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[ ZE] HE MK 24-TBFBE Aalisol A 24-acetate) 3T BACH K5 E 15 & & (ox-LDL) #F 3 X R & 08
Wz A (VSMC) A A B0 B R AL A A2 b & R AR U2 8 & & B 9( MMP-9) 5 A 49 % v, FF4R3F 5 ERK1/2 4948
R, ik AR AERINER KR VSMC, ox-LDL(50 mg/L) #4735 F ,24-CEF BB A(10 mg/L) #47F R,
o Jh tm A e & UL 2 VSMC K 45 & A 4738 % & SM22a #9 % 4% ; RT-PCR # @ VSMC MMP-9 mRNA #3 & i& &
Western blot # VSMC MMP-9 #= ERK .p-ERK & & A& e T, &R & ox-LDL # 3T, VSMC # % £ B Ax & %
& SM22« 89 F ik AR, 2 it 81 & A% B 4540 AR MMP-9 98-k, £ I8 & ERK1/2 BB ALK T F 3 (P <0.05) ; f£ 24-
CEEFEBEE AT TAT , VSMC I 4% & A7 £ 5 & SM22« 89 R K 38 hn | 2w B %) M 45 R ) 2640 42 1 & MMPO & p-
ERK #9 %X T (P <0.05), &t 24-TBEFBEE A 4L A 274 VSMC & A #4Lfo MMP-9 & %A | U4 T 4k
5 Fp4) ERK1/2 12 518 %H %,
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[ ABSTRACT ] Aim To investigate the effect of alisol A 24-acetate on the phenotypic modulation of vascular smooth
muscle cells( VSMC) as well as the expression of matrix metalloproteinase-9 ( MMP-9) in ox-LDL-induced rats vascular
smooth muscle cells (VSMC) , and their correlation with ERK1/2 pathway. Methods VSMC isolated from the tho-
racic aorta of rats were induced by ox-LDL(50 mg/L) and intervened by alisol A 24-acetate (10 mg/L). Immunocyto-
chemistry was performed to detect the expression of SM22a protein. RT-PCR was performed to detect MMP-9 mRNA expres-
sion and Western blot was applied to detect the expressions of MMP-9, p-ERK and t-ERK. Results The contractive
phenotypic specificity protein SM22a in the VSMC induced by ox-LDL was inhibited, VSMCs changed the phenotype from
constriction to synthesis, the expression of phosphorylated ERK (p-ERK) and MMP-9 in ox-LDL group were elevated com-
pared with the control group(P <0.05). Alisol A 24-acetate. partially inversed the effects of ox-LDL on VSMC (P <
0.05). Conclusion Alisol A 24-acetate inhibited the phenotype transformation of VSMC induced by ox-LDL, and the

mechanism maybe has correlation with ERK1/2 pathway.

1L -1 L4 M ( vascular smooth muscle cells | TR A VSMC W25 B 545 S G iR, I 48615
VSMC ) £ AU AL LS Bk FERE L iR A A RUR K R A AN E R RE 1 L AT R
A I I AS PR 2 A5 0 ik 1 7653 1) G BEEPR RS B 2D TR FHANBE ST, R, BF9E VSMC AR5 AL, %

[ EH] 2014-10-29 [{EEBH#A] 2015-01-10

[(BE£TH] BERAARFRESH LITH (81473744) #mdA AT P EZRBIN B (WZSY201304) , #i i E ARG FH
FF T AA K FRIH (2013-ZQN-20-28)

[EB®EN] AR, B-L0Fge A 0F5T 7 1) J 0 1045 95 A8 JE RN BE B2 P 5T, E-mail 2 1428359694 @ qq. com, 18iHAEH R
A8 A R AT B WS 1] A 0 14899 4 At RTIR R 9T, E-mail iy 465356738 @ qq. com,



CN 43-1262/R T EBh ki L 2015 4E55 23 55

4 343

BRI B IR B A HEE L, VS N RKB
BLL 24- L ERTE I A TS h BB IS
BN, SEERAFGT B BEE h =i e A e I
FIPR | B I B . B h koo #F 6 Ak 1Y 32 22 4 it 3
RC ) HR24-Z BRI I A B Sh koK FERE 1L &
55 VSMC RV AT 5 B AL i AR AT DL B
ARSZIG LA 24- L BERTEEE A T A AL RVIR S AR R
I (ox-LDL) %S VSMC, WL%< VSMC Y 4 % B bk
ICER 1 SM22a 119 3R 38 48 £k D) Je 3% 0 i Ak oo 7 v
MMP-9 145 BUENL , FERTTAHCRIHLE

I MRS ®

L1 FEHM

DMEM/F-12 ¥ 3 %t (Hyclone /A 8] ) ; fa 4 i 7
(Hyclone A %]) ;& EHR SD AR 4 R, HRE
BE AL A 2 SL 5 5 4 Bl (3 T E 5 o SCXK () 2012-
0001 ) ; &b ALK % & Fis & & (ox-LDL 1. 32 mg/L) (4t
T EE AR A F) ; RT-PCR 1R 7 & . Trizol ( Pro-
mega A F| ) ;MMP-9 PCR 5|4 ( Eigd T A TEAH
RAED);ECL A (R HEEZRARAF) ;WL FH
R ETREWEARFRIT) ; I A K MMPO |
SM22a ( Abcam /A ] ), ERK, p-ERK, B-actin — #
(CST /7 ) ;U126 ( ERK1/2 4 5 M 41 4] 5] , Sigma 2
#);DAB R & XA & (BMEZINEDHEANF);
Western blot ¥, 7k i% % ( Bio-RAD /A 8] ) ; 40 J0. 55 = 48
(Therom /2 & ) , Leica DMIL LED 8] & & %4 ,
1.2 KR VSMC B RIEH

MM SD KR UFHREELA R, RHAET 2
B E Bk, B R AN AL ET K 1 mm o x 1
mm A /NEY A A5 m NTAL i B 37°C .27 14 h
&, MmN A 20% f6 4F i W 8 DMEM 3 %%, B T
37°C 5% CO, Wi HFxr, EK@bs R, A4 10%
Jig 4 i % By DMEM 355 8 82 ~3 R 1 K, R
HAAE R, 4000 %% K a-SMA 4 57 M 3 € % 40
MHATEE, 5~12 RA A TERFR,
1.3 #HRaFmsra

W ER B KB, BT 6 TR R
24 h J5 34 vk B DMEM 35 3 24 h, 1 40 i 4 K
BTG, #, REFRLAEE DS N3 4.(1)F
B Xt BB 4 A A AT T, 24 h 5 L (2) ox-
LDL 41 : #7 ox-LDL 50 mg/L,24 h J5 4k & 48}t ; (3)24-
CBEER A(A 4):24-7.Bt% 5 8 A 10 mg/L(24-
ZEEEEEE A 1 mg 75T 50 wl. DMSO # , & 4 & 20
g/ L BT BB U A N T o 3 R AR R, AR

F T ot A8 78 L4 A B DMSO 72 B AN 35 R K A ok
JEH0.5%0,/NTF 1%0, # DMSO i1 48 - 78 AL 48 ey
B T AR BUEE 1 h, &5 1 ox-LDL 50 mg/L
F24h ElREale, BAEREL3 K,
1.4 REMELFEEIE SM22a HIFRIE

BB EKSm, AT R2AFRR(NE
LW EH A )FH 24 h 5, #F 4 ikt DMEM 3
F2Uh,FEHEEKEF TG, M, RELELEH
R A (1) A EBA (2)ox-LDL 4 (3)
24-TBREEEE A M (4) A EA, 13 4FH
Bl L, BEATHE S A R4, &R VSMC
24h J& ,SP 3% X VSMC 34T SM22a . 9 40 i Ak 22
B, R BRA WA BREF FHAT 4% SR
¥ B B E-PBS I ii-lL F o F H A-SM22a 37
(1:900)-PBS JE it-4 4 % 450 0 F y1/0 B/ & 1eG
ReM-#BERNENEIFREA- LAY B, B 6 R
BRERTHRE,URFEAAECETREECLE,
H¥hEREmrrfa yMEikt ERAER
B3R, BRVE T B DL Bk R 2h % b R (PBS) R AR —
i, LHHEE 3 R, FHH 400 2 HMETH
HLE S MALE 47 B, H Image-Pro Plus 6.0 [& 1% 44
BAEHAT O,
1.5 RT-PCR #ill MMP-9 mRNA BIRiX

| Trizol & 7| ( Gibco /A 7] ) # EL ¥ RNA, B 1
pe & 41 40 % RNA 3 4 K 4 R cDNA, B 4 B 2
Wl 3 % 3% 7= 4 4 B #E 4T PCR, MMP-9 5| 4 & 7]
H . B 5'-CAA GGA CGG TCG GTA TTG GAA G-
3", T 5'-AAA CGA GTA ACG CTC TGG GGA T-
37,94 F B K F b 348 bp, 5 & GAPDH 3|4 )7
7| ¥ . biF 5'-ACG GCA AGT TCA ACG GCA CAG-
3", T J# 5'-GAA GAC GCC AGT AGA CTC CAC
GAC-3' ¥ 3 Fr Bc K 5 H 149 bp, ¥ 3 & 1£.95C
B 30 ;58°C 3R Kk 30 s;72°C HEH 45 53,30 M E
LG 72°C FEE 5 min, B3 wL A 1. 5% I
REAEBE AT 9,100 V Bk 18 min, 2487 T 48 B, 4t
HOKAW I ROLEEE, L EWMEE S GAPDH &
FEAH 2 bt & T AR B AL mRNA By A X £ &
1.6 Western blot #:ill MMP-9 . p-ERK #1 ERK & H

W FRAE 24 h F RBEE . AHE
JEEH AL E R ITE L, # N 1.5 mL EP # L RIPA
vk 22 30 min, A F AR 3 5k, 12 ke/min
#0015 min 5, B EE 2% T -80°C k., BCA %
MEAKE, 5 6 xloading buffer #% 5: 1 & # &
A, W R 10 min, BL50 pg B E AU 10% R H
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WEBE B I e vk, A R A U E PVDF E, £ R T
5%BSA # W 2 h &, 45 i N %0 MMP-9(1: 1 000
i) (t-ERK (1:1 000 # %) ,p-ERK (1:2 000 #
) A B-actin(1:1 000 % F) —30,4C & it
7, TBST ¥fE 3 WK )G A N A8 B2 8 HRP 4732 = 4t (1
:5000) FEBEH 1 ~2 h, TBST ¥ % 3 %4, ECL & 7
BEFTERAREZ%EEL %, H Image-Lab E# 4
WM &0 R EME, LEHWE AL B-actin &
WOR A 2tk R A & B % 3k KT p-ERK 5
ERK 4 & JE{H 2 th % 7= ERK 8 B b K,
1.7 SitFEH*E

L EA 3k, K SPSS 18.0 M 4 £k
W T ERB U ss T7, ZAHBLRXA LA
EFENH, U P<0.05 hERARITFEN,

2 # R

2.1 KR VSMC 5%

308 AH 22 W GRS LA i 2 4R TR 51
AN =S8, G 2 A58, B+, %
L DR R, ARG S 2 AL AR a-
SMA HofZ 5 't e (5, BH P, M3 o9 L 22 7 K Al o0 A
Y TE NI IARR(E1) ,

PR it 3 BR 4R

2. VSMC SM22« BB &KX
Figure 2. The expression of SM22« protein in VSMC

2.3 24-ZEEFEBE A X VSMC MMP9 RiEZ@

MMP-9 mRNA FI&E H7E2 F X A BH —
[ FEAE IR ; ox-LDL 5% 24 h J5, MMP-9 mRNA #l
FEHFBH B B0 ET, 5 A F R 22
S FE (P <0.01) ;i fH 24-Z B R TEBE A
THi)5 , 5 ox-LDL 41 Hb 4%, MMP-9 mRNA Fl1%E 115
KB R RFER (P <0.01;183)
2.4 24-ZEkiFEiSEE A 3 VSMC ERK ®§E84k 7k F
Eap=Al

oz X B4 A, ox-LDL i3 F VSMC HY p-
ERK /KT (P <0.01) , T 24-L Bk TE s

ox-LDL#A

1. BERXR VSMC i SE5RBRAELLEE A
R OCEE T A ML A S 2 ISR (% 100) 5B S 2 40 i S e
FeY (0 %8, a-SMA ik PHE( x400) ,

Figure 1. Identification of primary cultured rat VSMC
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PV Xk BEZH rh mT D 3 % 1 200 LA, B JB oA DL v
B0, 28 R B 0 Y A T Al 45 2 200 6 5 34 T AL
TR O B IRARE O Y ) SM22a 85 (I BH MR GA
ox-LDL 175 S 4 V- 24005 R 325 PO BREH /)N 1 ]
SM22a FEH KRB KT B2 A XA TR (P <
0.01) ;24-ZTEETEBRE A 11 ox-LDL 3553/ VSMC
Ja PR M A B L, R 24- O BRFETS RE A
T ox-LDL #5531 VSMC J& SM22a & 57K F-
NIE(P<0.01;/82),

o
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o
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o
w

o

o
o

ICC Positive sm22a protein OD value
o
n

YR SERMBA ox-LDLA A

a i P<0.01, 525 X R4 L% ;b 2 P <0. 01,45 ox-LDL 20 [L#5 .

A TE 1 hJ5,ox-LDL i 319 p-ERK 1 &3k n] &8
(P <0.01;814)

3o #

VSMC 2 I 457 BE Hh R B4 9 32 2 44 LR 4, il 4
P H A TE /D B VSMC, TF % 1Y VSMC 5 3 19 51
PERCAE F T 3 a AR A EF 5K oS i A N AR
YR LA RE 5K 7, 5 L 5 AF 22 o B IR ARG 1
FHTR 0 4 5 20 it A1 4246 Y IG5 4 ox-LDL, VSMC
Wi B35 Ak Ry A R A R VSMC BT A B R
J3 U K AR L PR A AR BT (ECM) RS ST 43 @
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Figure 3. The mRNA and protein expressions of MMP-9 in VSMC
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4. VSMC # p-ERK HIFR XK F
XHIRZLH S b Ol P <0.01, 5 ox-LDL 41 HeL
Figure 4. The phosphorylation level of ERK in VSMC
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FARE(MMP) ) 7 Sh kAL | R I | 1 A 5 4
1B PCI AR J5 PP 78 9 B A= B0 78 Pl F A
F . VSMC 1) UG Ak J2 40 it 334 5 F1 A 8 114 G i 1
SRS 24-Z BEETSEE A R TS BRI TR oy
B =5 2505 W v R AR FH S5 0% B i B A A8 AR
oy FEE SRR & TS RS YN apok-
SE PR 55 =5 1 0 Ak MR 3 iy 350 3 Jok o A 1 £ /) BRUEL
7 A i 785 A A ARG %% B R AR PR
I 24- CBEFETEBE A TERENR B0 sl Bikooks B8 46 )7 T
A —E ) e al, H HOR A5 BEVEH T VSMC
FL e SO W IR T E Sz B NS WL 2L N5 4
7 VSMC, FI ] ox-LDL 55 VSMC & A5 4k, Hi ik
ARG AL Ry A B T BP0 AE A Bl ik s B A Ak

VSMC RIVEAR IR R 24- ORI IR A 3517
100, I BH 24-2 BEFE TS BE A 9] VSMC R B 54k
DL KA VSMC R AV AL 5 18720 MMP-9 3Rk 7K1
JAT AR 3 i

SM22a J2 3T 4F & L) —Ff VSMC 43 fk B0 A i
AL TEET VSMC KRR ZE HE A 540
MBS B A4S &, 25 Al 2R 4 A Fnli
ARV BRI R IR, AE Bl KR AR R Ak & A 2 B
SM22c RJ 31 1 75 VSMC & U R 8 5 7 1 1 52
BHKEE L () & 42 5 % . Wamhof 25 ik — 2
R IS Bl Jok ok A 58 A0 i 43 R A6 Y VSMC T SM22«
FERNFRILA T, A 0L, SM22a 78 VSMC 26 B Ak 1
145 ¥R & AR R T T AR B 25 8 AT
R, T4 JE 8 B ( matrix metalloprotei-
nase , MMP) J&—~ 28 [ g K %, B E4H L, VSMC
SR A W] TTIZ R AR ECM, 320 VSMC B9EF |
HawE A 6E )y, Hid MMP-9 & MMP 5% % (1) B 32 i
DU, 7E VSMC 0B %2 1M 45 P IS 5 A PR IS A9 O o I
I KON R T B B 24 b % ¥ O AR
PEFY . AR R SM22a RE I TY MMP-9 1)
Fik, UUER SM22a FEH 235 T 58 MMP-9 1) &
A% ; SM22ac BRFE /N R T B MMP-9 (1) 32 3A 76 1 i 2
TR ARNER, B e WL SM22a 5 MMP-9 7
VSMC R AU AL P A BFEE BN R , ALK 5
PEAN AL 2 A I T W 4 2 BUAR R B 1 SM22a 119
Fik, B ox-LDL U 45 2 T B 1 SM22a 3R i5 H]
B, K] ox-LDL B VSMC s 85616 &
A ZH M 3 3 RT-PCR A1 Western blot £ %& Bi
ox-LDL 35 VSMC 7] LI K & 3R 35 MMP9, £/~ ox-
LDL 55 VSMC H e 4 B 5% 4L A 5 i VSMC, %
A VSMC BA 43 KR MMP9 fYI)RE, X 5
FE AN SCRRGS AR AT, 24- 2 BERTE BE A T 1 ox-



346

ISSN 1007-3949 Chin J Arterioscler, Vol 23 ,No 4,2015

LDL 5% VSMC, i 45 R A bRic & 1 SM22a ik B
SN, 0 MMP-9 #3552 2 B @ (41, $278 24-2
BEFETERE A REMSA R ox-LDL 355 VSMC (13
TG AR, (LA 436 T 8 110 B o 750 40 L o ol 4 2
RUEEA, A 3 T 55053 3 MMP-9 (4 3 BE A5 LU,
FE2S AARANE SR ) VSMC g — 2 JE Rl 9 MMP-
9 Kik 24-LFEFETEEE A T WS 4 iEH MMP-9 £
IRIKEAK 52 28 23 11 0 IR 20 K S, A RE 5 A 85 5
VSMC 1) % 1% 15 35 4% %552 i H: 3 789 Fn 3% 8 3% 1
K

Z IS UE S, 20 M AME 5 08 0 28 B (ex-
tracelluar regulated kinases, ERK1/2) 1F by 22 %4 J5i 1%
ALEE 1 i X & (mitogen activated protein kinases,
MAPK ) B 5 B B3 2 — , 76 ) ok o o 1 A6 1 2 vpo
VSMC R 55 Ak 1T B 134 58 b & 1 36 12 19 1F
TS TSI SM220 AT 5E T ERK {5558 %
0 MMP-9 B3k HALHDZ L ERKL/2 {7 5
BAM ] c-FOS 5 AP-1 {37 5 (%) &5 & 1% P i 4 46l
MMP9 3 R k1 ARS8 & B, ox-LDL i
VSMC [ p-ERK1/2 k825 (% 4l B 2 7,
24-ZBERTSIE A THUS , p-ERK1/2 3532 244,
PR 24- O BRIFETS I A R EIE oF 0 ERK1/2 9%
R ik, B AIK ERK1/2 {5 53 B A& 1, XF VSMC 13
T AY, K AR MMP-9 T E = A= 540

R, FRATTHEI 24 - 2 R VS i A AT LA ox-
LDL 551 VSMC Ry R0 & MMP-9 =ik | HAL
AT e 1 E Y ERK1/2 5 S Mk se B
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