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[E] A 4.3t kM %% F (adeno-associated virus, AAV) 4 & # RNA F % (RNA interference, RNAD) # % filr 8% J& 48 i
SK-MES-1 # i1 % %4 K % (angiogenin, ANG) ke ik , W Z A B @ E K KRB W F, T HWEHL B TR N X
kA A ANG 8/ F 3t RNAGIRNA) F 41 48 X % & AAV-shANG, # # SK-MES-1 41 ff8 ; | B DL iE % SK-MES-1 % j UL %
% AAV-Null B SK-MES-1 8 e fE 2 B, FR 72 h B BE MWL F AN 3 441 ANG & a£K T, 560 4 kA
W, FUE3Ampp RGN RNELEK R BRI T AT EEET SR, SR . ApBTARMX
7 # AAV-shANG, % % SK-MES-1 47 /s & ANG R A X #Fx K FH A BALBW 200, AR EE R H K LER. AAV-
sh/\NG%”WEIE’@EE’?E%‘sz/ Rt REER AR EFM MO E S ENRANEAENEE T HE(P<0.05), & #: Bk
AN shANG R E % M4 SK-MES-1 4 ANG & a k%, IH LA G . XS EnitTEAEENE
X,
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Recombinant adeno-associated virus mediated RNA interference of angiogenin inhibits growth of human lung

squamous cancer cells

YUAN Yang, LIU Xiao-hong, GONG De-jun, LI Bai-ling, HUANG Sheng-dong” (Department of Cardiothoracic Surgery,
Changhai Hospital, Second Military Medical University, Shanghai 200433, China)
[ABSTRACT] Objective: To inhibit the expression of angiogenin ( ANG) by recombinant adeno-associated virus (AAV)
mediated RNA interference (RNAi) and to observe its influence on the growth of human lung squamous cancer cells line, SK-
MES-1. Methods: A recombinant adeno-associated virus vector was constructed and used to deliver small hairpin RNA
(shRNA) targeting ANG into SK-MES-1 cells; SK-MES-1 cells and SK-MES-1 cells transfected with AAV-Null were taken as
control. The inhibitory effect of adeno-associated virus mediated RNAi on ANG expression and subsequent influence on the
growth, tumorigenesis, and microvessel density of SK-MES-1 tumors were also evaluated. Results: In vitro experiment showed
that AAV-shANG was successfully constructed. Western blotting revealed that AAV-shANG effectively infected SK-MES-1
cells and the expression of ANG was obviously decreased 72 h after transduction. In vivo study showed that, compared with the
other 2 groups, the suppression of ANG in AAV-shANG group significantly inhibited the growth of SK-MES-1 cells and
decreased the MVP in nude mice (P<C0. 05). Conclusion: The constructed AAV-shANG can effectively inhibit ANG protein
expression in SK-MES-1 cells, which paves a way for the therapy of human lung squamou cancer.
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AW IR R R IR E X ANG A9 siRNA A9 5 21 iR 40 5%
R AAV-shANG. % G Jifi % Jm 240 Jf2 . 38 3 4 6
ANG 2 35 W58 98 40 2B W 2447 8 1 A8 Ak, 3R 3
ANG 7 Jifi % g & A& 3 A2 h AR o — 2 R
RN A $7 A0 b9 1l 7 AR 4 3k 81 B RUR Y7 B 9 24
FE R

1 #MFAE

1.1 EHMRAE B EREPAAV-shANG) ME 5
& LA & g (AAV-shANG) #) &

1.1.1 #=4 R A pAAV-shANG # 2 B4R H
FIR T R G K AAV Helper-free System (1] H
Strategene A F)), i H1 J5 3l ) H A% 3R 1k Fokr
pENTR/H1UW H Invitrogen 23 ) A # , % i1 1E
[514) 5'-CGC GTC GAC ATT GAC CGA CAA
TTG CA-3'; 5% 5'-CCA AGC TTG AGT
GGT CTC ATA CAG AAC-3" (M BT AW T
TR AR MR 55 A BR2S WA ) , PCR 383k 4% H1 Jg o0
FIFHN s 55 94°C A5k 1 min; B G 94°C 284
30 5,58 CiR k 30 5,68°C ZEff 1 min, L 30 1fE
st ha 68°C ZEH 6 min, [HIYX PCR =%, Sal 1/
Hind [l W7 i Y 5 5 5] FE SURE U 0 R AH G 9 25 2K
KR pAAV-MCS ##%, E %7 Wi K i
DH5a,PCR % & % b ¥ 4k 15 8 4 i ki pAAVHI,
£ XF ANG ) RNAi 7 55, ) 11 Oligo DNA 1E 4%
5-GAT CCC TGA TGA GGC GCC GGA ATA
TTT CAA GAG AAT ATT CCG GCG CCT CAT
CAT TTT TT-3' & & X 5'-AGC TAA AAA
AAT GAT GAG GCG CCG GAA TAT TCT CTT
GAA ATA ATT CCG GCG CCT CAT CAG G-3'
(M EBAETAY TRERRS ARG, 5
3" Kt 43 35 BamH 1 Al Hind [l B Y J5 R i —
LB KB W EE DNA,S BamH 1 / Hind 17
A U1 AL TR pAAV H1 &8, E B Yk K
FF I DH5a. PCR %58 F A+, PR BE BH M 5 B 5 %
FE L BN 3K 45 4] R pAAV-shANG, Plasmid
Purification Midi Kit(Ig H QIAGEN /A #l) il 48 /&
& 2 ORE T A0 e Y S

1.1.2 EZ4BRAMxKHF AAV-shANG K E S
PRI 6% e e V2 K% 40 BT R pAAV-shANG 10 pg 5
i Bl B OR. pHelper M1 pAAV-RC % 10 pg (14 H
Strategene 2~ A A YL AAV-293 #E.72 h 5. 4L
RN G VR 4 YR 58 4 A A0 ML B0 Ak
T L R 41 B A 56 5 AAV-shANG, | % H 41
JI R OG5 75 0 2

1.2 FLHIRAMXRHF AAV-shANG % F i 8 55 @
e, SK-MES-1 4k 9 5% B

1.2.1 AAV % % 898 4 i SK-MES-1 - 24 AL,
BB 37 SK-MES-1 40 fitd 52 % & 24 80 % B, Bl Bl
B3 LA 8. 4% MOT{E 100 i A 5 28 5 4H C 0%
#F AAV-shANG. B 3 FL4TE 505 & MOT {H 100
P ZS B AR E 06 7 AAV-Null, 75 B 3 L 40 M i1 %
Jei AN TR AH G 7

1.2.2 Western B 3F 3% & 0 3 % B SK-MES-1 %4
fa s ANG & B &k RS 72 h JE R IER
SK-MES-1 40 is. AAV-Null % J¢ 41 Jfi, AAV-
SshANG BE YL 4,5 % SDS 241 20 M . 240 g 24 it | 75
W% SDS-PAGE 25 [ HL Uk , % B 2 il B2 2F 4 % B
L&t /NRPLAN ANG H4T (B H Santa Cruz/A )
MEPNR 1gG-HRP 2509 25 58 R, fe s b
KR, UL Bactin HN S MK 3 HA1E ANG
ERILE,

1.2.3 #E® SK-MES-1 % M 40 Jg A 340 43
I IEH SK-MES-1 #ijs . AAV-Null % 4L 4 j |
AAV-shANG ¥ Y 41 B i % £ A 4 rb 300 40 i, 322 %
FLO7 % AT 4 R R DR L AR A L %) 38 G 4 2L
(proliferation index, P), A K. PI1=(S+ G,)/
(S+G,+G).

1.3 EMA £ 5% EF AAV-shANG 4% 3 il 5 5% 2m
e, SK-MES-1 4k A 5% B

1.3.1 #RAELE SLERERMILSN 34,5
2l 3 K, FERR RS H0 R T 490 9 99 1E % SK-MES-1

A AAV-Null 5 441l , AAV-shANG %% 4 41l g
% 1107/ K5, BERh 30 d 5 R AR A K R
(L) FwE BE (W) Ml 24 8 I B vi=0. 5 X
LXW?*, KbFE/IN B I 98 AR T o

1.3.2 i % % & (microvessel density, MVD) it
B 3.7 Y00 b RO A T A b e A 2L A B
0. 3%t EALE B W E R T % F 10 min, DAB
o, AR AT G, 7RO B T AT ol A A T R, 7
200 M558 NI 5 A BN XY I A 8, BOH T 3(E
VE % R BN i MVD, BURl—41 3 H R
IS ¥ MVD, 18 k% 41 Fh R YR bR 0 7 3
MVD,

1.4 %itFam FAEMESH o+ B A
SPSS 10. 0 A HATG 225081, FH ¢ K50 He i & 4
] 22 5]
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125 200 bp,PCR =k & R BR, FBEKR/NE
PRI REA AT (B D,

bp M 1

2000—

1 000—

1 PCR¥ % HI BEFFIIF=YRIBXE
Fig 1 PCR amplification of H1 promoter
M:DNA marker; 1:H1 promoter

2.2 EMAE pAAV-HI M  FEHLPEER 5 4
AL F ., % PCR %2, & WM (- 2),

bp M |

2 EHKH pAAV-HI1 PCR £F
Fig 2 Electrophresis pattern of pAAV-H1 PCR product
M:DNA marker; 1-5:Recombinant plasmid pAAV-H1 PCR product

2.3 ETHRE pAAV-shANG #&E  FEHLPEEN 5
ML T L 4 PCR %56 & M i B (1 3) . &
FERRIN L HL R 377 90 5 2wl 3 L 9 P 41— B, 3R
KEFXT ANG B9 shRNA 551 & 1E 8 4 A %] H1 )3
T 3N,

2.4 FTMMALE K FE AAV-shANG 3% BB & &
& EY R pAAV-shRNA 545 By ik pHelper/
pAAV-RC 5 AAV293 40 72 h J5 3 K&
21 6 A [ 2L ANAE T R B B L R B e R ) 40 T A4
SRS RE A (B 4) W0 WAk 1) T 4 1A OG0
# AAV-shANG % 7. 010" 1U/ml,

2.5 # % B SK-MES1 @+ ANG & & &

B SRR XTI Bractin B H R IKE AN
RAE SR . ANG 76 IE % SK-MES-1 41 i, AAV-
Null 7% 4% 240 il 25 (1 2% 35 & A A )L 1 78 AAV-
shANG # Qe ANG ik & W KRR, S xf R 20 -
actin ) 20% (K 5) .

bp

2000—
1 000—
750—
500—

250—
100—

3 E/ARHK pAAV-shANG PCR £ &
Fig 3 Electrophoresis pattern of pAAV-shANG PCR product
M:DNA Marker; 1-5:Recombinant plasmid pAAV-shANG PCR
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4 pAAV-shANG/pHelper/pAAV-RC
L AAV293 M=% AAV-shANG
Fig4 pAAV-shANG/pHelper/pAAV-RC
co-transfected AAV293 cells and
production of AAV-shANG( X200)

A:AAV-293 cells transfected with culture medium after 3 days; B:
AAV293 cells co-transfected with pAAV-shANG/pHelper/pAAV-
RC after 3 days

o —— ANG

B 5  Western Bl AT ANG B HFRIE
Fig 5 Western blot analysis of angiogenin expression
1:SK-MES-1 cells untransfected with AAV ;2:SK-MES-1 cells transfect-
ed with AAV-Null;3:SK-MES-1 cells transfected with AAV-shANG
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2.6 #AH SK-MES1 @afamief oy IE%
SK-MES-1 40 Jifi, AAV-Null % 4 41 ig F1 AAV-
shANG # 4L 41 g PT 4351y 0. 3174+0. 290,0. 325+
0. 380 F1 0. 3094 0. 430, 4 21 40 s 384 78 48 £ 2% 5+ ¢
GiitEE X,

2.7 MAKARG LR 3HMMEEMEREY
7~10 d, Al WM AR, HEFD 30 d JE L IE R SK-
MES-1 Zf}fd . AAV-Null % 4% 41 ig fil AAV-shANG
LA L 3 4H 9 MR AR 43 i O (695, 3 4107, 2)
(764.04135.5),(373. 4+83.4) mm’, &3 % H
(458.1+66.5),(495. 7+87. 1), (244, 9+48. 6)
mg, Z 411 31 . AAV-shANG % YL 41 i 4 5 1E %

SK-MES-1 40 g f1 AAV-Null # Je 40 g 41 22 5 HoA
Gt X (P<<0. 05) , 25 R E W, AAV-shANG %
Yl 20 1t 1) R P 2 AR T AAV-Null % 22 41 fifg #1 1E
# SK-MES-1 4 s,

2.8 MVDit#zZRX WK 6, IEH SK-MES-1 4
i . AAV-Null 5 G2 40 Hi F1 AAV-shANG % 4 41 iy
34 MVD 2584358 9. 4+1.5,9. 82,1 Al
5.7+1.9. 4501 M1 AAV-shANG %% Je 4l i 41 5
1IEH SK-MES-1 40 g f1 AAV -Null 5 4 41 g 2 22 5
HAE G5 L (P<<0. 05) , 45 % B, AAV-shANG
REYL N M ZH R A SN R A I A E WOE AR T
AAV-Null % Y« 4 M 2 A1 IE % SK-MES-1 2 L4l .

- : ";“ ."‘. : . |3
(ol - B =
3 UME

B 6 PhEERRDESEITH
Fig 6 Determination of micro-vessel density(MVD) of tumor tissues( X 200)
A:SK-MES-1 cells untransfected with AAV;B:SK-MES-1 cells transfected with AAV-Null; C;SK-MES-1 cells transfected with AAV-shANG

R = I

i g 4 A K 1R 28 S e 3 AR 52 B 4% il IR R A
s, v g8 21 40 Hp O A A X S AR ) AR Kl T
BEAEF L g A KRR bR S 1 SR R Y L AR AR
HERT A oA R 8 B R 40 i BT b, A AR KR
(ANG) 2 EE A —Fh . ANG 2 —Fh sk 8 1
MR A> T B 14 100, )8 T RNA i A %
R, 123 N EEEIRAR A, ANG EHE
YreE DB A . (1) A% W5 R il 0% Pk AR A . A6 1 48 A Bl
K, ANG 2 W — 2% 85 2% 1R g 15 1 1 155,
ANG HJEY L RNase D15 £, B — 1 E 5
MIRBERZIR I . ANG A% 00 % 2 Bl 0 M 2 42 1
A LI RE I AT (2) AR A AR VR L A
AR T L ANG (9 3K 32 31 )™ 4% 10 98 455 L Bl 4
N Jry R 1Y) L A L 4 W TNF2o, 1L-18 55 K+
AEVE & ANG 35 340, DA A2 2F 1 8 09 A2 B
ANG fi2 Ifi & #r A= 6 ¥ 7] e Lk VEGF Al FGF
SRE TR P B AN L BET 2 AN K - T LA 3

A ZAR Ny ANG S — 8 5 42 148 T8 L
PR, LA i L A5 TR SR T o 5 30 o 12 ) U
RE . 75 R 10 6 R e B M WU A5 7 ThT 249 3B T BE Y
TEM . R SCRNAMY AL ANG B 58 BP0
il ANG ByFes 53 35 Tl N5 28 i 7
T Ji /I SRR A F) B8 A A I LR AT R AN B
AR UTJLARSE R MY RNA T AR, o bhig iy
O TEEYRAITITRE TR RS . 5% G2k I UUIR 4L
ARMIE RNA TP EACR 8 5 2 ] B
T 15, S 301, LA B T A M DA 3K 0 AR E L AT AR
SUR NS QRS U AN E RGBSk s 3 N e L U B S|
RYT TR B R,

LA 9 5 PR 7 BT 90 22 e FH BOR 832 0 2 4
PRk IR, RIS UL th T 5% e 280 IR R
T I (] JL A R B TR RE T HE AN 2 — bl AR A B i [
B, TR Z RO R AR R RO R LA 3l ) 40 i
19 1o B Qe BBOCRAT B iz (T AE R L a5 e 5 5 3
Wi G g RN 1 FL 0. 5~1 A J 14 3% 35 B 0] sy R
TEMRIH,
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AR ERE AAV AE R ERE B EIL, AAV
R G AL B B N B EE DNA % 5. 8 T 41 /N K
&, B AAV T HAE EEE e R R
TR 8 A e DR A SR T AR R AR 22 b g ) T PRIA
JYHSERWESY . AR I AAV 9% B R 55
B IR pAAV-MCS #£ 4t ITR /¥4, pAAV-RC 2
fit Rep 25 1 1 Cap % 1, pHelper BB E 10K 5
AL AAV MBI AE AT ERFEZENS S,
W T R R TS G,

ARSZE H Western ENI 45 5 F 01, ANG 1E 5% YL
B SK-MES-1 #ifg b Rk B W98 55 . AAV-shANG
UL SK-MES-1 40 il 44 4 52 56w, H: 410 fifd 3 4 15
BE A4 25 LG =E L, A2 AAV-
shANG % 4x SK-MES-1 40 g #% #i 2= # Bk N A K
NS BRI R AIC, A BOR AR LR I [ 4 7 T
HHAb A 2 5 O0F Gt 2 B L, 45 R 3R R 10
ANG R IR ] B AR L4 P B 40 B 3% 5 4 Ak, AT
UM A K12 U PRI L H SR N B B Lk b 9
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