFES, HBFRAK RN 1.9 5 41
L5 10 umol/L PP2 #iid & 1 h J& 4 OPN #l#4, Wl
FAK BRI 4 W ], S50t R4t MuAf L, FAK %
FRAL KA R R AR B 2810 (B 3A, EI3B). LLFAK
FriEXT VSMC 2T % UTiE S5, A ILK Hifk
HEAT Western ENIE4r M7 (45 LB, FAK Hufknl{f
FAK 5 ILK 3:yiiE, BI%Rsptie 4 il ILK 477
OPN HIBAE VTR Y)H ILK 1D 2054 FE A1) 46.4%
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(A)Western ETEE 5 (B)BERR AL B TLK ACHEF 1A 0 LUA (3250
FEH3I K)o 1. 2: Input; 3: HE; 4. PP2 H# 30 min;
5: OPN #l# 30 min: 6: DMSO fi#fi & 1 h 74} ¥ OPN %l
30 min; 7: 10 pmol/L PP2 il & | h J54: T OPN #i# 30 min;
8. 9: HitExHE,

4N 5 PP2 iR & )5 7 H OPN i34, L5 %3] OPN
FE MMM, FAK 5 ILK Z A1 45 458, [
S REUTIEY) S ILK B 3% (& 3A. B 30). Xk
%6 SRR Sre W FAK BERRAY T & FE40 6] FAK £5
ILK A 1I1EH
2.4 PP2#5in OPN iS5} ILK B L BBL (L 1E A
Kl 4 45 ER, OPN BT i 2 P&k ILK (1%
R KFE, HIPP2 H¢ 34l Src 5, OPN 5%
MIILK B Z B3], BRI ILK /K - Lt OPN
BRI 40 M = 2.3 5. 45T PP2 ¥ 571 DMSO A5
ILK B, L ESERUH, Src 254/ % OPN Xt
ILK BEER 1L /K T 1315 .

3 it

VSMC Fibft 1A G2 i 3 M 1)
0 B F A P IR . CUZRUENH, VSMC [ Eh RN
2 — RINAEH B ARG 55 Sad e rg s, 3L
T VSMC # IR2 A5 3 avB3 5 HLHELA OPN M B
VEH BT80S (45 5 1 A A0 B it F rp A3 EEE
BOREPIFWEN — L5 550 TR0 Mo QL 8 ik
PSRRI M, BB B (focal adhe-
sion), FHIE)EBNASFME S AR 5 | 4 i 5
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HWREMIE. CHERSENES T TP, SrE
(1) 3E 5244 B% R BRI (10 Src A1 FAK 4%5) & #5 S B/
H, EfM@dy584Ep3 FAMMARX HEEH
MEGE THHE S5, SRNG5S ERERHLEE
iz, KEHFFRIESE, Src NS E4E Sik%,
XEE SR R 40 A [R5 97 A B R A
FHVER . AWFFCERM, $0H] Sre 2R IA ] B
FSCET 4E 4 MR O RGP Thae . $27R Src A2 40 6 B B 4
T3, A IREFR, Src 3MEIF) PP2 7] 584> BH M
S ollbP3 KB Bl R, (HAZm LRI04,
BATM LI 45 FAUFSE, Src /& OPN- B4 2% avp3 ik
F VSMC #ift & 2, B Src #IHI7 PP2 WK
HISEn, ZGFH 40 B ET & B BB T R RE, $20K Sre #
PP2 )5, HTWES S FRIBRILZEIZm,
MM T #HE S S, F VSMC FiktDhag
R o

Src A FE TRt 5 A MAEBM L. Src
FEDRI I BR 1)/ B4 4 40 UE BB TR PR, BT
P c-Src AT HE5E HIT B TN REDS); Sre XA B
BEEZEMEAERE T RhoA WEIL R LFEM,
RhoA E L 55 40 Ml #5 B B AR U R A KR 75
SNRIEMMRITEBFE Src B 507, xubsrib kR
XKW, Src 2 HESEMAMARIBGE SRR,
1 Sre /T F OPN %31 VSMC i ? JATH
KL RN, OPN Rl 24 h J5, RIJEAG OB
R4 B ) e IE®, ILP G OEE®E: A
PP2 J5 OPN 53 A MU 2 230, 4 PP2 WK
5 F 10 pmol/L I, T # AL H )40 ik b OPN
R 66.2%, iOANFRERE, O HY
Src M FMESEESH T VSMC B L.

KF Src WA L ALER HLE, B AN
K, Src BIELIEMEXT A RF AR L FR, mH
4y F i SH2 Al SH3 X S5 R Se M A R 0 T
#), Src Rl REANAE AN —Fhfir e ¥R R B H AL
TRAERS, (HXZHHITIUESE, Src Bt BRI
HTFHEYSE5MRFRNERESHES, K
FAK 2 58 ARLE W2 AREREE, £84
Z5MALEE, il Y397 M SRS
Src B SH2 X 454, MiJ&, Src 7EZ ML S L

R4k FAK, 3EnBEsEME, JHut— P R0E MK
Y, 155 m P30, A% iiE, OPN
At FAK FIBEERILIEWD, A SO — P seix —
YEFAKH T Src IATAE. 4 PP2 $illil Src B, OPN
P30 FAK BRI 2 T %, dtbnl BLHER, OPN
H5EEE avB3 465 F 8 Sre i1k, Sre B B
1k FAK H1Z /M S5 FAK (it — 2 iE, i
MiE# FAK GG 98 S . ALK FRIELEY
VSMCIE#AH K 53 — AN EE 5y F——ILK K BER AL
JKF-52 OPN- ¥4 % avB3-FAK HIET (45 RIAF A
), AWFFH PP2 W% Src & FAK Bifefb)5, 3t
— M EL ILK BRI AR L. ARSI 5 KL, OPN
S H ILK LBERRAGER AT PP2 #i, HFAK Y
ILK 145 & 28 n. BERtIRAIHEN, PP2 Xf ILK
BERR AL 5 v R 8] 48 K U5 T H Xy FAK V& PR,
FAK V&M SR — 2T T ILK HIBERR A FR R
HPEMEEER-

B2, fERAMEFAY VSMC Fi AT
{55184+, OPN- A& % avp3-Src-FAK-ILK &%
AReiE EEAEM, 2SR LM E 2L
K EABAE FIERBTEAMLE, LR VSMC 1%
. EBEEYETH.
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Src Mediates the Adhesion and Migration of Vascular Smooth
Muscle Cells Induced by Osteopontin

Jing-Jing Li, Jin-Kun Wen*, Mei Han
( Hebei Laboratory of Medical Biotechnology, Institute of Basic Medicine, Hebei Medical University, Shijiazhuang 050017, China )

Abstract To investigate the roles of tyrosine kinase Src and related signaling molecules in regulating the
adhesion and migration of vascular smooth muscle cells (VSMCs), the adhesion and migration of VSMCs were
induced by osteoponin (OPN), and the effect of Src specific inhibitor PP2 on VSMC adhesion and migration as well
as focal adhesion kinase (FAK) and integrin-linked kinase (ILK) was studied. The results showed that the adhesion
and migration of VSMCs induced by OPN were decreased to 76.6% and 33.8% of control (P<0.05), respectively,
after the cells were pre-treated with PP2 for 1 h. The level of phosphorylated FAK increased about 1.9 times after
VSMCs were treated with OPN, compared with that of control. The immunoprecipitation and Western blotting
showed OPN stimulation induced ILK dephosphorylation and inhibited the association of FAK with ILK, which was
reduced to 46.4% of control. PP2 significantly inhibited the phosphorylation of FAK, antagonized ILK dephospho-
rylation induced by OPN and promoted the association of FAK with ILK. These results suggest that Src regulates
the adhesion and migration of VSMCs through affecting the phosphorylation of FAK and dephosphorylation of ILK,
and that Src may be involved in OPN-integrin-FAK signaling pathway.

Key words vascular smooth muscle cell; Src; adhesion; migration; focal adhesion kinase
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