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[ ABSTRACT ] Aim To investigate the effects of OPN-002-siRNA transfection on intimal hyperplasia and osteopon-
tin (OPN), transforming growth factor-B1 (TGF-B1), proliferating cell nuclear antigen (PCNA) expression after carotid
balloon injury in rat. Methods Through preliminary experiment, OPN mRNA in cultured vascular smooth muscle
cells was tested by real-time reverse transcription polymerase chain reaction ( real-time RT-PCR), and OPN-002-siRNA
was determined as the most sensitive sequence and used as transfected siRNA in the subsequent animal experiments. ~ Sev-
enty-two rats were randomly divided into four groups: sham group, balloon injury group, OPN-scramble-siRNA ( OPN-SCR-
siRNA) group and OPN-002-siRNA group. Changes of intimal hyperplasia and OPN, TGF-B1, PCNA expressions were

detected by immunofluorescence, hematoxylin-eosin ( HE) staining, real-time RT-PCR and Western blot, and also the
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effect of OPN-002-siRNA was studied on them.

balloon injury.

Results

(1) There was no apparent neointima on the 3rd day after

Intima began to thicken on the 7th day after injury, and intimal thickening was significant on the 14th

day.  (2)The expression of OPN, TGF-B1 mRNA and protein started to increase on the 3rd day and persisted until the

14th day.
creased on the 14th day.

The expression of PCNA mRNA and protein started to increase on the 3rd day, peaked on the 7th day, de-
(3) Compared with balloon injury group and OPN-SCR-siRNA group, the neointima thickness

decreased significantly on each time point in OPN-002-siRNA group (P <0.001) , and both mRNA and protein expression

of OPN, TGF-B1 and PCNA reduced significantly on each time point in OPN-002-siRNA group (P <0.001).

Conclu-

sion OPN-002-siRNA can inhibit intima hyperplasia after artery injury by decreasing the expression of OPN, TGF-B1 and

PCNA.

28 [z R S KA AR ( percutaneous coronary in-
tervention , PC1) it F TR Y7 e 00 , SR AR S5 Pk
% (restenosis, RS) M9 & A= P2 H 2 T B 10 197
R, PCIARJE RS WIE e — 52 24 g L/ Bk
e, 15 1 LA B ( vascular smooth muscle cell
VSMC) RYIE RS b B 16 5 01 200 i 2P 2 S5 ( excracellu-
lar matrix, ECM ) R i & il 2 5 20 48 4 I )& 4
AR FE R, BIRYIR)Z IR W %
8T RS M9 %A (A4 A 25 8% ) PCL B3 A B
RS™ BT 25 ) (TN R BB ) 194
WA SRR H 5 1% T - 11 555 N B A, S e 4
A 3 S AR T B R R B PCT
MRRYTFEE R FEPIR YT AT BRIy — R AR & e i 5
(T e A B e 3T A ) i

‘B PR H (osteopontin, OPN) /E A ECM H1—Ffi
R PIRETE R 1, 78 K B L 4 A P R
HF R P2, KA VSMC B 5 AT R
MIVEF, BN I VSMC R LA bR 3L
AT 40038 43 5 ¢ OPN-002-siRNA X K B #91  2y
JKERFERI 5 OPN | 240 i 185 58 AH G K& R i Ak A= I
F B1 (transforming growth factor-g1, TGF-B1 ) FNH4FH
7 H@&Tﬁ)ﬁ( proliferating cell nuclear antigen, PCNA )
FIRHIFEIR 51T OPN-002-siRNA 78 1 b7 182 75 )5
T FIPE I

1 #MREFE

1.1 BMHHIE OPN-siRNA

Bt I AR 3 xR A By OPN-siRNA , 7] #f
& Rk 1 AT X Ot & B B9 DNA JF 71, 4% 3% i OPN-
scramble-siRNA ( OPN-SCR-siRNA ) , 2 5%% A Cy3 47
BUETRBEREZR, FELELZ WO
SRR S RO R R A B4 R I (real-time re-
verse transcription polymerase chain reaction, real-time

RT-PCR) # 1] OPN mRNA #y &3k K P,k #H b &

RSB /N T 4t RNA (small interfering RNA, siRNA)
J7 % “ OPN-002-siRNA " 1§ J %% ¢ JL [H] | E AT 50 4 &
B IE X %% .5 -GGAUGAAUCUGACGAAUCUTT-
35 R U4 .3'-dTATCCUACUUAGACUGCUUAGA -5,
1.2 ZhiiEBHIE

HATEERAF IR P oREN 72 R
f# FE Wistar 4 £ K & B, & ;T & 350 ~400 g, 10%
KA A EE (300 mg/kg) FREE & , 3T IE 1 Y1 T, 4 M o
BAEHE Bk, A S B PR BT A2 K B Bk I
SR, ] 1.5 mm RESEE (W E EE
Metronic /A & ) M4 3 Bk N Z2 FUE 3 Bk, 72N
EEGAK RAEARMMRE, EE 3 K, FHRAH
REKNESRAT, A Ja & 3L F 420 Bk, K &t ,
“AEFTH A,
1.3 KWHHEKLIE

Sl 4 4, F4A 18 R, (1)ERFA
G .08 AT E kR, FAT b ko k& A 4p &
B (2)REMAG 4 R B A E, B
J& BB 7% 200 WL # 30% Bt AX ( pluronic gel ) 7 7 ;
(3) OPN-SCR-siRNA #% % 41 . 2k % 47 47 37 3 fk & ,
{77 1 & J&| BB 7k 200 pl % % & 4 4 (4 OPN-SCR-
siRNA 15 pg # 30% X B i 75 /) ; (4) OPN-002-
sIRNA # 40 4 . 2k B 4w 47 0 3h ik Ja , 47 e %8 B B B
7 200 WL # 4 8 4 41 (4 OPN-002-siRNA 15 pg #
30% RERER) Y, 25 FREFF B LR AR
DML T, FAEH6 R, BE AT LK, 5
MNEBT 4% 2 RFEMBEA T, AT HE 3 &  real-
time RT-PCR & Western blot 43l
1.4 7E{K OPN-siRNA %£3

RE AT R, & ALF B ik, K 200 pL #E A
a4 (4 A Cy3 #7328 ) OPN-SCR-siRNA 15 pg #
30% KB VAR ) S EMAG i E A A, 4 A
Wale, L3 XE, HRARFERAHHMLE, K
NBREHEF , FIRKEMF (FES pm) , # K, F
TRAEBMETHE,
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1.5 mEFREREZRN

FAMERARE R BEE G, NG & L&
HEMN T3 KWH &, FfIA HE 26 EL¥ R
WA TR N E & K, A At ENE G
WERA M mERNE FEEENRE, ItENE
/HFE(L/M) B8
1.6 real-time RT-PCR # il

% JH Trizol — % B FE 30 ik 89 & RNA, B
& 41 % RNA 3 pL 3 % % & ik cDNA , 3 %2 5% X R AR
1 4 R A &R AE W A IAT, K EEFR K 20
wl, KR4 4 37°C 15 min,85°C 5 s,4°C 7 min,
KL JFl ABL 7500 4 3 (L2 4T PCR 4 3 K J% ,20 pL &
RLAR 24 R AT . 8 TS8R A SYBR %8By DNA
% 4 B Ex Taq 11(2 x )10 wL,PCR IF 1 5| 4 (10
pumol/L) 0. 8 pL, PCR J 1 & 47 (10 pmol/L) 0. 8
pL, Kb EES 3R 110.4 pL,cDNA #4 2 pl,
FAEAK6 pL, KR A A 95CE 30 ,95C %
5,985 60°CER K FZE & 30 s, £ 40 MEIF, DA B-
ML3h & & (B-actin) fEH W&, %2 %Kit & H
WREEAMAS T EEAN LA E, THEL3
W, BHME, real-time RT-PCR 5| 4 /7 7| fn ¥ 3 7= 4
KERLX1,

% 1. real-time RT-PCR 5|#1F 50 =YK E

Table 1. Primer sequence and amplification product length

e
ST 5140751 PR
e

3519 :5-GCAGGACTGAAGGAGC-3”

OPN ol 145 bp
TS 14 :5:GAGACAGGAGGCAAGG-3”

TGF-BI L5149 :5-GGTGGACCGCAACAACG-3” 327 b
TS 4.5 TGAGCACTGAAGCGAAAGC-3” P

5 7514 :5“TCGCAACTCCGCCACCA-3

PCNA 0 S — AT R - 120 bp
TS 14 :52ACGCCGCCCGAACTGAT-3

_ L3514 :52CGTGCGTGACATTAAAGAG-3"
B-actin 132 bp

T84 .5 TTGCCGATAGTGATGACCT-3"

1.7 Western blot il
RBPEAGHREEOE , FEaRERAER—
KT, I A 80 wg, FEAT R A M B B 5 IR R 0k,
MR e o H M 2 h, 4 % m N — 3% OPN
(1:400) -TGF-B1(1:400) #2 PCNA (1:400) ,4°C %
B, BE3 R, mANRR T AL N
JEH BB 2 ~5 min, B AR R B AT R G E &
FHR> T EE,
1.8 it 4bIE
AES AR 3 % B SPSS 13,0 B #E AT 4 it 4L
BT ERE x5 Kon, A E 40 ¥ Rk A
HEE T E N, TR B KA LSD &5, P <0. 05

2 % R

2.1 7Efk OPN-siRNA #L R

Y Cy3 FRICHY OPN-SCR-siRNA 3 K5, ¥4
PSR A H s 5 pm JEA VKD B, B T2t
BT, FH 550 nm JEEE, W LLE IR, BRAE I Ah
JIEE S K P ST 24 4T 8 5 e o A, LA R R B
WIS TEP AR e s (BT 1)
2.2 MEREBESFRMNER

BT AR L 55 P G | e 3L, TE P IR A
KRBk ER BB )5 3 I, v WL B B, BB ER
P B DKA R B ), BRI )1 24 | OPN-SCR-siR-
NA By gl 7 RuFa] ULy s A 48 iz | 14 Rt
PR I 1 A= A5 I B 28 . OPN-002-siRNA %
YL2 55 [F] — B[] 0 A BR 22 451 173 21 . OPN-SCR-siRNA
REYRAI A L, NS A 2 3 3 P A8 s ok, 22
SEGIFEE (P <0.001; K2 #£2),

E 1. 7 OPN-siRNA %5 L 35 (400 x )
OPN-SCR-siRNA 3 KJ5 B e 5t A%
Figure 1. The transfection of OPN-siRNA in vivo(400 x )

A HEEYLTE Cy3 FRiCHY OPN-SCR-siRNA 3 K5 B9 AR, B NH YL Cy3 Aric il
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2. MEENEK HE SRR (400 x ) AL E 14 K, A EREHG4H, B S OPN-SCR-siRNA % Ye4H | C 25 OPN-002-
siRNA #&7e41 ,
Figure 2. Haematine-eosin staining of carotid artery wall(400 x )

R2.4AMERNE PEERMN LM AL (x+5,n=6)

Table 2. Comparison of blood vessel intima, medium membrane area and I’M in the four groups(x +s,n=6)

| EE RN ENENN ARG 14 K
TR B BT A (mm®) 0 0
TR (mm®) 0.1315 £0.0127 0.1325 £0.0127
EREEH 2 A B AL (mm® ) 0.0985 +0. 0060" 0.1327 +0.0152°
FRETET A (mm*) 0.1333 +0. 0062 0.1317 0. 0081
/M 0.7405 £0.0300° 1.0090 =0. 1165
OPN-SCR-siRNA #4 4t 4 A PR B T A () 0.0958 =0.0057" 0. 1287 =0.0098"
HE AR (mm®) 0.1290 +0. 0057 0.1320 0. 0059
/M 0.7443 £0.0574" 0.9780 0. 1074"
OPN-002-siRNA #£42 A P BT AR (mm®) 0.0410 +0.0048" 0.0652 +0.0099"
HEHT AL (mm®) 0.1303 0. 0042 0.1250 £0. 0155
/M 0.3144 +0.0335" 0.5210 +0.0427"

a§ P<0.001, 5% FARHLE ;b K P<0.001, 5ER¥EH 40 . OPN-SCR-siRNA #5 YL 4H HH#

2.3 real-time RT-PCR #&il 45 5 1 s PCNA mRNA #3557 KikEi, 28 OPN-002-siR-

TER T AR, OPN  TGF-B1 mRNA {is55 %35, NA T, [7l—}[E] £ OPN \ TGF-B1 ,PCNA mRNA
PCNA mRNA Rk, 1M EERES )G, OPN TCF- kA Wogi/l B BAK T OPN-SCR-siRNA 5 YL 2H
Bl mRNA Fik B 7, FLBEAT A A SE K Rk 7 BRERUSLL(P <0.001;8 3)

Relative quantity of
TGF-B1mRNA
O 4N W H e N
o
Relative quantity of
PCNA mRNA
O = N W~ 01 O

—_
ON A OOOOON D

Relative quantity of
OPN mRNA

7 7
FiE (X ) FiE (X)) FHiE (X )

3. real-time RT-PCR % #7 4 A4 [E] B¢ i8] OPN,TGF-B1 ,PCNA mRNA Ri%(n =6) B R AR ZE B AR RO IR T AR 4
BRZEW 41 OPN-SCR-siRNA 544441  OPN-002-siRNA 41, a g P <0.001, 5T R4 LE;D h P <0.001, HER¥EHi1)i41 , OPN-SCR-siR-
NA Fegeda i,

Figure 3. The level of OPN, TGF-31 and PCNA mRNA expression analyzed by real-time RT-PCR at different time points in

four groups(n =6)
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2.4 Western blot #IZE R

TEM T R4, A5 OPN  TGF-B1 1355 i 5 11 &%
7, TG PCNA B 14T ; SR, i A5 BREERIM5 3 .7 .14
KJ& ,OPN [ TGF-B1 PCNA #5457 K B 2 kg

A
1 2 3 4

OPN e LS

TGF-B1 s s . 14X

B-aCHN 11
PCNA - e e 7TE

B-actin - A

4. Western blot 4>#7 4 22 OPN . TGF-B1 .PCNA BE &K% (n=6)

OPN \TGF-B1 7£ 14 K BJ i B i, PCNA £ 7 K}
HHE . £ OPN-002-siRNA T i) , 5 [ — 8] 5 )
BREYE 451 175 24H . OPN-SCR-siRNA %% Y% 2 I, %, OPN |
TGF-B1 ,PCNA FKiLH B/ (1 4)

B 1.0
0.8
0.6
0.4

0.2

0

A A Western blot H3Lyk [l ,B HEBSHHARE, 1 AT

REH 2 NEREIG2H,3 9 OPN-SCR-siRNA L4l 4 &y OPN-002-siRNA ¢4 . a g P <0.001, ST RA L ;b 9 P <0.001, SERFEH

2H OPN-SCR-siRNA #5440 032,

Figure 4. Western blot showing the expression of OPN, TGF-1 and PCNA protein in four groups(n =6)

3o #

2R B KA ARG RS WK B — 4N 24
A BT R VSMC 13RS 38R FI ECM K&
B TR NGRS B ) BRI, ECM
S/ P49 5 B A MRS 2 24y, #E PCL AR R
RS &4 ECM & KT 50% " I, ECM 2
MAE RPN FEEICE , WRTEL RS I FZY, g
HRMAER G ER SRR REENRHEET RE
25 PCI RJ5 RS M40 T RERS 3 VSMC i 2
Fk OPN'P L [R]B & BL, FIHT OPN Hioidenl L4
il VSMC AR A SRR AR FRATRIT 0T A
WFFE S e R B3 K B OPN A9 i SUAZ R
AT A VSMC Y385, 3R LL OPN Sh§E fi 72 B
RIS PR S Ay T B AR,

RNA T2 f XU siRNA A5 0 P I8 v 5 (R
DUERA—Fh B | BRI Fh B G2 S AR P B — Fh A=
FRLFE  EAE R L A0 M P 0 5 BRAY siRNA 7] LUK
B DR 2R A R S 1 RV, X4 £ /& DNA )7
B 1) S R S aek RS 7 A A T 1 D, L 4 ) 3k
DRI 8 14 1 5 A o B B R S ) R B siR-
NA T8 TAE A BB A B N L R Dy e A 9 i T
HL 17 H. siRNA A 0128 AE R 645 1 4 & AR5
A LA N BB IR T A 1 T Bt Wang
SEUTIYESE , 2Bk B0 K SRS B0 Bk SN % Y AD-
AMTS-7-siRNA FJ BH S 170 il K 2 453 105 ) 97 26 9 B iy

PCNA fE DNA 458 & MR8, J& DNA
S T 20T, AR AT A v 2 SR 3 0, ¢ BH AN i 1F
A DNA & i DNA & T, PCNA 1R ARE
S Y LR B AL, SO S Bt 240 e 1 5 RS 7 — I
AIEEFE bR, Pl 56 T BR A543 )5 1l 7 P bk 4
FRIIf PR S LR AT ) TGR-B1 {23 ECM JE Wit
T HE A, f2 UE VSMC 36 5, e 0 R A 1B
B, TGF-B1 7E RS WKM7 , 8 i A T
FIBLHIHR & 4% T B RMER ™,

AT IR R, ] OPN Rk )5, TGF-B1
) mRNA FIEE AR A WA 78 E T, BAR
AR 110G 85 W2 TGF-B1 fskn L 2 3
WA R B 8 A Y TGF-B1 RS 1
FHP2 R TGF-B1 B4R I & ¥ (A5 vl R fk i T
OPN, FRATIE A& 8L, M OPN A ik )5 , I #r
AR T PCNA 1 BH AR 40 250 8 30 1 B I A9 o
b KB EL ST R OPN 7E RS Y & Ak vy 3 % 3 £
YEH .

B2 BT M T 2 3h kAN % e OPN-
siIRNA FERS 1 25 AL OPN K 41 Jifd 384 5 A O 3
TGF-B1 ,PCNA Wik, WHFEHE NEIE i, bt
SR A e ARG 97 I P 28 44— 2 A BB K
it S S Rl ARHAE FHALHI G FrakSeR AT SY
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