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[ ABSTRACT] Aim To investigate the effects of in vivo local transfection of zinc finger protein A20 gene on restenosis of
balloon injured rat carotid artery and its possible mechanism. Methods Balloon catheter denudation of the endothelium of rat

common carotid artery was routinely used as a model of restenosis. 104 male SpragueDawley rats were randomly divided into 4
groups: the sham group( no injury) , the model group (the simple injury) , the control group ( vacant transfection regent group) and
the therapeutic group (A20 gene and transfection regent group) . pCAGGS-GFP/A20 (20 Hg) with 40 HL Lipofectamine 2000 or
TE buffered solution (20 HL) with 40 HL Lipofectamine 2000 was mstilled into the lumen of the injured segment for 30 min after
injury.  The transfection efficiency of plasmid in injured vascular wall was evaluated 24 hours after transfection by using fluores
cence microscope.  Quantification of intimal hyperplasia was determined by pathologic examination.  Proliferation index of VSMC
in vivo was assessed by thymidine analogue bromodeoxyuridine ( BrdU) labeling technique. ~ The expression of nuclear factor kap-
paB p65 (NF-KBp65) of rat carotid arteries in different groups were confirmed by immunohistochemical staining and Western blot
analysis. Results At day 14 significant intimal hyperplasia was detected after arterial injury in the model and control group.
A20 gene transfection markedly reduced the neointimal area (47. 8% reduction; P< 0.05) and intimal to media area ratio
(42.9% reduction; P< 0.05) in the therapeutic group.  Proliferation index of VSMC (BrdU index) at day 10 after operation
was decreased significantly in the therapeutic group (9. 6% £2.3%) than in the control group (26.7% £5.1%, P< 0.05).
A significantly lower level of NF-KBp65 positive cells ratio was observed in the therapeutic group than in the control group at 10d
after operation ( P< 0.05). A significantly lower level of NF-XBp65 protein expression was observed in the therapeutic group

than in the control group
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at day 7 d, 14 d, 28 d after operation ( P< 0.05) .
and VSMC proliferation after arterial injury.
naling pathway.

Conclusion Local transfection of A20 gene inhibits intimal hyperplasia
Its possible molecular mechanism is that A20 negative feedback inhibits NF-XB sig-

This study provides evidence for the inflammatory mechanism of restenosis and suggests that A20 gene therapy

may serve as a novel gene therapeutic approach to inhibit restenosis.
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IKB) ffJ WA Fl IKB 385 ( 1B kinases, IKK) )3 fb %5
FERHY R H TR T B RS . A
FOR A20 F RT3 44 SR F e G 28 0K BROBR ZE 45477 1
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B3 B & 35 H 4R pCAGGS-GFP/A20 1 H A Y
RAF K F 4 F L4 ¥ % Dr K. Heyninck 77 Prof. R.
Beyaert #% fit; Endo-Free Plasmid Maxi kit 14 & QIAGEN
/28] ; Lipofectamine 2000 %5 41X 7| 14 B Invitrogen /-
8] ; SR B AR "E " # 3 ( bromodeoxyuridine, BrdU) 14
H Sigma A 8; %41 R AZ H T XBp65 % 7 & F 4k
B % [& Santa Cruz A 5]; 1-F 8 ALALE) & B (o smooth
muscle actin, oSMA) FLiR g B K X8 L 1E 4 4 T2
A PR 85 B4t BrdU 2 3% B 504K SP % 7% 28 1 A
& HREARID L FH A GG WEE T M A&
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1.2 SEIENHIR SR

@ B SD AR 104 2, K E 350~ 400 g, &
REEMKFHY LR FOFM, TRATE N EH
F— R, REATERS, EEER K. B 104 AR

B K 4 H(n=26): BFAREARBTHA k4
L, THATERES G A, BAHR B4 F RH R AT
RERGA, THATRIME LT, FERAKRKERG
A J& B ¥ JE Lipofectamine 2000 Reagent+ TE buffer;
W6IT 3k F ARG A 5 B 3 VE 7 Lipofectamine 2000
Reagent+ pCAGGS-GFP/A20 & 4 i #r .
1.3 pCAGGS-GFP/A20 ERFRRIALEE

3K 15 89 pCAGGS-GFP/A20 F R E R A FF
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HATANERZFREWER, AT RAASTHITE &
MK, 31 | EcoR 0YSma ivik4T S B4 4 =, B 7
F= 47 19 37 g B B R e ik o F5 R DNA $2 B 3% 38
U b A R, B AZER IR BN AN A, W E DNA IR E,
FREZERENEFRIKEREE 1 gL,
1.5 GEFRECH

%t BE 4 : Lipofectamine 2000 Reagent 40 UL+ TE 20
WL; 7& 97 % Lipofectamine 2000 Reagent 40 ML +
pCAGGS-GFP/A20 Jf 4 20 HL( A & K 20 Mg), 3% Li
pofectamine 2000 Reagent %87 45 BT, = & T 7 & 30
min DA L BUE6E A,
1.6 KEMaNPkIkBIGIRBIAEL & A20 EF
s

& B SD A R, AR E 350~ 400 go 10% K A&
AL (3 mlykg) BV ST R G K A RWENE E, 3
HWHE, AEE, BIAEF IO, ALK, 28 &
THR, FRAFTE ) A FI TNk XA,
BHAS ARG E L em £H. AT FFAF
RELM B K, EXEHRGH S min & EAH
ik EN AT £ 40(200 IU/kg) ™ o Fl B & sk £ A A
R Fk el s BN B ik, 85 AL BSh o B i o,
Bt FELWT 1t ;& BTSN3 kA B — /B, # 2F Fogarty
RESENMOBEAELTALS ALK L 2.0
em, Al SO ML £ B H AR BRE, EAET K E ) ks
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1.8 MIREENESESH

EREFMGASE 14d, 2 A BEHAKARE 6 A,
10% K6 ABEERBEAR, 4% 2 R FERAEL
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L PBS B2 %) , 37 ‘C30 min; R 3% BrdU £ 3¢ & #0441
100) EiE2h BE 4 CRERIH; £ EFFITHFR
/NE TgG( 10 200) E & 2 h; HRP #R1C HY 99 & & (1
200) i@ 2 h; DAB 5 B € 47 5 min; & % B 5] A
0.01 mol/L ¥y PBS 7 3 X, &K 5min. # ML A, &
B, #H . P& A 1% BSA R&E—H#ish, £4
FPEMEE. EAFEMET R FERFTEAE
BrdU FH {20 BAZ, 0 MAZ AR AR &R A FE . Br
dU #8458 T /A R 1T H: DAB 3 6 89 FE 14 20 e &%

| AAREREHEERE,
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GEALFERE., FARET R REZEK, 3%
H,0, FE M F 15 min; 0. 1% JE B 37 °C 30 min % &
TR, s & HE, £EEF 15 min, 1 % 47 2;
MmAZE F KB p65 —#(1: 250) 5 o SMA — Fi( 1:
100) , 37 CH& & 80 min B, 4 CiT&; W m £ 4 F 4710
B 90, F 8 10 min; 7 A0 25 AR 3T A b 4 B AT T 45 B
e %, FEWE 10 min; v DAB & & % 4 3
min; & % B [8] A 0. 01 mol/L. B PBS % 3 &, X 5
mine F A A, ZH, H A, AHESERA 1%
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e fH M, BUF 5
1. 11 Western blotting 7% 46 Il I & 4H 28 7 #% (] F KB
p65 BIFRIA
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Bradford & B & & W 2 A A & VLB 0 2 TR & &
WRE. A T- VCRELA. EaEE, &
B, Bk, B8, 5% BSA # W 4°C16 h, £ ] & n &
FEF KB p65 — #i(1: 500), ¥ A &% 7% B 1k,
37°CHE 1 h, TTBS %, 7 Au 11 1000 i F o 35 AR By AR
W F AR 1gG, 37 CHF 1 h, TTBS #, DAB & €,
WMEA FHW s 4w BILE, A E R E AW %
NC LA B & KA. 8, 8RR G £ 50
REFHHRS AT EMA.
.12 ZHitZEoSH

BT %048 5% L SPSS 13.0 St #4038, Bl
s &Kow, HE A A R R R 7 = 44T, L P< 0.05
HEFRHDEME.
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TRIT LR R e A20 FEK] 24 h J5, B35 45 R
M FIUKE D) A BT 98 B0 T, H 470~ 490 nm
IR AT WG TT ALIRAT I N K P IR KR
DA, Kot IR AL A A R R AR AL R WAkt
YA, U B BRI Yo N IS BEH I P SR RIE (L 1) S
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YRIT 405 [R]— I [a) R R 2R R FR AL AR L, P
AR, ZRAREE(P<0.01, E2D, K 1) .

£ RE 14 dBEZHH(x ts, n=6)

gr 0 ABEIA(mm®) R (mm®) R TR
XA 0.13420.019" 0. 127 0. 010 1. 05 £0. 037
BRI 0.120%0.013 0. 110 0. 008 1.10 £0. 045
WEITA 0.07 0. 009 0.115%0. 012 0.6 0. 032"

a N P> 0.05,b A P< 0.01, 5B LE:; ¢ P< 0.01, 5x R4
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3. REBRGBARE 10 REERRRRAIRZERT RRALRUFRBLER( *x200)

2.3 MEFEI AR RN IETE TR HONE

AP P R U 2 Fis. BrdU Hei bk
YT A B LR, 7 T 4R AZ A, A4 BrdU FH
PEZH M 2 425, 8% 4. 7%, %o T8 20 BH 4 41 i 2y
26.7% £5. 1%, Wi 2 A1 2RI REM(P> 0.05);
BITHBHTEARI RN 9. 6% 2.3% , B Xt IR B &
W (P< 0.01) « BFARH 10 d TH HEE KL, R
7 Hp AR DLBH P Y T . o SMA G2 4H B4k 24 e
3% B 3HT A S R 848 A %) £ i o D P L4 B, B
PERRL AT B, AL T4 P (B 3) o
2.4 [MEEEMAIZEF KB p65 HIELFRIX

T KB p65 IEHHHL T R AR (RORL, i
JUR TS, S E AL, RO R E. BT
RBJVPEA SO0 (B 4A) ; BREH G ARG 10 K
o EZE W] A If A B I AR A A PR 22 o v A A
(15.6% X1. 1%, B 4B) ; 677 4H A% BH 1% % h6. 8%
0. 5% (K 4C), W AR F X R ( P< 0.01) »

L T T T L
ERE
‘ \\"."..-'-’- St
r ‘d.!”‘:.‘\\"'"b\
L B ) -:-":'ﬂ:é". »
- - .
NS E - R,
' a I::}" "t"e.-. o,‘i"
¥ i ,’l“._k ”:\’,-?h "
AW okl Yamian
Yy Trqr
2
" . Q’_‘:’ ‘A;”-‘." .7
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< 2. FizHAkINE A BRHN A PE T8 AL 40 B IR B 5 PR I U 4%
FRIZER (%)

a4 H e )i o PR MR P
P 30. 1% 8. 3% 13.9% £3.6%  26.7% £5.1%
R 28.5% £6.4%  12.2% £2.3%  25.8% *4.7%
VBITH 15.9% £3.1%*  3.3% *0.8%*  9.6% £2.3%*

a N P< 0.01, SR A Font B L% .

2.5 MEHELDHZET KB p65 EAFIEHEWL
BT ARAEZE T KB p65 1£ % I A7 S A S5 K
B, R AN R 2 BoRBR BB )5 3 d
R AWM, 57 RN BOR, 5 14 RI5S, 5BF
R ERAHEZM(P< 0.01); BT HZE T
KB p65 /£ % AR S I L IR 5s, 38 3 RER T
BEMWEFTRUEERAREMN(P<0.05, %K 3,

K 5) .
N
; ?‘.i}‘ .
S ;;
o e
\ ..\ ‘ . X
S
‘s
a e =
- N 6 b
B 4. #%EF KB pos FMEREMBEAIRIE A WEFARA,

B ASTHRAL, C AVEITHYL, D AR T KB p65 Fiik A XTI, At
FiskFE N B S

%3 BAMBAR HET KB p6s BAFKKFE(x Ls, n=
12)

4 4 3d 7d 14d 28 d
BFERA
LRI 128. 35 17. 282
X HEZH 130. 47 8. 392

32.1334.56  29.32%1.07  4.17%2.89 3.2440.58
148.37 £5.32*  125.31%6.15% 94.29 *5,73°
157. 12£6.95¢  128.54%5.69° 95.37 18.07*

BITH 125.16 £7.52¢ 123.25£7.80% 117.36 8. 72> 78.13 5. 91

a Ny P< 0.0, 5IFARALE, bR P<0.05, SXTHRALE.

2 3 4
NF—xB

3d 65kDa

7d

14d

28d

[& 5. Western blot %4 M & 48 [N & 4R £0 AR 4% [E F kB p65 BI&E
BFRE VBT ARA, 2 AL, 3 XA, 4 iardl.

3 Wig
AR, 98 0E I BLTE B AR T OS2 i AE H
J A FAER R H 28 51 AT OGE. A20 &
FIENATR I 2 54 P9 J0E I SR 16 P 5 14
Fo XFA20 [ 5 51 4 #8777 3 B A 7 Fh e 2 1)
SERIX: N I X Bk 3, 1-386) , XAR“N [X7; C i 2
X (5 38F790) , XFR“EFIX” o BEXES T 7 MhEE
BEE A, 1% X TEXT 22 ol B s B H SRR T A
IRl KB 45 1
N T R A S E IR % A20 74K N A AR U 1
TR R FTIGAE AL FE A 2 e B, A S50 W
S TEHRE 1 A20 4 TR IE M IR L et
T IRTA R 22 TN =LA N W e b SN A
A20 JE[K] 24h J5, AT LB A7 IS IR & R IR K&
SO AR, T R AR KB TFARARNA
SRR IE AR, UE IR JFURLF4 Y N\ I BE 20 i P O 3R
k. BET KB AEN—FEEWNERET, 50
REZ ¥E(E 55T, R 2 MBI Toll #3218 (55
BARBIEZ T KB 25 JF 0 i BR FE 45105 FE 0% 1)
S BEATLH, #oi% KT KB 7E M8 B 2 ] RE S 21
GRENIRTTROAE T AR S A R TR R 0 %
TSR : 40M A% R F KB S5 GG, 75 )8 3l 0E
I L] % % 1 ) B, kB 40 TKBa, A20 DA K
P105 & D8 S50 i) FL 75 A 1Y) 25 DR /) 3 e 7 e B, IX
SOIL N )5 3 T3 & B % K7 KB R S e 8
A0 FZ RFNERER T ZR A S S TRETF
KB R4 i AL B 2 K 1 KB s PR 45 4 B 1 KB Y %
fE AN KB B KK & 025 2B RS
THFET KB 1iEt . XA B TR E T KB R
HITELNMZR, U8 40 f k% % R 7 KB s P, AT
b RREN TR A . B AT, Patel VI 2519 H4iF sz
A20 ATTEF-IE LGN A F 28 5 R 0F 5 0 F i B W%
[Kl-F KB Fli% K KB i Y 25 1 ICAM-1 1 MCP-1
MRIEFRMER . 4k, O Reilly SM 25" th 3§ 3,
A20 X 9 E S N A 5 388 4% 11 18 T 3 A BT S5 255 4
MR SZ 44 TLR4 1K W] o A< S5 = i H 52
1 R AR S AR SR B 5 JE % R T KB R ik
BT ) P A3, 48 BR FE 451493 5 4% E 4 B v 1k
PRI — ZR B 98 AE A1 J03 AT 38 A S 1 A B P9 UL
Y B 52 4R TLR4, 3EIM 530 1 TLR4/ ¥ H T XB U4
BF 5 SR%, (f VSMC HIRZERI%2 & RA, &
FSCR 23304 22 A 200 i 0 35 J I A 35 1 40 o R A K TR
¥, HEAKE R TR, s RN HE, 25
M55 BEAS SR HT A2 YT FRI T Ao A S 56 308 3o o B 2



434

ISSN 1007-3949 Chin J Arterioscler, Vol 16, No 6, 2008

WMELFRBEA G 14 d B P RS 26 1 I DL R R 0
e A20 FE[R 6T P BB AR 1), SR EE A20 B YRR
I 5 A RS A= BE R, 3 AR A T AR A P/ o R T
LAY 55 A b g M 22 575 R BrdU A
WCH AR AL EREE 105 /5 10 d VSMC RIBERE1E i, &
NG A20 B JLIRTT 5 G FE TE B0 B BRI, P A T I
HFATEE I Z N 26. 7% £5. 1%, 1GITH N 9. 6%
2.3% ZRA BENM,

M LI NF-KBp65 1 s H R S5 R B
NMEFARAICFEEZS AL BREHG ARG 10 d¥E
ST R B B 22 T X HR 2 (6. 8% 0. 5% t
15.6% £1.1%, P< 0.01); AL %K T KBp65 &
HRIELE BRI A20 BYtIT e, ARG 7 ds
14 d F128 d %K1 ¥B p65 IR AR X E L ZMKT
XTREZH . DL T 50 4 R 150 I R R 7 S A P A
K ¥ B (55 # SRR M FEE, AN mRIEM SR
BA A20 AJREE I RIATTER S TR F kB
(G Ak, BEIEICAZ 55 A, AT 2K 1k 98 A I3 1) A2 o
LA BE A M 25 4 A20 JE [R5, Af A20 7E 45453 J=) &
YRR A =R IA. Nk T X A% Rl KB R B A .
I KB BIRIE D>, SAEA T 7 sl b, idk— 25
S M IS 52 & TLR4 BOE />, B 980 RO 5] & 1
VSMC TR 7 ZLRN Y GEIEE, P RSE3E A el

B, Wang AB 287 R B A IROB A S A
A20 3[R 44 Py 3 e 25K SR ERBE 143 1 25 5 ik S 3 T
B A P R A AP LA B S, R Ah S B
7~ A20 S ZE H ] B R BE AT a( tumor necrosis
factora, TNFa) 55 1K BRI T A4 L 1 8 5
T, HALHE A20 RIABEWT 7 2 lik 4515 1 TNF-a
R F AR P AN A1 ) PIBK/ Ak GSK36/CREB 15 5 i
1Bo XL ok Bk 5 KRB AR RF, ULEH R A20
FER AT AR N B g B A20 R IE R — AN )R
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