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Inefficiency of in vivo gene transfer using currently available vectors reflects a major hurdle in
cancer gene therapy. Both viral and non-viral approaches have been described to improve gene
transfer efficiency but suffer from a number of limitations. Here we tested an adenovirus carrying
the small peptide ligand derived from heregulinp EGF-like domain onto fiber, the adenoviral capsid
protein, to deliver transgene to ovarian cancer cells which overexpress ErbB, the cognate receptors
for heregulin. The attachement of 53 amino acids to fiber didn’t affect on the fiber’s trimer
structure that is critical for the viral entry to cells. The fiber-modified adenovirus can mediate entry
and expression of a f-galactosidase into cancer cells in an increased efficiency compared the
unmodified adenovirus. Particularly, the gene transfer efficiency was improved up to 5 times in
OVCARS3 cells, an ovarian cancer cell line. Such transduction systems hold promise for delivering
genes to ErbB receptor overexpressing cancer cells, and could be used for future cancer gene therapy.
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293A|3Z 2} LN319, DM54MG, U373MG+ ATCC (Ameri-
can Type of Cell Collection, USA)9} AJ-&tghul A EF-2-3)

oA Z}zZ} EF ol 10% fetal bovine serum (FBS;
Hyclone, USA), 100 u/ml penicillin/streptomycins 37}g+
DMEM HjX|(Life Technologies, USA)°ll4 37°C, 5% CO,
Zo 2 vjd3ItE. MCFE-7, SKOV3, OVCAR3 AlX+= 10%
FBS, 100 u/ml penicillin/streptomycin®] %7} DMEM/F12
(50:50) iAol A 37°C, 5% CO, o= vyt

HBE-AdLac2| HMIZ=2} &0l

HRGB EGF like domain®|A] ErbB3 receptor®} 23]
E2 Zoz el olu| At 1727E 23271K]9] GRS
A O¢X4#§%‘—E1 RT-PCRS ©]83lo] FEa5rt 919
£ oftlimntolE s C-Tee] 574
]'% plasmid cassetteoll(14) S2 3+ &,
pAdEasyl vector (Stratagene, USA)9] o8 fiber genes
HYH fiber cDNAZ thA|3}e] HBE-pAdEasyl vectorE A
2tk AlZzARe] Hhel whel p-HBE-AdEasyl vectorS ©|
43} reporter gene 22 E. coli B-galactosidaseE WHI=
ANZ3} ot i=nlol#] X HBE-AdLacS ARl o] ulo]#]
2= PCRI} Western blot 2415 £33 3ls}ich

Hiol2{A HHQF & ZH
oA E fiberE 7} AdLac¥K15) HEH fiberS 7} HBE
-AdLacS 293 A|EoA ZFZA|7|11 CsCl DEudAED
o oJaf FAIg F -80°Col HastAth AT ofd=nlo|
225 293 M| Eol|A A7 Kinfectious unit) S AR 3 U2 4
Aol ARESITE MEY FFel wet vlolEiE 505
5,000 multiplicity of infection (MOI)Z 2% FBS”7} *¥gd
HiR|e A 2413 E9F AL Y wiAIR dot & v

2441%F 9 Ml kBT

Western Blot 241

AdLac¥} HBE-AdLacS MOI 58 7Z9X71 & 47t 5
Qb vjjefst HeLa MZE 1% Triton X-100, 150 mM NaCl,
50 mM Tris-HCL, pH 7.5, ©d 2a&4 A7} Sol9)
= golo] Wi 4°ColA 1087 WHSAIZ 3 10,000% g0l A
1027 At ME HAZIE AASAT AEEE @
WA 10 pgS FYUEAB2.15 mM Tris-Cl; pH 6.8, 1%
Sodium Dodecyl Sulfate (SDS), 50 mM Dithiothreitol (DTT),
10% glycerol]olA] 71E88FA K reducing condition), HIZHIZ=
ADTTE ALt Sdx17 22 &dolx 7tgstA] &
I(nonreducing condition) H|3}] 9% SDS SDS-PAGEZ

338 3 nitrocellulose membranedl] %7 fiberol] i3t 4D2.5
A 2H7) WHSAIZ ™  pico-enhanced chemiluminescence
(Donjin Biotech, Korea)—g— o]-8-5ke] BRIt

oy 79 QHEZ Lysis buffer (20 mM Tri-Cl; pH 7.5,
137 mM NaCl, 40 mM pB-glycerophosphate, 5 mM EDTA,
1% Triton X-100, 1 mM NasVOi, 50 mM NaF, 10 mg/ml
aprotinin, leupeptin, pepstatin A, 1.0 mg/ml AEBSF)Z &%
AlIZL F, 10,000xgellA] 1023 AAlEelste] AX AA7E
A ASIATE ZF M Eo A == ErbB29} ErbB32] %2 Al
X 8% hlE 30 pgS 8% SDS-PAGEE HE3I%o
nitrocellulose membrane®ll %7 anti-erbB2<} anti-erbB3 (&
% Santa Cruz, USA) &A|¢} ¥RSA)Z1 & pico-enhanced
chemiluminescence S ©]-8-3}o] &1}

X-gal SAH
AdLac@} HBE-AdLacS 7FEAIA vl MEZe 4°Ce
0.25% glutaraldehyde oA 102 St A7) AB2)2

FFE AolE the X-gal %ﬂ’ﬂi%"—ﬂ[l M Na,HPO,, 1 M
NaH;PO4, 1 M MgCl,, 20 mg/ml 5-bromo-4-chloro-3-indolyl-
3-galactopyranoside (X gal), 50 mM Kj3Fe(CN)s, 50 mM
KiFe(CN)e] & B2 - 37°Cellx] A RES-AIZTH

p-Galactosidase &4 & =X

Hlo]|# S ZAAAIZ] MR reporter lysis buffer (0.5%
Triton X-100, 137 mM NaCl, 10 mM Tris-Cl, pH 7.5)2 3
718l 8EA17 F A5AS FH3I9: 96 well plate 2} well
o /¢ZN7 2x assay buffer (200 mM sodium phosphate
pH 7.3, 2 mM MgCl,, 100 mM B-mercaptoethanol, 8 mg/ml
o-nitrophenyl-B-D-galactopyranoside)Z 50 pl?] ¥l 37°Col
A 308 BRSAIZ) TR, 1 M Na,CO; 100 plS H7)ske] vk
S5 TAAIF]1AL, microplate readerE ©]-8-31 420 nmolA
FTH=E =43Pt 8] B-galactosidase (Promaga,
USA)E o83t 2M3sh F=1dol wet 2F Al se] 845
AARsle] o] @A | ug F milliunitE JERJSIT
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Fig. 1. Confirmation of HPE-LacZAd using PCR analysis.
(A) Schematic diagram of recombinant adenovirus with
HRGp EGF-like domain attached to the C-terminus of fiber.
(B) Location of PCR primers used to characterize virus
stocks for the presence of the HRGP EGF-like domain (1),
for the presence of fiber (2), and for the presence of the
-galactosidase (lacZ) transgene (4) and for the absence of
wild type Ad in virus stocks [by the absence of a PCR
product specific for early region 1 (3)]. (C) PCR analysis of
recombinant adenovirus DNA. Primers specific for the
sequences were annealed to purified Ad DNA for Adlac or
HBE-Adlac. The products and primers used are numbered as
in panel B.
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Fig. 2. Trimer formation by fiber expressing constructs.
Boiled (B) and unboiled (U) lysates from cells infected with
either AdLac or HPE-AdLac were separated by size and
blotted, as described in ‘Materials and Methods’. The blot
was developed with mAb against the fiber, 4D2.5. The
positions expected for monomers and trimers are indicated
with arrows. Monomer and trimer forms of the fiber in HBE
-AdLac are slightly larger in molecular mass, due to the
presence of the linker and HRGPB EGF-like domain.

Heregulin (HRGs)> she] 321078 481 mRNA
splicing®ll &J3l TSt isoforme] WHEo{Zth EE HRG
isoform< EGF-like domaing 2Zal Qle=td] o] Feuto=z
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A systemS 12FFATE In vitro binding systemS ©]&
3}o] ErbB receptor2} EGFE X313 2] NRG-1 isotype®ll
= EGF-like domain?+e] A¢eS 43 ddo] A74d%
o w2 ErbB3 receptoro] i3] HRGBS EGF domain©]
7P sl Adtshe Ao= weHtk12, 13).
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2% 0 F ErbB3 receptor?} Z38hs ACZ 4#Z HRGP
9] EGF-like domain % 53702] ©o}v|:=2HHRGP2] amino
acid 17758 229)9F2 fiberol] FEAZHTE HEE Fibers
71 AxgoHmntolg 2] FHAHY 85 FH4517] 9
&)l reporter gene®.E PB-galactosidaseE A= AZ3old)
cHlo]e]2 HPE-AdLacg AZSIHLE o] nlojg]2=E F-9)
Eo]Z primerE ©|83 PCRE ZAFS}9S W, HRGP
EGF-like domain®] F-2}=]o] ofE fiberRth 7|7} & WA
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oftiznlo] s ]I TA fibere trimer 725 FAJSHH
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AdLac HBE-AdLac
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Fig. 3. Virus mediated transduction of f-galctosidase in
various cancer cells detected by X-gal staining. Cells
infected with AdLac or HBE-AdLac in a 24 well plate were
stained with X-gal and images were captured on Axioskop
microscope (Carl Zeiss, Germany). Expression of B-galcto-
sidase was shown in dark stained cells. MOIs used in this
experiment were 50 for 293, 5000 for MCF7, and 1000 for
LN319, U373MG, OVCAR3, SKOV3, respectively. Scale
bars, 25 pm.
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Fig. 4. Virus-mediated transduction of [-galactosidase
activity into various cancer cells measured by enzyme assay.
Cells were infected with AdLac or HBE-AdLac at MOI
indicated as pfu. -Galactosidase activity measured by enzyme
assay and enzyme activities are expressed as miliunits
according to manufacturer’s instruction (Promega, USA).
Data shown represent the average of three independent
experiments.
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Fig. 5. Relative amounts of ErbB2 and ErbB3 receptors as
determined by Western blotting. Same amounts of total
proteins (30 pg) from each cell line were used for the
analysis as described in ‘Materials and Methods’.
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