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Dendritic cells (DC) are professional antigen-presenting cells with a key function in the immune system as initiators
of T-cell responses against microbial pathogens and tumors. Therefore, the immunization using DC loaded with tumor-
associated antigens is potential to represent a powerful method of inducing anti-tumor immunity. Recent studies have
demonstrated the usefulness of DC genetically modified by adenovirus vectors (Ad) to immunotherapy, while sufficient
gene transduction into DC is required for high doses of Ad. Entry of Ad into target cells occurs by serial two steps: the
binding of Ad-fiber knob to Coxsackie-adenovirus receptor (CAR) on the cell surface, and the subsequent interaction
between Arg-Gly-Asp (RGD) motif located in Ad-penton base and «-integrins. The reverse transcription-polymerase
chain reaction analysis revealed that the relative resistance of DC to Ad-mediated gene transfer was due to the absence of
CAR expression, and that DC expressed adequate oy-integrins. Therefore, we investigated whether fiber-mutant Ad
(FM-Ad) containing the RGD sequence in the fiber knob can efficiently transduce and express high levels of the foreign
gene into DC. The gene delivery by FM-Ad was more efficient than that by conventional Ad in both murine DC lines and
normal human DC. Furthermore, both antigen presentations via major histocompatibility complex class I molecules and
in vivo antigen-specific cytotoxic T lymphocyte induction by DC transduced with antigen gene by FM-Ad were superior
to those by DC applied with conventional Ad. We propose that o,-integrin-targeted FM-Ad is a very powerful tool to im-
plement DC-based vaccination strategies.
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Fig. 1. Control of T Cell-Dependent Immunity by DC
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Antigens are captured by immature DC in peripheral tissues and processed to form MHC-peptide complexes. As a consequence of antigen deposition and in-
flammation, DC begin to mature, expressing large amounts of MHC-peptides complexes on their surface. Additionally, they up-regulate co-stimulatory molecules
and migrate to regional lymphoid tissues where they prime and activate antigen-specific T cells.
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Fig. 2. Schematic Gene Transduction Mechanism of Ad
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Fig. 3. RT-PCR Analysis of CAR, ay-Integrin, f;-Integrin, and fs-Integrin in Murine and Human DC

Total RNA was prepared from 3 murine DC lines (DC2.4, FSDC and XS52), 3 murine tumor cell lines, normal human DC (NHDC), human aortic endothelial

cells (HAEC) and 4 human cell lines, and then RT-PCR was performed. To control the quality of the procedure, RT-PCR was performed on the samples using

specific primers for S-actin.
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i, ZO—HOEMICHE S, DC O AdERLRTEA
WS 2P, Ad ORIFENEAICBREE SN
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I-Ceul L Pleseel v, e
TR SN\
E1() E3() . .
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Fig. 4. Schematic Representation of Ad

Construction procedure of Ad-LacZ, Ad-OVA, Ad-RGD-LacZ and Ad-RGD-OVA has been reported.'#!” ITR: inverted terminal repeat, CMV:

cytomegalovirus promoter, P (A): bovine growth hormone polyadenylation signal.
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Fig. 5. Comparison of f-Gal Activity in Murine DC Lines Transduced with Ad-LacZ and Ad-RGD-LacZ
DC lines were transduced with Ad-LacZ (O) or Ad-RGD-LacZ (@) at 250, 1000, or 4000 vector particles/cell for 1.5 h. Two days later, 8-gal activity was
measured using a chemiluminescent f-gal assay. All data are presented as means +SE of three experiments.
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Fig. 6. The Ability of Ad-RGD-LacZ to Transfer and Express LacZ Genes into NHDC

NHDC were infected with Ad-LacZ or Ad-RGD-LacZ for 1.5 h. After 2 days of culture at 37°C, the cells were washed, fixed, and stained with X-gal to detect
LacZ expression, and cells were observed under phase-contrast microscopy. (A): X-gal staining of NHDC infected with 8000 vector particles/cells of Ad-LacZ
(left) or Ad-RGD-LacZ (right) . (B): LacZ gene-transduction of NHDC infected with indicated vector particles/cell of Ad-LacZ (open column) or Ad-RGD-LacZ
(closed column) was expressed as X-gal staining (%) calculated using the following formula: X-gal staining (%) = (number of X-gal staining cells per field) / (num-
ber of total cells per field) X 100. Data are presented as means +SD of 5 fields. (C): NHDC were infected with indicated vector particles/cell of Ad-LacZ (O) or
Ad-RGD-LacZ (@) for 1.5 h. Two days later, B-gal activity was measured by chemiluminescent S-gal assay. Data are presented as means + SE of three experiments.
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Fig. 7. Antigen Presentation on MHC Class I Molecules by
DC2.4 Cells Infected with Ad-OVA and Ad-RGD-OVA

DC2.4 cells were transduced with Ad-OVA (O) or Ad-RGD-OVA (@)
at 250, 1000, or 4000 vector particles/cell for 1.5 h. Two days later, cells were
co-cultured with specific T-T hybridoma against OVA+ H-2K®, CD8-OVA
1.3 cells, at 37°C for 20 h. The response of stimulated CD8-OVA 1.3 cells was
assessed by determining IL-2 released into an aliquot of culture medium us-
ing murine IL-2 ELISA. Each point represents the mean+SE of three in-
dependent cultures.

RRBIIKMEINZDDLEEZZ SN

Z Z T RIZ, 4000 vector particles / cell @ Ad-
RGD-OVA KT} Ad-OVA %X &7 DC2.4 flifig
Z, RURITENGE (1X106 cells/mouse) 3 5
ZLTHEIND OVA FFEM CTL Jn % & i L
7z (Fig. 8). ®¥E T HHBOX T XM S EILL 7= i
MifE Z in vitro HiE BRI TSI LITXKD T T 27
& —HilaZME L, europium (Eu) release assay %
f1ole&ZAh, OVARNS AT IR THSD
E.G7-OVA ffifaz ¥ —7 v MR & L 7= BT,
Ad-OVA & DC2.4 fliflel e & ik L C, Ad-
RGD-OVA &%t DC2.4 M fd R # IZB W TR DR
Nlss =7y MO GENRD SN —H,
Ad-RGD-LacZ (a1 > bBO—)L X7 & —) Y
DC2.4 #ifid & % 113 intact DC2.4 flifid 2 %% L /=
B TIZ E.GT-OVA il 0 fFIIRD 5 e, £,
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OVA-Specific CTL Responses in Mice Immunized with Ad-OVA-Infected or Ad-RGD-OVA-Infected DC2.4 Cells

C57BL/6 mice were immunized by intradermal injection with 1X 106 DC2.4 cells transduced by Ad-OVA (O), Ad-RGD-OVA (@) or Ad-RGD-LacZ (M) at
4000 vector particles/cell. Similarly, intact DC2.4 cells ((0) were injected into mice intradermally. One week later, mice were sacrificed, their spleens removed and
splenocytes were prepared. After in vitro restimulation with E.G7-OVA cells for 5 days, effector cells were incubated with Eu-labeled target cells (E.G7-OVA cells or
EL4 cells) at 37°C for 4 h. The specific lysis of target cells was determined by using the following formula; Specific lysis (%) = [ (experimental Eu-release) - (spon-
taneous Eu-release) ]/ [ (maximum Eu-release) - (spontaneous Eu-release) ] X 100. Spontaneous release in the absence of effector cells was <10% of maximum

release by detergent. Each point represents the mean +SE of 3—5 mice.

OVA X7 F K% MHC class I 5) 7 FIZfERL T
ISWEL4A il a4 —~7 bl & UBRICX, &
DI HAGEER ISR S N> 7z, PO
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BT RUZES1-0DITEHED Ad BB EEEN
Ad I2& % DC O G E N H 7z /sf@R & LT
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