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The Construction of Recombinant Adenovirus Expressing
Bifunctional Fusion Protein SCAR-EGF and the Detection
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Abstract To improve the targeting of adenovirus vector for gene therapy a fusion gene sSCAR-EGF in which epidermal growth
factor gene was fused to the 3’ end of extracellular Coxsackie virus-adenovirus receptor gene was constructed and cloned into
shuttle plasmid pDC315 to obtain a recombinant plasmid pDC315-sCAR-EGF. With the AdMax™ system AD-293 cells were co-
transfected with pDC315-sCAR-EGF and adenovirus genomic plasmid pBHGloxAE13cre. Through high efficiency site specific
recombination a replication-defective adenovirus AdS-CMV-sCAR-EGF was constructed. The recombinant adenovirus was
analyzed by PCR and Western blotting the results indicated that Ad5-CMV-sCAR-EGF contained the fusion gene sCAR-EGF

and the adenovirus infected cells was induced to produce and secrete the fusion protein into the supernatant. We have
demonstrated that the fusion protein sSCAR-EGF is helpful for elevating the infection efficiency of Ad5-CMV-luc with the reporter

gene in vitro which providing a new approach to the gene therapy for tumors overexpressing EGFR.

Key words adenovirus epidermal growth factor receptor gene therapy Coxsackie virus — adenovirus receptor

Received March 6 2006 Accepted May 12 2006.
This work was supported by a grant National Science Foundation for Distinguished Young Scholars No.30325043 and Major Project of Chinese National
Programs for Fundamental Research and Development No.2004CB518800 .
* Corresponding auther. Tel 86-21-63240090-4601 E-mail huangq@ online. sh. cn
No. 30325043 973 No.Zc04UBFIRB0G 7+ 1A 7 FTEATI L S 4R4EER  http://journals. im. ac. cn



714

Chinese Journal of Biotechnology

2006 Vol.22 No.5

Coxsackie virus-Adenovirus Receptor

CAR
CAR
1
2
3
EGFR
45
EGFR
6
sCAR EGF
sCAR
knob 7 EGF
EGFR
1
1.1
1.1.1 Microbix
Biosystems AdMax™
pDC315 pBHGloxAE13cre EGF
phistone-EGF
T4 TaKaRa
TRIZOL RNA Lipofectamine 2000
DMEM Opti-
MEM RPMI-1640 Invitrogen
CAR RmceB 05-644 Upstate

EGF sc-275 Santa Cruz HRP
sc-2005
sc-2004 Santa Cruz
MBI Fermentas pfu Stratagene
EGF ELISA
Luciferase assay system
Promega
1.1.2 AD-293
Stratagene SMMC-7721
HXO-Rby,
K-562 A549
SKOV-3
A549 10%
DMEM-F12 AD-293 SMMC-7721
SKOV-3 10%
DMEM HXO-Rb,, K-562 10%
RPMI-1640
luciferase Ad5-CMV-luc
1.2
1.2.1 CAR
Trizol AD-293 RNA Fermentas
c¢DNA c¢DNA
fCAR-F 5'-GGAATTCCCGCCTACCTGCAGCCG-3'
EcoR 1 fCAR-R  5'-GC
TCTAGAGAGACATATGGAGGCTCTATAC-3'
Xba 1 PCR CAR  cDNA
PCR
pcDNA3.1 + pcDNA3.1 - fCAR

sCAR-F 5'-GGAATTCCCGCCTACCTGCAGCCG-3’
EcoR 1 sCAR-R 5'-
CGGGATCCAGCTTTATTTGAAGGAGGGACAAC-3’

BamH | pcDNA3.1-fCAR
PCR CAR cDNA
pDC315
pDC315-sCAR EcoR 1
BamH |
1.2.2 sCAR-EGF
EGF-F 5'-CGGGATCCGGTGGTGGCGGTTCT
AATTCCG-3' BamH [ EGF-R 5'-
GACGCGTCGACTCAACGCAGTTCCCACCATTTC-3’
Sal 1 EGF phistone-EGF

@GR 2 b el DNAT 1 2 Bamekl Feto: Sqéulnals, im. ac. cn



sCAR-EGF

715

pDC315-sCAR pDC315-

sCAR-EGF EcoRT BamHI Sall
1.2.3
lipofectamine 2000 pDC315-sCAR-EGF
pBHGloxAE13cre
60% ~ 80% AD-293 5~
7d 10cm
4 ~10d
1~2d 1000g
Smin
-80C -80°C
37C 3 12000r/min 10min
90%  AD-293
37°C 5% CO,
24h 24h  1000g
3
PCR  Western blot
TCID;,
1.2.4 PCR
100pL AD-293
DNA
pDC315F 5-ACGTGGGTATAAGAGGCG-3"  pDC315R
5'-CGATGCTAGACGATCCAG-3'PCR
20MOI SMMC-7721 48h
PBS
10min
4°C120001/min 10min
10pg SDS-
PAGE 12% SDS-
PAGE NC CAR
anti — CAR RmcB HRP

s¢-2005 Santa Cruze
Western blot
1:2000 1x
NC EGF
EGF
Mililpore

Amicon ultra 10kD Sml
250pL Western blot
ELISA
EGF SMMC-7721 Ad5-CMV-
sCAR-EGF EGF ELISA
EGF
SMMC-7721
sCAR-EGF
1.2.5
SKOV-3 A549 HXO-Rb,, K562
2 x 10*/ 24
Iml sCAR-EGF
Ad5-CMV-sCAR-EGF  SMMC-7721
ELISA
0.75pg sCAR-EGF 10° Ad5-CMV-luc
30min 24
60min
48h
PBS 2
PBS 100pL 1 x
CCIR
EP
PBS
2 1 x CCLR EP 10 ~
15s 4°C12000g 2min
EP -80C
Luciferase
30pl.  20pL

MiniLumat LB
9506 luminometer  EG&G BERTHOLD  Wildbad
Germany . 10s
Relative light units

Promega
Luciferase assay system
1.2.6 EGIR CAR
SKOV-3 2 x
10*/ 24 1mL
0.5pg sCAR-EGF  Ad5-CMV-luc
30min SKOV-3 1pg/mL
anti-EGFR  1pg/mL anti-CAR 1h

o hER st TIRssEs Meferasgnals. im ac. en



716 Chinese Journal of Biotechnology 2006 Vol.22 No.5
2
2.1 sCAR-EGF
AD293 RNA RT-PCR
PCR CAR ¢DNA  1.2kb
pcDNA3. 1 peDNA3. 1-fCAR
pcDNA3. 1-fCAR PCR 2 pDC315-sCAR-EGF
CAR sCAR  c¢DNA 750bp Fig.2  Enzyme digested electrophoresis map of recombinant
pDC315 plasmid pDC315-sCAR-EGF
phistone- EGF PCR EGF 1 DNA marker DI2000 2 Digested with EcoR I ~ BamH | and
<DNA 180b DC315-sCAR Sal I 3 Digested with EcoR | and Sal I 4 digested with BamH |
P P and Sal I 5 digested with EcoR 1 6. plasmid pDC315 digested with
pDC315-sCAR-EGF sCAR EGF E
coR 1 .
BamH [ 1
2 EcoR1 BamH1  Sal 1
755bp  sCAR 184bp  EGF
2 EcoR1  Sall 938hp 3 - 80%C
sCAR-EGF 3 BamH [
Sal [ 184bp  EGF 4 Ad5-CMV-sCAR-EGF
pDC315 B
23 6 DNA
pDC3ISF pDC315R PCR
GSGGGES <CAR 1.1kb 755bp sCAR
EGF 184bpEGF  linker pDC315
pDC315-sCAR-EGF PCR
3
R SCAR-EGF
TCID,,
- FenR T (994) .
o 1.26 x 10°TCIDy /ml pfu 2.5 x
amp -- PO 15-sCAR-CGR
4820 bp 10° pfu/mL
T SCAR
8
\‘\\\\ o= Baml U] {1748)
5, ~LGF
/‘-, S senan
ori YOSV PolvA
"l
1 pDC315-sCAR-EGF
Fig.1 The map of recombinant shuttle plasmid
pDC315-sCAR-EGF
2.2
pDC315-sCAR- 3 PCR
EGF pBHGloxAE13cre Fig.3 PCR analysis of Ad5-CMV-sCAR-EGF
. X 1 DNA markers DI2000 2 PCR product product of plasmid pDC315-
hpofectamme 2000 AD-293 sCAR-EGF 3 PCR product of Ad5-CMV-sCAR-EGF.
5d 10c¢m

© Ehﬂﬁﬂi’ﬁ%ﬁ%%ﬂtﬂmﬁéﬁiﬁﬁﬂ http://journals. im. ac. cn



sCAR-EGF

717

SMMC-7721 Ad5-CMV-
sCAR-EGF SDS-PAGE
NC CAR SMMC-
7721 46kD
CAR Ad5-CMV-
sCAR-EGF SMMC-7721
43kD CAR EGF
NC CAR
EGF SC-275 Ad5-CMV-
sCAR-EGF SMMC-7721 43kD
Ad5-CMV-sCAR-EGF
SMMC-7721 Amicon ultra
10kD Western blot
Ad5-CMV-sCAR-EGF
sCAR-EGF
2 [ 2
“— 46kD
«— 43K
Anti-EGF Anti-CAR
4 SCAR-EGF  western blot

Fig.4 Western blotting analysis of fusion protein SCAR-EGF
1 SMMC-7721 infected with Ad5-CMV-sCAR-EGF 2 SMMC-7721.

ELISA Ad5-
CMV-sCAR-EGF SMMC-7721
EGF EGF
1.729g/mL
EGF 1.63ng/mL
2.3
Ad5-CMV-sCAR-EGF SMMC-7721
0.75pgEGF
Ad5-CMV-luc 30min
SKOV-3 A549 HXO-Rb, K562 24
Ad5-CMV-luc
90min 48h
sCAR-EGF
Ad5-CMV-luc
Ad5-CMV-luc
SKOV-3 30.1 A549 9.3
K562 13.6  HXO-RB, 1.8
5
sCAR-EGF

40 B Ad
1 Ad+adupor

Luciferase activity RLU X 1Y
[ )
h

SKOV3 ALY K362 1IXO-RE44 cell
5 sCAR-EGF Ad5-CMV-luc
Fig.5 Improving infection efficiency of Ad5-CMV-luc

mediated by sCAR-EGF

Ad5-CMV-luc EGFR
CAR 6 EGFR
sCAR-EGF Ad5-CMV-luc
CAR
40E 05
33T-08
3 0K 05|
;T_{\ 25E-05
é 24E D5 |
é 1.5E—05
;lg LT D5
{+5E 04 |
GOm0 :”:. i ¢ DSKovs
6 sCAR-EGF Ad5-CMV-luce
SKOV-3

Fig.6  The effect of antibody blocking to the infection of
Ad5-CMV-luc to SKOV-3 with sCAR-EGF
A Ad5-CMV-lue B Ad5-CMV-luc + 0.5pg sCAR-EGF C AdS-
CMV-uc + 0.5pg sCAR-EGF + anti-EGFR D Ad5-CMV-luc +
0.5pg sSCAR-EGF + anti-CAR.

3

© PERFREME DA RITEATIR S RIS htg:éBjournals. im. ac. cn



718

Chinese Journal of Biotechnology

2006 Vol.22 No.5

CAR
CAR

89

CAR "

12 13
Beusechem

S11 EGFR
sckv425 - S11

sckv425

123

EGFR
sCAR-EGF

sCAR-EGF
sCAR-EGF

EGFR

SKOV-3
SKOV-3
EGFR 8
EGFR

luciferase 30

CAR

CAR

HXO-RB,, CAR

EGFR

EGFR
CAR

CAR-fiber EGFR

Ad5-CMV-sCAR-EGF
sCAR-EGF

REFERENCES

1 McConnell MJ  Imperiale MJ. Biology of adenovirus and its use as a
vector for gene therapy. Human Gene Therapy 2004 15 11 1022
-1033

2 Mizuguchi H Hayakawa T. Targeted adenovirus vectors. Human
Gene Therapy 2004 15 11 1034 - 1044

3 Hanawa M Suzuki S  Dobashi Y e al. EGFR protein
overexpression and gene amplification in squamous cell carcinomas of
the esophagus. International Journal of Cancer 2006 118 5
1173 - 1180

4 Psyrri A Kassar M Yu Z. Effect of epidermal growth factor
receptor expression level on survival in patients with epithelial
ovarian cancer. Clinical Cancer Research 2005 11 24 8637 —
8643

5 Quintela I Corte MD  Allende MT et al . Expression and prognostic
value of EGFR in invasive breast cancer. Oncology Reports 2005
14 6 1655 - 1663

6 Lal A Glazer CA Martinson HM et al. Mutant epidermal growth
factor receptor up-regulates molecular effectors of tumor invasion.
Cancer Research 2002 62 12 3335 -3340

7 Roelvink PW  Mi Lee G Einfeld DA et al. Identification of a
conserved receptor-binding site on the fiber proteins of CAR-
recognizing adenovirus. Science 1999 86 5444 1568 — 1571

8 Kim M Zinn KR Barnett BG  Sumerel LA et al. The therapeutic
efficacy of adenoviral vectors for cancer gene therapy is limited by a
low level of primary adenovirus receptors on tumour cells. European
Journal of Cancer Prevention 2002.38 14 1917 — 1926

9 Rauen KA Sudilovsky D Le JL et al. Expression of the coxsackie
adenovirus receptor in normal prostate and in primary and metastatic
prostate carcinoma potential relevance to gene therapy. Cancer
Research 2002 62 13 3812 - 3818

10 Miller CR  Buchsbaum DJ Reynolds PN et al. Differential

© i E R seseptibilieyiots prithimy Farsestablished: humany glioma cellscten



sCAR-EGF

719

11

12

adenovirus infection targeting via the epidermal growth factor
receptor achieves fiber receptor-independent gene transfer. Cancer
Research 1998 58 24 5738 — 5748

Excoffon KJ Traver GL Zabner J et al. The role of the
extracellular domain in the biology of the coxsackievirus and
adenovirus receptor. American Journal of Respiratory Cell and
Molecular Biology 2005 32 6 498 - 503

Victor W. van Beusechem Jacques Grill. Efficient and selective
gene transfer into primary human brain tumors by using single-chain
antibody-targeted adenoviral vectors with native tropism abolished.
Journal of Virology 2002 76 6 2753 -2762

13

14

15

Res:

Haisma HJ  Guill J Curiel DT et al . Targeting of adenoviral vectors
through a bispecific single-chain antibody. Cancer Gene Therapy

2000 7 6 901 -904

Oosterhoff D Overmeer RM  van Beusechem VW. Adenoviral
vector-mediated expression of a gene encoding secreted EpCAM-
targeted carboxylesterase-2 sensitises colon cancer spheroids to CPT-
1. British Journal of Cancer 2005 92 5 882 - 887

Hughes DP  Thomas DG  Giordano TJ et al. Cell surface
expression of epidermal growth factor receptor and Her-2 with
nuclear expression of Her-4 in primary osteosarcoma. Cancer

rch 2004 64 6 2047 — 2053
A SR AT A




