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Induction of antigen-specific cytotoxic T lymphocytes
by fusion cells generated from allogeneic
plasmacytoid dendritic and tumor cells
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Abstract. Previous work has demonstrated that fusion cells
generated from autologous monocyte-derived dendritic cells
(MoDCs) and whole tumor cells induce efficient antigen-
specific cytotoxic T lymphocytes. A major limitation to the
use of this strategy is the availability of adequate amounts
of autologous tumor cells. Moreover, MoDCs from cancer
patients are often defective in their antigen-processing and
presentation machinery. In this study, two types of allogeneic
cells, a leukemia plasmacytoid dendritic cell (pDC) line
(PMDCO05) and pancreatic cancer cell lines (PANC-1 or MIA
PaCa-2), were fused instead of autologous MoDCs and tumor
cells. We created four types of pDC/tumor fusion cells by
alternating fusion partners and treating with lipopolysaccha-
ride (LPS): i) PMDCO5 fused with PANC-1 (pDC/PANC-1),
ii) PMDCO5 fused with MIA PaCa-2 (pDC/MIA PaCa-2),
iii) LPS-stimulated pDC/PANC-1 (LPS-pDC/PANC-1)
and iv) LPS-stimulated pDC/MIA PaCa-2 (LPS-pDC/MIA
PaCa-2) and examined their antitumor immune responses.
The LPS-pDC/tumor cell fusions were the most active, as
demonstrated by their: i) upregulated expression of HLA-DR
and CDS86 on a per-fusion-cell basis, ii) increased production
of IL-12p70, iii) generation of a higher percentage of IFN-y-
producing CD4* and CD8* T cells and iv) augmented induction
of MUCl-specific CD8* T cells that lyse target tumor cells.
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This study provides the first evidence for an in vitro induction
of antigen-specific cytotoxic T lymphocytes by LPS-stimulated
fusion cells generated from leukemia plasmacytoid DCs and
tumor cells and suggests that this strategy has potential appli-
cability to the field of adoptive immunotherapy.

Introduction

Dendritic cells (DCs) are specialized antigen-presenting cells
(APCs) that play a critical role in the induction of primary
immune responses (1). Therefore, several strategies have been
developed to deliver tumor-associated antigens (TAAs) to
autologous monocyte-derived dendritic cells (MoDCs) for the
induction of efficient antigen-specific cytotoxic T lymphocytes
(CTLs). One of the strategies is the administration of fusion
cells generated from MoDCs and whole tumor cells (2). In
MoDC/tumor fusions, a broad array of TAAs, including known
and unidentified molecules, are delivered to MoDCs, processed,
and presented to CD4* and CD8* T cells in complex with MHC
class I and II molecules and in the context of co-stimulatory
signals (3,4). Moreover, MoDCs and tumor cells can be inde-
pendently subjected to manipulations for the acquisition of
desired characteristics that persist after fusion (4).

A major limitation to the use of MoDC/tumor fusions
is the availability of adequate amounts of autologous tumor
cells, which stems from the limited availability of viable
tumor samples and/or technical difficulties in cancer cell
culture. Moreover, MoDCs from advanced cancer patients
may be defective in their antigen-processing and presentation
machinery due to the presence of tumor-derived immune
suppressive molecules or as a result of chemotherapy (5). To
circumvent all of these issues, allogeneic DC and tumor cell
lines can be used instead of autologous cells. Cell lines that
are well characterized can be massively propagated in vitro
under good manufacturing practice (GMP) standards. Thus,
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unlimited amounts of DC/tumor fusion cells can be readily
available.

As APCs, plasmacytoid DCs (pDCs) have not been used
extensively in cancer vaccines thus far because they are more
difficult to isolate from human blood monocytes and to obtain
in sufficient quantities; however, they are more efficient than
MoDCs in triggering antitumor immune responses (6-8).
Moreover, pDCs differ from MoDCs in many aspects, such as
TLR expression, and are capable of antigen capture, processing
and presentation (9,10). A human leukemia pDC line (PMDCO05)
was recently generated (11,12) and tested for its capacity to
induce effective antigen-specific CTLs upon peptide pulsing
(13,14). However, little is known about whether antigen-specific
CTLs can be induced by pDC/tumor fusion cells.

Here, we show that fusions generated with a pDC line
and a pancreatic cancer cell line expressing MUCI antigens
induce MUCI-specific CTLs in vitro. Moreover, significantly
augmented MUCI-specific CTLs are induced by lipopolysac-
charide (LPS)-stimulated pDC/tumor fusion cells in vitro
compared with unstimulated pDC/tumor fusion cells. By
selecting cancer cell lines that express the same TAAs as
autologous tumor cells, pDC/tumor fusions can be made from
cells that are available in the laboratory, without the use of
any patient or donor materials and avoiding the constraints of
autologous cells.

Materials and methods

Cells and conditioned medium. PANC-1 (MUCI1*, HLA-A2*,
HLA-A24"), MIA PaCa-2 (MUCI*,HLA-A2",HLA-A24"%) and
K562 (MUCI*, HLA-A2, HLA-A24") cells were purchased
from the American Type Culture Collection (ATCC, Manassas,
VA, USA) and maintained in Dulbecco's modified Eagle's
medium (DMEM) supplemented with 100 U/ml penicillin,
100 mg/ml streptomycin and 10% fetal calf serum (FCS) (15).
The leukemic pDC line PMDCO05 was kindly gifted from
Dr Takahashi (Laboratory of Hematology and Oncology,
Graduate School of Health Sciences, Niigata University,
Niigata, Japan). The PMDCOS5 cells were cultured at a cell
concentration of 1x10%ml in Iscove's modified Dulbecco's
medium (IMDM) supplemented with 100 U/ml penicillin,
100 mg/ml streptomycin and 10% FCS.

Fusion of pDCs and tumor cells. We developed four types
of pDC/tumor fusions by alternating fusion cell partners
and treating LPS as follows: PMDCO05 fused with PANC-1
(pDC/PANC-1), PMDCOS5 fused with MIA PaCa-2 (pDC/MIA
PaCa-2), PMDCO5 fused with PANC-1 in the presence of LPS
(LPS-pDC/PANC-1) and PMDCO05 fused with MIA PaCa-2 in
the presence of LPS (LPS-pDC/MIA PaCa-2). Briefly, pancreatic
cancer cells (PANC-1 or MIA PaCa-2) were mixed with pDCs
(PMDCO5) at aratio of 1:1, and fusion cells were generated using
50% polyethylene glycol (PEG) (Sigma-Aldrich, St. Louis, MO)
(3). The fusion cells were maintained in DMEM with or without
0.1 g/ml LPS (Sigma-Aldrich). After 3 days of culture, the fusion
cell preparations were integrated to a single entity and purified
by gentle pipetting (16).

Phenotype analysis. Cells were incubated with FITC-conjugated
monoclonal antibodies (mAbs) against MUC1 (CD227 clone

471

HMPV; BD Pharmingen, San Jose, CA), MHC class I (W6/32),
MHC class II (HLA-DR), B7-1 (CD80), B7-2 (CD86), CD83
(BD Pharmingen), HLA-A2 and HLA-A24 (One Lambda,
Canoga Park, CA) or matched isotype control IgG. The pDC
populations were gated based on their forward- vs. side-scatter
profile and then analyzed for their expression of HLA-ABC,
HLA-DR, CD80, CD86, CD83 and MUCI. For analysis of
dual expression in the fusion cell preparations, the cells were
incubated with a FITC-conjugated mAb against MUC1 and
PE-conjugated mAbs against HLA-DR and CD86. After
the cell aggregates were gated out (16), the fused cells were
identified as MUC1 + HLA-DR* or MUCI + CD86* using a
FACScan flow cytometer (Becton-Dickinson, Mountain View,
CA) and FlowJo analysis software (TreeStar, OR, USA).

T cell stimulation. The study protocol was reviewed and
approved by the ethics committee of the Institutional Review
Board of the Jikei University School of Medicine as well as
the clinical study committee of the Jikei University Kashiwa
Hospital [No. 14-60 (3209)]. Peripheral blood mononuclear
cells (PBMCs) from whole blood (HLA-A2* and HLA-A24%)
were obtained with written informed consent from each
individual. Briefly, PBMCs were prepared by Ficoll density
gradient centrifugation and incubated in tissue culture flasks
at 37°C for 30 min in Roswell Park Memorial Institute (RPMI)
1640 medium supplemented with 1% heat-inactivated auto-
logous serum. After incubation for 60 min at 37°C to allow
for adherence, the non-adherent cells were cultured with
pDC/tumor fusion cells, pDCs or tumor cells. The number of
pDC/tumor fusion cells was determined based on the number
of cells that coexpressed HLA-DR and MUCI in the fusion
cell preparations. Equal numbers of each type of pDC/tumor
fusion cell (HLA-A2" and HLA-A24"%) were cocultured with
the non-adherent PBMCs (HLA-A2" and HLA-A24%) at a
ratio of 1:10 in the absence of recombinant human (rh)IL-2
for 3 days and then purified through nylon wool to remove
the APCs. A low dose of thIL-2 (10 U/ml; Shionogi, Osaka,
Japan) was added on Day 4 and maintained until Day 8. pDCs,
tumor cells and pDCs mixed with tumor cells were used as
controls.

Enzyme-linked immunosorbent assay (ELISA). pDC/tumor
fusion cells (1x10° cells/ml/well) or pDCs (1x10° cells/ml/well)
were cultured for 48 h, and their supernatants were tested for
IL-12p70 and IL-10 expression (R&D Systems, Minneapolis,
MN). The minimum detectable concentration of human
IL-12p70 is typically <0.5 pg/ml.

Proliferation assay. Stimulated T cells were harvested by nylon
wool separation and cultured in 96-well U-bottomed culture
plates at 7x10* cells/well for 1 day. Dye solution was added
to each well and incubated for 4 h according to the protocol
of the Cell Titer 96 Non-radioactive Cell Proliferation Assay
kit (Promega, Madison, WI). For measurement of proliferating
T cells, we used a Microplate Imaging System (Bio-Rad,
Hercules, CA) at an OD of 550 nm.

IFN-y-producing CD4* and CD8* T cells. Stimulated T cells
were harvested by nylon wool separation, and their human
IFN-y production was analyzed using an IFN-y secretion
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assay kit (Miltenyi Biotec, Auburn, CA) according to the
manufacturer's instructions. Briefly, the T cells were incubated
with IFN-y catching reagent for 5 min at 4°C and then cultured
for 45 min. Next, the cells were stained with a PE-conjugated
anti-IFN-y mAb and FITC-conjugated mAbs against CD4 and
CDS8 (BD Pharmingen), washed, fixed with 2% paraformalde-
hyde and analyzed by flow cytometry using FlowJo analysis
software. The T cell populations were gated based on their
forward- vs. side-scatter profile. The CD4* and CD8* T cell
populations were each gated, and then the percentages of
IFN-y-positive CD4* and CD8* T cells among the whole CD4*
and CD8" T cell populations were calculated.

MUCI pentamer staining. Stimulated T cells were harvested
by nylon wool separation and then incubated with a
PE-conjugated MUCI pentamer (HLA-A2, STAPPVHNYV)
(Proimmune, Oxford, UK) for 1 h at 4°C. After washing, the
T cells were stained with a FITC-conjugated mAb against
CD8 (BD Pharmingen), washed, fixed with 2% paraformalde-
hyde and analyzed by flow cytometry using FlowJo analysis
software. Complexes of PE-irrelevant pentamers were used
as controls. The T cell populations were gated based on their
forward- vs. side-scatter profile. The CD8* T cell populations
were gated, and then the percentage of MUCI pentamer-positive
CD8* T cells among the whole CD8* T cell population was
calculated.

Cytotoxicity assays. The cytotoxicity assays were performed
by flow cytometric analysis using Active Caspase-3 Apoptosis
kit I (BD Pharmingen), which measures CTL-induced caspase-3
activation in target cells by detecting the specific cleavage of
fluorogenic caspase-3 (17). Briefly, the target cells were labeled
with PKH-26 (Sigma-Aldrich), washed, cultured with stimulated
T cells for 2 h at 37°C in 96-well V-bottomed plates at the indi-
cated effector cell:T cell (E:T) ratios. The cells were then fixed
with Cytofix/Cytoperm Solution (BD Pharmingen), washed
with Perm/Wash Buffer (BD Pharmingen) and incubated with
a FITC-conjugated mAb against human active caspase-3 (BD
Pharmingen) for 30 min at room temperature, followed by two
washes with Perm/Wash buffer. In certain experiments, the tumor
target cells were preincubated with anti-HLA-ABC mAb (W6/32;
1:100 dilution) or control I1gG for 30 min at 37°C before adding
the effector cells. The percentage of cytotoxicity (mean + SD of
three replicates) was determined using the following equation:
percentage of caspase-3 staining = (caspase-3+PKH-26+cells)/
(caspase-3+PKH-26+cells + caspase-3-PKH-26+cells) x100.

Statistical analysis. The results are expressed as means + SD,
as indicated in the legends. One-way analysis of variance was
used to determine significance. When the P-values <0.05, the
differences were considered to be statistically significant.

Results

Characterization of the cell lines used for fusion. The pDC
line PMDCOS displayed a characteristic phenotype, with easily
detectable levels of HLA-ABC, HLA-DR, CD80 and CD86
but low levels of CD83 and very low levels of MUC1 (CD227)
(Fig. 1A). Stimulation of this pDC line with LPS (LPS-pDC)
resulted in the upregulated expression of HLA-ABC,HLA-DR,
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CD80, CD86, CD83 and MUCI1 (CD227) compared with
unstimulated pDCs (Fig. 1A and B). Moreover, the LPS-pDCs
exhibited increased levels of IL-12p70 and IL-10 compared
with unstimulated pDCs (Fig. 1C). These results suggest that
LPS activates pDCs. The pancreatic cancer cell lines used in
this study, PANC-1 and MIA PaCa-2, expressed high levels of
HLA-ABC and MUCI but did not express HLA-DR, CD80,
CD86 or CD83 (Fig. 2). Moreover, the PANC-1 cells expressed
HLA-A?2 but not HLA-A24, and conversely, the MIA PaCa-2
cells expressed HLA-A24 but not HLA-A2 (Fig. 2).

Characterization of the pDC/tumor fusion cells. To assess
the capacity of the pDC/tumor fusion cells to induce antigen-
specific CTL responses in vitro, we developed four types of
fusion cell preparations by alternating fusion partners and
treating with LPS. PANC-1 and MIA PaCa-2 cells were each
successfully fused with pDCs with or without LPS stimul-
ation (Fig. 3). The fusion efficiency was determined using the
percentage of MUCI and HLA-DR or CD86 double-stained
cells (Fig. 3). Analysis of the fusion cells created from the
pancreatic cancer cells and the pDCs demonstrated that about
50% of the population expressed both MUCI1 and HLA-DR or
CDS86 (Fig. 3C and D). Interestingly, the fusions generated in
the presence of LPS exhibited higher double-positive cells that
expressed MUCI and HLA-DR or CD86 than those generated
with the unstimulated pDCs (Fig. 3C and D).

Next, to attain a detailed phenotypic characterization of
the DC/tumor fusion cells, the mean fluorescence intensity
(MFI) of HLA-DR and CD86 expression was determined
by FACS analysis, where the fused cells were identified
as MUC1 + HLA-DR* or MUCI1 + CD86"*. Although the
pDC/PANC-1 and pDC/MIA PaCa-2 cells displayed high
MFI values for HLA-DR and CD86, the LPS-DC/PANC-1
and LPS-DC/MIA PaCa-2 cells exhibited higher MFI values
on a per-fusion-cell basis (Fig. 4A). Therefore, fusions gener-
ated in the presence of LPS may have a more active phenotype
compared to those generated with unstimulated pDCs.

Furthermore, we assessed the production of IL-12p70
and IL-10 in the supernatants from the fusion cell prepara-
tions. About 2-fold higher levels of IL-12p70 production were
observed for the LPS-pDC/PANC-1 and LPS-pDC/MIA
PaCa-2 cells compared with the pDC/PANC-1 and pDC/MIA
PaCa-2 cells (Fig. 4B). Moreover, IL-10 production was also
increased in the LPS-pDC/PANC-1 and LPS-pDC/MIA
PaCa-2 cells but to a lesser extent than that observed for
IL-12p70 (Fig. 4B). Collectively, these results suggest that the
upregulated production of IL-12p70 and the active phenotype
of the fusion cells generated in the presence of LPS increase
their immunogenicity.

Stimulation of T cells by the pDC/tumor fusions. Although
all four types of fusions affected T cell proliferation, the
LPS-pDC/tumor fusion cells showed the most significant
stimulation of T cell proliferation (Fig. 5A). In addition, an
unfused mixture of tumor cells and pDCs or LPS-DCs had
no effect on T cell proliferation (data not shown). Moreover,
both the pDC/tumor and LPS-pDC/tumor fusions stimulated
IFN-y-producing CD4* and CD8* T cells (Fig. 5B). However,
the LPS-pDC/tumor fusion cells more strongly induced
the proliferation of both CD4* and CD8* T cells that were
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Figure 1. Phenotypic and functional characterization of DCs. (A) Plasmacytoid dendritic cells (pDCs) and lipopolysaccharide (LPS)-stimulated pDCs
(LPS-pDCs) were analyzed by flow cytometry for the expression of the indicated antigens. The unfilled histogram profile indicates the isotype control, and
the solid histogram indicates the specific antibody. (B) The mean fluorescence intensity (MFI) for the expression of the indicated molecules in the pDCs and

LPS-pDCs was determined (n=3). (C) Production of IL-12p70 and IL-10 by the pDCs and LPS-pDCs (n=3) was analyzed by ELISA. The results are expressed
as the mean + SD. “"P<0.001; ""P<0.01; "P<0.05.
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Figure 2. Phenotypic characterization of pancreatic tumor cells. PANC-1 and MIA PaCa-2 cells were analyzed by flow cytometry for expression of the
indicated antigens. The unfilled histogram profile indicates the isotype control, and the solid histogram indicates the specific antibody.
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Figure 3. Phenotypic characterization of pDC/tumor fusion cells. (A) Plasmacytoid dendritic cells (pDCs) and lipopolysaccharide (LPS)-stimulated pDCs
(LPS-pDCs), (B) PANC-1 and MIA PaCa-2 cells, (C) pDC/PANC-1 fusion cells and LPS-stimulated pDC/PANC-1 fusion cells and (D) pDC/MIA PaCa-2
fusion cells and LPS-stimulated pDC/MIA PaCa-2 fusion cells were stained with a FITC-conjugated mAb against MUCI1 and PE-conjugated mAbs against
HLA-DR and CD86 and then analyzed by two-color flow cytometry. The number of events in each region is shown.

capable of producing high levels of IFN-y compared to the
pDC/tumor fusion cells (Fig. 5B). In contrast, very low levels
or no IFN-y-producing cells were detected in the CD4* and
CDS8* T cell populations stimulated by an unfused mixture of
DCs and tumor cells (data not shown). These results suggest
that pDC/tumor fusion cells stimulated with LPS have a
more potent capacity to induce CTL responses compared to
unstimulated pDC/tumor fusion cells.

MUCI-specific CTL responses induced by the pDC/tumor
fusions. The CTLs induced by all four types of fusions lysed
the tumor target cells used for fusion (Fig. 6A and B) but
not K562 cells (data not shown). Moreover, the lytic activity
induced by the LPS-stimulated pDC/tumor fusions was signifi-
cantly higher than that induced by the unstimulated pDC/tumor
fusions (Fig. 6A and B), suggesting that LPS increases the
immunogenicity of the pDC/tumor fusion cells to induce effi-
cient CTL responses. In addition, preincubation of the target
cells with an anti-HL-ABC mAb inhibited their lysis, indicating
restriction by MHC class I molecules (Fig. 6B). Interestingly,
an increased percentage of HLA-A2-restricted, MUCI-specific
CDS8* T cells in the whole CD8* T cell population was observed
for the LPS-pDC/tumor fusions (HLA-A2*) compared with
the pDC/tumor fusions (HLA-A2*) (Fig. 6C). In addition,

CTLs specific for MUCI were not detected in a population of
T cells stimulated by an unfused mixture of tumor cells and
pDCs or LPS-pDCs (Fig. 6D). Together, these findings indicate
that HLA-A2-restrictive, MUCI-specific CTLs are efficiently
induced by LPS-pDC/tumor fusions in vitro.

Discussion

The data presented herein show that DC/tumor fusion cells
generated with a pDC line (HLA-A2*) and a pancreatic cancer
cell line expressing MUCI antigens induce HLA-A2-restricted,
MUCI-specific CTLs in vitro. Moreover, LPS-stimulated
pDC/tumor fusion cells efficiently induce augmented CTL
responses.

We attempted to prepare immunogenic DC/tumor fusion
cells using a DC line and a pancreatic cancer cell line. We
used the plasmacytoid DC line PMDCO0S5, a leukemic blast line
that was isolated from a patient with acute leukemia (11,12)
and has been reported to have the capacity to induce effective
antigen-specific CTLs (13,14). This pDC line has been pulsed
with peptide to induce CTL responses; however, little is
known about its utility in cancer vaccines if used to generate
pDC/tumor fusion cells. Cell lines that are well characterized
can be massively propagated in vitro adhering to GMP. Thus,
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Figure 4. Functional characterization of pDC/tumor fusion cells. (A) Four types of fusions (plasmacytoid dendritic cell (pDC)/PANC-1, lipopolysaccharide
(LPS)-stimulated pDC/PANC-1 (LPS-pDC/PANC-1), pDC/MIA PaCa-2, LPS-stimulated pDC/MIA PaCa-2 (LPS-pDC/MIA PaCa-2) (n=3) were stained
with a FITC-conjugated mAb against MUC1 and PE-conjugated mAbs against HLA-DR and CD86 and then analyzed by FACS, where the fused cells
were identified as MUC1 + HLA-DR* or MUC1 + CD86*. The mean fluorescence intensity (MFI) of the HLA-DR* and CD86* cells was analyzed in the
MUCI + HLA-DR* and MUC1 + CD86* populations, respectively. (B) The mean concentration of IL-12p70 and IL-10 produced by the four types of fusions
(n=3) was analyzed by ELISA. The results are expressed as the mean = SD. ““P<0.001; “P<0.01; "P<0.05.
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Figure 5. Activation of T cells by pDC/tumor fusions. (A) T cells were cocul-
tured with each of the four types of fusions, and T cell proliferation was
analyzed using the Cell Titer 96 Non-radioactive Cell Proliferation Assay
kit according to the manufacturer's protocol. Similar results were obtained
in three independent experiments. (B) T cells were stimulated with each of
the four types of fusions in the absence of rhIL-2 for 3 days, maintained in
the presence of low doses of rhIL-2 for 8 days and then assessed for IFN-y
production by flow cytometry. Similar results were obtained in three inde-
pendent experiments.
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Figure 6. Induction of MUC1-specific CTL responses against tumor targets by pDC/tumor fusions. (A) T cells (n=3) were stimulated with each of the four types of
fusions, which coexpressed both MUC1 and HLA-DR. The stimulated T cells were then incubated with PKH-26-labeled target tumor cells at the indicated effector
cell:T cell (E:T) ratios (80:1,40:1, 10:1) for cytotoxicity assays. (B) Stimulated T cells (n=3) were cocultured with PKH-26-labeled target cells at a ratio of 80:1. The
target cells were preincubated with control IgG or a mAb against HLA-ABC (W6/32; 1:100 dilution). The percentage of cytotoxicity (mean + SD) was determined
by a flow cytometry-based CTL assay. (C) The percentage of CD8* T cells that reacted with the MUCI pentamer among the whole CD8* T cell population (n=3) is
shown as a percentage of double-positive cells (MUCI pentamer + CD8") in the total CD8* T cell population. The results are expressed as the mean + SD.

unlimited amounts of DC/tumor fusion cells can be readily
available to induce antigen-specific CTLs for adoptive immu-
notherapy. Therefore, one important aspect of our work is its
potential clinical relevance.

The binding of the pathogen-associated microbial pattern
molecule LPS to Toll-like receptor (TLR) 4 on human MoDCs
signals danger, which induces a potent immune stimulatory
phenotype that is characterized by the release of 1L-12p70
(18,19). Our finding that a pDC line activated with LPS is more
active compared to unstimulated pDCs suggests that this TLR4
agonist plays a role in the activation of pDC functions (11).
Moreover, LPS stimulation resulted in increased production of
both IL-12p70 and IL-10 by the pDCs. The surface phenotype
and cytokine production response pattern of the pDCs in this
study was similar to that of human MoDCs (20), which implies
that this pDC line possesses characteristics of MoDCs (11).

Moreover, stimulation of the pDC line with LPS resulted in
considerably increased expression of MUCI1 (CD227) on the
cell surface. MUC1 (CD227) is considered to be an epithelial
mucin that is expressed extensively in pancreatic and other
cancer types; thus, MUCI is a target for immunotherapy in a
variety of cancers (21). This molecule is also expressed by a
wide variety of hemopoietic cells, from early differentiating
bone marrow mononuclear cells to mature cell types (22). It
is also known that MUCI1 (CD227) is expressed by activated
DCs and T cells (23). Therefore, LPS-stimulated pDCs, which
express increased levels of MUC1 (CD227), HLA-ABC, -DR,
CD80, CD86, CD83 and IL-12p70, may be suitable for cancer
vaccines. Therefore, we speculated that fusion cells generated
with a pDC line and a tumor cell line in the presence of a TLR4
agonist would be immunogenic and induce more effective
MUCI-specific CTLs than their unstimulated counterparts.
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We successfully fused a pDC line with two different tumor cell
lines with or without LPS stimulation. The pDC/tumor fusion
cells were identified as MUC1 + HLA-DR* or MUC1 + CD86".
The characteristic phenotype of the LPS-stimulated pDCs was
associated with an increased percentage of double-positive cells
(MUCI1 + HLA-DR* or MUC1 + CD86%) in the pDC/tumor
fusion cell preparations (data not shown). Moreover, the cells
that were double positive for MUC1 and HLA-DR or CD86
in the LPS-stimulated pDC/tumor fusion cell preparations had
high MFI values for HLA-DR and CD86 on a per-fusion-cell
basis, indicating that the fusions were more immunogenic
compared to their unstimulated counterparts. Our previous
report demonstrated that efficient CTL induction is closely
correlated to fusion efficiency for fusion cells generated with
MoDCs (24). LPS might provide the costimulation required
during the fusion process and might be involved in polarizing
the T cell responses to a Thl-dominant state. Therefore, the
efficient activation of the pDC/tumor fusion cells by LPS led
us to speculate that the MUCI1-specific CTLs induced by these
activated fusion cells would be more effective than conven-
tional unactivated fusion cells.

We previously reported that the tumor antigens delivered
to MoDC:s by fusion cells were processed and presented in the
context of MHC class I and II molecules of MoDC origin of
fusion cells (15,25). Therefore, the HLA typing of the MoDCs
and allogeneic tumor cell lines does not need to match (26).
HLA-A2-restricted, MUCl-specific CTLs were efficiently
generated with the fusion cells generated from allogeneic
pDC (HLA-A2%) and MIA PaCa-2 (HLA-A"), suggesting that
the MUCI antigens from the MIA PaCa-2 cells were also
processed and presented by HLA-A2 on the pDC part of
pDC/tumor fusion cells. Although the LPS-pDC/tumor and
pDC/tumor fusions stimulated IFN-y-producing CD4* and
CDS8* T cells that lyse the tumor target cells used for fusion, the
LPS-pDC/tumor fusions more strongly induced T cell activa-
tion, indicating that LPS stimulation is effective for pDC/tumor
fusion cell vaccines. Moreover, the MUCI-specific CTLs were
more effectively augmented by the LPS-pDC/tumor fusion
cells compared to the pDC/tumor fusion cells. These results
may be associated with the active function of LPS-DCs as
PACs, as demonstrated by their mature phenotype, IL-12p70
production and increased MUCI expression. In patients with
melanoma or renal cell carcinoma, vaccines using fusions of
allogeneic MoDCs and autologous tumor cells have been shown
to induce efficient antitumor immune responses and clinical
outcomes (27,28). Moreover, allogeneic tumor cell lines have
been used in fusion cell vaccines in both preclinical (25,29,30)
and clinical studies (31) and a MoDC/tumor fusion cell vaccine
with fully allogeneic components has been demonstrated to
induce clinical responses (31). Therefore, DC/tumor fusions
generated with fully syngeneic, semi-allogeneic or fully allo-
geneic components are effective in inducing antigen-specific,
long-lasting antitumor immunity (32).

In conclusion, our results indicate that fusion cell vaccines
generated with a plasmacytoid DC line and tumor cell line can
induce antigen-specific CTL responses in vitro. Our findings
introduce the possibility of using defined allogeneic plasmacy-
toid DC and tumor lines to simplify CTL manufacturing for
adoptive immunotherapy.
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