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Exploration of Target Molecules for Prostate
Cancer GeneTherapy

Kazuhiro Suzuki,? Kiminori Nakamura,! Kazunori Kato,’
Hirofumi Hamada,' and Taiji Tsukamoto?*

'Department of Molecular Medicine, Sapporo Medical University School of Medicine, Sapporo, Japan

2Department of Urology, Sapporo Medical University School of Medicine, Sapporo, Japan

BACKGROUND. Focusing on Adv-FZ33, a modified adenovirus in which a synthetic 33-
amino-acid immunoglobulin G-binding domain was inserted into the adenoviral fiber protein,
- we tried to identify suitable target molecules for prostate cancer-specific gene therapy.

METHODS. Hybridomas were established from mice immunized with prostate cancer cell
lines. The hybridomas were screened using Adv-FZ33 to create monoclonal antibodies (mAbs)
that induced high gene transfer efficiency for PC-3 cells. Furthermore, we identified target
antigens of the mAbs by immunoprecipitation and mass spectrometry, and investigated the
expression of target molecules by flow cytometry and immunocytochemistry.

RESULTS. Using Adv-FZ33, we established four different mouse mAbs that increased
transduction efficiency for PC-3. The target antigens identified were Ep-CAM, CD155, HAI-1,
and NaK-ATPase B1. These antigens were expressed in several cancer cell lines, including
prostate cancer. Human prostatic myofibroblast cells lacked expression of Ep-CAM and HAI-1.
CONCLUSIONS. We established anti-Ep-CAM mAb and anti- HAI-1 mAbs. Gene transduc-
tion via Ep-CAM and HAI-1 may be a novel strategy for treatment of prostate cancer. Prostate 67:

1163-1173,2007. ¢ 2007 Wiley-Liss, Inc.
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INTRODUCTION

Prostate cancer is the most common cancer in
the West and the second leading cause of
male cancer-related death [1]. Advanced androgen-
insensitive prostate cancer exhibits little or no response
to conventional therapies [2]. Thus, gene therapy is
anticipated as an alternative treatment for this type of
disease [3].

Adenoviral vectors are commonly used in gene
therapy. This is due to their ability to produce high
titers and infect various cell types [4]. Genes are
transferred to target cells via the Coxsackie adenovirus
receptor (CAR), which is a cell-surface receptor
required for adenovirus attachment [5]. However,
because CAR is widely expressed on normal cells, its
lack of specificity is still an obstacle for its clinical
application in cancer-gene therapy. In this context, we
focused on the function of fiber Z33 type adenovirus
(Adv-FZ33). This adenovirus has a synthetic 33-amino-

© 2007 Wiley-Liss, Inc.

gene therapy; modified adenovirus vector; prostate cancer; monoclonal

acid immunoglobulin G (IgG)-binding domain (Z33)
derived from staphylococcal protein A inserted into the
virus having fiber protein [6]. This modified fiber binds
IgG with high affinity and allows an antibody to
redirect the vector to a new target molecule on the cell
surface.

In this study, we established hybridomas from mice
splenocytes immunized with prostate cancer cell lines.
Then we selected from them monoclonal antibodies
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(mAbs) that increased transduction efficiency by
bridging Adv-FZ33 with prostate cancer.

MATERIALS AND METHODS
Cell Lines

We used human prostate cancer cell lines (PC-3,
LNCaP, and DU145), a human renal cell carcinoma cell
line (Caki-1), a bladder cancer cell line (T24), an ovarian
cancer cell line (SKOV-3), normal dermal fibroblasts
(PDF), normal prostate myofibroblasts (PrMFB),
human embryonic kidney cells (293 T), and mouse
myeloma (P3U1). These cell lines were purchased from
American Type Culture collection (Manassas, VA).
PrMFB was established in our department [7]. Cells
were cultured in RPMI-1640 supplemented with 10%
fetal calf serum, 1% non-essential amino acids, 1 mm
sodium pyruvate, and 1% streptomycin/penicillin
solution.

Adenoviral Vectors

We generated adenoviral vectors containing the
IgG-binding Z33 motif from Staphylococcal protein A
at the Hl-loop of the adenovirus type 5 (Ad5) fiber
knob, and designated it Adv-FZ33 (represented in
Fig. 1A). Details of Adv-FZ33 construction were
described in a previous study (8].

Production and Screening of Hybridomas

Screening protocol for targeting mAbs is repre-
sented in Figure 1C. A Balb/c mouse was injected
intraperitoneally with a mixture of PC-3, LNCaP, and
DU145 cells (total: 2 x 10°) every 14 days. Three days
after the 5th injection, the mouse was sacrificed and
1x 10® mouse splenocytes were fused with 2 x 107
P3U1 cells using polyethylene glycol (PEG). When
hybridomas grew to about 50% confluence, culture
supernatants were tested for antibody activity. PC-3
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Fig. I. Schematic representation of Adv-FZ33 and procedure for the establishment of cancer-targeting antibodies. A: Z33-modified Ad5
fiber A synthetic 33 -aminoacid lgG-binding domain (Z33), derived from staphylococcal protein A, wasinsertedinto the Hlloop of knob protein.
B: Targeting with Adv-FZ33 Adv-FZ33 binds immunoglobulins and allows an antibody to redirect the vector to a new target molecule on the
cell surface. Our Adv-FZ 33 had intact CAR-binding structure and retained CAR-binding ability. C: Methods for establishment of novel cancer-
targeting antibodies using Adv LacZ-FZ33. (a) Immunization with prostate cancer cell lines. (b) Cell fusion with PEG method. (c) Screening and
limiting dilution. {d) Establishment of monoclonal antibody. (e) Identification ofantigen by immunoprecipitation and SDS—~PAGE. (f) Detection of

molecule by mass spectorometry.
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cells were prepared in 96-well microplates. After the
removal of the culture medium, supernatants were
added to each well and incubated for 1 hr at 4°C, after
which supernatants were removed and microplates
were washed with PBS. Adv-FZ33 inserted LacZ
reporter gene (Adv LacZ -FZ33) prepared in FBS-
free RPMI-1640 at a multiplicity of infection (MOI) of
1,000 vp/cell was added to each well and incubated for
1 hr at 4°C. Then microplates were washed twice with
PBS and incubated at 37°C in a 5% CO, incubator.
Twenty-four hours after infection, chemiluminescent
B-Gal reporter gene assays (Roche Diagnostics,
Mannheim, Germany) were performed according to
the company’s recommendations. Hybridomas that
showed high B-Gal activity were picked through first
and second screenings and cloned by twice limiting
dilution. These hybridomas were injected into nude
mice intraperitoneally. The mouse monoclonal anti-
body was purified from ascites of nude mice using
protein G sepharose beads (Amersham Bioscience,
Uppsala, Sweden). A commercial kit (Roche Diagnos-
tics) was used to detect the isotypes of antibodies.

ldentification of Target Molecules

Immunoprecipitation of biotinylated protein and
detection of molecular weight. First, 2 x 10° PC-3

cells were prepared and the cell surface was biotiny--

lated (PIERCE, Rockford, IL). Membranes were solu-
bilized on ice for 30 min in 1 ml of buffer containing 1%
NP40, 50 mM Tris-HCl, pH 7.6, 150 mM NaCl,
and protease inhibitor cocktail (Roche Diagnostics).
Samples were cleared of nuclear fragments by centri-
fugation for 20 min at 15,000g at 4°C, then mixed with
protein G sepharose beads and incubated for 2 hr at
4°C, after which the beads were centrifuged to remove
non-specifically bound proteins. Five pg of the mAbs
established in this study and control mouse IgG
(eBioscience, San Diego, CA) were added to the
supernatant of each sample and allowed to incubate
for 2 hr at 4°C. The immunocomplexes were precipi-
tated by addition of protein G sepharose beads to each
sample and incubated for 2 hr at 4°C. The supernatant
was discarded and the beads were washed six times
with solubilization buffer. Inmunocomplexes binding
with beads were boiled for 5 min in 20pl of SDS sample
buffer containing 5% 2-mercaptethanol. Samples were
separated using 5-20% gradient polyacrylamide gels
{BioRad, Hercules, CA) and transferred onto nitrocel-
lulose membranes (Millipore, MA). After blocking with
5% milk in TBS consisting of 10 mM Tris-HCl (pH 7.5),
150 mM sodium chioride, and 0.05% Tween-20, the
membranes were incubated for 1 hr at room tempera-
ture with avidin-horseradish peroxidase (dilution
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1:2,000; Amersham Bioscience, Buckinghamshire,

~ England). Detection was carried out by enhanced

chemiluminescence (Amersham Bioscience) according
to the manufacturer’s instructions.

Silver stain and mass spectrometry. For this proce-
dure, 1 x 10° PC-3 cells were solubilized in 40 ml of
buffer as described above. After the removal of nuclear
fragments by centrifugation, samples were mixed with
protein G sepharose beads and incubated overnight at

'4°C to remove non-specifically bound proteins. Five

micrograms of the mAbs established in this study and
control 'mlgGl were added to the supernatant of
each sample and allowed to incubate for 2 hr at 4°C.
The immunocomplex was precipitated by addition
of protein G sepharose beads to each sample and
incubated for 2 hr at 4°C. Samples were separated by
SDS~PAGE as described above. The polyacrylamide
gel was stained using a Silver Stain kit (Wako Pure
Chemical Industries, Ltd, Osaka, Japan) according to
the company’s recommendations. Specifically stained
protein bands were extracted from the gel, digested by
trypsin, and analyzed by oMALDI-Qq-TOF MS/MS
QSTAR Pulsari (Applied Biosystems Japan Ltd, Tokyo,
Japan).

Confirmation of results of mass spectrometry. The
cDNAs of target molecules identified by mass spectro-
metry were synthesized by reverse transcription or
obtained from Open Biosystems, Inc. (Huntsville, AL).
Some cDNAs were ligated into the expression vector
with pTarget vector (Promega, Madison, WI) or
pcDNA3.1(+) vector (Invitrogen, Carlsbad, CA).
c¢DNA was transfected into 293 T cells or CHO cells
using Lipofect AMINE Plus reagent (Invitrogen).
Forty-eight hours after transfection, transfected cells
were washed and then suspended in staining medium
(2% FBS/PBS) containing saturating amounts of
mAbs established in this study and negative control
IgG1l (MOPC-21, BD PharMingen, San Diego, CA) as
controls. The reactivity of each mAb was analyzed by
flow cytometry using a FACS-Calibur® (Becton Dick-
inson, San Jose, CA).

Transduction Efficiency in PC-3

Flow cytometric analysis. To examine transduction
efficiency using Adv-FZ33 with established mAbs, PC-
3 cells were prepared in six-well plates at the
concentration of 1x 10° cells/well. After removal of
the culture medium, FBS-free RPMI-1640 containing
the mAbs created in this study at a concentration of
2 pg/ml was added to each well and incubated for 1 hr
at4°C. Adv-FZ33 inserted the DNA fragment encoding



