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Etoposide enhances transgene expression mediated by recombinant replication-
defective adenovirus in tumor cell lines

ZHANG Sheng-hai, WU Ji-hong, LIU Xin-jian, CHEN Xia-fang, TIAN Yu-hua, XIE Kuang-cheng, YU Hui, PAN
Hong, HUANG Qian ( Central Laboratory, The First People’s Hospital of Shanghai Affiliated to Shanghai Jiaotong Univer-
sity, Shanghai 200080, China )

[ Abstract ] Objective: To investigate the effects of chemotherapeutic agent Etoposide on transgene expression mediated
by recombinant replication-defective adenovirus in tumor cell lines. Methods : Cultured tumor cells, including NCI-H446,
NCI-H460, A549, SMMC-7721, SGC7901, SKBR-3, and BTT were infected by Ad-CMV-EGFP alone ( MOI being 1 and
10 )or in combination with Etoposide at different final concentrations (0.2, 2,20, 40, 80, 100 and 200 g/ ml ). GFP
positive cell rates and the mean intensities of GFP fluorescence in tumor cells were detected by Fluorescence Activated Cell
Sorting ( FACS ) after cultured with different strategies. EGFP protein expression in tumor cells was analyzed by Western
blotting. Quantitative analysis of mRNA and DNA copies of EGFP in tumor cells were performed by RT-PCR and real-time
PCR. Results: FACS results indicated that Etoposide efficiently enhanced the mean intensities of EGFP fluorescence to
different degrees in all 7 cell lines but had no evident effects on the EGFP positive rate. Twenty-four hours after cultured
at the presence of 10 MOI Ad5-CMV-EGFP and 40 pg/ml Etoposide, the mean intensities of EGFP fluorescence in
NCI-H446 ,NCI-H460, A549, SMMC-7721, SGC7901, SKBR-3, and BTT cells were respectively 3.3, 3.5, 3.1, 6.2,
7.0, 5.4, and 3.4 folds that cultured with 10 MOI Ad5-CMV-EGFP alone. Western blotting showed that EGFP protein
expression in cells co-cultured with Ad5-CMV-EGFP and Etoposide was 2 -5 times that cultured with 10 MOI Ad5-CMV-
EGFP alone. EGFP mRNA expression had a similar tendency as EGFP protein, but the copies of EGFP DNA had no evi-
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dent changes. Conclusion: Etoposide can enhance transgene expression mediated by recombination replication-defective

adenovirus in several tumor cell lines, which may play a role at the transcriptional level.
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1.1  fafefe £ X7

NAE/INAR LT g 240 AR NCI-H446 A /N i
FRAHMIPR NCI-H460 A6 4t ML bk AS549 N9
YRR SMMC-7721 . N B FE 40 AR SGC7901 FIAFL
RS AN Mk SKBR-3 I [ Hh BRI g 4 i 2E )
WFFE PR AnMe 2 , A B0 598 40 i #k SKOV-3 iy Eigss
2 IR A 5 T U N BB R RS AT I B 9 40
Pk BTT A L3 S A

AS549 20 R B 10% BG4 35 ) DMEM-F12
Bi 9% W B5 9%, NCI-H446 40 i . NCI-H460 4i fift .
SMMC-7721 #fiifs . SKBR-3 40 it F1 BTT 40 Jifg 2% il
B 10% #1470 2B I VE 1) DMEM K5 3% W) 55 9%,
SGC7901 L & 10% A= /INAF ILTE 9 RPMI 1640
B FR . Fe3k EGFP Y5 I B BB 2 AdS-
CMV-EGFP Hi A= 5250 % 4 /T OR A7 5 19T 259 1 5
FHRFEIA 1 ( VP-16 )y [ 25 42 A1 [ By 24 Mk 2 ®] A=
7= A5 VPOS1101 .

DMEM 353 # . DMEMF-12 }% 3% ¥ . RPMI 1640
iR — 20 1k 8 RNA #2155 TRIzol Reagent .
Platinum SYBR Green qPCR SuperMix UDG FI Super-
seript™ T First-Strand Synthesis system for RT-PCR
I H Invitrogen 23 7], 4 i FE K 41 DNA fhi £ 3771
&0 TAKARA A FIF= 5, /NPT EGFP B 5 it 4
W MBL 2~ dl, EHT/NR 5 A Santa Cruz 28
A, b2 & IR & Lumi-Light™® Western Blotting
Kit W4 B Roche 2AF] o
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1.2 30 RMATILER Ao FACS Ao ) i 723 2m L B ¢
J& EGFP # %1k

23 91 K+ NCI-H446 . NCI-H460 . A549 . SMMC-
7721 .SGC7901 .SKBR-3 I BTT 40 i 4L 5 x 10*
A HREEEFD T 24 fLANMIEE SR, B T 37 C 5%
CO, KiF-A 15 7% 24 h [ 4ILIBE . Ad5-CMV-EG-
FP () MOI 23510 1 F1 10, BEA R HBMRICIATFAY
LR R B4 R 0. 2.2.20.40.80. 100 F1 200
g/ mlo A ] YL 2 80 1) AdS-CMV-EGFP B 5 1k
A AR AT T 43 ) B L 3R b9 24
o Jieb 8 240 B TS 1A 5 1 %) BR LA B AR FE I 1 fL -
JEGL 5 24 KN 48 h HIE B 29¢HO0 B ( T E Zeiss
Axio 100 )WLEE I FEAHIC SEB B YL A EGFP 197t
SERE MRS S AR . SR )E 7 AR IR, PBS
VeI 2 K, 28 0. 25% [ EE i -EDTA JH4k 800 x
g B0 5 min JFYRAEANAE ., PBS HEANM, x40
{%( BeckMan coulter EPICS XL )il EGFP BH 3 1
EEIOGIRE , TCREE 3 K.
1.3 Western blotting #-m) i J3 2m JeL 2% % )& EGFP &
G 0y kk

43 9K NCI-H460 . A549 . SGC7901 1 SMMC-
7721 4L 5 x 1078 R0 T 6 FLEGFRMb .24 h
Ja A EE . SR FH MOI iy 10 /Y Ad5-CMV-EGFP
T EIA LT 40 wg/ml( 40 wg ) BYHKHEIA
TR R 4 Pl e, 3R 40 B AR A 25 0 IRAL
A FHRFEIAT FLo 48 h J5 FE35 35 W, FH 40 B fi i
AN, 4% 2 x 107/ml il A BE FH 2460 00, WA 13,
95 °C 7281 10 min, 10% SDS-PAGE 2 h Ji, 5 &
PVDF F& 1, 5% WiAE 0543 344 30 min, LA 1: 10 000
TR EGFP /N L s PR 4 CIFE 227K . TBST
VERRJS A 1:2 000 #6819 F 0/ B 9T, =R
A 1 ho TBST ¥k 3 ¥, ®:IK 10 min. 5 H &G
EATERE &b R B, WA 5 M.
1.4 RT-PCR #= % 8} & ¥ PCR # | EGFP mRNA
EOF &

W ik 7 B AEMILL 5 x 10* /FLEERE 24 £L
AN RE FE AT, W BEJS 2L MOT 4 10 1) Ad5-CMV-
EGFP Uik & 2 i i ¥k 2 40 pg/ml( 40 pg )
AR RS 20 L, o e 240 R #0125 I A
FRAL AR AR FEIA Lo 235 T L 5 24 .48 Al
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72 h H] TRIzol Reagent ffi U fL 41 fifl & RNA , %4}
ST Ultrospec3000 , Pharmacia Biotech 23] )
DSE RNA (403 i, 430 % S ik R & Super-
script™ I First-Strand Synthesis system for RT-PCR
il % cDNA. EGFP 51 ¥ )% 5. 51k 5'-
AGAAGAACGGCATCAAGGTG-3', F#F 5l ¥ K 5'-
GAACTCCAGCAGGAC CATGT-3'; GADPH 3| ¥ )%
5. 5144 5'-ATGGAAATCCCATCACCA TCTT-
3, RS8N 5'-CGCCCACTTGATTTTGG-3' . LUFE
FI GAPDH 1E8 NS IR, T A i AR A S350 2
L EFLERFE R =9 5 wl, B, FFsI ¥ 10
pmol/L )4 0.5 wl, Platinum SYBR Green qPCR Su-
perMix UDG( 2 x )10 wl,dH,0 *MEE 20 p,l,ﬁ‘%'ﬂd‘
EGFP 1 GAPDH #4749 15 . SEif s & & PCR K
A DNA Engine Opticon 2 PCR {X( MJ Research 2
A ) THELA:95°C .2 min FARME, RGFE 94 C .
10 5,55 °C .30 5,72 °C .30 s, ¥4 40 MEH, KA
T cDNA AR 1) PCR SN AR F2 15 R B X BEL, B2 7
LER G XA AEA mRNA $5 DL EAT 4047 .
1.5 S8b 2% PCR Al b 7 40 0 & 4 5 EGFP &
B #9 DNA #% 4k

YRR 3R Jr ok 7 Fl 4 M AR 2R AT IR
Ad5-CMV-EGFP B &2 ORARFEIA i FH 1 DA &
XREFLAY I SL 5 1.4 PRI mRNA B AH A 43
BTG AT 24 48 F172 h ] TAKARA 723 5 ()
4 fif JE R 4 DNA il B2 35 7] 65 4 B0 4% L 40 i A
DNA, U D, 1 D, , 715 DNA &R 2l RIEss
B DNA B4 20 ng/pl, L GAPDH 1 B NS
BB R A R AL, A EGFP BidR 1
PCR N IR R 3 R BT BE, 43 5% EGFP Fll GAP-
DH #E479 3, ¥ 3% 2 W i Platinum SYBR Green
qPCR  SuperMix UDG X 7| & A1 DNA Engine
Opticon 2 PCR Y 5¢ i Jz W f& R My #8 &40 5
AH T

PGS PCR £ R F beds Cr k047 23
HER R 27229 AACE = ( 52852 mRNA Ct 5%
DNA Ct - 25 4H GAPDH mRNA Ct 58 DNA Ct )/( B
T BRZH mRNA Ct 8 DNA Ct — BHYE X IR 2H GAP-
DH mRNA Ct 3 DNA Ct ), i3 2 15 45 S 3R s 58
BrdH H A9 FE mRNA 5 DNA 36355 % B 1 %o B 21
F 5 mRNA 5 DNA k800 g ™,

2.1 & B

2.1 MriEmie k) EGFP £ ik 89 3% & B m jo 6
AEA

MOI 24 10 f¥) Ad5-CMV-EGFP B 8% 44 NCI-
H446 . NCI-H460 . A549 . SMMC-7721 , SGC7901 ., SK-
BR-3 F1 BTT 4ijifd 24 h J& , {8 & % % B il e M5 5]
A T A L PN S48 S 43 B KR 43 4 L 3R I8 EGFP
5, B R 55 ;48 h J5 EGFP FHAY:AN A &t o
e B A TR in, MOT A 1 ) Ad5-CMV-EGFP
POl R R AN )5 24 h Rl 48 h, G EGFP
PH P 248 A5 0 2 A B 248 MOT 2y 10 B P Bk
. YR HCH 1 58 10 B9 AdS-CMV-EGFP A J
FHZ R B 43 1) 4 0.2.2.,20 .40 .80 . 100 T 200
e/ ml PARFCIA TR 45 b Rd 4 M f= 24 148 h, Wi
ERIRE AN EGFP %% FL# il AdS-CMV-EGFP
YL FEEERE N B 1), Ad5-CMV-EGFP B4 80,
100 5% 200 pg/ml AKFE I /% e 1 20 Jfg =l A0 A
80.100 1200 pg/ml MRFTIA T AN, 75 24 F148 h
B EAT R A RSB T, 25Tk B R A At T i
TR AN ARG BE | B TR IR0, 4 AR 8, 40
JOEE A 24, A0 B 1 47, S PR T ARG, A 5 S 20 it N TS
A UL EGFP ¢tk . 1fif AdS-CMV-EGFP Fphi sl Bk
AN 0.2.2.20.40 pg/ml ARFEITTT % 0. 2.2 .20,
40 wg/ml HRFEIA M AR FH B 4 A, oK D0 B I 40
2.2 RILIAF AT Ad5S-CMV-EGFP £2 ¥ 78 28 i A &
A 8% R

MOT 2}y 1 8( 10 ) Ad5-CMV-EGFP Huph sl Bk &
A [l B2 ARG IR YL g 0 A J5 24 148 h, il
EAFLANAR, i =X At AR AR I EGFP BH M 3 FF-1
TR . S5 BN ARFEIA T T DL E P AdS-
CMV-EGFP J&4s Z R i 215 EGFP (7 2456
S (EXT EGFP BH 1 28 70 B 1 44 = ol 412 1= it 2 38
/Mo LA 10 MOI (% Ad5-CMV-EGFP Bt 4 fifi H] 40
we/ mURFCIA T R, 0 SRS g 40 e NCI-H446
NCI-H460 . A549 . SMMC-7721 ,SGC7901 . SKBR-3 7l
BTT 41/ 24 h J& , 4B PN EGFP AY-F-27¢ 5 AR
W Bt Ad5-CMV-EGFP J& L iy 3.3.3. 5,
3.1.6.2.7.0.5. 4 Fl 3.4 f%, J&YL 48 h J5 535 &
2.72.62.45.13.1.4.0F2. 7 K2), 45k
A ARFEIAF R = KT 80 we/ml B, PRI 41 A
e o) K 1 U 2 S B0 BEGFP B 8 s T R, 1
EGFP -3¢ S B A0 02 bl 25 5K & L H AR FE I 1
FRI G AT I &3 ).,

2.3 iRIEIAF 3 AdS-CMV-EGFP & £ i 93 40 . )5
EGFP & & &3k 09 %)

10 MOI () Ad5-CMV-EGFP Baph 5§ 1 & Hy 40

pg/ml AR FEIA B e NCI-H460 | A549 . SGC7901
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1 SMMC-7721 415 48 h, Western blotting # il NCI-H460 , A549 ,SGC7901 1 SMMC-7721 J5 , EGFP
AN EGFP 2 11 RIS R WK 4 iR, 40 EERIKESHIEM1.5.1.8.2.1 Fl4.1 %,
pg/ mEALIA TS AdS-CMV-EGFP 284 il 41 ity

Fluorescent

Morphological -

1 RABRIEVUE NCI-H460 FELHM - EGFP K% RIA( x100)
Fig.1 EGFP expression in NCI-H460 tumor cells detected by fluorescent microscope( x100 )
A, B: Ad5-CMV-EGFP alone at 48 h after infection in the same visual field; C, D: Ad5-CMV-EGFP combined with
20 pg/ml VP-16 at 48 h after infection; E, F: Ad5-CMV-EGFP combined with 40 pg/ml VP-16 at 48 h after infection;
G, H: Ad5-CMV-EGFP combined with 80 pg/ml VP-16 at 48 h after infection
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2 Ad5-CMV-EGFP B BE &K FEHE( 40 pg/ml )BERME A /5 EGFP IR E K
Fig.2 EGFP expression in tumor cells infected by Ad5-CMV-EGFP alone or
combined with VP-16 ( 40 pg/ml ) at 24 h and 48 h after infection by cytometry
A,B:24h; C, D: 48 h

2.4 ARIEBF I AAS-CMV-EGFP B M B amie/s  pg/ml 4 LI B YL P 98 40 I8 NCI-H446 . NCI-
EGFP A B mRNA & ik 49 %% H460 . A549 . SMMC-7721.SGC7901 . SKBR-3 #i1 BTT
10 MOI 1 Ad5-CMV-EGFP B jft 5% BE & 40  J5 24 .48 172 h, BUE FI 40 N 5 RNA J5 28 RT-
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PCR Al Real-time PCR & & f Il EGFP 2[5 mRNA
Fik, SERATIL,40 pg/ml HACIAEE AT AR b eg
AN P ZNESE [ EGFP mRNA 35, 764 )5 24 h
B a] A6 3], B J5 72 h AT RIS e |/ 5 ).

240
w2 OEGFP positive rate
f\‘g 200} BEGFF fluorescence miensity
[ il
-] L e
=z 160 L. B P %
2% 120 2 4 9 0 7
28 ERRR
=22 80 : m A TA A A A
2 £ 2 819|941 ]
SR 119 A\ 4 494
=2« 210100007
JLALA 9% %947
0 02 2 20 40 80 100 200
VP-16 (p,/pg - ml)

B3 Ad5-CMV-EGFP 5ARREH EKRITHHF
BR&1E A BEL A EGFP RiZpI#0Mm
Fig.3 Effects of AdS-CMV-EGFP combined with VP-16 at
various dosage at 48 h on EGFP expression in tumor cells

1 2 3 4 M((#10%)

AdS-CMV-EGFP

AdS-CMV-EGFP
+VP-16 8

i -actin

El4 Ad5-CMV-EGFP # s Bt &K IEAE
BB EGFP E AR %

Fig.4 Expression of EGFP protein in tumor cells infected
by Ad5-CMV-EGFP alone or combined with VP-16
1: A549; 2: SMMC7721; 3: SGC7901; 4: NCIH460

—o—BTT
—+—NC[H440
—a—BGCT901
—o—NCIH460
—o—8MMCT721
—=—SKBR3
—a—A540

2-:._-1_1
(5] + =] o0

24 48 72
Time (t'h)

BE5 Ad5-CMV-EGFP Bs{BX & RITIHE
R phE 4 A /S EGFP £ E mRNA KyRix
Fig.5 Expression of EGFP mRNA in tumor cells infected
by Ad5-CMV-EGFP alone or combined with VP-16

2.5 Ad5-CMV-EGFP 3 1k 3%, B8 AR 4600 3 & e i

7% ta e )G EGFP 2k B #9 %% N 4

10 MOI (% Ad5-CMV-EGFP Pt & 3¢ 4 40
e/ ml 4K FE I 8% G i 9 4H L NCI-H446 . NCI-
H460 . A549 . SMMC-7721 ,SGC7901 . SKBR-3 FI BTT
J& 24 48 F1 72 h, $EIUAN ML PN B DNA, SR E 528
St PCR Kzl EGFP JE R 45 D3y A8tk 45 &l
6, Ad5-CMV-EGFP 5Ll Jg% Ye i 88 41 g 55 1 & 40
e/ ml ARFE I T 2 [ B GL A L, 7E IR YL 5 24 .48 FlI
72 h,AMEFE R EGFP 145 DUEICK WL 2 A= W I 2%

2.0
——BTT
15 —m—NCIH4426
a — A —8GC790]
3 —«—NCIH460
o LOG v SMMCTT21
—e—SKBR3
05| ) —A—A549
0.0

24 as 72
Time (t'h)
B 6 Ad5-CMV-EGFP BhsiBX&KkITAE
LB R /5 EGFP B E 3% I
Fig.6 DNA copies of EGFP in tumor cells infected by
Ad5-CMV-EGFP alone or combined with VP-16
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FEARE K, B A0 T B i FH AR T 24 1) B8 B
RGO . [ NWA W HiE A R LA
BN AR SERIG T 5 0) 7 290 45 538 e ia )y
ORI TR AT AL 2 e dg 7 (A
WA TFARYT 258 5 3L VA T G R I A7 259



No. 1 SRIEME, SF. ARFEIAHH R S A S TR R 7 A T MR DR R 40 M ) s KT :19 -

Xt LAY 52 (A R E /D o ARS8 b (i 4
AMIEFER EGFP 11 5 7852 il SR 750 s 2 Bk ol 1
B AR A AT 25 AR FEIA 11 ( VP16 ) B gLt 4
BE S0 22 Fp 88 4 A, 38 2k X EGFP 76 i 83 400 il Py
FIRH92HT % DNA Fl mRNA A9 52 f 46 00, R 1K
FEIH X} AdS-CMV-EGFP 7£ il J83 410 Jifd Py 56 IR 36 3%
(A FE I

WRFTIA T R G IR H A Ae 7 25, 2 —Fh 40 i 4y
M50 A DNA F N SR I, X 20 it P
DNA EAEF, 813535 5 DNA W24, & 4% 40 i 75 50
B0 O T A MR S AR T IA T A ) B S A Ak
PAHEAT (9 4 NIR I DR A T 41 PN ) 326 15 /K P A
FERBOCR AL RARFEIA T M 50 0.2 .2
20,40 .80 ,100 F1200 pg/ml 7 Fift, 55 E 43 51 B fin
A g 4 AR S X IR, 3035 5 Ad5-CMV- EGFP Bk
B IR , W88 EGFP B3k 50 FH AdS-CMV-
EGFP B 25 5 . I s L8 % B, MK FE9A 1 Bl
T geg 4 v, R 3 55 F 80 wg/ml S, fi 96 40 i
FE 24 h RIS BRR T v R R A FH R ) A 2 A
T, X5 EERE D SR,

AN B AR A1 Western blotting 460 2% 5 F 0 |
A (8 A FE IR T 9 390 B BRI 1Y 0. 2 g/ ml 5]
BRI 200 we/ml, A1 22 1 000 175, 249 BEAS R 72 B 1)
PERAMESE K EGFP 7 /K [R] Jil 98 20 i P i) 22 18 7K
o ARST 2 i 3 R A AKX — B B 25 W 1
HRE ARFEIA T 1A 800 23 B R K . R
1 Ad5-CMV-EGFP HERYL G BUR 1 02 10, I 4
L AR SE R EGFP R84 = 0 i B AR b 4 16¢ 75
FHARFEIAHT (B3 o AR R & R FEIA
BKA Ad5-CMV-EGFP JBGLAN [m] (1) [ 40 A, &1 I 35
PR 22RO s 1) i R RO (], 4 7 6 A [ 1) 4
iR ARFEIA T HE E AdS-CMV-EGFP 3K 235 K F
(g AR FNVE AL o] REAS AR R o [RI, FE AR 5256
SEFEH IR B ARFEIA X AR 3 [N e 3k B 4 R AE
YL 24 h ORI A, S A AdS-CMV-
EGFP 24 h A It BK & K $6 30 # 7T LA fff EGFP 7
SGC7901 i iRk e/ 7.0 £%, 1M 48 h J5 4=
AR R DU 3 45 o A BARFEA 1 nT LA #E 4 IR I
DAL s 200 PN R T | R s, TR YT SR PR R A
NG

A0 B A ARG 45 e e B R IRIEIA 0]
DL 352 Ad5S-CMV-EGFP 2% 4k 22 it 924 40 S 5
EGFP {398 Y6t B (H X EGFP BHM: R A1 JCHH
e H 2 Y EA N AR FE IR A E KT 80
peg/ml (5, EGFP B R f M ik T Ad5-CMV-EGFP

BRI FH B, 3 AT B2 BT e VR AR I T 5 R
JIek o 240 AR A1) A A P B 5 R Y 4B B AE T, T 4
2 Xop B D v R o

RT-PCR FISCHT 9% 22 1 PCR 45 R %W, KT
T AT DL & 9% AdS-CMV-EGFP 84 fif 98 2 fitg vp
HMEFE mRNA 19 2% 35, (A X DNA & il % 45 B 2
FEMA , X B SARFEIA 1 52 /55 MR 25 2k A 5L R 33k 7K
VAT BESRAE 5 A L R FEE Y

25 LTk RS AR RSP S 5T T AT
YHRFEIAH 5 Ad5-CMV- EGFP B4 B YL £ F i g
Y5 , b7 25 9 X AN EE R EGFP 23 (1) 5% i LA
FnT e FPLET, R SARAEIA 7 bR T B JLE A
(14) 2547 988 20 B A A B T R4 oh , 3 ELAG 8 v A D 3
AR IIEH o ABIFI 45 51 Rtk — 2 i oty
25 5 FLPUIE YT WA BAE FH G 2R L) R = s 16
PR HE T SRR .
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