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[ ABSTRACT] Aim To investigate the effects of C-type natriuretic peptide ( CNP) gene transduction on vascular smooth
muscle cell proliferation after angioplasty. Methods Eighty four rabbits were divided into 3 groups equally: normal, control
and test group. The control and test group had been given higlr cholesterol diet from 7 d pre- experiment to being killed. ~ All
rabbits were fed by highr cholesterol diet. ~ Restenosis models were established by injured iliac artery in control group and test
group.  In control group, alkaline phosphatase gene that retroviral vector carried was transferred at injured site.  In test group,
CNP gene that retroviral vector carried was transferred at injured site.  Iliac arteries injured were harvested for H-TdR incorpora-
tion, immunohistochemistry analysis of proliferating cell nuclear antigen (PCNA). Lumen area, neointimal thickness, neointimal
area, neointimal areg/ media area were measured by image analysing system. Results Iliac arteries injured by balloon, 3
days later, neointimal thickness, neointimal area and neointimal area/media area were increased in control group and test group,
and the index was markedly increased after 2 weeks later.  The index of test group was less than control group (P< 0.05 or P<

0.01).  Incorporation of *H-TdR became higher 3 days later after balloon angioplasty in control group and test group, but there
was no significant difference in two groups ( P> 0. 05) . *H-TdR incorporation of test group was less than control group 1 week
later after balloon angioplasty (P< 0.05). *H-TdR incorporation of test group was near to normal level 4 weeks later after bal-
loon angioplasty (P> 0.05), but there was still higher in control group ( P< 0.01).  Immunohistochemistry staining of PCNA
suggested that large numbers of PCNA-positive cells were seen at intima layer 2 weeks later after balloon angioplasty in control
group, but there were no conspicuous express in test group. Conclusion Local CNP gene transduction could effectively in-

hibit vascular smooth muscle cell (VSMC) proliferation and intimal hyperplasia after angioplasty.
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I TG AR G A 2 L A IS A 5 8
R 45005 B o2 i A8 o i 8 7 W L4 B ( vascular
smooth muscle cell, VSMC) H45E # A~ A& I Al AR
JE AR R R &R, ML 1 00 5 40 R B A, A
AR BB - Y, & R VSMC 3%, JF£E iR
HEYE S BN B JE R R AR . C BN IR IR ( C-type
natriuretic peptide, CNP) & i/ 4 & BiL 84 JR Tk 2 I i
B, e B A0 B A, B AR Sk 40
VSMC G 5E AT # S H, BLE 20 W R 55 23 W U7 5
S5 EEBEMRET . AW g KR
CNP J R0 L8 BOE AR 5 VSMC Y658 I 520, 5 72
TRUTEE CNP ZE K0 L8 T AR S5 BB 78 20

1 #RAEE

1.1 LW ASHIEREN

8~ 10 A ERERFTHZ AR 84 R, KE 2
7730.5 kg, B LA F AR X 52 He g 4 P o0 R S
WA AEFE BEAMZRA, F&4HRXA
Lm AR R, xR A S e R AR A R R AA A
AN 1% JEE B\ 7. 5% & F M A0 8% X8 ) "R, T d
FREREMNERRA. ELHLHT, 2Rk
FTHENKEFE(HNE 2.5~ 3.0 mm, Cordis 2
), KE 1Smm, Bk E4EF 6~ 8 MAAKE, &8
EREOL, MEEEL LRTR 3R, URBA
Bo R, dBHABFBNRALHIZFEFREE TR
ML E (B REAR) WRE £F 8 NMAA
£ 5 min; SLRAHENRA F A CNP A& F B9 1 5 TR
FHAK(PLXSN-CNP) 092k %, B 3% % 5 min, 4 &
o, ReEFUEEKE. TAEE3IXR. 1A,
F2RMEARRENTR AT R, EFHET £
SLHY BB R AL B R R
1.2 ERE#RMIKE

20mg £ 4 FEFHARET 10mL =5 F K+,
F BB (XL FFE 6000) 70 &, BN G
B % BHABRIKETIE, B S5 mg B2 T 200 ML 358
ZW A (PBS,pH7.4) F, B TREXRT. H 500
UL, g & & ( lipfertamine, Gibico) A AE FC i #% R A2 1:
1 £ F 5 min EmA 500 Bg PLXSN-CNP, 347 %
HATHRERT, 2V LBRELEE L#HT, HHA
EHERARET ER LA,
1.3 FRIEBFRAHIER RAREL BRI A 16 75 7%

THANRAFFBRAKR 1.5 eam, B AEH X
W, AN 10% F BER F B < 12~ 14 h, & B &E Y
F.HE Ref@ g4y e, T@ALEALZ, DIt

EHNEGI TP AT E NS ERNEAEZCET
(TEL) 515 77 2 4 B @ A2 ( EEL) JIEL/EEL. # &
H(MA) 4 EE R (NEA)/MA %3547, PE®E H=
WENEBEER- R FHEEHR= 4#4
EREEMR- NEAZCENE M.

1.4 SARBIBRIZLE IR SAZF IS AL

B EARARRREE A B AT RS, EREH
HRBSE, AT ER AER R, KE 1.5 mL
RPMI1640 3% 55 % %, fm N\ 37 kBq AT i 7 75 2 i 4
# ¥ (°H-thymine deoxyriboside, H-TdR), 37 CIE 2 48
(3 95% 0.+ 5% CO,) & & 24 h, B H 5 A PBS
(pH7.2) Wk 3 K, IWARTHE. UBARFNEA
A% 0.5 mL £ 80 Cif 4 F i & 60 min ¥ 4. /5, fv
N5 mL AR F R T ARTE AR E T4, R AR A R
TEHPN 2 H-TAR B9 3578 W, DAE 24 i 5K (cou
nts per minute, CPM) % 7~ it 5 & % 4 4 #°H-TdR
HWBANERME(FHELE S EY L€ HTdR #
NEZ AW ZMHE) .

1.5 EEMAAZIIR e B L A

RAEWTFAEFLERHEAERAF. XA
Z o E R E B AT PCNA f g R ¥ 3 €.
BEH B R E AR K 3% H,0, IE S
min; PCNA % ¥ #7186 & 5 min; PBS ¥ % & fm PCNA
B4, F 8 30~ 60 min, PBS ¥ % 3 x 15 min; 7 77 &,
TR LG k- AR T ALY (HRP) £ B K,
H 30min; iLfl DABAR R €. 36 5dH2TH
RAARRREERER B H .

S ERF B A PCNA P, R @A T
WREH, TELEEAR TSR, HAEN: EL
FRME TE A A 40 £, EREAN K F 10 4
I, 2 AT 3 40 BHE T & NYE + I PCNA
R 201 B B (P) Ao 0L 250 28 B K 4R (A) , Sk BRI 2
MLH 2% (P/A, %), BT 4 1E.

1.6 ZitFELE

PA SPSS10. 0 3 #E 4T Go it F 247, SLHe 45 R DA
HH LR, AR E LR RA ¢ £k,
P<0.05HSGHHFEX. 2HFKAWLERXAF
Z 447, P< 0.05 F it % & X
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xR A A BI ZI R I D9 RS 2, 56 3 R B
WA A EIME, 5 7 RNBEREE, VaMC H71&
L, 58 14 R A IEHG JE f v 2 2, 1Y R IR L VSMC
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NE, KNS —, HEFIRGL(E 1A) . MLt
P TETG 2. 2 1 (& 1B) .

. AZFEMETHLEREHE £ &, x40) A AR

M4, B AsEi

2.2 #fpMEARERPEREEFR

THENLEG OO &R, KR53 K, %
HIME NI (R 1) EE (R 2) WY/ H L E
FRURIZHE 0, R S5 2 A LR e b B &8, UG
B hnE B A K. SRR S M PN R AR (3R
1) BB (3R 2) « A Y A R LGB 7RG BT, (B3
MEEAK, SH i A M, FiRIEFRH TR (R
JG5 3 RAEE 1 HAN P< 0.05, RGEE2 AME 4 F
i P< 0.01) . ARJE 3 K, % HEAL & e A (#
3) FaGD, ARG 2 J s AR i 2 s b s T S ie 40
A& s AR(R 3) AR, SXTBAMELA
Gt ER(RIGHE 3 KA 1 AR P< 0.05 KRG
52 AR 4 R P< 0.01) .

% 1. 3 AMEFFENDERETR (+ t5)

ST AREHEIR ARE1E RG22/ RE4H
(n= 28) (n="17) (n="17) (n="17) (n=17)

a4

LA 2.6110.43 2.71310.51 2.5430.49 2.70%0.65 2.6510.54
SR 2.5910.58 3.6530.62¢ 4.0230.78¢ 5.28*1.63¢ 5.65£1.70¢
LIA 2.6330.52 2.8730.65* 2.9530.71* 3.03 £0.79" 3.32%0.78"

ay P< 0.05, by P< 0.01, 5X[IRALE; d N P< 0.0, 5L5HTHE.

%2 3AFHYMEFFMENLENEERE (x t5)

KR AREHE3IR RE1A RG24 ARG 4 4
(n= 28) (n=17) (n=17) (n="17) (n=17)

7 4l

E#4l 0.3040.01 0.2830.04 0.27%0.02 0.3330.05 0.3240.03
SHBA  0.2930.02 0.59 0. 149 0.6910.23¢ 1.23£0.25¢ 1.31 0. 24

84l 0.33£0.07 0.3610.17* 0.38 %0.18* 0.39 *0. 11> 0.41 F0.21°

ay P< 0.05, by P< 0.01, 5X[IRALLE:; d N P< 0.0, 5L HTHE .

2.3 ARBIBRIETE R EAE AR ER
AR RIBAR S 3 K, X R4 A SL50 4 H-TdR %

NERIME I G, EmA TR EZR (P> 0.
05); RSG5 18, Soe 438 Il 8 BAS T X A (P
< 0.05), RJ5 4 JARS, 3 n{E © B 2 500 1E H K
(P> 0.05), 1% B4 H-TdR 5 A 888 {45 &
IEH{E(P< 0.01, % 4) .

%3, 3EFHYEFEREMNESEER (v L)
SEUSHT REH3IKR ARE1E ARG 2 H ARG 4 14
(n=28) (n=17) (n=17) (n=7) (n=17

7 4l

E#H4L 9.2330.95 9.45F1.09 9.68%1.41 9.78F1.23 9.13%1.35
SHRA 9.59£1.37 7.45%1.299 6.95%1.319 5.18%1.09¢ 5.04 30,979

Sesdl 9.57£1.32 9.08%1.25¢ 8.87%1.34* 8. 13%1.15> 8.24 *1.07

ay P<0.05, by P< 0.01, 5XIRALE; d N P< 0.0, 5EEFTHE .

R4 3EBYMARMBRIEER SAAEFIBANLRER (CPV/g
x10°, x *5)

P REHEIR RE1H PN ENEEY
(n=17) (n=17) (n=17) (n=17)
EH4 28.919.1 30.6%X7.9 29.7%8.4 31.3%9.2
WA 43.9F12.2 66.3%12.3  79.2%13.3  56.4%10.6"
TEAl 42.3%10.3 49.5%14.3* 55.3F11.5 40.2F14.4

aJ P< 0.05 SXTHBALLE; O P< 0.01, 5IEW 4 HE.

2.4 EIEMMZIMERENRRALNESH

B FE 4 M A% 05 PONA) e 8 21 24k 22 e 1 )
M, ARG 3R, XA 2 PCNA FHPESH H H
P RJG5E 18, PBEJE R & BH M 4H G hn; R 5 56
2 JAF, N E AT LR ERH 4 A ( B 2A), NG
AIE R ARG 4 I ILE N IR 4k 2238 )5, (H
SLRE ST WA A L IV TSI = AT TR S = 4= R i P ]
SEEGZH PONA £ B3k &I ] s R IE A BR8] 2B),
PCNA [¥H 4 20 Ff 2507 25 I TR s 30 0f HEL 26 35 B 3. gk /D>
(P< 0.01, & 5) .

2. MERBERBRELUF R ELERE( x 200)
M4, B ASER .

A Xt
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5. FTHRLAFISCIG LA AR fF AN [E) B () G 5E 4R B 4% JR PR 1% 4
ikl

4 H REHEIRK RE1A ARJE 2 A ENEEYE
WA 24.6%3.3  33.5%2.6 39.5%5.2  11.6%*1.7
SCESAH 12.813.6° 20.3%2.0° 23.2%2.5°  8.4%1.0

b N P< 0.01, 5% R4 EL#%2 .

3 i

T AT J2 5 T L/ R AR i 3z 7 20— KM
A, 2R NATE Ge BBk 22 BIMLH R T K E KB
Fio IXUEHF T, AR B, FAA 2 i B 45 i — Fb
1BE R, & 2 Fp 40 i B 7 F1 AR K R 7 A 5 10 =3
I B R AN P98, J& VSMC 3458 T #%, I8 ik i
PR UL S A0 B A R B R o I RN HERR R 25 SR . o
M 5% 45 i 240 P 3R 2 A 4 Y 5578 Ol B,
R VSMC 3L, FETE P4 JEE 386 58 A2 I e R S
PAM SRR,

WF9T 45 5 KB, SEIR A At IRAHE R JE 3 KH-
TdR B N EH N, #/R8 VOMC 2 N YEAE . (H5E
S 2HAE— JH I I H-TdR 3\ B8 08 9 BAK T
YT, B 4 AN, H-TdR B A\ 8 T2 1F %K
S, T 0 B8 ZH A5 4R 0, BR R B CNP 2[R AT ) )
VSMC ] DNA 4 F&, FH 1k VSMC [#) 3 5. Segawa
SIS CNP X 1% 97 K BR 2R 4T M 38 30 1 2 i
WFFC B CNP 52 5751 B A0 i 4 390 1) 2% JE 40 PR’ H-TdR
B\, CNP FLCs 558 R BE (ANP) 25 fE 9820 13 40 i
£ LLAAMBAF 6. /MR A K K7 ( PDGF) K IfiL
EEIKE @ Ang ©® 5 FHH-TAR B A, H CNP I
i1l 2 FE 4 M 1 184 B T 2 B R AL I A5

158 7 4T L% B0 L ( PCNA) SUPRR 4 i J& 3 2 7, L
o B T M BRI 1 S I VSMIC 1 58 B P 1 A | PC-
NA 2 JEn A usbFE ek . Rk, B 2 M F 1L
ERIEAR G BRAENTAY . AR, fE83h
Jik P R B 26 14 R, o HEZH P 2 AT LK & 1
PCNA BRPESHA, 15 B LI VSMC #4951 B &, 1t 5°H-
TdR B N =3 HNE DL K A 38 AE 0k vy 0 4 — 3, 48
7R VSMC H858 2 5 P IR 88 AR, AT (2 138 I 85 1 0 A
kA R . T ONP 34 H-TdR 5 A\ &1 1
{ELAE PN B2 35457 55— J st e ot PR 4L B R B ARG, EL PC-
NA FHYESH MR B BREE, E A SRITEER. X
VLB A J& 350 % CNP 3 [A] ] 410 1 of B 5 4% S 1

VSMC 3458, 3t —PAE St 5 CNP 5 K #0030 ik it
PEREAL S % B K04 J5 R RSE8G A= 1) 208 1T e 5 410 1)
VSMC HEFE A K

W8 R B CNP 5 77 & 40 8t 1 400 bl i 4 if 35
(FCS) A /MR IR A K - ( PDGF) 5 1718 148
Pt Ham /e FE I SRR T, &
PR 22 RSB AR (MAPK) W& 512, ©
FIERFEF AR Y b, A K BH 0 homeobox 3 Al ( Gax)
72 ML A KO 7245 5 0 B 1 L R, TR 3% 4
JLE AN VSMC 3R 2 1) e A%, Gax 193 B 3R 0% RE B¢
ER B2 451 407 )5 (0 P9 BB 3 JET™ . Ang ORE 41K Gax
mRNA 1% IA, 11 CNP 0] il i A= 53—k i & 7
( cGMP) {23 VSMC GaxmRNA {171k, B CNP H A
fEBE Gax % [X 3K, 3001 Py I 3 & 1E '™ . Doi
L) 7 B 0% (0 I P IR LA I 3 SRR A B
CNP FE[H], 7] 5] 2 40 Mo 72 40 B & G1 3 2B K
fil, FHLAT LA | A i~ L4 3R 28 (1 A8
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