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Inhibitory effect of adenovirus mediated VEGF-siRNA on transplanted osteo-
sarcoma in nude mice
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[ Abstract ]

sarcoma in nude mice. Methods: VEGF-siRNA gene was cloned into the genome of replication-deficient adenovirus to

Objective: To investigate the inhibitory effect of adenovirus-mediated VEGF-siRNA on transplanted osteo-

construct Ad-VEGF-siRNA; the latter was then used to infect osteosarcoma MG63 cell line in vitro; and the expression of
VEGF gene was detected by RT-PCR. Osteosarcoma transplantation model was established in nude mice; VEGF expression
in tumor tissue was analyzed and the inhibitory effect on tumor growth and lung metastasis were also observed. Results:
The recombinant adenovirus vector Ad-VEGF- siRNA was successfully constructed. In vivo and in vitro experiment both
showed that Ad-VEGF-siRNA significantly downregulated VEGF expression in MG63 cells and transplanted tumor tissue.
It was found that Ad-VEGF-siRNA significantly inhibited transplanted osteosarcoma growth( P <0.05 )and lung metastasis
(P <0.05)in tumor-bearing nude mice. Conclusion: The constructed Ad-VEGF-siRNA can effectively inhibit the
expression of VEGF, depress transplanted tumor growth, and inhibit lung metastasis in nude mice.

[ Key words ] adenovirus; vascular endothelial growth factor ( VEGF ); osteosarcoma; RNA interference( RNAi ); gene

therapy; antiangiogenic therapy
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1.1 ZZEEH4

JkL pSilencer3. 1-neo-H1 4 F 3 [E Ambion 2
A, BRI pDC311 5 9% 7 2 /K pBHGE3 W T
&K Microbix Biosystems ANFE. NI 5 AR
F( WAdS ) \Ad-EGFP Hi 55 — %2 & K24 L R 5 0F
FEPRME, MGO3 4li ok H 35 ATCC i [ 8
TR SR 0 ( CATCC ) $248E 5293 41 il R Il T
JiINEE K Microbix Biosystems 2\ 7], BALB/c #£ K,
4 ~6 A, 1 TP RFBE i S5 sh i e B A SE I
YA HFEIUES . SCXK( I )2004-0002 ], DMEM 155
W B G A M3 RPMI 1640 55328 A Gibeo
/N ], Envision Gt 4110 & 1 F P+ % DAKO A
), Superscript I8 4% S FHAT & 4 FF PCR K0 fifg
4 I Invitrogen 2\ H] , Whatman 3MM JE4C04 T What-
man 2y A, DAB B @K H FIGEGEA A
1.2 #4K pSilencer3. 1-HI-VEGF-siRNA #) # 3

SR VEREN VEGE FEHAMNE T 3 MBI 45 )7
H)( 5'-AAGCTACTGCC ATCCAATCGA-3" )M Hy 5Lt
THEE A, A R BT/ i B4 RNA 2 57-GC-
UACUGCCAUCCAAUCGATAT-3" ( sense ); 3'-dT-
dTCGAUGACGGUAGGUUAGCU-5'( antisense ), ¥4 1F
] 731 19 bp AL 19 bp Z A4 A 9 bp 5%
15 DX AR [RIIR 9 9 25 7 51, AT IR )0 & etk RNA
('short hairpin RNA, shRNA JHEZE , 3& y |- ifg {80 A=
P ARA BRA Al 2% A BZ dsDNA , 4 44 7 VEGF-
siRNA-dsDNA . B Bl 5585 I SR SEAZ IR 45 25 g
TR 40 /K Bie B 100 pl AR FR( 2B 2N 0.5
pe/wl),94 C 5 min, ZIERMBZR ., KR k=Y
i BE I T AE W B, WU 1) pSlilencer3. 1-neo-H1 Jiit
KRR G vE R o W) B 4 5 A T
JE i 44 A pSilencer3. 1-VEGF-siRNA . XU Y] 7] i
pSilencer3. 1-VEGF-siRNA Jfi k. H1 J5 ) 160 bp H
(LR B B pDC3. 1 AR % 42, 7= W il V) %6 5 1E
WG4 N pSilencer3. 1-H1-VEGF-siRNA
1.3 5% Ad-VEGF-siRNA #9 TR %5 %

W T kE pSilencer3. 1-H1-VEGF-siRNA 73515 5
TS I B 47 i Bk pBHGE3( U &R T 5 &l
HRGHE 188 ~1 339 bp PASMAYHEAS 5 HUARSG B FE A )
i1 Lipofectamine 2000 4% 4L % 293 4 fifl, 4%
P59 ~14 d HBUR TS B, 448 3 YORdE s BEal
&, % F§ QIAamp DNA Blood Mini Kit 42 5 /it 955 7
DNA, W PCR #7555 o 40 55 50 1E 0 19 M 7 1w
%7 Ad-VEGF-siRNA , R4 HI 3L KR 5 8+ 11

EEXE N VEGF JE K RNA T3t A BE A 0 FF 38 5 784 i
R o

Jia 75 0 4 K alidbR H 293 40 M Ak A 2l
A FL 7 %, 9 B B2 A2 R ) Qbiogene 24 H] 1Y
TCID,, ¥
1.4 RT-PCR # | & 20 % 5% 7 & & MG-63 2m e, F
VEGF # & ix

MG63 4 ffl | DMEM ( & 10% fit 28 1L % ) 78
37 °C 5% CO, M T EEFR AL, J4Hi 24 h o
b TF AR KR A MG63 i il 1 Ak I 3%, TR % 20
MO B R 1 x 107 A>/ml FEH R F 6 FLk, A KT
60% I BE I KF Ad-VEGF- siRNA % ¢ A MG63, ##%
Lipofect AMINE™ 2000 i 1A 156 B -F 4 .

22 B8 Trizol( GibcoBRL 23 H) )HAE 15 B 43 51 UJEK
Yt Ad-VEGF-siRNA 4 MG63 4 Jifd &% 1 928 45 /)8 KL RS
FEJRE P B S RNA, H TaKala 23 ) ) One Step
RNA PCR i & 52 RT-PCR )i, VEGF 3191 H
3514 5'-CCTGGTGGACAT CTTCCAGGAGTACC-
3 NiiF51 4 5'-GAAGCTGATCTCTCCTATGTGCTG-
GC- 3’ WS M B-actin B LIFBI ¥R 5'-CAC-
CCCCACTGAAAAAGATGA-3'; F Uif 51 ¥ K. 5'-
CATCTTCAAA CCTCCATGACG-3',
1.5 Ad-VEGF-siRNA *F#7 ACE B4R ) R 4978 77

B MG63 M40 i B 0.2 ml( 1.5 x 10
A/ml ), BR BRSBTS, I IS BEHIL 53
4 Ad-VEGF-siRNA J@J7 240 Fl1 Ad-EGFP , Ad-buffer X}
HEAL, 145 15 Ho IR 7 dLsi/ B I N 22 05
4% Ad-VEGF- siRNA fR#E4lfb 3 2. 0 x 10° PFU,
3£ 5 YK ; Ad-EGFP 411 55557 it 9 Ad-EGFP i 8246
LI 5 Ad-buffer 21 73 3145 819 Ad-buffer. #IR77 4
Y TS SR M 8.10.12.14 .16 d HiF
(7 ANy A N 7 = W2 A R
JREARF A4 A 2 IR AR F( mm® ) = 1/2ab’( a, b
R b RE B e R AR A /N ) IR (% ) = (1 =R
I7ALARAL X BEAH AR ) x 100%
1.6 LI Ad-VEGF-siRNA 3347 AR B 9B AR > R
A% oy 2 R AE R

HUMG63 BAZ0 3% 0. 1 ml( 20 2 FE [ iy ),
FERD TN B B BOE OG5 4b . 30 HA/IN A%
Fl 7 d J543A Ad-VEGF-siRNA VA7 401 Ad-EGFP .,
Ad-buffer Xf H8ZH , 4145 10 Ko JGIr 4 FHeFh iy
JEMEE 7 RIF IR A R ## Bk iE 3 Ad-VEGF- siRNA
0.1 ml, & 3 &, 919 ¥, &R 1.8 x 10°PFU,
Ad-EGFP Fl1 Ad-buffer X & 21 [7] 75 B8 ## bk i3 5
Ad-EGFP Fil Ad-buffer, #0514 d, 250 ik &4



No.3 FI&K S IR RN VEGF-siRNA X SRS AR B PR (14 3 1 1 - 245 -

AINER, PR HIR L5 il % T A TG G R kL, 47 R i, 109%
i B 2,48 h SR ERUH /K 3Pk 30 min, R
B CBEBK , W ORI T A S R
J& H-E Jefa, Bise F WESA Joie skt
1.7 it 542

FEA 45 B8 « = s o, BB i ge it o5
o0, 45k SPSS12. 0 &k HEAT A N B B it
03

2 # R

2.1 Ad-VEGF-siRNA #4 5%, % M B &

pSilencer3. 1-VEGF-siRNA H1 ) VEGF J Bt i
e R85 52 & — 280G A E pDC311 J7 &
fiti ) J PCR % % 1E #ff 11 BH M 5 B iy 24 0 pDC311-
VEGF-siRNA, pDC311-VEGF-siRNA 5 Jlit 955 75 45 i
ki pBHGE3 7£ 293 4 ffd rhE A7 [RI IR 41,9 ~ 14 d
J& ] UL SR AT B, HEAT PCR SE A IE A, 9 B
fir4 M Ad-VEGF-siRNA, Ad-VEGF-siRNA £ 4.1k
i R R B B 0 2l Ak, B R 3K 2.0 x 10"
PFU/ml.,
2.2 Ad-VEGF-siRNA 777 & MG-63 %0 feeF= 47 i3 #%
RGN VEGF #9 % 4L

RT-PCR Kl & 30, A B TRJE MG63 4 i £ 4 Y
Ad-VEGF-siRNA JFiki 48 h J&i, VEGF fit) 3¢ 35 32 21| B
SRR CE1).

VEGF

B-actin

B 1 & Ad-VEGF-siRNA 48 h f§
MG-63 #iffl VEGF FixH T BE
Fig. 1 Downregulation of VEGF expression in MG-63
cells 48 h after Ad-VEGF-siRNA infection
1: Ad-buffer; 2: pSilencer3. 1-neo-H1; 3: Ad-VEGF-siRNA

2 AR B AR N VR T R R DR AR I VEGE 7K
I, 45 5 B8 Ad-VEGF-siRNA 47 20 Fifi %5 o] 6] 4 7%
VEGF FRik i % W ek /b , 1fif 1 X B ZH 9 VEGF 7K -
WA RAENRRAZCE 2), 219 d B, Ad-VEGF-
siRNA . Ad-EGFP ., Ad-buffer 20 VEGF & & 4> % K
(3921.4+521.1).(5576.1+496.3).(5416.9
552.3 )pg/ml, Ad- VEGF-siRNA 41 VEGF Fik/K

B AR T H A % HRZH( P <0.05 ).
2.3 Ad-VEGF-siRNA xI4% A A58 1 9 & K 69 4p
1

/N IR A i R 3RS S ~ 8 d, AT F
KNS5 ~T7 mm BT A 455, U 2R 100% o
Wi J XL 38 79 %o 2 BRI BT AR 8 2 A TR G K
MZ3EHA VEGF-siRNA T4 H Bt 09 I 25 1918 7
2, g A A ] B R AR G K R R (R
1)o M 10 KA, 1097 400 Mg AR B /s
FHIXTHELZH( P <0.05 ), HAE R K 37.2% .
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B2 Ad-VEGF-siRNA &7 X125
BHEEELR VEGF Rz
Fig. 2 VEGEF expression in transplanted tumor tissue in
nude mice after Ad-VEGF-siRNA treatment
* P<0.05 vs Ad-EGFP or Ad-bufferr

2.4 Ad-VEGF-siRNA * 47 58 4% /) S #4509 % vm

Ad-VEGF-siRNA 1l il Jili % £% 52 56 09 55 14 K
B, £ 2HARFER 5 H/NER A, IR WS H AT Ad-EGFP
21 R BRI 2 1H A 78 i B SR, Ad-VEGF-
SIRNA VAIT 4 L ¥, Ad-EGFP ., Ad-buffer £ 4} %]
fi2 HAL HAN%ERE . 55 26 KEF, JRY7AF 4 5
HEEA 1 RRAMR, AT IASA 2 Hk4
Il S B0 7 R IR TT 2L B 2 HUk AR i A
B H M HRAE X IR SA 3 R AL, Hrh
“SH2 Rz kEHE(E 3A.B). 5itZ,
Ad-VEGF-siRNAZ 345 3 H A BRIl 7% %, 1 Ad-
EGFPFI Ad-buffer X fRZH 5304 8 KA1 6 H & B
%% . Ad-VEGF-siRNA 877 21 Al Ad-EGFP £ Jiiti 5%
BR AR 2R BB G (P <0.05 ); f1 Ad-
buffer 2 FuA% 22 SO0 G0 1124 B X, X 1] 68 5 FE A S
TR UL RO BRZH SR R AT

il

AR 5 AT RER 20 AFRTE A UL Tt
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) PRRE A K RN RS 5 g i A AR R DDA
Koo IR I AE 1 K A= 32 B — 2R 50 A ML BRI
HATA b EZRIN VEGF, ‘& R85 8] B 40 i . P 2
20 it R B 2 IR VEGEF-R 454, 51 E BT N
B Ao Ak I A RS T B R
AR T VEGE BRI o AR A8 =F 5 69 1

M ENG PR, HE T 28 % B PR 1005 1 25 22 0k ST 45
Fro Charity %5 * 5 i [ B S0 Br & B, 1 P9 40
38 VEGF 551 1 g B R A AR fn o AR A7 %
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ERTLME ; Lee 2510 138 H 55 F K B9 VEGF Al
BRI BRE G EAMHRERR .

%1 Ad-VEGF-siRNA j&f7 5 R RBERERHNEN ( x£5,V/em®)
Tab. 1 Changes of transplanted tumor volume in nude mice after treatment by Ad-VEGF-siRNA( x =s,V/cm’ )

Time after plantation ( t/d )

Group

10 12
Ad-VEGF-siRNA 0.044 £0.043°  0.058 +0.057°
Ad-EGFP 0.136+0.075  0.221 +0.084
Ad-buffer 0.142+0.120  0.178 £0.138

14 16 18
0.260 £0.317°  0.291 £0.267°  0.313 £0.179"
0.828 £0.587 0.814 £0.380 1.213 +0.290
0.646 £0.410 0.947 £0.170 1.430 £0.948

* P <0.05 vs Ad-EGFP or Ad-buffer

2 Ad-VEGF-siRNA &7 BB E R MERET(n)

Tab. 2 Lung metastasis nodes in tumor-bearing nude mice after treatment by Ad-VEGF-siRNA( n )

14 d

26 d Total Total lung
Group .
Macro Micro Macro Micro Macro Micro metastssis
Ad-VEGF-siRNA 0 0 1 2 1 2 3"
Ad-EGFP 1 2 2 3 3 5 8
Ad-buffer 0 1 2 3 2 4 6

Macro: Macroscopic examination; Micro: Microscopic examination; P <0.05 vs Ad-EGFP

B3 TrE/RAEERREZNE

Fig. 3 Pathological observation of tumor tissue

in osteosarcoma-bearing nude mice
A: Multiple metastases in the margin of the lung ( H-E, x 10 );
B: Lung metastases showing the nuclei of tumor cells with heavy-

staining and heteromorphism ( H-E, x 100 )
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¥ 45%E RNA( double-stranded RNA, dsRNA ) AJ DA
O o) L ] U L DR 1) 2Rk, 7 A R S 1 A S TR D R
( gene silencing ), BI°&7 RNA 13 RNA interference,
RNAi ) 7 RNA T340 (0 55 A0 3% e Sk kil
SRR | Rt R P A K e B HR AR R I
/o ARBFFEF R BEVE A 284 VEGF-siRNA J¥
)5 ANE AR AN MG-63 W, 55 5% 5 HonT A
AR A ) B PRI 4H 38 VEGF. % T RNA T
PR RPN a0 g FH R s, BN S
FT—RHN R RSN S2 5 9 S o 2 )
T3 RNA ULER HIF-10 WFFE 7SRRI T X R
A0l VEGF 21K BRI 5 Shen 25 5d i RNA T4k
FOR BT b N 8 TN 2 L 40 Bk K562 1Y
VEGF %3k, Takei "'l Filleur 7' 43§ 4 F 3 32 52
BSUESE T RNA TP AT LA i i3 40 Bl VEGF (1%
I8, BEmTLEE R T AT L ag ) A A s A R R A
K. Wi VEGF-siRNA J/b s 52 2B 1E VEGF ()3



No.3 FI&K S IR RN VEGF-siRNA X SRS AR B PR (14 3 1 1 - 247 -

K, M T S ) AR I A %) A i, R TFIR YT R LA Y
Jia i HA R

A5 8 t%ﬁaﬁﬁ%%Mm¥%&ﬁﬁJ
i Ad-VEGF-siRNA , -5 B H BB 06 76 1R P D 5 e
MG63 ‘B R A ik , 2 1 T4 VEGF (1335, (15
IR ZHZ N VEGF it F g, AUl T 5 &AL
AT ELE T B R B EEAS . ARBIFSTAE RNA
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