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FE:BH WYUK T B i S8 W R SO I % R AL 1 (mTOR ) 3 5 3 4% Y x) 7%
M E KA B E R . Tk AR R R BRI R Y (PLGA) FIR £ % B2 (PVA) 22 mTOR 3
B AR TR G W o BESE A RER KRS R AL 72 1 WAL 43 0 4% 3 D5 A (% U DL 9 RORL 7 Ol 38
PR R SC mTOR JE A ), 23 5 (A 21 (B 2 B o 20 KORE 7 4 480 1 25 0140 ) st AL (O ARk b 38) o 43 331
FARJE3,7,14,28d B, ¥ mTOR % [K 1Y mRNA J % ([ 7= 9 32 36, DL K il 45 S 35 L 40 M ( VSMC)
TS, R HEFA RN mTOR £ A mRNA K& 8 (577 9 3 35 & H it 97 41 W) 8 ek >
(P<0.05) ;¥R NI AR T 7,14 ,28d B H i 41 W1 Wy 2> (P < 0. 01)~$§ﬁléﬂ‘{ﬁ1‘:fﬂiﬂﬁ
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The effect of antisense mTOR gene mediated by nanoparticles on neointimal

formation in vein graft in rats

HU Xin-hua, ZHANG Qiang, YANG Jun, LIU Cheng-wei, ZHANG Zhi-shen , YANG De-hua
( Department of Vascular Surgery , the First Affiliated Hospital , China Medical University , Shenyang 110001 ,
China )

Abstract : Objective  To study the effect of antisense mTOR gene transfection mediated by nanoparticles
(NP) on intimal perliferation after vein grafting. Methods  Nanoparticle antisense mTOR gene complex was
prepared with PLGA and PVA. Autogenous vein graft model was established in 72 rats by transplanting
internal branch of jugular vein to carotid artery. Three groups were studied: ( 1) antisense mTOR group ,
antisense mTOR gene mediated by NP was transfected into the veins before anastomosis. (2 ) Empty vector
group , the vein was transfected by empty vector mediated by NP. (3) Control group, no transfection. The
grafted veins were harvested 3 days, 1 week, 2 weeks and 4 weeks after operation, respectively. The
exogenous mTOR mRNA and protein expression were determined and intimal hyperplasia ( TH) was observed.
The presence of apoptotic VSMC was also detected. Results  Antisense mTOR gene transfection mediated by
nanoparticle complex inhibited the mRNA and protein expression of mTOR gene (P <0.05) , and the IH was
inhibited in the vein graft especially during 7d ~ 28d (P < 0. 01 ). Conclusions  Nanoparticle is an
effective gene transfecting carrier, and antisense mTOR gene expression can prevent the IH and promote

apoptosis after vein grafting. [ Chinese Journal of General Surgery,2007,16(5) :570 —-573]
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FIFH B A Dk AT 6 R 2l K 5 AT Bl B 55 B
T AR, R AR R B RO R AR T RE Y
YT B, R, M B S B AE M ZE M TR I
WIRM Ak 40% ~60% W LK 3h ) & A
2 7 [ ( mammalian target of rapamycin, mTOR ) £
H—MEENGESEST T .S 5HMNZFE
PN Aok AR AR A0 M Y AR AE AR R B 3 A R
LR R . % B Y H H mTOR it A
f9 52 S0 RNA BB R ORE 8 3k B o AR BF 58 i —
A DL gl oKk T R B R e Y )R L mTOR 3 [,
WL 52 HOH B8 AL I 4 A B G A ) 5
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1.1 SEmar sl

Wistar ] B 72 H, M HE AN #, & T 250 ~
300g, T 4H ik pEGP-C1-mTOR A {f W AH H 17
M, RAMRE LB (PLGA) M R & i
(PVA) fy [ B2 2 B 22 Be A ) 188 0F 90 i $ 1t
Ji A7 7R 3 A 1 35 ( TUNEL ) 38 71 0 hy a8 01 4 1l
A 77 i o mTOR £ 3¢ [ $i 4K 24 Santa Cruz 28 ] =
b o OG- AH OC 6 % AL ( PCS 3E [E Brookhaven 2%
#]) .BI-9000AT #H %58 B1200SM Y& i & Inno-
va304 B T #6452 [H Coherent 4 #] )
1.2 KA 8 H K X mTOR £ E DNA Jfi 4L

# [z L mTOR 3 [ - pEGP-C1-mTOR [z %7 fil
A AW S (PLGA ) W, 7E vKis 51 S H
e R A A T FL AR B B K B FLWR S, B
AR (PVA) KB W, W2 3 — K
BT K N R T 5 I S N 1 = S - S [
) 2h, B0 20min Y B T UE , 7K Pk BR 45U B 0 L
K J PVA J5 , % R T o
1.3 QKK FHRE R RN E R &5 i 1

oKL R E S WO 5 K % T pEGP-
C1-mTOR J5i i DNA [ 94 K13 T 221K, i
MmFEY R b, BT B, B4 . RS
pEGP-C1-mTOR Jfi ki DNA [ 4% K k. F 15. Smg, fil
A TE ¥ 8 i) 53— 1 BT W, B A W=
b ) — ), Bt 2 R 0. 22 (%) P8 BRI, 55—
] A 2 Wby, A7 S5 R BB i 1 TE B O, K it
WE Y Hoh BT 37°C 130/ min (#7185 i £ K o ik
T RETSE 5, B 240 JHT 5T 6 22 vl i S 4 422 050
PR R IRV 5 BT AR o P RE R 5R Ah 4 o Ot B I
FE UK 260 nm 40 P 22 W 6 R, TF 5 R A 2 Tl
FRURE M £ .

mTOR; Intimal Hyperplasia; Nanoparticle; Transfection; Gene Expression
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72 FRE, BE AL 0 180 e Sk I AR BEAL L =S B IR
Ab PRZH FNRS BRAH A 2H 24 H o B 3K IN 2 RS A LK
B LL ol KR T R /9 pEGP-C1-mTOR Ji 4,
23 FOR L B e 98 R ORE T AU 3k A9 pEGP-C1 =5 J5URL
QNI N 7 B I A E TR - RS N
57 R BB Bl K B AR S bk RS R A Y . FS A
R U IR 508K 9 0 52 5 mm, A [R] R
PEATR M o B 2L DN AU B M Bk BUIRWE T 2 i &
U 1) DNA % 9 ( R & DNA 44 K KL T 6mg, Jit A 2R
HER K 0. 3mL, il i 4 — 19 & 7 ) L 30min J5
Y HES 8 5 B0 BT )00 505 s Bk, R 11 -0 el AE G
2K i K B i W) T TR S B Bk . S Bk 4
il 49 KL F 4 2 19 pEGP-C 1 73 Jit kL I 96 5 ik
X Bl AR AR K R . S A s Wil TR G
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W A, A A S YT A, A HE L 8 Ver-
hoeff 5 Jj £F 4 Yt 4 . TUNEL 3% & Jl VSMC 4 1=
F o THEHLEG 5 B A3 1 Verhoeff £ R, I & P4
JEE R E
1.6 HER-BEAEH%EKRLE(RT-PCR) &K
X mTOR EFEMWES

R4 R L mTOR [y it 51 ¥, F: 5" - AG-
GCCTTG GTGAGAGCTGTA - 3',R: 5’ — GGCACA
CATTTGAAGAAGCA -3’ /= 4K B 322bp, B-ac-
tin F:5" = TTCTGACCCATACCCACCAT - 3%, R:5" -
ATTACAGTGCGTGCTAAA GG - 3*, =4 K J&F 508bp .,
FHUH 812y 100mg, #i¢ Trizol 5 71 & 150 B 44 B &
RNA , ¥ % 5% & ¢DNA, PCR i & : 20 pL J2 )i 4
% ,Taq DNA B4 0.5U, 5|9 4 50pmol , PCR
F £ 94°C A5 P 2min J5,949C30s,56C45s,
72°C45s I LG B 30 WK, 5% 5 72°C ZE i 7min .
HL UK, BE RS LR R G L BRI o B 45 A R
{H (FH FiA{H = mTOR/B-actin) ,
1.7 & Z HE ik ( Western blot ) # il mTOR 3 i&

BUA 20 m 2 ff W, 51 %%, 1 600r/min 2 .0
20min , MU FVEW, M E AW, DL SOug EFE, &
10%SDS - RNBER BERC UK G, B E AR B =
T PR 27 4 2 R b, 5% WA W3 ok £ 1 ; 5 mTOR £
SEREPLRSS A& Th, B 5 290454 30min J5 5%,
IS AR S A 45
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1.8 FitF4ahiE
ANZESF R 200 A R ¢ K56

2 # R

2.1 KKF R E R E

It HC R BE 2 A 1 AT UL ) 5 B 4 pEGP-CL -
mTOR J5 ki DNA 94 K i 1 1) ki B2 48 o 73 A3 7 243
~343nm VPR N 289 nm o AR 5 AR O A, L
ALEE LB RN 60% o iSO

e R/ E

JGREHI S DNA 5 458y 3% o KL T 1 44 S R O
B T B AR R BORE TR, 29 1 JA S BRI TT IR A E
B sz tg Eob, PR iR B 18d L B
il L B8 L ¢ 2 e ) mTOR 1) 44 K kL 7, H H AR TE
300nm 24,
2.2 FEHERBRLER

KA 7 ~ 14d, 9 BB T T WA K2
W Qe L TN SR 3K, 0 A T R A IR KO 2 B N T B A
28d, gL S I Rk (1)

B 1 56 RMEEns

2.3 EEEWURER

2 2H B n] DL RS RE R K N BB R DL 14 ~ 284d
oM B o BB 3d, X BE AL S A8 A A 1 P I 4
HEEESHIENAER LR E®H(P>0.05);
T 7,14 ,28d, % 3 H 21 N B BG4 R R B K T
XA, ERAREME(P<0.01) (BI2,%1);
(LT O R RS g = A N S A 3 Wi A
(P>0.05) (%£1),

SRR

“_ A.na ‘\’ \Q
(M :

li ;
. oy, '| "",» AR IR
e 1 f‘u 3 n',ﬂm

Loa ' s i ! *}‘ |
- ‘, '. p .| :u " IS\ ‘ﬁhv l\
S R B LS AR | ’ '\- | h.l i
N s IJIL

%foﬁml‘“&% & SNibESIN

R LR PR PN IR A TR R A LB ()

il 3d 7d 14d 28d

ME 7.9+1.8  18.2+5.6 23.9+5.3 25.416.6
S 8.0£2.2  17.8+4.8 24.5:5.9 26.6=+4.81
IR 7.6£2.0  10.9x2.27 15.8+4.67 18.3+5.8

et S I g, P <0.01

B2 FAHE 14d, BHALILAE PR AR A Eb i

2.4 TUNEL % E&HKARBTER

B AE I A6 A 08 T 40 M e K FE R S 7d JT IR
Wy, 14d A g 28d A N R B RAH T
IS B, 7EAR T 14d K 28d 5 xf B 40 %S
BIRANEZR AR EE(P<0.05)(FK2),

T2 FEMIERIKIE TN E (%)
Sl 3d 7d 14d 28d

papilt 7.9+2.3  15.4x3.27 26.4+6.47 23.5+6.07
2k 8.0+2.4  15.3+3.47 25.5+5.8" 22.8+4.2F
I 9.0£2.2  28.0+6.2 39.0+5.4 36.4+4.6

TE T SEIERI LR, P <0.05
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2.5 RT-PCR &8

#: L2 RNA 22 RT-PCR #7345 , 1] UL AR S pk 4%
i 322bp (B 3) 5 Tk BRAT M 28 B MR AR IS S 63 2%
Ao ARG T AP AR SC mTOR JEH 3 AR HE
MAEIFHRIA

M 3d 7d  14d 28d WA mEKA

o | cvemme | ot | C;;,l,, )

et A el R B—actin
mTOR

B3 RT-PCR K48 5z SC mTOR J& 95K

3 i i

R IE YT I H R AR 32 A R R Ak R L
R RE BRE IS FRAYE. Wi
AR TE B G SRR | U B PR R % — e R
A A BV 4 Ta) A, T 3 0 7 20 )R A7 A X g
) R 2 oKL T i — i OET 2% A9 B 7 R R AR
B AT LA 4 3 B DNA G 32 K il G R R . I
TEAR 4P 5 TR F BE R 32 0 5 A9 ) I6F T LK BB i
DRI 2 1o 3 280 ) I 5 P B 0 kR 7 L O RE OB A Il 4
P Bz ] B HE A VSMC , fff 3 P9 7 40 i Py = ) 41
S K I A7 FORE I, N T R A T 1R, 9 T 4R
o O e IR B e PR L AR S 6 BT B9 PLGA 44
KT B ARG SR A, BE N T IR
PR, HoAe N A& fe &0 ™= % H,0 fi €O, , TG
T 2 1 o A 92 30 1 4% 19 40 K kL F K/ g 240 ~
350nm , J& 5 K WURL B 41 Kk T A E R 0.
3% ,DNA il it 38 15 R 80 7 30 i ok, B ik
W 24 2 A

mTOR J& [ & PTCA AR J5 8k 45 25 9 - & I
HFEMIEMEEN., MWCIES, mTOR & — F 4
T EEly 289kD 9 AR 1 ORE , 2 3 - BN kUL EE
YT A 5% BT % W (PI3Ks ) W FK506 45 4 & A
(FKBP12) H 4 ¢ % 19, mTOR {5 5 i % 76 40 g
M A 77 AR K R B AR PR L TR R, R
200 Jf0 F S0 B G, /S I BT T B L I R WF 5T
B N B0 S R 25 ) R B S 4R T LR PTCA R
J5 TR A R EAE 90% LA ED IR A BESE mTOR 35
Sl AT RE 4R R N 2K 2 B I R PL R B
M, ERTH TES,EEME T mTOR (1) K
SCHE PR Gk R AR IR, T R e R RN
VSMC , ) 4 1 52 & BE 4 ) VSMC fy 3 58 o fH

2.6 Western blot &% B =¥ Rk

A HARL KR B AR PR EA S 3 ~7d B )
mTOR & H " PRk, 14d A5 w06, 28d A B R,
P Z [FJC B PE2E 57 (P > 0. 05) s ¥ 3L [N 411y mTOR
FEEWIFRIBTEARG 3,7, 14d BO0T BEAL A28 3R 41
AU, 2RI A BEPE(P <0.05) (K 4) .

3d 7d 14d 28d

"

HRAA

4 Western 3 (H E[IIERR I RS HEL I mTOR 2 ™= Hy f95k

TE R A S HL D i AT TR AT T

AR 28 R 40K R 40 3 e ) mTOR & [A]
7 Jr B B e, i Sl Wy R L B TR R BIE 5T, S B 2
RERW], B A I B S SC mTOR () mRNA J7z H
=P ik, IF B ok 3L IR A2 2 3 8 25 /G 1)
il o AR SE R S, 9 KR T AE O ik PR AR R A
(ALY, T X mTOR 3k PR 1) 3% 5 R AT 4404 1l
FI R A% A Ik PN Y A o A D, AR T AL AR
] HE R JE o A ] VSMC 3 B | g VSMC i T
B o ASHE I R W, A g VSMC I T n] fiE
B 36 P9 BB AR AT Bk AR . ik, mTOR A1)
AE B By 16 PA I 30 AR m RS A I R R A | A B T
4 245 1 A TR T A, X AR AR I A P A I A 2
AL T 5 A AR F A

R d
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