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[#Z] HBY  HIT Survivin LR TREE A I N R A (VEGE) 52 SCEERZ TR A 4R B P9 X5 A it it 24
fia A549 WA RKIHIER . Hik KR iARMIER ASODN IR B 55 VE S B ARA AS49 iy 4 i fry 21 B , S A R b FEE AR
B M 5 4. 25 AT IR IS S AT FE4H . VEGF AR B4 | Survivin AP, Survivin-VEGF BE& AL FHAH . WEE A 4H iyed 1) 2k
KAFM , I35 LA Western blot real-time PCR A& i 202X Survivin & VEGF & B R K IG 0, F e A4k 2460 Cyclin
BI {8 AR A0S 2 TR (CD34 Jef8) o 850 Survivin-VEGF ASODN 15 4 b 3 20 %50 4% 21 1) A= A7 20 ) Jed i 12
(P <0.05) ; Western blot Ffl real-time PCR &5 i 7% Survivin-VEGF B4 4bFEZH f Survivin F1 VEGF 75 (1 & RNA fil 3k
K4 32 BB AN (P <0. 05) ;Survivin-VEGF B4 AbHHAH 5 25 MR T Mg 41 2 i 4 %5 40 (MVD) (10,27 £1.75)
5B ST IRAL A [ Survivin AEBEE (13.27 £2.19) , VEGF ALBHZE (11.40 +1.18) | Z )i 22 5 A e it 2 X
(P <0.05) ;Survivin-VEGF 15t & 4b B ZH 4553055 F G,/ M WIRI4H L (23. 17 +5.45) A Survivin Zb3#A] (12.54 6. 67) Fl VEGF
AbFRZH (18.39 +6.87) I £ (P <0.05) . &5 BRA T VEGK Sz CEERZH IR AN Survivin SEAZ H B2 XT b 78 B4 310 41 7E
FIET 5] VEGF [ SUEEALH R EY Survivin [z L HTR .

[ R ]  Surviving 8 N R AE KT R CEEZATIE B A 5 AS49
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Survivin antisense oligonucleotide combined with VEGF antisense oligonucleotide inhibits
growth of human pulmonary adenocarcinoma A549 xenografts in nude mice

Liang Chao, Xu Ling, Sui Xuemei (Department of Respiratory Medicine, First Affiliated Hospital, Chongqing Medical University,
Chongqing, 400016, China)

[ Abstract | Objective  To investigate the inhibitory effect of survivin antisense oligonucleotide
(ASODN) combined with VEGF ASODN on the growth of human pulmonary adenocarcinoma A549 xenografts
in nude mice. Methods The nude mice transplanted with A549 tumor cells were divided into 5 groups:
control group, liposome control group, VEGE ASODN treatment group, survivin ASODN treatment group, and
survivin-VEGF combined ASODN treatment group. Liposome-ASODN mixed suspension was peritumorally
injected to the nude mice. The tumor growth in all groups were observed, and the expressions of survivin and
VEGF in tumor tissues were detected by Western blotting and real-time PCR. Immunohistochemical method was
used to detect the expression of cyclin Bl and microvascular density ( MVD) count ( CD34 staining ).
Results  Survivin-VEGF combined ASODN treatment inhibited the tumor growth with more significant effects
than other groups (P <0.05). The result of Western blotting and real-time PCR showed that the protein and
mRNA expression of survivin and VEGF in the survivin-VEGF combined ASODN treatment group was obviously
lower than other groups (P <0.05). Survivin-VEGF combined ASODN treatment group reduced the MVD
count in tumor tissues (10.27 = 1.75) significantly, with stronger effects than the single ASODN treatment
groups (survivin ASODN treatment group 13.27 £2.19 and VEGF ASODN treatment group 11.40 +1.18)
(P<0.05). Survivin-VEGF combined ASODN treatment group group had more cells arrested in in G,/M
phase (23.17 £5.45) than the survivin ASODN treatment group (12.54 +6.67) and VEGF ASODN group
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(18.39 £6.87) (P <0.05). Conclusion The combination of VEGF ASODN and survivin ASODN inhibits

the tumor growth of human pulmonary adenocarcinoma A549 xenografts in nude mice, with better effects than

VEGF ASODN or survivin ASODN alone.
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1.1 ##

1.1.1  FZRH Survivin 584 58 P& A Cell Singaling,
VEGF . Cyclin Bl ,Caspase-3,CD34 4 B vi (B fi {4 4}y EPITOM-
ICS it o PN FEEY A Rl 54 1eG. Rk 2000 i
FI Invitrogen,, 2 3B & AR P Tk & B 3 = R
FEAh, B EE N 2 377 & M Pierce BCA Protein Assay Kit,
TUNENL 1251 & W H Roche, #9220 1k i ) & K 42 & Mr o
Trizol \PCR 15i%% 5518077 & L) M Taq mix g TaKaRa 7= f, SYBR
FOLY R A %R B PCR 51¥), [ LZE#% 1Y BRJF 41 : Survivin
ASODNP!; 5"-CCACGGCCTCCCAAAGTGCTG-3', VEGF ASODN™
5'-GCAGTAGCTACGCTGATAGTGC-3' (LA I 74 15 B 43 4
BESATRRACAE MG, 230 g 21 AT AEFN 22 S0k ) by B

Invitrogen E o

1.1.2 SCBesh¥y 4 JA#,16 ~20 g i) BALB/c-NU & #f
25 B, WERER KRS8 s b mgss,

113 Zuffakk  AS49 40 Al e 4 i ik , th 8 S R R
KA BB 5 — B BE T IR S 5 2 AR AT

1.2 F¥%

1L.2.1 BREHDE W HLIEIR AS49 4, A L x 1073 JE T
WeF Rz RS, 4 HiEA 0.2 mL, BIA HAE R A 2 x 1041
it o LA PAY IR T UL AR e e o

1.2.2 BREAEMARIT ¥ 25 HAEE T iR B BE AL
BRIk R 5 A (25 A AL IR B AR X R4 VEGE 4b 3
41 . Survivin AbBRLH , Survivin-VEGF BE4Ab B4 ) , A414 5 H.
T EAELA S mm B, TR 4 THIN LB, VEGF Zh B4 44
F VEGF-ASODN (62. 4 ug), Survivin &b ¥ 2H 45 -7 Survivin-
ASODN (58.8 wg) ,Survivin-VEGF B4 b FR2H (62. 4 wg) 435
#4F VEGF-ASODN (58. 8 pg) il Survivin-ASODN (62. 4 ug) .
a2 d g 1R RS 7 IR AESZ HR, &3 KE 1 kit
BUB R IR B, MRARUE ARV =0.5 xa x b’ (a: iR K42
b EAR) o BREBCGHE , T RIRRER

1.2.3  Western blot £l VEGF #11 Survivin & [ 1) ik H
100 mg ZH 2T A5 F IR A IS , #5028 = R AR PR BT &b
BB H S T - 20 CIR-FF, #% Pierce BCA Protein Assay
Kit 3857 & 3683 45, 647 BCA 3 & ¥k ¥, SDS-PAGE ik
Jei , LSRR 1 B AT e Z M, S BURE InA—t
(Survivin Rabbit mAb F1 VEGF Rabbit mAb) ,4 Ci## )5, A
“Hi(HRP #5101 GOAT Anti-Rabbit IgG) , A BIO-RAD #¢ i/
RANCIEUG ST 2R G 45 2H 45 510

1.2.4 #EH PCR B 50 mg S, TR A P WHE S,
$i¢ 18 TaKaRa $EHUAF & 1A 15 . TaKaRa 3355 53000 £ 1068 5
i A miRNA F1i 56 5% qRT-PCR, 51417518 VEGF (96 bp) :
1% 5'-ATCATGCGGATCAAACCTCAC-3', F i#%: 5'-TGTTCT-
GTCTTTCTTTGGTCTGC-3" ;Survivin (123 bp) : L i#:5'-TCATC-
CACTGCCCTACCGA-3', Fif%: 5'-AGCCAGGGGAGTGCTTTCT-3'
B-actin(263 bp): Fii#: 5'-GAGACCTTCAACACCCCAGC-3', F
i: 5'-ATGTCACGCACGATTTCCC-3', 2R H] Opticon2-Real-time-
PCR {X ( 2£[% Bio-Rad A &]) K0 CT {8, 1155 miRNA %}k
m(2785)

1.2.5 fhinss s e it Weidner'™ f{§ CD34 495 401032
TSR A W) FH U M kAL , 3 A2 4 R S i Ak
WA GV AT EAE . AR A e FARAE B F B A 3 &
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*1 SAERMEGAREKBEMN (on’)

HUE=Ghl ] 25 % HRZE | B A HR 4 VEGF #b3R4H Survivin b FZH Survivin-VEGF B4 b FiZH
%14 K 25.80 +11.09 25.00 +8.08 24.40 £5.31 26.80 +6.28 23.75 £6.95

$517 K 166.31 £27.29 169. 65 +26.83 148.51 +27.47 137.38 +39. 60 158.00 +35.91
#5120 K 275.67 £23.16 277.17 £27.08 217.65 +18.76 203.95 £33.12 192.61 £32.10
5523 K 373.39 £17.08 375.83 £26.53 304.62 +28.40 276.55 £35.97 252.04 +34.69
%526 K 479.49 +26. 61 476.28 +35.19 369.88 £27.32 349.99 +£39.94 296.73 +63. 64
%29 K 568.19 +19.25 562.36 +14.21 419.98 £24.91 408.29 +45.53 356.40 +31.63
5532 K 686. 84 +£20. 40 687.38 £19.20 444.90 +16. 19 448.95 £33.15 375.20 £22.70
#35 K 761.90 +22. 84 763.53 £9.74 453.49 £10.17 469. 68 +35. 13 383.97 £16.98

9 DX 3 (T T IRAE X)) , 5T 5 A S B 1 (< 400) Bl L
WL 5 APLHF , DLGe 6 0 B (50 5 A R € 1 2 21 b 4 g A
HEFAUE (AP VR R I ERAD) T3 LR -1
B, B o R A R
1.2.6 G HGUE A4 Cyclin Bl AR E A8
Fr W HUBIE K AC IR, 3 A2 G S e A ) 0 P 5 R AT 4%
fEo TRt BB REHLULEE 5 AP, LEE Cyclin BL 25 F A
kR
1.3 “%itsya

SEGLRLL & £ 5 R, BdE ) SPSS 17. 0 B AT AL B
Z A LR T 25 2250 M , 2L WP EL 3R i SNK-g A5
¥ ,P <0.05 NEFAGIHE L,

2 HR

2.1 MRBAEKEL

H 1 AT DA f o B2 i Aot B 20 e 17 2 K B S pe
FHAh 3 20, Survivin-VEGF Bt-4 AbFHZH Y AH 4% Survivin 4b
FHZH AT VEGF Ab3E A AE 18, 45 4b B2 55 25 (1 % IR 41 A flg ot
TR IR AESE 17 ~20 RIS TF R Bl 22 5, HG 25 5B Bk K
(P<0.05), B ASODN 41 (Survivin 4bHE 4] 5% VEGF &b 341 )
5 Survivin-VEGF & Ab B4 2 [M7E 55 20 ~ 23 RIF IR Bl 22
(P <0.05) . S4B TARREE 37 K (HDEE 8 Yk T HUf5 (5
2 R) REFEM R, 4 M BU R S0 B 30 88 ROk J5 AR T i, AR 25
R R RS — B, 25 1 ) B 4 AR S5 A XoF R 2 ik e T
R [(0.944 £0.033) g, (0.956 +0.018) g], H vk W i
ASODN 4 [ Survivin 4bHHH (0.479 +0.046) g 1 VEGF kb3
(0.476 +0.079) g, Jii it £ % 3 Survivin-VEGF J¢ 4 4b # 40
(0.265 £0.010) g,
2.2 PbyEa42R A VEGF #e Survivin & & 49 & A

H & 1 W& H, Survivin Zh3EZH  VEGF 4B 4R BE 5 5 A
SRR A R, RS AR IR 2 R A ST HE L
(P<0.05), [AIW}, ¢ Survivin-VEGF BX & 40 F 2 , Survivin F1
VEGF Wiz 2R BIREEA 2l s (v A 22 5 A 5 it
22 Y (P<0.05), VEGF £ VEGF 4h#H4  Survivin 4b B 241 1
Survivin-VEGF B¢ & 4b B 20 A i 32 3k B & B AIK, Survivin 7E
SurvivinZb HHZH Fl Survivin-VEGF B Ab B 2H v it 34 BH B 4
ik, HAE VEGF b ¥ZH H Rk A — & b,

«—16x10°

Survivin—
VEGF— «22x10°

«—36x10°

—_
(S}
w
~
W

GAPDH—
1.2 G2 RRLR ;2. 5 AR AT BR 4033 VEGF 4 22 48 ;4 ; Survivin 4 32

2035 ; Survivin-VEGF B A-4: 22 20
Bl 1 Western blot #2842 A VEGF #A Survivin & Q&R i%

2.3 pbsELe A VEGF #= Survivin mRNA &5 %X

A% 652 ik PCR 359058 VEGF il Survivin mRNA, L35 2.
A LLE W, Survivin-VEGF Bt & 4b B 41 [7] Survivin 2h B 41 Fl
VEGF Rb3RZH—F , YR8 R0 KA AR N FE 3 B g 223

x2 BHFEE PCRENME VEGF #1 Survivin mRNA # 3R ik

VEGF Survivin
215 y
2-AMCT  AAXFELAE 2 AACT RN HAE
25 FAXHIELL 0.234 0.244 0.501 0.510
g AR B 4 0.207 0.216 0.526 0.536
Survivin AbFIZH 0.052 0.056 0. 404 0.415
VEGF kb#iZH 0.105 0.112 0.142 0.150
Survivin-VEGF BRA4MFE4]  0.048 0.052 0.123 0.130

2.4 BPIBALLR AR R BT S

DI gl Ak vAXE CD34 L 5, 1l e Sy A €6 1 240 g B 4y fieb
PRI A PN R A I (T 2) 4% 2 s A 2 D9 Il 8 9
(MVD) , 205358 25 (I X R 2H (16. 67 +£2.47) , JE B R4 8
2H(16.53 £4.00) ,Survivin ZbBEZH (13.27 £2.19) , VEGF Ab#
ZH(11.40 =1.18) ,Survivin-VEGF Bt & b FEZH (10.27 £1.75),
Survivin ZhFEZH \ VEGF ZbFHZH | Survivin-VEGF BR-& AbFR4H 525
P X B ZH R 3 M Xt BB 4 22 1] MVD 1) 22 3 3598 ST 2208 X
(P<0.05),
2.5 AFsE2A L% Cyclin Bl & &gk ik

VEGF b4 Cyclin Bl (#3235 (12. 54 £6.67) k525 [ % 18
ZH(7.11 £3.49) FIHE BT BEZH (8. 52 £2.73) WA 1 o, {H
EZRIG 5 X, Survivin ZEFHZH Cyclin Bl #9315 (18.39 =
6.87) il Survivin-VEGF BE& b HiZH Cyclin Bl Yk M4 25 1
o HECZH TR Jo A 6 IR A BH B 35 (P < 0.05), H Survivin-
VEGF B4 AbBI4 Cyclin B1 (9323548 Survivin Zb B — &
M E (P <0.05), WK 3,
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Survivin & H {4 1k A& AR T E
TEREAE Y S528 vh C GRS ] R 2 mT K 3 i ol g 440
N TR . VEGE D2 i 1 A7 A= 1 AN AT
R E PR, R AR A A R ROCR 2
ity PR IALASE P A, LA Dt/ e 240 i ) 25 R b 2,
T35 8 AR R0 A A A A P S A 1
B HOH H— AN DI HEAT A T9, A0 A Y AT 0 i o
S SCRERZAFBREOAR , [RI R R W3 AT 1 1, — 77 T 1
SR IR T, 75 b7 s /b R 3 I, LA ARA

A, ZEOMRL;B: PERARST B4 ;C: Survivin

3248 ;D: VEGF & #2 48 ;K Survivin-VEGF &

R i

B2 fEARLFHRN&ERRMEHER
CD34 KiE  (S-P x240)

®

A: ZEOMIRL;B: J§RARST R ; C: Survivin

4232 20 ;D VEGF 4t 32 28 ; E: Survivin-VEGF %

L

B3 RBREAKLFRNESHEERMEAER
Cyclin B1 FJRIE  (S-P x400)

I RRICR

BATEEFIESL T UL L E A TR el 151
P B Survivin ASODN 5 VEGF ASODN #fi6 45 %%
PR i AR . (H 5 BN H AR HE, Survivin-VEGE
A A PR F I T be B SCSE A 19 B 5 A 10 o e
SR IVERRCER , 2R BA G4 E (P <0.05),
WE A TRk VE T RE S W4 Z B A S i %
TR RH G RN R A X iR kR L R R A TR) AR A AR A
Sl 5T, B AT S 86 BF ST R B, B s e
Survivin ASODN 5{ VEGF ASODN , [{5 A< & A %t 17 fitg 42
SRR AR, ) —FE N A R ik 3z 2 1 A0 Rz A 0
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(P <0.05), 1fi Survivin-VEGF BEG AP ZEA T
Wi Xt A B B0 5L DR R b iy 6 DAL A o 4 e A
Survivinfl VEGF W 5 i) R i B L e SCH AR (P <
0.05) . XHE/RAE B E EFRBWE K LT Ref
AHE AR FE VR, (B 2R A 47 BIL ] 1 A 5 o — 20 b
FEM. F—J71H, B MVD {HA1 Cyclin BI F) i85 5L
AL B A P21 A B b A FH A 5L A B 0 1Y) .
AR AN G VE A B an R IR E . X A~ FE R
1A S U e A A RO R 8 A o T 2 S B
JRA LU EFEHELA N O, 5 MR 0 AR RS 0 LA RO
P IMSE 1 VEGF ASODN 146 Jifrsgs /4 K 3222
BV FH 34 4% BRI A 00 o) ek 98 Ak i 45 A= K, BRAIR T MIVD
0 JEHRANMIA 4253 20 G,/ M R e
IR 20 SR ) G/ M SO A 3 1
FEME AR SR A EE NS, 7
G,/ MHH 4t i 7 B AT 38 158 375 5 08 T R 8 B3 B 466 g 4
e B S 4R . B, Cyelin B B 26 3515 i
S A2 1 DT i 00 0 T 55 0 B9 48 AR o T Survivin
ASODN 1 ifi] e A& < 1) O SR 259 B R B T K
AR AT G,/M 3, SR S A T Bk
4 ] Survivin ASODN 1 VEGF ASODN fifi 5 — 3% %t
DL A K LR AR E AR B T AR &N, X
AT RESE P A FH IS B8 410 56 e ged A 9 i PR, HL L
IR B IR PR ANV R, 75 B0 2 (W S8 56 T LATESE

Jibgeg ) K A R B R — A i 2k 2 T
S50, DR B ) R — i o R PR Y 3Rk A
P LA HUASE A AT T P 50, T B A5 4T ok 22 A A0 e 8
F PRI R R TS 1 1) SEL B AR TT e 45 31— AN A X A
T B b Jeg 0o A SR, FRATT BY B2 5 GIE 52 T Survivin
ASODN F1 VEGF ASODN 75 2 B4 I, %o i gea A
PO A B, X R LLZS A e I R 8-S
Survivin ASODN #1 VEGF ASODN, #t: % 2 1) Survivin
H1VEGF A SUHE o i Hofh T 1005 U Bk &, B —
FY B IERE . (IR AT LR A 1R F B9 LI i AT 2
WA TIRANSE .
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