166 Suzuki et al.

the enhanced green fluorescence protein (Adv EGFP -
FZ33) prepared in FBS-free RPMI-1640 at the MOI of
1,000 vp/cell was added to each well and incubated
for 1 hr at 4°C. Then the wells were washed twice with
PBS and incubated at 37°C in a 5% CO, incubator.
Twenty-four hours after infection, cells were collected
‘and their transduction efficiencies were analyzed by
flow cytometry using a FACS-Calibur®

Chemiluminescent B-Gal reporter gene assay. PC-3
cells were prepared in 96-well plates at the concentra-
tion of 5 x 10® cells/well and divided into five groups
by the concentration of the mAbs and control IgG1, that
is0.001,0.01,0.1,1.0,and 10 pg/ml. After removal of the
culture medium, 50 pl of FBS-free RPMI-1640 at the
concentrations of the mAb described above was added
to each well and incubated 1 hr at 4°C. Medium was
removed and microplates were washed with PBS. Fifty
microliters of Adv LacZ-FZ33 at MOI of 1,000 vp/cell
prepared in FBS-free RPMI-1640 was added to each
well and incubated for 1 hrat4°C. The microplates were
then washed twice with PBS and incubated at 37°Cin a
5% CO, incubator. Twenty-four hours after infection,
chemiluminescent B-Gal reporter gene assays were
performed. Furthermore, we compared transduction
efficiency of Adv-FZ33 with wild type adenovirus
(Ad5). The concentration of virus was divided into
30, 100, 300, 1,000, 3,000, and 10,000 vp/cell. The
concentration of mAb and control IgG1 was 1 ug/ml.

Distribution of Target Antigens

Flow cytometric analysis. The reactivity of the mAbs
with human cell lines (PC-3, LNCaP, DU145, Caki-1,
T24, SKOV-3, PDF, and PrMFB) was analyzed by flow
cytometry. Cells in the logarithmic growth phase were
tripsinized and washed. A cell pellet containing 1 x 10°
cells was suspended in staining medium (2% FBS/PBS)
containing 2 pg of mAb or isotype control IgG as
controls for 60 min at 4°C in the dark. After three
rinses with PBS, cells were incubated with a fluorescein
isothiocyanate (FITC)-conjugated rabbit anti-mouse Ig
antibody (diluted 1:100) (TAGO, Inc., Burlingame, CA)
for 45 min at 4°C. The cell suspension obtained was
washed three times with PBS and then analyzed by
flow cytometry.

Immunohistochemistry. Study specimens of 30 pa-
tients were selected from the clinical pathology
archives of the Sapporo Medical University Hospital.
They included 30 specimens consisting of 13 needle-
core biopsies, 14 prostatectomies, and 3 cystoprosta-
tectomies obtained between 2001 and 2002. All H&E-
stained slides were reviewed and the respective
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diagnoses were confirmed. All of these specimens
included prostatic adenocarcinoma (22 patients with
Gleason scores of 5~8, and 8 with Gleason scores of 9).

Immunohistochemistry with mAbs created in
this study was performed on 5-um thick, formalin-
fixed paraffin-embedded tissue sections mounted on
poly L-lysine-coated slides. The concentration of the
mADb as the primary antibody was 5 pg/ml. Details of
immunohistochemistry methods were described in a
previous study [9].

RESULTS

Establishment of Hybridomas and Mouse
Monoclonal Antibodies

Cell fusions done three times produced hybridoma
colonies in 2,500 wells. We cloned the hybridomas from
wells with high B-Gal activity by limiting dilution,
because the B-Gal activity of each well reflected the
transfection efficiency into PC-3 cells via the antigen
recognized by the antibodies secreted from the hybri-
doma. We thereby established hybridomas secreting
mADb 1B7, 2H7, 6F8, and 9B10. Isotypes of mAb 1B7,
2H7, and 6F8 were determined to be IgG1 kappa and,
for mAb 9B10, IgG2a kappa.

Identification of mAbs IB7, 2H7, 6F8,
and 9B10 Antigens

Biotinylated proteins were detected at 40 kDa by
immunoprecipitation using mAb 1B7 (Fig. 2A). Silver
stain detected the same proteins. The epithelial cell
adhesion molecule (Ep-CAM) was detected by mass
spectrometry (Fig. 2B,C). ¢<DNA of Ep-CAM was
transfected into 293 T cells. Flow cytometry revealed
that mAb 1B7 reacted with transfectants expressing
Ep-CAM (Fig. 2D). We therefore concluded that the
antigen recognized by mAb 1B7 was Ep-CAM.

In immunoprecipitation using mAb 2H7, an 80 kDa
protein was detected (Fig. 3A). The protein was
identified as poliovirus receptor (CD155) by mass
spectrometry (Fig. 3B,C). cDNA of human CD155 was
transfected into CHO cells and mAb 2H7 reacted with
cells expressing CD155 (Fig. 3D).

In immunoprecipitation using mAb 6F8, 110, and
50 kDa biotinylated proteins were detected (Fig. 4A).
The 110 kDa silver-stained protein, which was sharper
than the 50 kDa band, was extracted and analyzed
by mass spectrometry (Fig. 4B,C). The protein was
identified as Na,K-ATPase f1. We obtained the cDNAs
of human Na,K-ATPase a1, Na,K-ATPase a2, Na, K-
ATPase a3, Na,K-ATPase o4 transcript variant 2, Na,
K-ATPase p1, Na,K-ATPase f2, and Na,K-ATPase $3 to
determine the antigens. Each cDNA was transfected
into CHO cells and it was found that mAb6F8 reacted
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with cDNA of CDIS5. mAb 2H7 reacted only with CHO cells transfected with cDNA of



1168 Suzuki et al.
A C
immunoprecipitation Silver Stain
6F8
«rs 3
. 5" 1104D @ —uno
‘ [_J
. W souwD -
] - i
L]
B

Matched peptdes

shown m Bald .

I MGKGVGRDXY EPAAVSEQGD KKGKKGKKDR DMDELKKEVS MDDHKLSLDE
St LHRKYGTDLS RGLTSARAAE ILARDGPNAL TPPPTTPEW] KFCRQLFGGF !
10] SMLLWIGAIL CFLAYSIQAA TEEEPQNDNL YLGVYLSAVV UTGCFSYYQ .
151 EAKSSKIMES FKNM VPQQAL VIRNGEXMSI NAEEVVVGDL VEVKGGDRIP |
201 ADLRIISANG CKVDNSSLYG ESEPQTRSPD FINENPLETR NIAFFSTNCY |
251 EGTARGIVVY TCDRTVMGRI ATLASGLEGG QTPIAAEIEH FIHIITGVAV !
301 FLGVSFFILS LILEYTWLEA VIFLIGIIVA NVPEGLLATV TVCLTLTAKR :
3351 MARKNCLVKN LEAVETLGST STICSCKTGT LTQNRMTVAH MWFDNQIHEA !
401 DTTENQSGVS FDKTSATWLA LSRIAGLCNR AVFQANQENL PILKRAVAGD
43) ASESALLKC] ELCCGSVKEM RERYAKIVE] PINSTNKYQL SIHKNPNTSE K
501 PQHLLVMKGA PERILDRCSS ILLHGKEQPL DEELKDAFQN AYLELGGLGE

351 RVLGFCHLFL PDEQFPEGFQ FOTDDVNFPI DNLCFVGLIS MIDPPRAAVP f
60) DAVGKCRSAG IKVIMVTGDH PITAKAIAKG VGIISECNEY VEDIAARLNI H
651 PYSQVNPRDA KACVVHGSDL KDMTSEQLDD ILKYHTEIVF ARTSPQQKLI |
701 IVEGOQRQGA [VAVTGDGVN DSPALKKADI GVAMGIAGSD VSKQAADMIL
751 LDDNFASIVT GVEEGRLIFD NLKKSIAYTL TSNIPEITPF LIFIIANIPL

801 PLGTVTILCI DLGTDMVPAI SLAYEQAESD IMKRQPRNPK TDKLVNERL!

8351 SMAYGQIGM! QALGGFFTYF VILAENGFLP IHLLGLRVDW DDRWINDVED

901§

951 NKILIFGLFE ETALAAFLSY CPGMGVALRM YPLKPTWWFC AFPYSLLIFV
1001 YDEVRKLIIR RRPGGWVEKE TYY

i
RKIVEFTCHT AFFVSIVVVQ WADLVICKTR RNSVFQQGMK g
i

= CHO mock+6F8
—— CHO Na/K ATPase 8 1+6F8
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only with the transfectant expressing the Na,K-ATPase
B1 subunit (Fig. 4D). We therefore concluded that the
antigen recognized by mAb 6E3 was Na,K-ATPase pl.

In immunoprecipitation using mAb 9B10, a 55 kDa
protein was detected (Fig. 5A). The protein was
identified as HAI-1 by mass spectrometry (Fig. 5B,C).
cDNA of human hepatocyte growth factor activator
inhibitor type 1 (HAI-1) transcript variant 2 and HAI-1
transcript variant 3 were obtained. Each ¢cDNA was
transfected into CHO cells. mAb 9B10 reacted with
each transfectant (Fig. 5D). Therefore, we concluded
that mAb 9B10 recognized HAI-1.

Transfection Efficiency Into PC-3 With mAbs
and Adv-FZ33

Flow cytometric analysis. Transfection efficiency was
evaluated with various mAbs. Cells transfected using
AdVEGFP-FZ33 together with mAb 1B7, 2H7, 6F8, and
9B10 showed enhanced expression EGFP compared
with those together with mouse IgG1 (Fig. 6A).

Chemiluminescent B-Gal reporter gene assay. f-Gal
activity in mAb 1B7, 2H7, and 6F8 at the concentration
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1.0 pg/ml showed about 70-fold enhancement compared
with control mouse IgGl. In mAb 9B10, transfection
efficiency showed about 10-fold enhancement (Fig. 6B).
Adv LacZ-FZ33 with mAb 6F8 showed significantly high
expression of B-Gal compared with wild type—fiber
adenovirus with or without mAb (Fig. 6C).

Distribution of Target Antigens

Expression in several cell lines. We examined the
reactivities of mAb 1B7, 2H7, 6F8, and 9B10 with cancer
and non-cancer cell lines by flow cytometry. mAb 2H7
and 6F8 reacted strongly with all cell lines (Fig. 7B,C).
mAD 1B7 reacted with all cancer cell lines but not with
PrMFB and PDF (Fig. 7A). mAb 9B10 did not react with
SKOV-3, PrMFB, or PDF (Fig. 7D).

Histologic findings on the specimens. All of the
prostate cancer cells (Fig. 8A,C) and most of the
normal epithelial cells (Fig. 8B) showed strong immu-
noreactivity for mAb 1B7 in all the samples. Some of the
normal epithelial cells (Fig. 8C,D) and all of the stromal
cells (Fig. 8A-D) showed negative staining. No
samples were stained with the other three mAbs.
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DISCUSSION

Volspers et al. [6] constructed a Z33-modified
adenovirus vector and reported that the transduction
efficiency of this modified vector in epidermal growth
factor receptor (EGFR)-expressing cells was strongly
and dose-dependently enhanced by combination with
an EGFR-specific monoclonal antibody. They sug-
gested that antibody-mediated targeting of the Z33-
modified adenovirus vector could be applied for
directed gene transfer to a wide variety of cell types
by simply changing the target-specific antibody.
Tanaka et al. [8] evaluated, both in vitro and in
vivo, the extent of retargeting toward and therapeutic
effectiveness against carcinoembryonic antigen (CEA)-
positive gastric cancers when using the fully
human CEA antibody complex with Adv-FZ33. They
generated Ax3CAUP-FZ33 (UP-FZ33), an Adv-
FZ33 derivative vector expressing a therapeutic gene
(Escherichia coli uracil phosphoribosyltransferase) that
converted 5-fluorouracil (5-FU) directly to 5-fluoro-
UMP. UP-FZ33 with the anti-CEA mAb enhanced
the cytotoxicity of 5-FU by 10.5-fold in terms of the

ICso against a CEA-positive gastric cancer cell line
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compared with control IgG4. In a nude mouse
peritoneal dissemination model, tumor growth in mice
treated by UP-FZ33 premixed with the anti-CEA mAb
was significantly suppressed, and the median survival
time was significantly longer than in the control group.

Surface antigens may be a viable target for antibody-
mediated gene therapy. Although, PSA is a clinically
important biomarker in prostate cancer [10,11], PSA is
not a surface antigen [12]. Although, prostate-specific
membrane antigen (PSMA) [13] is a type II membrane
antigen, the PSMA expression pattern is not fully
restricted to the prostate [14,15]. Therefore, we inves-
tigated target molecules amenable to gene therapy with
Adv-FZ33. In this study, we immunized mice with
three human cell lines that were androgen-indepen-
dent (PC-3 and DUI145) or androgen-dependent
(LNCaP) [16], for generating various types of mouse
mAbs. We have performed to screening the target
antibodies using human prostate cancer cell line PC-3.
Although, our Adv-FZ33 has intact CAR-binding
structure and retains CAR-binding ability, CAR pro-
tein is downregulated in the highly tumorigenic PC-3
cell line [17] and the transduction efficiency of
adenovirus is quit low (Fig. 6). Furthermore, PC-3 does
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not stained. Stromal cells are not stained in each sample.

notexpress PSMA. The first aim of this study is to target
adenovirus to resistant cell line PC-3.

We purified four different mAbs and confirmed high
transduction efficiency by flow cytometry and chemi-
luminescent B-Gal reporter gene assay. The target
molecules of mAbs 1B7, 2H7, 6F8, and 9B10 were
Ep-CAM, CD155, Na,K-ATPase 1, and HAI-1, respec-
tively. CD155 and Na,K-ATPase $1 found to be widely
expressed by flow cytometric analysis are inappropri-
ate molecules for tumor targeting. The anti-Ep-CAM
antibody mAb 1B7 and anti-HAI-1 antibody mAb 2H7
showed reactivity with cancer cell lines other than
fibroblast cell lines. We could not find reactivity with
prostate cancer samples for mAb 2H7, 6F8, or 9B10.
These mAbs may be unsuitable for staining of samples
fixed in formalin. In mAb 1B7, we found that Ep-CAM
expression on prostate cancer cells was stronger
than on normal epithelial cells, but not significantly.
In 1979, Ep-CAM was discovered in a search for novel
cell surface antigens expressed on neoplastic tissue
[18). Ep-CAM is known to be expressed on the
basolateral cell surfaces of selected normal epithelia
and many carcinomas [19-22}. Of particular interest,
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overexpression of Ep-CAM has been reported in
prostate cancer [21,23]. Clinical trials of mAbs directed
against Ep-CAM for immunologic therapy have been
conducted in patients with colon cancer [24]. Recently,
clinical phase I study with anti-Ep-CAM humanized
IgG1 have been performed in patients with hormone
refractory prostate cancer by Oberneder et al. [25].
Heideman et al. [26] showed that Ep-CAM targeted
vectors using bispecific antibodies against the adeno-
virus fiber-knob protein, and Ep-CAM may be useful
for gastric and esophageal cancer-specific gene ther-
apy. HAI-1 is a novel Kunitz-type serine protease
inhibitor first reported in 1997 [27]. Although, HAI-1 is
broadly expressed in epithelial cells of most human
tissues [28,29], Knudsen et al. [30] reported that its
expression was significantly increased in localized
prostate cancer and was present in most prostate
cancer metastases compared to normal prostate glands.
Furthermore, HAI-1 overexpression in prostate cancer

~ was predictive of prostate-specific antigen recurrence.

Nagakawa et al. [31] demonstrated that significantly
increased serum levels of HAI-1 were detected in
patients with prostate cancer, indicating that HAI-1
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would be a potential tumor marker for prostate cancer.
Ep-CAM and HAI-1 overexpressed in prostate
cancer may be potential targets for prostate cancer
gene therapy with Adv-FZ33, although therapeutic
effectiveness must be evaluated as well. In future
clinical application, we would like to use Adv-FZ33
premixed with prostate cancer targeting mAb prior to
injection. This method seems to be more practical for
administration systemically.

In addition to mAb 1B7 and 9B10, we may be able to
establish new prostate cancer-specific mAbs through
the hybridoma screening system that was designed in
this study. Previously, Lampe et al. [32] performed
fusions 25 times and developed three mAb directed
against prostate associated antigens that might identify
potential new therapeutic targets through screening of
circa 25,000-50,000 hybridomas. We evaluated only
2,500 wells through three fusions and identified
potential four target molecules. Overall, this approach
of inductive method using FZ33 fiber-modified adeno-
virus is reliable strategy for screening useful mAbs that
recognize target molecules in prostate cancer gene
therapy as well as antibody therapy and diagnosis.

CONCLUSIONS

We established hybridoma from mice immunized
with prostate cancer cell lines and selected anti-
Ep-CAM mAb and anti-HAI-1 mAbs. Using
Adv-FZ33, these mAbs increased transduction
efficiency to prostate cancer cells. Gene transduction
via Ep-CAM and HAI-1 may be a novel strategy for
treatment of prostate cancer.
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Gene transfer of CD40-ligand to dendritic cells
stimulates interferon-y production to induce growth
arrest and apoptosis of tumor cells
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In this study, we present evidence that gene transfer of the
CD40-ligand (CD154) into human immature dendritic cells
(DC) imparts direct antitumor effects on tumor cells. DC
infected with adenovirus directed to express human CD154
on the cell surface (CD154-DC) elicited significantly higher
fevels of immune accessory molecules commonly found on
mature DC. We found that co-cullivation with a human
squamous cell carcinoma cell line (OSC-70) with CD154-DC
significantly inhibited cell growth. We further demonstrate
that OSC-70 cells stimulated with CD154-DC were more
susceptible to apoptosis via TNF-related apoptosis inducing
ligand (TRAIL). Importantly, tumor cells co-cultured with
CD154-DC in transwell plates expressed upregulated cell

surface TRAIL-R2. CD154-DC produced higher levels of
interferon (IFN)-;, IL-12p70 and soluble CD154, but the
ability of CD154-DC to inhibit tumor cell growth was
significantly abrogated by a neutralizing antibody to IFN-;,
indicating that this was mainly mediated by IFN-;. Further-
more, intratumoral injection of CD154-DC significantly
suppressed OSC-70 tumor growth in a xenograft model.
Overall, these results reveal that CD154-DC have potential
as an anti-cancer therapy by producing IFN-; to arrest
adjacent tumor cell growth and increase the susceptibility of
apoptosis via TRAIL.

Gene Therapy (2008) 15. 203-213; doi:10.1038/j.g1.3303056;
published online 8 November 2007
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Introduction

Dendritic cells (DC) are the most potent of antigen
presenting cells and play a central role in the induction of
the innate immune response. It is well known that DC
show an important role for tumor elimination followed
by the activation of cytotoxic T cells (CTL)." In addition to
the generation of tumor-specific CTL, recent studies have
shown that DC have a direct antitumor effect and
activate the innate immune system. In one report, human
monocytes and DC stimulated with interferon (IFN)-x or
~ [FN-7 produced cytotoxic effects on tumor cells through
the TRAIL pathway.** Another study demonstrated that
human monocyte-derived DC stimulated with CD154
induced tumor necrosis factor (TNF)-a production that,
in part, mediated the cytotoxic effects on tumor cells.?
Finally, it was reported that IFN-y-stimulated DC or
soluble factors secreted from lipopolysaccharide (LPS)-
stimulated DC inhibited tumor cell growth.® While much
evidence clearly defines an important role for DC in
eliminating tumor cells, the mechanisms behind these
. direct antitumor effects are not entirely clear.
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Activation of DC for the subsequent induction of
antigen-specific T-cell responses and cytokine production
requires CD40 ligation. However, DC in various matura-
tion stages can produce cytokines in response to different
stimuli. CD154-stimulated DC can secrete high amounts
of interleukin-12 (IL-12), which is essential for the
activation of T cells and natural killer (NK) cells by DC.*
Precursor DC have the ability to produce type 1 [FNs,™®
ard those activated by viral infection can produce higher
amounts that activate NK cells and macrophages. Further,
murine macrophages and lymphoid DC stimulated with
IL-12 or 1L-18 have been shown to produce IFN-y**
While IFN-y can regulate some apoptotic events and was
shown recently to be a major modulator of death inducing
stimuli such as TRAIL, there are no reports that CD154-
stimulated DC can produce IFNs.

In the present study, we evaluated the antitumor
effects of DCs transduced with the human CD154 gene
(CD154-DC) on a co-cultured human squamous cell
carcinoma cell line, OSC-70. In buth mixed co-cultures
and transwell co-cultures, tumor cell growth was
suppressed. Further, cell death was induced strongly
by TRAIL without direct contact by CD154-DC. We have
demonstrated that signiticantly higher amounts of IFN-y
were produced in culture supernatants of CD134-DC,
and it was critical factor for CD154-DC-mediated tumor
growth suppression. Consequently, antitumor therapeu-
tic potential of CD154-DC was investigated.
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Results

Phenotypic alterations of dendritic cells transduced
with CD154

Adenovirus-infected DC were evaluated for the
expression of various DC-lymphocyte co-stimulatory
molecules by flow cytometry and by morpho-
logic changes via photomicroscopy. In contrast to
immature (im-DC) or DC transduced with lacZ

(LacZ-DC), DC transduced with CD154 (CD154-DC)
expressed high levels of CD154 as a transgene following
CD80, CD83 and CD86 as DC maturation/activation
markers (Figure 1a). CD154-DC strongly attached to the
culture dish and were altered in morphology with
respect to spindle shape and dendritic shape (Figure
Ib). These data indicate that adenovirus encoding
human CD154 is effective in inducing DC maturation
and activation.

A CD154 CDBO CcD83 CD86
100 100 100 - 100
% 4 @ 88 P 7 00 91
. 60 60 60 60
im-DC © o © ©
20 20 20 2
[ 0 0 ¢ ‘
10° 10" 1P 10" 100 10° 10° 102 103 104  40° 10° 16! 10% 10+  10° 10 107 100 1
100 100 100 100 4
80 41 a0 94 | 8 | o 109
Lacz-DC 6o &0 60
40 4 40 a0
20 20 20 20
(] 0 0 0
100 100 102 10° 10¢ 10° 10' 107 10° 105 100 10° 102 109 10¢  10° 10" 107 0% 10¢
100 100 100 100
& 606 ® 404 @ 46 " 471
60 €0 0
cp1s4-pc %
40 40 40 40
20 20 20 20
0 0 ] 01
10° 10° 107 10" 100 10° 10' 10° 10° 10¢ 107 10! 10: 10’ 10« 107 10' 10° 10° 10¢

—— Fluorescence Intensity —p

0 A

SEV 3N G

B w Ry e Cu-rA

Figure 1 Pherotypic and morphologic changes of human dendritic cells (DC) infected with Adv-CD154. Immature dendritic cells derived
from PBMC from a healthy donor were infected with either AXCARCDI54-F/RGD or AxCAZ3-F/RGD (control vector). (A) Surface

expression of CD154, CD80, CD83 and CD86 on dendritic cells 48 h post-adenovirus infection by flow cytometry.

histograms rcpresent

staining with anti-human IgG negative control mAb. Oblique-lined histograms represent staining with FITC-or PE-conjugated specific mAb,
respectively. The number in each panel represents the mean fluorascence intensity ratio. One of data in three independent experiments was
represented. (B) Optical (a, b) and electron (¢, d) photomicrographs of dendritic cells 48 h post-adenovirus encoding LacZ (left) or CD154

(right) infection.
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CD154-DC suppressed the tumor cell growth

To investigate whether CD154-DC exhibited direct
antitumor effects, we assessed the growth of co-cultured
human oral squamous cell carcinoma, OSC-70 cells.
OSC-70 cells were co-cultured with CD154-DC at several
DC vs tumor cell ratios. As controls, OSC-70 cells were
also co-cultured with LacZ-DC or DC treated with TNF-a
(INFx-DQ). In contrast to TNFx-DC (76.3+1.3%) or
LacZ-DC (82.0 £ 2.6%), CD154-DC (2 x 10°) significantly
suppressed the growth of OSC-70 cells to 50.6 +1.2%
(Figure 2a, n=3, P<0.05). Furthermore, the low DC to
OSC-70 ratio of 1:8 was still effective in suppressing
tumor growth in vitro.

To determine whether the growth inhibitory effect by
CD154-DC was caused through DC-tumor cell inter-
action, OSC-70 cells were co-cultured with DC in a dual-
chamber transwell plate separated by a 0.4-pm pore size
semi-permeable membrane. As shown in Figure 2b, the
cell growth of OSC-70 cells co-cultured with CD154-DC
(2x 10°) in a transwell plate were suppressed to similar
levels as the mixed co-cultivation (51.4+1.5%, n=3,
P<0.05). These results indicate that the tumor growth
inhibitory effect induced by CD154-DC could be caused
by soluble factors secreted from DC and that it was
independent of DC-tumor cell contact.

CD154-DC upregulated the TRAIL susceptibility of
tumor cells

To investigate whether CD154-DC can alter the suscept-
ibility to apoptosis inducing stimuli on co-cultured
tumor cells, we analyzed the TRAIL-mediated apoptosis
of tumor cells following co-cultivation with CD154-DC.
We first examined the viability of CD154-DC co-cultured
OSC-70 cells after treatment with recombinant TRAIL.
As shown in Figure 3a, the viability of OSC-70 cells co-
cultured with CD154-DC compared to LacZ-DC was
significantly decreased after treatment with recombinant
TRAIL in a dose-dependent manner (n = 3, P<0.05 for all
concentrations of TRAIL used).

To assess another indicator of apoptosis, we next
examined DNA fragmentation of CD154-DC co-cultured
OSC-70 cells using the Br-dUTP uptake assay. The
percentage of cells containing fragmented DNA after
treatment with recombinant TRAIL following co-cultiva-
tion with CD154-DC was increased 10-fold as compared
to controls (Figure 3b).

CD154-DC induced surface antigen molecules on
tumor cells
Expression levels of TRAIL-R1 (DR4) and TRAIL-R2
(DR5) are important to induce TRAIL-mediated apopto-
sis.’>** Previous reports showed that increasing DR5
gene expression can increase TRAIL-induced apopto-
sis.!®™'” Thus, we examined whether CD154-DC can
increase levels of apoptosis by inducing death receptors
such as TRAIL-R1, TRAIL-R2 and Fas. OSC-70 cells
co~cultured with CD154-DC were evaluated for the
expression of TRAIL-R1, TRAIL-R2 and Fas. In contrast
to OSC-70 cells co-cultured with LacZ-DC, OSC-70 cells
co-cultured with CD154-DC expressed high levels of
TRAIL-R2 (Figure 4).

Human leukocyte antigen (HLA)-class 1, HLA-class II
and intercellular adhesion molecule 1 are necessary for
recognition of tumor cells by immune effector cells.’®%
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Figure 2 Assessment of growth of OSC-70 cells co-cultured with
CD154-dendritic cells (DC). OSC-70 cells (1 x 10%) were co-cultured
with CD1534-DC at several DC/tumor ratios in a 12-well culture
plate (a) or a 12-well transwell culture plate (b) for 48 h. As controls,
OSC-70 cells were also co-cultured with LacZ-DC or DC treated
with tumor necrosis factor (TNF)-x (100 ng ml~*) (INFz-DC). A
total of 48h after co-cultivation, DC were discarded, and the
viability of the adherent OSC-70 cells were measured by the WST-1
cell proliferation assay system. Mean values +s.d. from triplicate
determinations are shown. One of data in tvo independent
experiments was represented.

Downregulation of these molecules was a frequent event
observed in several tumors.®* To investigate whether
the phenotype of the tumor cells could be altered
following co-cultivation with CD154-DC, we measured
surface levels of immune co-stimulatory molecules.
Following co-cultivation with CD154-DC in transwell
plates, HLA-class I, HLA-class Il and CD54 levels
expressed on OSC-70 cells were evaluated by flow
cytometry. In contrast to controls, OSC-70 cells co-
cultured with CD154-DC expressed high levels of
HLA-class 1 and CD54 (Figure 4). Importantly, HLA-
class Il expression on OSC-70 cells, which is normally
very low, was highly induced by co-cultivation with
CD154-DC.

CD154-DC, but not LPS- or TNFx-DC, induced growth
suppression of tumor cells

It has been shown that molecules in the TNF family or
ligands of Toll-like receptors contribute to the maturation
and activation of DC. We next examined the induction of
growth suppression of OSC-70 by DCs with various
stimuli. Compared with immature DC, the addition of
TNF-u or LPS could upregulate the expression of CD80
as a maturation/activation marker of DC (MFI CD80: 58
vs 134 and 402: Figure 5a). Adenovirus-mediated gene
transfer of lacZ did not induce DC maturation, whereas
CD154 could upregulate the CD80 expression (MFI
CD80: 60 vs 293). indicating that DC stimulated with
LPS (LPS-DC) could express significantly higher levels of
CD80 than those stimulated with TNF-x or CD154. It is
important that growth suppression of tumor cells were
strongly induced only by CD154-DC but not by im-DC,
TNFa-DC or LacZ-DC (Figure 5b). In contrast to the
phenotypic changes in DC, LPS-DC could inhibit tumor
growth moderately. Conceivably, signal transduction

Gene Therapy
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Figure 3 TNF-related apoptosis inducing ligand (TRAIL)-
mediated cell death of OSC-70 cells co-cultured with CD154-
dendritic cells (DC). (a) Cell viability of OSC-70 cells treated with
recombinant TRAIL following co-cultivation with CD154-DC. OSC-
70 cells were co-cultured with either LacZ-DC or CD154-DC in a
dual-membrane transwell plate. A total of 48 h after co-cultivation,
OSC-70 cells were collected and seeded into 96-well plates at
1.5 x 10* cells. After 24 h, OSC-70 cells were treated with increasing
concentrations (625, 12.5, 25, 50 and 100 ng ml ") of recombinant
TRAIL. A total of 48 h after TRAIL treatment, the viability of OSC-
70 cells were measured by the WST-1 cell proliferation assay system.
Mean values ts.d. from triplicate determinations are shown. (b)
The DNA fragmentation of OSC-70 cells treated with recombinant
TRALIL following co-cultivation with CD154-DC. A total of 48 h after
co-cultivation, OSC-70 cells were collected and replated onto a
60 mm dish. After 24 h, OSC-70 cells were treated with recombinant
TRAIL (125 ng mi~'). A total of 24 h after TRAIL treatment, DNA
fragments in apoptotic cells were detected using the APO-BRDU
kit. The x axis represents the propidium iodide-related fluorescence
and the y axis represents the Br-dUTP-related fluorescence. FITC-
BrdU positive cells in uppur left and right regions indicate apoptotic
cells with fragmented DNA. The percentage of apoptotic cells with
fragmented DNA is shown in each panel.

mediated by CD134 or LPS in DC might be distinct
between phenotypic alterations in immune response and
cytostatic activity against tumors.

IFN-; produced by CD154-DC mediated the growth

suppression and TRAIL susceptibility of tumor cells

Recently, the susceptibility to TRAIL was shown to be
induced by [FN-y.>** Stimulation with CD154 has also
been shown to increase TNF-x- or FasL-mediated
apoptosis of CD40-expressing tumor cells*** Since
OSC-70 cells express CD40 (Tomihara et al., unpublished
observation), this may be a possible mechanism for the
enhancement of TRAIL-mediated apoptosis. Thus, from
cultures, we measured [FN-y, IL-12p70 and soluble
CD154 levels by ELISA. As shown in Figure 6, the [FN-y
concentration was 11-fold higher in CD154-DC super-
natants (18.38 +0.73 ng per 10° cells per 48 h) than in
LacZ-DC supernatants (1.67 £ 0.03 ng per 10® cells per
48 h). CD154 levels were 13-fold higher in CD154-DC
supernatants (9.65+0.41 ng per 10° cells per 48h) as

Gene Therapy

compared to the control (0.71 £0.54 ng per 107 cells per
48 h). Similarly, CD154-DC could produce large amount
of 1L-12p70 in the culture supernatant (2.22 £ 0.34 ng per
10* cells per 48 h). These data led us to believe that
CD154-DC-secreted IFN-y, 1L-12p70 or soluble CD134
might be responsible for augmentation of TRAIL-
induced apoptosis in the tumor cells co-cultured with
CD154-DC.

To evaluate the contribution of these cytokines in
tumor growth arrest and TRAIL susceptibility, we
examined the growth of OSC-70 cells co-cultured with
CD154-DC in the presence or absence of a neutralizing
antibody to IFN-v (anti-IFN-y Ab) or CD154 (anti-CD154
Ab). Anti-IFN-y Ab, but not anti-CD154 Ab blocked
CD154-DC-induced growth suppression of OSC-70 cells
(data not shown). We next examined the TRAIL
susceptibility of OSC-70 cells co-cultured with CD154-
DC in the presence or absence of an anti-IFN-y Ab or an
anti-CD154 Ab. Anti-IFN-y Ab blocked the TRAIL-
induced cell death of CD154-DC co-cultured OSC-70
cells partially, but significantly at all TRAIL concentra-
tions tested (Figure 7a) (n=3, P<0.05 for all concentra-
tions of TRAIL). In contrast, anti-CD154 Ab had no effect
on TRAIL-induced cell death of CD154-DC co-cultured
OSC-70 cells (Figure 7b).

We then examined whether cytostatic activity of
CD154-DC could be replaced by the addition of
recombinant human [FN-7 (thIFN-7). As represented in
Figure 7c, growth inhibition of OSC-70 cells with 25% of
CD154-DC supernatant containing IFN-y at 2750 pg mi~'
was definitely observed (34.7% vs control culture). In
contrast, the addition of cqual amounts of rhiIFN-y
(2750 pg ml~") to medium or LacZ-DC supernatants
partially inhibited tumor cell growth (65.1 or 75.3% vs
control culture), indicating that additional rhIFN-y did
not fully take the place of CD154-DC. In addition to
above results, the upregulation of TRAIL susceptibility
by co-cultivation with CD154-DC were also observed in
CD40-negative tumor cells (data not shown). In pre-
liminary data. we found that immunostimulatory cyto-
kine 11.-12p70 could not induce the tumor growth arrest
and phenotypic alterations. Collectively, these results
suggest that CD154-DC-derived [FN-y but not soluble
CD154 nor IL-12p70, at least in part. mediates CD154-
DC-mediated tumor growth suppression and suscept-
ibility of apoptosis via TRAIL.

JAK-STAT signaling is an important pathway in the
induction of several pro-apoptotic effects by [FNs. 2%
Morcover, sensitivity to TRAIL-induced apoptosis in
tumor cells was regulated by altering the levels of TRAIL
receptors,'>'" and of anti-apoptotic molecules such as
Fas-associated death domain-like interleukin-1B-convert-
ing enzyme (FLICE) inhibitor protein (FLIPY' or
death-associated protein-3 (DAP3).** Post-translational
modification of anti-apoptotic molecules such as Akt also
contribute to TRAIL-induced apoptosis.®*3¢ To investi-
gate whether expression levels of molecules relating to
TRAIL-mediated apoptosis were affected when OSC-70
cells were co~cultured with CD154-DC, we performed
western blot analvses of STAT-1, Akt, Ser473-phosphory-
lated Akt, ¢cFLIP and DAP3. As shown in Figure 7D,
upregulation of STAT-1 and downregulation of Akt
phosphorylation were observed in OSC-70 cells follow-
ing co-cultivation with CD134-DC. The neutralizing
anti-IFN-y Ab attenuated these changes. No remarkable
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Figure 4 Expression of TNF-related apoptosis inducing ligand (TRAIL)-receptors and co-stimulatory molecules on OSC-70 cells co-cultured
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respectively. Their expression levels were quantified via flow cytumetry. Open histograms represent staining of OSC-70 cells with anti-human
1gG negative control mAb. Oblique-lined histograms represent staining of OSC-70 cells with FITC- or PF-conjugated mAb. The number in
each pane] represents the mean fluorescence intensity ratio. One of data in three independent experiments was represented.
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Figure 5 Dendritic cells (DC) activation and tumor growth suppression by various stimulation. (a) Phenotypic alteration of DC stimulated
with tumer necrosis factor (TNF)-a (100 ng mi-"), lipopolysaccharide (LPS) (1 pg mi~") or transfected with adenovirus vector encoding LacZ
or CDI154 at 1000 pt per cell for 48 h. Surface expression of CD80 on DC was measured by flow cytometry. Mean fluorescence Intensity values
of each DC are indicated. (b} Growth suppression of O5C-70 cells cultured with various DCs. 0SC-70 cells (2 x 10°) were co-cultured with
immature-DC (im-DC), TNF2-DC, LPS-DC, LacZ-DC or CD154-DC at a DC/tumor ratio of 1:1in a 12-well transwell culture plate. A total of
48} after co-cultivation, the viabilitv of OSC-70 cells were determined by the WST-1 cell proliferation assay system. One of data in two
independent experiments was represented.

changes in protein expression of cFLIP or DAP3 were  upon IFN-y secretion by CD13¢-DC may mediate
observed. These results suggest that upregulation of  TRAIL-induced apoptosis of tumor cells co-cultured
STAT-1 and downregulation of Akt phosphorylation  with CD154-DC.
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Figure 6 Cytokine production by CD154-dendritic cells (DC).
Immature dendritic cells derived from PBMC from a healthy donor
were infected with Adv-CD154 or Adv-LacZ. After 48 h post-
infection interferon (IFN)-y (a), soluble CD154 (b} and IL-12p70
{c) concentrations in supernatants of 2 x 10° dendritic cells per mi
were determined by ELISA. In addition to Adv-infected-DC,
supernatants of DC treated with recombinant tumor necrosis factor
(TNPF)-2 (100 ng mi~*) or CD154 (100 ng ml-*) were also measured.
One of data in two independent experiments was represented.
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In vivo efficacy of CD154-DC to treat established oral
squamous cell carcinoma xenograft

Based on the biological activity of CD154-DC in vitro, we
evaluated the antitumor efficacy of CD154-DC treatment
in OSC-70 xenografts. Athymic nude mice bearing
subcutaneously (s.c.) OSC-70 were injected intratumor
for once a week three times with CD154-DC, LacZ-DC or
phosphate-buffered saline (PBS) and tumor growth was
monitored for up to 30 days after the initial treatment.
There was no significant effect on growth kinetics in
tumors treated with LacZ-DC compared with control
mice. In contrast to no therapeutic effect of LacZ-DC. a
potent antitumor effect of CD154-DC became apparent 5
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days after treatment, and this effect was sustained over
the treatment (Figure 8). However, all mice treated with
CD154-DC exhibited tumor regrowth after second or
third treatment. Student’s !-test analysis of the data of
tumor volume (day 30) and tumor weight (day 35)
revealed that the difference betwcen the CD154-DC-
injected and LacZ-DC-injected groups were significant
(P<0.05). Collectively, these results indicated that
CD154-DC exhibit potent antitumor property against
tumor xenograft.

Discussion

Several reports have shown that adenovirus-mediated
murine CD154 gene transduction to DC induce anti-
tumor effect following generation of tumor-specific
C'n_.37,38

In the present study, we developed the modified
adenovirus vectors encoding human CD154 gene to
enable the superior gene transduction efficiency against
DC and demonstrated that adenovirus-mediated trans-
duction of the human CD154 gene to DC imparts a direct
antitumor effect. By co-culturing in a transwell plate, we
demonstrated that DC transduced with the CD154 gene
(CD154-DC) suppressed growth of tumor cells without
cell-to-cell contact. In addition to inhibiting tumor cell
growth, TRAIL-mediated apoptosis was strongly in-
duced in tumor cells following co-cultivation with
CD154-DC. These results suggest that these cytostatic
and cytotoxic effects toward tumor cells could be caused
by soluble factors secreted bfy CD154-DC. DC are major
producers of IFNs. Virally intected CD11c~ precursor DC
release type 1 IFNs.”® It has also been reported that
murine lvmphoid DC stimulated with IL-12 or IL-18 can
release [FN-v."'" However, there is no report that human
DC can produce this cytokine. In the present study, we
have shown that CD154 transduction of human DC by
adenovirus vectors can cause secretion of [FN-y. In
addition, stimulation with recombinant CD154, TNF-x or
LPS did not increase production of IFN-y and not inhibit
tumor cell growth. These results suggest that it is
important to stably express CD154 on cell membranes
by gene transduction to stimulate DC IFN-y production.

Recently, it was recognized that IFNs are major
modulators of death inducing stimuli such as FasL or
TRAIL. It was reported that a combination of TRAIL
receptor agonists and IFN-y treatment could induce
apoptosis of TRAIL resistant tumor cells.®® As shown in
our data (Figure 6), CD154-DC secreted higher amounts
of IFN-y compared with LacZ-DC. We also demonstrated
that TRAIL-mediated cell death of OSC-70 cells follow-
ing co-cultivation with CD154-DC was attenuated by
blocking IFN-y with a specific antibody. IFNs are also
known to exert several pro-apoptotic effects through the
JAK-STAT signaling pathway.® More recently, it was
found that type 1 IFNs stimulation induced a STAT-1-
dependent TRAIL-mediated death signaling pathway.>
In accordance with this data. we demonstrated that
expression of STAT-1 protein was increased in OSC-70
cells following co-cultivation with CD154-DC. Further,
this increase could be attenuated by blocking IFN-y
with a specific antibody. These data suggest that
TRAIL-induced apoptosis of OSC-70 cells following
co-cultivation with CD154-DC could be upregulated by
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Figure 7 Contribution of interferon (IFN)-y produced by CDi154-dendritic cells (DC) in tumor growth suppression and TNF-related
apoptosis inducing ligand (TRAIL) susceptibility. (2, b) OSC-70 cells were co-cultured with either LacZ-DC or CD154-DC in a 12-well
transwell culture plate in the presence or absence of a neutralizing antibody to IFN-y (a) or to CD154 (b) at 10 pg mi~". A total of 48 h after co-
cultivation, OSC-70 cells were replated into 96-well plates. A total of 24 h after replating, OSC-70 cells were treated with recombinant TRAIL
(12,5, 25 and 50 ng mi~*) for 48 h and then the viability were determined by the WST-1 cell proliferation assay system. One of data in two
independent experiments was represented. (¢} OSC-70 cells (1 x 10*) were co-cultured without or with 20% of supernatants derived from
LacZ-DC or CD154-DC in a 96-well transwell culture plate. In addition to LacZ-DC supernatant or medium, recombinant human IFN-y
(2750 pg mI~*) was added into cultures. A total of 48 h after co-cultivation, the viability of O5C-70 cells were determined by the WST-1 cell
proliferation assay system. (d) mmunoblot analysis of STAT-1, Akt phosphorylation, cFLIP and DAP3 proteins in OSC-70 cells co-cultured with
CD154-DC. Proteins were extracted from OSC-70 cells 48 h after co-cultivation with either LacZ-DC or CD154-DC. When co-cultivated with

CD154-DC, OSC-70 cells were cultured in the presence or absence of a neutralizing antibody to IFN-y.

CD154-DC-derived IFN-y. However, the addition of
equal amounts of recombinant IFN-y to LacZ-DC super-
natants was not fully replaced in the tumor cell growth
arrest induced by CD154-DC (Figure 7c). These data
indicate that CD154-DC may produce other candidate
factors for modulating tumor cell growth. We measured
the levels of two other potential contributors. First, type 1
IFNs (a2b and B) were undetectable in supernatants of
both LacZ-DC and CD154-DC cultures. The second
potential contributor, CD154, however, was increased in
the culture supernatant of CD154-DC (Figure 6). In
support of this notion, stimulation of CD40 positive
tumor cells with CD154 suppressed tumor growth,
increased chemotherapy sensitivity and enhanced apop-
tosis by apoptosis inducing stimuli such as TNF-x or
FasL.”# While the CD154 detected in the culture

supernatant may be a soluble form (sCD154) cleaved
from CD154-DC, it is not clear whether it has the same
functional activity as recombinant CD15¢ or as cells
expressing CD154 on their surfaces. However. OSC-70
cells express CD40, this may be a possible mechanism for
the enhancement of TRAIL-mediated apoptosis. How-
ever, as shown in our data, upregulation of TRAIL
susceptibility of OSC-70 cells following co-cultivation
with CD154-DC could not be attenuated by using a
neutralizing antibody to CD154 (Figure 7b). In addition,
CD154-DC also induced TRAIL susceptibility on CD40-
negative tumor cells (data not shown). Thus, it is
unlikely that sCD154 contributes to the TRAIL suscept-
ibility of tumor cells. Immunostimulatory cytokine
IL-12p70 was abundantly produced by CD154-DC
compared with TNF2-DC or LPS-DC; however, we
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Figure 8 Tumor growth suppression by CD154-dendritic cells
(DQC) in established OSC-70 xenograft model. OSC-70 tumors
(1 x10?) were inoculated s.c. into athymic mice. After 4 days,
tumor-bearing mice were randomized into three groups as
indicated. Intratumoral injection of phosphate-buffered saline
(PBS), LacZ-DC or CD154-DC (5 x 10° per mouse) was performed
once a week as shown as an arrow. Diameters of tumor nodules
were measured and calculated as tumor volume. Data of tumor
volume (day 30) and weights (day 35) represent the mean £ s.d. of
five mice in each group. Asterisk () indicates significantly
difference (P<0.05, Student’s t-test) between CD154-DC- and
LacZ-DC-treated groups.

observed that 1L-12p70 could not induce phenotypic
changes nor growth arrest of OSC-70. Further studies are
required to determine whether the unknown factors
secreted by CD154-DC contribute to the direct growth
arrest and TRAIL susceptibility of tumor cells.

Several molecules have been reported to correlate with

TRAIL suscceptibility. FLIP is recognized to be one of
these proteins. It was reported that high expression of
FLIP correlated to TRAIL-resistant melanomas.> More
recently, it was reported that DAP3, a GTP-binding
protein that binds directly to the death domain of TRAIL
receptors, is required for TRAIL-induced apoptosis.
DAP3 also associates with the pro-caspase-8 binding
adapter protein Fas-associated death domain (FADD)
and links FADD to the TRAIL receptors DR4 and DR5.*
Resistance to TRAIL-mediated apoptosis has been
attributed to differential expression of TRAIL receptors
(DRs).”>" OSC-70 cells following co-cultivation with
CD154-DC upregulated TRAIL-R2 expression. However,
western blot analysis for ¢FLIP and DAP3 rcvealed
no remarkable changes in expression levels following
co-cultivation with CD154-DC. Thus, the secretion of
soluble factors by CD154-DC did not affect the expres-
sion of these proteins in OSC-70 cells. Further study is
needed in order to shed light on the mechanism
involved. Other possibilities include a change in the
phosphorylation state or intracellular localization of
these molecules and /or the involvement of anti-apopto-
tic molecules other than those already studied. In
addition to alterations of these molecules, constitutive
phosphorylation of Akt may contribute to the resistance
of TRAIL-induced cell death. Akt is a Ser/Thr protein
kinase activated in many cancers. It has been reported
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that activation of Akt promotes tumor ccll growth,
inhibition of apoptosis and drug resistance.”*? Several
cancer cells with high levels of Akt activity were resistant
to TRAIL-induced apoptosis.>** As shown in our data
(Figure 7d), OSC-70 cells co-cultured with CD154-DC
downregulated Akt phosphorylation. Therefore, disrup-
tion of Akt signaling may be an effective way to treat
many cancers. .

In this study, we have demonstrated that human DC
infected with Adv-CD134 (CD154-DC) suppressed tu-
mor cell growth and enhanced TRAIL susceptibility.
As expected, CD154-DC exhibited potent antitumor
property in OSC-70-bearing mice. We also observed a
therapeutic effect of CD154-DC against human renal
carcinoma ACHN xenograft (data not shown). Consid-
ered together, CD154-DC could be a useful tool for
cancer therapy; however, it would probably be most
effective in combination with recombinant TRAIL or an
agonistic monoclonal antibody specific for TRAIL recep-
tors. A candidate source for TRAIL is the naturally
occurring amount found on the cell surface of immune
effector cells such as CTL and NK. Our results indicate
that CD154-DC produce a large amount of IL-12, which
is also a potent soluble factor to activate T helper-1, CTL
and NK cells. In addition, high levels of IFN-y were
reproducibly secreted by CD154-DC. Smyth et al.*!
previously demonstrated that TRAIL induction on NK
cells plays a critical role in IFN-y-mediated anti-
metastatic effects of [L-12. We also found that culturing
the NK cells with CD154-DC significantly induced the
expression of TRAIL on the cell surface (unpublished
results). We are now investigating the antitumor effect of
NK cells expressing TRAIL in combination with CD154L-
DC in vitro and in vive. In conclusion. DC transfected
with stable CD154 may be more efficient at inducing
both direct cytostatic and apoptosis-inducing effects
toward tumor cells as well as indirect inmune responses
mediated by NK and CTLs. The next step of our research
is to verify the antitumor efficacy in immunocompetent
animal model. Thus, this approach may be a viable
immune gene therapy for cancer patients.

Materials and methods

Preparation of DC

Human peripheral blood mononuclear cells were
donated from healthy donors. In brief, non-adherent
cells were depleted, and adherent cells were cultured in
complete RPMI-1640 medium (containing 1 mM sodium
pyruvate, antibiotics and 10% fetal calf serum (FCS)
supplemented with recombinant human granulocyte
macrophage-colony stimulating factor and 1L-4 (Osteo-
genetics GmbH, Wucerzburg, Germany) at a concentra-
tion of 50 ng ml~* for 7 days.

Tumor cells

The human oral squamous cell carcinoma cell line.
OSC-70, established from a metastatic oral squamous
carcinoma as described previously** was maintained in
complete RPMI-1640 medium.

Culture experiments
To co-cultivate OSC-70 cells with DC. we used a dual-
chamber transwell plate separated by a 0.4-pm pore size



semi-permeable membranc (12-well plate, Corning Inc,,
Coming, NY, USA).

Adenovirus

All the recombinant adenoviral vectors used in this study
were based on the El- and [3-deleted scrotvpe 5
adenovirus with a modified fiber F/RGD, harboring an
integrin-binding RCD-motif within the HI loop of its
knob protein.** In the first step, a 14896-bp EcoRI
fragment (including the right side of the adenoviral
genome) of pWEAxXxKM-F/RCD** was joined with a
24 505-bp EcoRI fragment (including the left side of the
adenoviral genome) of pLy,* generating the cosmid
vector pWEAx-F/RGD.

Human CD154 ¢<DNA was cloned by RT-PCR using
total RNA extracted from activated human T cells of
healthy donors. The human CD154 primer sequences
were: Forward, 5-CGG AAT TCA GCA TGA TCG AAA
CAT ACA ACC AAA C-3' Reverse, 5-CGG GAT CCT
CAG AGT TTG AGT AAG CCA AAG GAC G-3".

The human CD154 ¢DNA was inserted between the
EcoRl and Bglll sites in the pCAcc vector, and the
resulting plasmid was designated pCAhRCD154. Then,
pCAhCDl:>4 was digested with Clal, and the CD154
expression unit was inserted into the Clal site of pWEAx-
F/RGD, resulting in the cosmid vectors pWEAx-
CAhCDI134-F/RGD. To generate recombinant adeno-
virus, Pac l-digested cosmid was transfected into 293
cells with Lipofectamine2000 reagent (Invitrogen, Carls-
bad, CA, USA). Resulting plaques were isolated, and
they were cvaluated by restriction enzyme digestion of
the viral genome. Similarly, AxCAZ3-F/RGD that carried
IncZ as a reporter gene was generated. The resulting
adenoviral vectors, AXCAhRCD154-F/RGD (Adv-CD154)
and AxCAZ3-F/RGD (Adv-LacZ) were amplified in 293
cells and purified by cesium chloride ultracentrifuga-
tion.** Purified viruses were dialyzed against PBS
with 10% glycerol and stored at ~70 “C until use. To
determine the viral concentration (particle per mb),
the viral solution was incubated in 0.1% sodium
dodecyl sulfate (SDS) and its absorbance was measured
at Axo** The concentration was defined as pt per
ml = Az x (1.1 x 10'°). Before use, contamination of the
viral stocks with replication-competent viruses was ruled
out by PCR analysis using primers specific for E1A
and E1B.%¥

Adenovirus infection

DC were infected with adenovirus using 1000 pt per cell
to achieve nearly 100% infection cfficiency. After 48 h of
adenovirus infection, DC were cvaluated for maturation
markers by flow cytometry. In all of the assays, DC were
used 48 h post-infection.

Reagents and neutralizing antibodies

Recombinant TNF-» (thTNF-4), [FN-y (rhIFN-y) and
CD154 (rhCD134) proteins were purchased from Pepro-
Tech (London, UK), R&D systems (Minneapolis, MN,
USA) and Alexis Corporation (San Diego, CA, USA),
respectively. Monoclonal antibodies specific for human
IFN-y (anti-IFN-7 Ab) or CD154 (anti-CD154 Ab) were
purchased from BD-PharMingen (San Diego, CA, USA).
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Flow cytometry

Cells were washed and then suspended in staining
media (PBS, 2% FCS, 0.05%. NaN, and 1mgml-!
propidium iodide (P1)) containing saturating amounts
of tluorochrome-conjugated mAbs. After 30 min at 4 °C,
the cells were washed with staining media and analyzed
by flow cytometry using a FACS-Calibur (Becton Dick-
inson, San Jose, CA, USA). Dead cells stalmng with P{
were excluded from the analysis. The relative expression
of surface antigen is described as the mean fluorescence
intensity ratio (mean fluorescence intensity ratio (MFIR)).
MFIR equals the MFI of cells stained with a fluor-
ochrome-conjugated antigen-specitic mAb divided by
the MFI of cells stained with a fluorochrome-conjugated
isotype control mAb. Fluorescein (FITC)-conjugated
mAbs specific for human CD54 were purchased from
Caltag (Burlingame, CA, USA). Fluorescein (FITO)-
conjugated mAb specific for human CD80, CD86,
CD?95, CD154 or HLA-DR, DP, DQ and phycoerythrin
(PE)-conjugated mAb specific for HLA-ABC were
obtained from BD-PharMingen. Fluorescein (FITC)-con-
jugated mAb specific for human TRAIL-R1 (DR4) or
TRAIL-R2 (DR3) were obtained from Alexis. PE-con-
jugated mAb specific for human CD83 was purchased
from Immunities (Marselle, France).

Cytokine ELISA

Supernatants of DC were collected 48 h after infection
with Adv-LacZ or Adv-CD154. Cylokine levels were
measured using ELISA kits specific for IFN-y
(eBioscience, San Diego, CA, USA). IL-12p70 (R&D
systems), CD154, 1FN-2 or IFN-fi (PBL Biomedical
Laboratories, Piscataway, NJ, USA) according to manu-
facturer’s instructions at 450 nm.

Immunoblot analysis

Cells were lysed with 1 xlysis buffer (10 mm Tris-HCl
(pH 7.4), 1% SDS, 1 mm sodium orthovanadate). The
protein content of the supernatants was determined
using the DC protein assay kit (Bio-Rad, Hercules, CA,
USA) according to the manufacturer’s instructions. An
equal volume of 2 x Laemmli buffer was added to the
supernatants and boiled for 5 min. Equal amounts of
protein (30 ug) were separated using 5-20% gradient
polyacrylamide gels and transferred onto nitrocellulose
membranes. After blocking with 5% milk in Tris-buffered
saline 10 mm Tris-HCl (pH 7.5), 150 mm sodium chlo-
ride, 0.05% Tween-20) the membranes were incubated
with primary antibodies for 1 h at room temperature.
Primary antibodies used inciuded mouse anti-human
STAT-1 monoclonal antibody (no. 9176; Cell Signaling
Technology, Beverly, MA, USA), rabbit anti-human Akt
polycional antibody (no 9272; Cell Signaling Techno-
logy), mouse anti-human phospho-Akt (Ser473), or
mouse anti-B-actin monoclonal antibody (no. A-3441;
Sigma, St Louis, CA, USA), rabbit anti-human-FLIPy/$
polyclonal antibody (no. 343006, Calbiochem, Darmstadt,
Germany) or mouse anti-human DAP3 monoclonal
antibody (no. 9176; BD PharMingen, San Diego, CA,
USA). After w ashing, the membranes were incubated for
1h at room temperature with 30pul (per 15ml) of
horseradish peroxidase-conjugated rabbit anti-mouse
IgG+A+M (H+L) (no. 61-6420; Zymed Laboratories,
San Francisco, CA, USA) or donkey anti-rabbit lgG,
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peroxidase-linked  species-specific F(ab’)2 fragment
(Amersham. Little Chalfont, UK). Detection was carried
out by enhanced chemi-luminescence (Amersham)
according to the manufacturer’s instructions.

Assessment of cell viability

Cells were seeded into 96-well plates at 1.5 x 10" cells per
well 1 day prior to the experiment. Cells were treated
with increasing concentrations (6.25, 12.5, 25, 50 and
100 ng mi~") of recombinant TRAIL (R&D). To measure
the viability of adherent cells, tetrazolium salt WST-1
(4-{3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazoliol-1,
3-benzene disulfonate) premix (Takara Bio, Otsu, Shiga.
Japan) was added to each well. The cleavage of WST-1
into formazan by metabolically active cells was mea-
sured by scanning the plates at 450 and 650 nm reference
wavelengths in a microtiter plate reader.

Assessment of apoptosis

OSC-70 cells co-cultured in transwell dishes with DC
were replated onto 60 mm dishes. After 24 h, OSC-70
cells were treated with recombinant human TRAIL at a
concentration of 12.5 ng mi~". After another 24 h, DNA
fragments in apoptotic cells were detected using the
APO-BRDU - kit (BD PharMingen) according to
the manufacturer’s instructions. The kit is a two color
TUNEL assay for labeling DNA breaks by Br-dUTP plus
FITC-anti-BrdU antibody and total cellular DNA by PL.

Xenograft studies

Female athymic KSN-slc nude mice, 6-8 weeks of age,
were purchased from Japan SLC Inc. (Shizuoka, Japan)
and housed at the Sapporo Medical University animal
facility. This animal studies were approved by the
Animal Subject Committee (protocol no. 07-022) and
the Biosafety Committee (approval no. Sapmed-1043) of
the Sapporo Medical University and were performed in
accordance with institutional guidelines.

OSC-70 cells in cultures were trypsinized, washed and
resuspended with PBS. The viable OSC-70 cells (1 x 10%)
were transplanted s.c. into the left flank of the athymic
mice. After 4 days, mice were randomized into the three
%rgups: (1) PBS as control, (2) LacZ-DC and (3) CD154-

(n=5 in each group), and treatment was initiated
(day 0). LacZ-DC or CD154 (5 x 10°) was injected i.t. once
a week for 3 weeks and mice were monitored twice
weekly until day 35. Tumor diameters were scrially
measured with digital calipers, and the tumor
volume was estimated using the following formula:
tumor volume (mm®=(long diameter) x (short dia-
meter)* x 0.4. A total of 39 days after tumor inoculation,

all mice were euthanized and tumor tissues surgically -

obtained were weighed.

Statistical analysis

The statistical significance of the data was analyzed
using a Student’s -test. A P-value of less than 0.05 was
considered to be significant.
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