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7.33 4%, DNA $% DUSCAK UL 2 BUE , HSPG | o, integrin A1 FGFR-1 1) mRNA k508w, 45 10« AR50 4 I 5 0 25 4 s
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Adenovirus enhances adeno-associated virus expression in drug-sensitive and
drug-resistant tumor cells and the related mechanism
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[ Abstract ] Objective: To investigate the enhancing effect of low dose adenovirus on TAAV2 expression in drug-sensi-
tive and drug-resistant tumor cells and to explore the related mechanism. Methods: Human small cell lung cancer NCI-
H446 cells, human lung adenocarcinoma A549 cells, human gastric cancer SGC7901 cells, human oral epithelial cancer
KB cells, and VCR-resistant KB cells ( KB/VCR ) were transfected with rAAV2-GFP alone or combined with Ad5-RFP or
with Ad5-TERT-RFP. GFP expression in the infected tumor cells was observed and analyzed by fluorescence microscope
and fluorescence activated cell sorting ( FACS ). GFP protein and phosphorylation level of ERK and AKT in the infected
tumor cells were detected by Western blotting. Quantitative analysis of DNA copies of GFP and mRNA expression of GFP,
HSPG, «, integrin , FGFR-1 in the infected tumor cells were performed by Real-time PCR. Results: The results of FACS

demonstrated that the mean intensity of GFP fluorescence and the GFP positive rate after infection with rAAV2-GFP com-
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bined with Ad5-RFP or Ad5-TERT-RFP increased by 0.3-3 and 4-8 folds, respectively. GFP expression in the tumor cells
with combined infection showed 4-6 folds increase and the phosphorylation level of ERK and AKT also increased. GFP
mRNA expression in the combined infection tumor cells increased by 3. 83-7.33 folds; there was no differences in the GFP
DNA copies between rAAV2-GFP group and rAAV2-GFP plus Ad5-RFP group. Cellular receptors HSPG, «, integrin and
FGFR-1 mRNA expression was slightly increased in rAAV2-GFP plus Ad5-RFP. Conclusion: Lower dose of recombinant

adenovirus can obviously enhance the expression of rAAV2 in drug-sensitive and drug-resistant tumor cells, which might

be related to the activation of signal transduction pathway and increase of intracellular transcription.
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NAE/NR B At 20t 22 NCI-H446 | A Jili i 9 40
M Z A549 AN E 4N AR SGCT901 435 i v R
4 T iy S e U IR RN (3 i e
JI IR A5 I AN DU ZE e R i . P S N T B R
AN AR KB R RS I T 7 98 1 75 Bl
YA R KB/VCR Ay 256 7F Hp [ Bl B 1 25 9 F
ST

A549 F1 SGC7901 41 53731 % 10% Jiia 4 ifn.
1 HY DMEM-F12 .10% #7 4= /N4 I3 1) RPMI 1640
TR W B 9% NCI-H446 41 g . KB 41 i f1 KB/VCR
YA B 109% 8L /N LT ) DMEM 55 32005 7
52 e 75 B9 25 ( AdS-RFP ) FIl TERT 845 E1A/
E1B Fik 1414 5 6l B B 3 ( Ad5-TERT-RFP ) i
ARSI A IERAT , X A B 2R At CMV 5
7 H¥E RFP 2635, rAAV2-GFP I [ 4< T 1F FH 3
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recombined adeno-associated virus; replication-defective adenovirus; replication-conditional adenovirus;
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p-AKT .ERK #l p-ERK FHT#404 F Cell Signal Tech-
nology 2~ A s EPT/NR — LI A Santa Cruz 28 7l 54k
22 9% 9615 & Lumi-LightPLUS Western Blotting Kit
T4 H Roche 2% H]; DMEM 1% 7% #i . DMEMF-12 1%
& \RPMI 1640 352 . — 2575 & RNA fili#25%) TR-
Izol Reagent . Platinum SYBR Green qPCR SuperMix
UDG Fi1 Superscript™ I First-Strand Synthesis system
for RT-PCR ¥4 A Invitrogen N A FE R 20 DNA
HERIRF & TAKARA 24 A 776 .
1.2 %k BB Fe FACS o il A 5 2m oL 2% 42
J& GFP # %k

43 9 ¥ SGC7901 . NCI-H446 ., A549 . KB il
KB/VCRANMIFE 1 x 10* A~/ FLEERNTE 24 FLANAEES 37
B, BT 37 °C 5% CO, FiFef PG 5%,24 h J5 40
JIEE . rAAV2-GFP B FHE R 1 x 10* vg/cell ; B
A I FH % Ji e B 0 SR 52 % MOL ) 41 T : Ad5-RFP
8512 0.1.1.10 A1 100 MOI; Ad5-TERT-RFP 435l
H0.1.1 F110 MOI, rAAV2-GFP Bl 23 5 BE &
ANTE] MOI 1 3 ol i 9 7 JER e - iR i 4 B, g
i 240 RS A 28 6 BEFL AN SO AN [R] MO () 3
Tt B AL, B~ SC B FL AT BRFLES A 3 AR FL.
BEYLJE 12, 24 172 h S 8 28O0 BB (1l [
Zeiss Axio 100 )WLEE I HEAHIC 9 B YL 1 41 i GFP
DAL FERIR AR A . XA 942 ( BeckMan coul-
ter EPICS XL ) Il 4 Jk % 11 i Jed 20 i v GFP FH A%
RHPEE IR . PR ER 3 K.
1.3 Western blotting # | ¥ J& 28 fe, &% 4 /& GFP.
AKT .p-AKT.ERK #= p-ERK %& & 69 & ik

W4 RE 44 IS A549 . KB . KB/VCR 435113 1 x 10°
A/ FLIERTE 6 FLAB R FR MR, 24 h 5 20 DG R
rAAV2-GFP( 10" vg/cells )i A Ad5-RFP( 1 MOI )43l
SRR [ AR PR A, B MR A A A A N R AL
FOMARRIR L. B IS 24 h 505520, OB
Ji 2 148043, SR FH Western blotting 43 5460 A549 KB
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F1 KB/ VCR 4HfErh GFP 3235 K A549 Zififg AKT .p-
AKT.ERK #l p-ERK # 11 7K *F ®’, GFP. AKT. p-
AKT .ERK il p-ERK PIHTAFRRE LL 51 73514 1: 1 000
1:500.1: 1 000.1: 1 000 F11: 1 000, FHi/NR _Hikre
Fef5i A 1:2 000, >R Image pro Plus &\l EHE 5Bt
BAFXF Western blotting 25 R4 7 54T o

1.4 Real-time PCR # i 5% 7 B 3¢ AS49 @ jb )5
GFP .HSPG .« integrin = FGFR-1 # mRNA F& ik &
GFP 3 DNA # N #

B AS49 4HAEHE 1 x 10* A/ FLIEFE 24 FLEE IR
e, rAAV2-GFP( 1 x 10*vg/cell ) Bl s Bt & Ad5-
RFP( 1 MOL )G . 845 0 REFL AT AR
JEEAL, BALAR I 2 DR AL, TGS 12.24 48 Al
72 h, 435 £ 40 LS RNA FiT DNA. LA GAPDH
W2 FFFEAR Y552 L, Real-time PCR Kl A549
J&YLJS GFP  HSPG .o, integrin Al FGFR-1 ] mRNA
ik Je GFP FEPH DNA 5 D18, 9736 %495 C .2
min FASE, SR 5 4% 94 °C .30 5,55 € .30 5,72 C .
30 s, 9718 40 NMEFE DL SIFESILE 1,

®1 519F75

Tab.1 Primer sequences

Gene Primer sequences bp

HSPG 5"-CGATGACTACGCTTCTGC-3’

5" -TATCCTCTTCGGCTGGGT-3’ 209
5'-CCTACTTCTCCGTCAATGTTT-3’
5'-CACTGGAAGGGCATTTGAAC-3’ 210
5'-AGGCAGTGCTATTCCCAGTA-3’
5"-CCCGTAACTCTGGTCACATA-3’ 199
GFP 5"-AGAAGAACGGCATCAAGGTG-3’
5'-GAACTCCAGCAGGAC CATGT-3’ 200
5'-ATGGAAATCCCATCACCATCTT-3'
5'-CGCCCACTTGATTTTGG-3’ 241

FGFR1

w, integrin

GAPDH

KRS Cr AR B2 5L 7 7 PCR 048,
HEARX 27229 A ACE=( SLER4H mRNA Ct 5
DNA Ct - 523641 GAPDH mRNA Ct 5 DNA Ct )/( [
PXF BBZH mRNA Ct 28 DNA Ct — B} R ZH GAPDH
mRNA Ct 3¢ DNA Ct),iH5 45 R RN LI 20 H i 2
mRNA 3, DNA 33k & % B PR X BE 41 B i 5
mRNA 5§ DNA kg1 g 0,

2 & R

2.1 FFEmMALREIE GFP 9 E ik B mbbm %

rAAV2-GFP FLHERYY 5 Rl IR 40 )5 24 h A"
AELEE BS99 GFP 290, BEA AdS-RFP(0.1.1,
10 5% 100 MOI ) 8¢ Ad-TERT-RFP ( 0. 1.1 #{ 10
MOI ) g 20 M 5 12 h B A] W3] GFP %8¢
B J5 , GFP BH 4 20 M 2500 AN 2 5 B S5 34 i 5 7
AR B 8] 55, 55 P s e i 41 B AH EE, 848 & GFP
BEE 20 B, 38 2 GFP 9652 #0035 4 v ( &
1) BRI, HEAEFTE GFP 5841 # K5 RFP 2¢
e 2). BT 24 h A0 AR A T 25 R R
KR A TR 5 mp 1 i 98 20 LA LE , GFP BH % 2
MU GFP P55l & T 29 0.3 ~3 £
M4 ~8 (K 3), UL rAAV2-GFP 5 o BX &
1 MOI Ad5-RFP Jg& %% fift J&2 20 Jifl A549 . KB Fl1 KB/
VCR R, B4 5 24 h Western blotting K5l 21 it P4
GFP 25 [ & &, B A I H b o 17 43 48 s T
6.1.4.5 F14.9 1% Bl 4), {HAA R, AN
#) Ad5-RFP 5% Ad-TERT-RFP £ MOI {# &, GFP
B 40 6 50 - X 5 5 B 4 v A R BE A . (H
J&,°4 100 MOI Ad5-RFP & 10 MOI Ad-TERT-RFP
PR YL IR 40 i 72 h J, A B 2 A0 i A T
7, BT IES .

24 h 72h

12h
-

RHIEBRIEVER A549 BRI GFP BHRIA( x100)
Figl GFP expression in A549 cells after infection
under inverted fluorescent microscope( x100 )
A, B, C: TAAV2-GFP transfection at 12, 24, and 72 h
after infection, respectively; D, E, F: rAAV2-GFP plus
1 MOI Ad5-RFP at 12, 24, 72 h after infection, respectively

Red Green Merge

B2 FBERERHIENE AS49 AL
& GFP & RFP FHRIA( x100 )
Fig.2 GFP and RFP expression in A549 cells after infection

under double channel fluorescent microscope ( x100 )



- 408 - r ] bR A IR YT 2 Vol. 14
2.2 FPIE AR AR )G GFP % DNA # N 3 An A549 KB KB/VCR
mRNA #9 %3k
5 (f F tAAV2-GFP A 1, BE 4 1 MOI AdS- rAAV2-GFP S S -

RFP JEZY A549 4ifiti)5 12 .24 48 F172 h, GFP [ DNA
FEDUBOR UL 254k, T mRNA 263548 B ] 5 45
R T493.83.6.83.7.02 Fl7.33 i %2).

A C
B2 AAV B AAV
= E==1 AAV-+AJ-TERT-RFP =3 AAVHAL-RFP
S 80
= Bz 24
g 8 60 =
T T
2 £
[=9] -9
= =
] %]
B D
o
u I ]
g 80 B g 5 80
o - o o
S I
g 60 e ‘g- 60
3 e
5 & < ( 5
2 2| B K e ) 3
5 1 E B BB 2 & 5
2 JLEE gl g LB B _EUEVE
w -
= - 2 0 v —_ o
= o — o faal o c = = m o
5 I 58 & % D 4 I 8 & ¥ ©
= T o~ - e = = < =
= 5 & = o 2 &
z 3 £ Z @& o

3 HRRMEARSHT rAAV2-GFP BB 4 1 MOI AdS-
RFP =5 0.1 MOI Ad-TERT-RFP B4R GFP KR %
Fig.3 Quantitative analysis of GFP expression in tumor
cells infected by rAAV2-GFP alone or combined with
1 MOI Ad5-RFP or 0.1 MOI Ad-TERT-RFP
24 h after infection
A, B: Combined with 0.1 MOI Ad-TERT-RFP;

C, D: Combined with 1 MOI Ad5-RFP

[-actin
e D
aavzcrr GG

+AdS-RFP

rAAV2-GFP BJHEEXS 1 MOI Ad5-RFP
BB GFP EAMKIL

Fig.4 Expression of GFP protein in tumor cells infected

by rAAV2-GFP alone or combined with 1 MOI Ad5-RFP

&4

2.3 PPIBmAE R 3 )G ik & %Ak HSPG .« inte-
grin #2 FGFR-1 #3 mRNA %k

Bl B rAAV2-GFP B4 A549 41 i A 51 ik
HSPG ., integrin Fll FGFR-1 mRNA FikRMAs . Bk
41 MOI Ad5-RFP LA )S , HSPG .\« integrin FI
FGFR-1 ] mRNA 3RiK ¥ A B i &, Fof DU g
24 h S ECHIE( £ 2 ).
2.4  Western blotting # | Jf 7% 28 it B 4 /& AKT #»
ERK #9 BB ALK -F

A549 fRE dn Bl R YL S 24 h, Western blotting £
I AKT .p-AKT .ERK 1 p-ERK % [ & &, 2 B¢
4 Ad5-RFP Ji5, ERK FI AKT {19 R 1k /K S 2414 42
= ES).

£ 2 rAAV2-GFP BB A 1 MOI AdS-RFP Bt AS49 4HFf1fS GFP &) DNA # DU##n
mRNA RiA R AR EZ K mRNA Rk

Tab.2 DNA copies and mRNA expression of GFP and cellular surface receptors in A549 cells infected
by rAAV2-GFP alone or combined with 1MOI Ad5-RFP

5-AAUD)
Gene of interest
12 h 24 h 72 h 120 h

GFP genome 1.02£0.24 1.05£0.12 0.96 £0.27 0.87 +0.23

GFP mRNA 3.83£0.57 6.83 +0.76 7.02 +£0.46 7.33+0.14

HSPG mRNA 1.98 £0.77 2.35+0.28 1.06 £0.84 1.17 £1.22

«, integrin mRNA 2.34+£0.25 2.66 £0.46 2.17 £0.44 0.94 £0.60

FGFR-1 mRNA 0.96 +0.69 1.36 £0.57 1.01 £0.79 1.26 £0.88

3 W A e FAMIE I PR 38 A B R X e 20
, E

S rAAV S H HTERERE YT U R 4 4 B 7

JiE B P S RCR RIS DR 3 TR A, B ki AR AR K
FEIE R T rAAV 78 iR 55 DG 7 Hh A R
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FIVR S R, AT rAAV XA A e kR A
FEPFIAKF-, B 22 5]k Ok B 22 1 22 3 (0 G T A
A ARSI PR B o 2 R4 i rAAV2
TE 2270 b 96 200 i v A N R 3K K, ORI SE T 5
rAAV2 FEA AN MR G A 35252 1A 5 28 1k B T RE ®
PERIBLE] .

A I 2 3
p-ERK —
ERK — a—
B | 2 3

B 5 rAAV2-GFP Bs{EX & 1 MOI Ad5-RFP
RE A549 HRfS ERK( A )1 AKT( B )RIBEES K 7K T
Fig.5 Phosphorylation level of ERK ( A ) and AKT ( B )
in A549 cells infected by rAAV-GFP alone or
combined with 1 MOI Ad5-RFP
A: A549 cells infected with TAAV-GFP alone; B: A549 cells
infected with rAAV-GFP combined with 1 MOI Ad5-RFP
1: Negative; 2: TAAV2-GFP; 3: rAAV-GFP + Ad5-RFP

SEYRZE IR R, AN 2 B FE 7 ( AdS-RFP)
WA A i 7 B F( Ad-TERT-RFP ), ¥4 7] LU
DU = vAAV2 A5 A9 A1 5 35 PR A B e 4 i v A
Rk I H, BEAE i 4 T 0 B s 25 79 MOL 4
i, A5 3 PR 3 3k 7K 4 R A e R A . By
Ad5-RFP 1) MOI 24 100 . Ad-TERT-RFP (%) MOI 4 10
iF, A AE B S 72 h i S B T X — 452k
PE , BRI rAAV2 B[R 33k KO 19 A BE o, IR
BEAEAE— IR FE AT BEYE L, BVAE 3N B LN
Jie B WG B fe KPR BE B £ /5 rAAV2 7E 40 i iy 3
KA, O FECAMLREAE o [RII, 7E3XA FeAEE
BN, o 2 0 BT, 7 A AN B S ), 2
GRS 2R GE, HeAb, A R R
FEfE rAAV2 3K BIAH ] ) 3 PR 3R K B 240 F L BT
i AdS-TERT-RFP ()35 B b AdS-RFP fiX 10 1.
JEHAE AT —$2 19 J2, 33 Fh ) A 5R) o B v 2 42 =
rAAV FEFFR IR ACE 1 7 1k, ANAGE H TR 25 1)
e 240 B, (RIS FH T I 2 A e, B A i o
L

P 25 T LAAE Ay 4t Bl 2 ol B 2 AR RN DG 2
FEAE R L R, 7 FE 2 A S A Y A ad
PR E IR S50 AT IR R P
Z 515 Bh Dy 8 09 3L 55 E1A (E1B L E2A FlI
E4. Hr E4C orf6 ) AT LIRS rAAV2 [5G AR I
fEHE rAAV2 H BABERE AR I UEE 70 B2 A T LU E
P W% DNA IR 2,

ARSI 5 K 118 52 ] Bt 67 75 R S5 A o R R 2
FEDI A HBALEE E2A I E4 X4, Ry T gk — A R
E2A Fl E4 TEHE R rAAV2 3 R 35 K7 v 9 7R 11T
TR T rAAV2 B B85 M s 5 J8% e I s 4
Mif5 GFP 1) DNA # DUZURT mRNA ik, 4558 & 3
DNA %45 &4 B B ARk, & mRNA /K7 i % %
o [FIEE, rAAV2 HEA A 221K HSPG .« in-
tegrin Fl FGFR-1 7EIC & B L i 28 5 KA BTt
1R SRR T AR N 2 DL SR rAAV2 A T 1 SRR
FEDZKF A AN . X 2 L I et B R
rAAV2 TE IR 4 A H A 3 PR 36 58 UK 7 AT RE R E i
SRR Y

Western blotting 45543428, Ad5-RFP 1] DL fifrfg
YA ERK A1 AKT B8Rtk V42 ERK AJ LA
BRI AN M AZ AR HE 20 M S o AR T AKT ] LLSE
T ST T PR B A A DA 30 I, e B = A i
PRI R (L IR Rk KO o BRI, I AN 2
AYE rAAV2-GFP JRYLJ5 1k GFP ZOGI e 4nfia 1y
AEWE Ad B IR RFP 206, WIF A2 Ad JER Y
J#%i5 RFP 2GR AR R I8 GFP 29t HA 5%
~10% HI 4 AL RIINF 635 RFP F1 GFP 9956, X Tax A4~
RG] RE AR, Mtva R4t o MR D 73 IR e 3k
IR VAU B T W B B E A4 M, 51k
AH I A 5% 30 I 1 AR 4, 3 1T RRER LA R A
5%, B an , RS TR IR ) e A0 B e AR R R VR T
Ay PR 1 PR AT LK LA S 1 41
AR, A S s B R e S . =T
BRI B 1 A T A5 40% ~50% ik GFP %%
JERR , B R JCIA RS

Ad5-RFP il Ad-TERT-RFP PR 42 5 rAAV2
TE I8 41t 7 35 R 3838 7K SF, BT BE I A i & 2
W55 i Rl B A o Tk — IR A BRI TR
A OCHEER TR R IR T = rAAV2 TE PR
0 R P SRR RN R R A 5O IR B R B
WA
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