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[FE] By B A Ye R R SUE s K ERZE 3 B B, AiF 5 5k 38 6 R V22 04 A% iR 7% 37 -1 ( adenine
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Ad-GFP 54 3e 2 Ad-ANTI $54u2H 20 18 H, JHHERR ANTL A9 IR0 27 3048 ( Ad-ANT1) 8 28 2544 56 2 244 ( Ad-GFP) J&)
TR R G I R S Bk BR BE 0 sh AL FE B0 )E 7 .14 28 d, BOR SRR 75 8180 ik RT-PCR Al ANT1 mRNA &3k , West-
ern blot LI K G Ze 2 AL A6 BAX 1 Bel-2 ik, TUNEL 35 JFAS K37 Az PO 5 I Hh I VSMCs PR T8 . 853 Ad-ANTI fiRhs
B KBSk ANTL KRk 76 14 d A F] =g, B3 & T Ad-GFP # e K Fralipk 48 545541 (P <0.01) , % 28 d
BHAA ik, 76714 d i, Ad-ANT1 #4e4] BAX FHPEFRIA R B 5T Ad-GFP Hyed] B a4 21 (P <0.05) ; Bel-2 [
PR R E T IEH M4 {05 Ad-GFP 5% YL 2 Fl Bt 475 4 o % 22 5 (P > 0. 05) ; Ad-ANTL 5% e 2 7 A P B S v BSF-i
WAnp A TR B #Hm T HML A (P <0.05) ;7 14 .28 d B, Ad-ANT1 % YL 21 557 A= N B8 & rp s AL EL (TA/MA) /T
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A PR B VSMC 98 T, HAE A T RE G LRAE I T- 8 BAX YRR S0,

[ SRS | PRIERSAZ AT TR A M- 1 ; 30 0 Bk ER R0 405 5 10078 -0 LA e 5 99 1

[HEES%EE] R322.12;R394.2;R543. 402 [ STEARERG] A

Adenine translocase 1 gene transfection induces apoptosis of vascular smooth muscle

cells in rats with carotid balloon injury

Yang Yi, Li Yan, Wang Xiao, Liu Jie, Lu Wei, Song Yaoming (Institue of Cardiovascular Diseases, Xinqiao Hospital, Third
Military Medical University, Chongqging, 400037, China)

[ Abstract | Objective To study the effect of adenine nucleotide translocase 1 (ANT1) gene over-ex-
pression on apoptosis of vascular smooth muscle cells (VSMC) in a rat carotid balloon injury model induced by
adenovirus plasmid. Methods Seventy-two SD rats were randomly divided into normal group, non-transfection
group, Ad-GFP transfection group and Ad-ANTI transfection group (18 in each group). ANTI gene was trans-
fected into rat carotid arteries with Ad-ANT1 adenovirus after a rat carotid balloon injury model was established.
The arteries were harvested on days 7, 14 and 28 after operation. Expression of ANT-1, BAX, and Bel-2 in
arteries was detected by RT-PCR, Western blotting, and immunohistochemistry, respectively, with HE stai-
ning. Apoptosis of VSMC in tunica intima and tunica media of the model was assayed with TUNEL staining.
Results The ANTI1 gene was significantly expressed in rat carotid arteries after Ad-ANT1 transfection and
reached its peak level on day 14, which was significantly higher in Ad-ANT1 transfection group than in Ad-GFP
transfection group and balloon injury group( P <0.01). The expression level of BAX was significantly higher in
Ad-ANT1 transfection group than in Ad-GFP transfection group and balloon injury group on days 7 and 14 after
transfection (P <0.05). The expression level of Bel-2 was higher in Ad-ANT! transfection group than in normal
group( P <0.05). However, no significant difference was found in expression level of Bcl-2 between the two
groups (P >0. 05) . The apoptosis rate of VSMC in tunica intima and tunica media of the model was significantly
higher in Ad-ANT1 transfection group than in the other 3 groups( P <0.05). The tunica intima/ tunica media

[BEEEE] MW, G (023)68755196, E-mail : sym553142002 @ yahoo. com. cn



55 34 BEE 8 ¥O= K BE R ¥ ¥ OMR
J Third Mil Med Univ

201244 A 30 H

Vol. 34, No. 8
Apr. 30 2012 739

area ratio in the model was lower in Ad-ANTI transfection group than in Ad-GFP transfection group and balloon

injury group on days 14 and 28 after transfection( P <0.05). Conclusion Adenovirus plasmid-induced over-

expression of ANT1 gene induces apoptosis of VSMC in tunica intima/ tunica media of the model by up-regula-

ting the expression of BAX.
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Ji W A 427 T iR 5% 457 1§ ( adenine nucleotide translo-
case , ANT) J& o7 T LR (R NI b (1) — 2 85 B 5% 12 4R
H, K2 5 2obi R b 1k~ 4= ) ATP F1 ADP
28PN IR i o 0 2o AR 5 A0 PN RE A DA G
WF9E A B ANT 38 b 5 2k 1K 5 38 18 7 5% iz 2 5 1L
( mitochondrial permeability transition pore, MPTP ) ¥ 45
ADP/ATP #3216 HE GBS 5% S A M T
ANT 4 4 Fh S (R A77E, Horh ANTL FT ANT3 HA {2
AN TR A i 3L L ANTL 375 S 40t 08 T 19 7R
PR AU L4 ( vascular smooth muscle
cells, VSMCs ) () 5 BEFH AT A R 25 T kil A
AL A8 AR FEPe 78 A5 LA 52 00 1) kA L
Ji& o ARSI Y 2 o AR O Bl AN i PR 2
ZHB KRB A5 K BB AL, B0 0E ANT1 25 H A%
S ILAEH A PN T2 UL A0 L 0 T )/ 9 e et A
AN B A T AR SC PR 7 18 ZR AR BRI AR R B9 VR HIAIL ], Ay 5l
WKSRAEREAL LA S A AJEIT AR S HEAE 250 10850 1Y)
B S AT L

1 #REFE

1.1 A# &K A

Pt 7 JElS SD REL 72 H 5T & 280 ~300 g, 158 = ZE &
RESE Y O SR, BEAT ANTIL J A (3 i 25 214 ( Ad-
ANTL) By AR 52 6 5 4 2, % ANTL 36 D] )5 Bt 5 [ %2 pShuttle-
GFP-CMV 283 Jii ki, 76 40 1 1% pShuttle-GFP-CMV 2843 Jifi ki
55 pAdxsi ZARTE A, F F AR B Y HEK293 240 i of o 41 i
JRTEHEATELRE 1 . 25 IO T3 44K ( Ad-GFP) IRk H R R 7
A (R ALE ANTL 65 R B, 28 PCR FIY) %52 Ad-ANTI
BRI H AL FH A BEE S R EEIE N 2 x 10" pfu/ml
RNA/DNA/ 2 [ it 2 42 0 ) & 3 & [ Omega 23 W], RT-
PCR A7 &1 [l H 4 TaKaRa 2\ 7], TUNEL 3 J5 {57 4 il J4 7= 46
DU G0 F 75 Roche A, bt KR BAX J Bel-2 25k
POk [ 3515 Epitomics 24 ), S 414k 150 & 3 R+
TN, S e 1 AR A 28 = KA F], 1. SF PTCA 3R
W F 2 Cordis 2w, HoAth 150 R FH B = 43 B 4350

1.2 BAMER EIE4HH
1.2.1 KRR RS, 208 Tulis™ I
ST LR A0 7 1 O S B Sl R BR A A 0« I T S
2% S 1% (40 mg/kg) REF SD KB, R # KT 4 100 U/kg
JHF M A HTBTEE ; WUER T BEAR BT 5 R 30030 1 R 2R U0 R ik, 40 8
LR, 2 Sl Ik Be N AR sl ik, b 43 88 s 22 O30 3 ik
292.5 em ALK 1 em, SN Bk 0. 5 cm; 44 3541 3h Bk 0
IS L, Sl ke Je b 250, 3h Jik I 0 i K 35N 3 ik, 7E S 30 ik
TEES N ANk A — RG] 1, Bk 5 4R A SR h
Jik , PTCA J£ 71 58 A BREE R Ak , KA 3atm 4ERF 30 s, 1858
M S ERTE 1Y, W Bk 38 1R B3k, A 3 b K v sk
MAEEWE
1.2.2 SEESSMZH RARR B EBAAN T ANTL HE S A K
FUREHLSY M IE 4L PR a1 4 Ad-GFP 4 YL 4]  Ad-ANTI 4%
Yol B 18 Ko BRIEH 4150, B alififi2l . Ad-GFP # L2 |
Ad-ANT1 %% Yo 4] 75 58 )8 22 D 350 3 Bk BR 83 03 )5 , 3 Bk e e 14)
BB BKIT L3, Z 8 Guo 57 )77 840 B A BS N 3l ik U1 11 4k
R i 5 BRI kA A PBS 28 #hif  Ad-GFP 23 4844 I 15
WOR Ad-ANT1 B 2224 40l , FEAE 350N A1 30 ik 43 S Ak ke 1Al
TR K, AEH 30 min 5, T BEVR , Az BEER K R4S I, 3
BRI 80 100 U/ kg, 25 L8403l Ik k 0 3 , PR 52 08 B
Wk BN B K MR o 1 H 2 A B Bz 1k, 438 L 20 ) 350
Bk NS IKLL R SFSMSIIK, AT . 4520 SD KRS8
TGS A Y O BRI, N HE 4 x10'U,
1.3 HAREL®RA

HRGIE 714 .28 d B i R EEAR AE SD R R, TR SE
LR UDIT BB W Hh LR B Ik, BT MRS BLZ) 2 em, H PBS
i eh, o —2 i A 4% £ 58 F R [ 5 I A S A )
F TR A8k TUNEL &R A A IR T 5 75— AA
P17, T RT-PCR K:l] ANT1 mRNA [ 33k,
1.4 RT-PCR 4| %7 3h Bk ANT1 .BAX & Bel-2 &k

Hesmih ik M 4 2H 20 30 mg, 42 I H 41 20 8 RNA , F46 1 4l
JEE ROk B Wi % S Al eDNA, - 20 CIRAE# . HRYEERES]
WIFHI L 1, ANTL [ 4544 4 :94 C HZEPE 5 min J5 i A
PCR fE¥F,94 C A5 30 5,60 CiR k 30 s,72 °C#E{H 3 min,30
MEFR . BAX Fl Bel-2 1R KGR EE 53 512 46 CFT 48 C, HA 2
N 2% ANTL AR, PCR R 58 B 64T 2% S He s 1
UK, BEEMUARAL NS, Quantity One 3PF43HTH8R Y H 9 5% 5
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WZ GAPDH Z&itiHt s A HE A T-F E /0

&1 PCRII¥FFIRBHFERNM

I JE SIHFEI(S" ~3") F R BRI
GAPDH L3 : GTGCTGAGTATGTCGTGGAGTCT 610 bp
Ti# : GTGGAAGAATGGGAGTTGCTGT
ANT1 237 : CTACCTCCCTCTGCTTCGTCTAC 288 bp
Fi# : GTCACACTCTGGGCAATCATC
BAX 17 : CAGGATCGAGCAGAGAGGATG 256 bp
T : CAAAGTAGAAGAGGGCAACCAC
Bel-2 % : GCTACGAGTGGGATACTGGAGA 260 bp

“FiF: AGCTGACTGGACATCTCTGCAA

1.5 $IRLALRALFE J EM F S0k BAX A= Bel-2 &k

BURBIIKA YR 60 CHE 1 h J&, A W 28 OB 2 W RS
HEAT IR AR AL T U K SR8 E 3% H, 0, = A7 F 15 min
DLt P R e AR A I, f g e 8 3 PR VA (3 TE 8 R I ) =
RO 30 min J P AR S G (5, 0 0003 S8 PR 3 e L 4]
FiBEfR B —H04 Cal i, Yk H 11537 CHEE 30 min, PBS ¥£3 X,
R 5 min; R A AR & P P TAEWR 37 CMR
30 min;DAB 8, SR AKE 5 9%, B AL 7K 37 W1 5 v MRl 3t
Fo ASSEIRAH A — i 43 512 BAX K Bel-2 AT KR 2 vl
Buid, UL PBS AR B —PifEas (AN BRSCG . ARk B 7 2E i
TR f5 B8 T FEHLIEER 6 A~ HREF, ] Image Pro Plus 5.1 El{44)
M R Ge 2 BRI 108 BAX K Bel-2 B3Rk,
1.6 Western blot #4127 3 Bk BAX #= Bel-2 £k

FH RNA/DNA/ R AR BOAR S 42 B0 BB e & H
WeEE AT 12% SDS-S8 TR I Tk e 58 I rEL UK, FRLA B, 50 o/ L
WERE IR P 1 h, FE 12 500 #6 BE A —30 (HT BAX FIHL Bel-2
GIR R EUAR) #E172238 ,4 Cid i, H 1:2 000 Fi B
FEHRBTIT CHER 1 h b2 R IR T WA N BEIR A
1853 HT R GE T R BE NI 3438 S YR A
1.7 TUNEL 3% & 246 m) 37 3 Bk -F 7 VL 48 e, 08 =

KEF RSP R 60 CHER 1 h 5, A HA B
WS AT KA, B R K TAEW 37 CH#%E 15 min, PBS
TPk 3 (AR5 min) |, 3 il TUNEL Jz R 1R A W (TdT 35 5¢
JEHEARICH dUTP Witk 1: 9L BITR A ) , B X BRZH A 2
Rhrchy dUTP W, TERE = &b 37 CHEE 1 h, PBS J% 3 I
(£F¥K 5 min) 3% /il POD ¥, 5 =2 & 7 F 30 min, PBS 4k
J&i DAB 0, 53 AKE 2, K& G P IR 3 R, Ak )
PR 0 AU R A e T AL ER 6 S HRHF, FH Tmage Pro Plus
5.1 BUG AT R GeH 0L A PO BRI o B e BHPE R T 40 A 2 5 °F
W LA MLEEL, SR o L, TR R — A R B 6 HUR BB R (1Y
M AE Y 45 538, Bk 45 52 50 41 A 12 ) [ B3 7~ 36 UL 448
1.8 HE #¢&

1445 S0 2H 30 B koA 85 U0 R O HE 346, R Tmage
Pro Plus 5. 1 BG5BT 54 DL 3 g B B8, 43 3 D0 4 1l 4 9

JBE I A AR A TR T BT R R AR L (TA/MA)
1.9 %itzan

HHEBORA x 25 2R SR SPSS 13.0 1 1F, Z 41 ] He 4K
A B D 2R 7 22 0 W 5 P 2L ) [)— B ) i U AR D o A 5

2 HR

2.1 kP ANTI mRNA %X

RT-PCR 5 WA 1, IEH AHAUH e ANT1 mRNA 3k,
ARG L K Ad-GFP #8 Y H7E i J5 7,14 d A &
ANT1 mRNA K3k, )5 % 87 T B 1 Ad-ANT1 %% e 21 7] O,
ANT1 mRNA RERIL, W05 T HAM A4 (P <0.01) ; 74845
28 d J5 , Ad-ANT1 #5240 475 ANT1 mRNA 3 ik, {H 5 ¥4t 5
1i2H B Ad-GFP ¥ e B %2257 (P >0.05) ¢

«—GAPDH
(610 bp)
Ll —ANT1
(288 bp)
18T . oEwa
Ler a B 4
?@ L4r BAd-GFP L4
® 120 W Ad-ANTI 5422
® 2 Ad-A YL
T 10
Z osf
:g:\ .
= 0.6
;Z: 0.4 _T_ _T_ l
02} Z
0 1 ;
7 14 28
Hif ] (¢/d)

A:RT-PCR &% M 431 E% ;2 3 4. 50348447 d £k
Fifign Ad-GFP £ % 28 % Ad-ANT1 #: % 48;5.6.7: % %) A 345
14 d #4554 40 Ad-GFP %k 3 40 & Ad-ANT1 45 348 B ANT1 #
M3 AEFE a:P<0.01,5F —8 ) EFA EEBAGAF Ad-
GFP #3201k 4%

1 RT-PCR #&ill&HAF Bk ANT1 FRIE

2.2 FHFHkkP BAX £k

FEIEH A HSI KA Sl BAX 63k 3445 7 d J , SLalifi
P2l J Ad-GFP 5% 442 BAX mRNA Rik¥ghn, 14 d F BT
W 7E361457 7 .14 28 d I, Ad-ANT1 % e 2l BAX 63k 0 255
T Ad-GFP YL 41 L) K s afifii 4740 (P <0.01) , RT-PCR Filfg
PEH LIRS Western blot 255 —3 (K 2.3) .

1 2 3 4

1B 20,2 454545 40,3 : Ad-GFP #£ % 28,4 . Ad-ANTI %% %40
B2 Western blot #3555 14 d F ANk BAX HRIE
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A E 4L (SABC x400) 3 B: ¥ 46 47 4 21 (SABC x 400) ; C: Ad-GFP
#4248 (SABC x400) ;D Ad-ANTI #£ 3 28 (SABC x400) ; I 19 it ;
M: 8 E:BAX ABxt KA & a:P <0.01, 5 B — B i) S 4h 45 45 40
Fr Ad-GFP 4 e 20 s g

3 EALKNEETIL BAX fRiA

2.3 FHFHBkP Bel2 ik

TEIEH A TSk i AU UL Bel-2 3Rk, 24401 7 d, Bhal
P (Ad-GFP % Yu 20 Tt Ad-ANTI %% e 2 Bel-2 A ¥ 0]
BT, 14 d 3AB R IR JS Ik TR, 2E & BRIBL, Ad-ANT1 4 4
20 L]  Ad-GFP SE YL 2 45 21 2 ] Bel-2 ¥ E 27
(P>0.05), RT-PCR R g2l k45 9 5 Western blot 25 1 —%{
(Kl4.5),

1 2 3 4

«36x10°

GAPDH—

1B 4052 38 4545 4% 40 ;3 : Ad-GFP 4 440 ;4. Ad-ANTI #: 40
4  Western blot #3757 /5 14 d ZAFZhAk Bel-2 fF%

A %28 (SABC x400) ;B : 5 %647 15 48 (SABC x 400 ) ; C: Ad-GFP
#5320 (SABC x400) ; D: Ad-ANT1 #& % 28 (SABC x400) ;1: 1 2 ;
M: F 5 E:Bel2 At A& ik &

E5 REALENSHETE B2 BRIE

2.4 FSHIKFE AL IR

BT 7,14 28 d, 1E 5 43S AL A7) BE A 08 T 20 i 5
AL 20 B Ad-GFP % Y 20 4 U, /b 12 BH PR 200 A 5 1T Ad-ANT1
Y S IR B n] IR R T AN . 45 JE] BE Ad-ANTI
YL o] 251 3 ik BH P VMSCs 8 T- 23R ¥ 8 T 2 ali i 4 41 Je Ad-
GFP L4 (51 6)
2.5 kA AP @A

TEJCAF A BT T, 16 20 390 3h Ik P A AT i B )22 P Bz 4
M, A T R EEM T A . B s i 4l K Ad-GFP #% YL 40 B ik
DA AR B S A T I S AN L ) R HE AR, N B AR
AR R MR W 2L, UG AT T R g SRR, 7 d B Ad-
ANTL FE e 2] NS/ v S T AR L (TA/MA) 5 s alidbi 4 4 & Ad-
GFP GG YL o325 (P >0.05) ; 7E 14 d B), Ad-ANT1 % 4
2 IA/MA {EHE AP & Ad-GFP FE ULyl /N (B 7) , 25 57+
BG4 (P <0.05) ;7 28 d Bf, Ad-ANTI #%5 4L 20 TA/MA
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A: E 4 (TUNEL x 400) ; B: 3 %647 45 28 ( TUNEL x 400 ) ; C; Ad-
GFP #4248 (TUNEL x 400) ; D;: Ad-ANT1 #% % 48 ( TUNEL x 400 ) ;
LABEM: PG E: FEMN@ A =HL a: P<0.0l; b: P<
0.05, 55 # 4h 4745 2042 Ad-GFP 4% 4 41 1042

E6 SAFEATFBIMAKNLER

SIS R IS LS ANT [ 5 Ao 4 b 1A B 2 1
WANI 24575 0 4 HOA0 0 7 17 3= BEHL R, 1 55
2R R ST A0 M08 T A A AR TR, R, ANT 1A
ST R T A AR v B DGR SE R . ANT [ 4 b S5 4y 44
G AT 80% ~90% =[], 75 A 7] 45 2 4t i v (1%
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A B f2 % (HE x400) ;B 3 26 33 45 48 (HE x400) ; C: Ad-GFP 4%
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Jif 25 180 1 35 R R 0 2H 4 PP Tk Kk, ANT3 7645 Fh
AV ERA D BEFRIA T ANTA {0 2K 14 1 240 L P
AR AN AL R s

A AIETT R F TG 76006 45 I A B2 B AT
HFB . SR, TIPS (restenosis ) (1 15 & Az 58 ™ 5 5Y
WA ATATT BT AR o M5 - LA X 453 05 2 7
I BG4S PR B B AR U B AR R A LR
JREEEHLS . Pk, BF B0 5 10 VSMC 1
BEETE AR HE VSMCs 3 T2 X 13 By 16 I 51 Jok oA 4 Al
P R A 5 A B X

LR, X ANTL 75 5 40 0 v 1 A (0 iF 9 2 8
A ob T WLER M L B 98 4 L, 831 S AE MR AN B 35 1Y
LA A R Jie e 240 i it 238 ANTL AT 35 S 40 e 94
T, BB /N EARE Y LIEERIBESE AN ANT i
TR B85 HAE 5 MPTP B2 240 Al Al 43 A K,
ifii MPTP %%z ADP/ATP () fE Jf il # /2 8 7= 13 BAX
PP, 51 S 2k A B3 a7 M el AR, DT 5 T A i O
T SR, B ARIESTE & B ANTL 7 S 40 i T 1)
YEH 5 MPTP FfA EHEAH G, 238 i ROS 7™ ) 3
L4 BAX ke,

ARSI 28 IR ST 22 B, 38 ek Mo 7 2 M 7 A 4
R B9 VSMCs i 38 15 ANTL 7] i 5 VSMCs
T ARSI A A ANTL 2 DR A9 JR % 75 4014
1ot S 25 B KR A 5 BUEAY 38 3 TUNEL & J5i
K4 S AIF 52 3 6 3k ANTL J5 587 48 N R B v i
VSMC T3 B 3% & T2 AR i 5L e dl s ai i
ZHFNIEH L IM4Y s HE 3 (0 7R Ad-ANTI %5 e 41 1 4%
AR PN R B A B B IS T Bl B 45 4 K Ad-GFP %
Ye2 ;M RT-PCR X G s 2H Ak 1) 25 S 36 R 7E % U Ad-
ANT1 B35 5 145 41 20 BAX J Bel-2 k38,
{H BAX/Bel-2 LAl Fim s 2 f BAX AAH M Joe i 3% 21| 4k
R, SRR RS A7 T B, JEA S A A TR
K

PRI , AN A9 Ay 3081325 40 0 0 T 1 — A S B R ]
HAT S i BAX 2 (1 2508 - 18 L0 A o8 - i
PR NS00 e RS FE AR, W LA R Bl iR A A
EIT ARG FPAE— A

SE k-
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