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Intradermal immunization with combined baculovirus and tumor
cell lysate induces effective antitumor immunity in mice
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Abstract. Although tumor lysate contains all the potential
helper and killer epitopes capable of stimulating T cells, it
is difficult to use as a cancer vaccine because it suppresses
dendritic cell (DC) function. We report that wild-type
baculovirus possesses an adjuvant effect to improve the
immunogenicity of tumor lysate. When mice were admin-
istered CT26 tumor cell lysate combined with baculovirus
intradermally, antitumor immunity was induced and rejection
of CT26 tumor growth was observed in 40% of the immunized
mice. In contrast, such antitumor immunity was not elicited in
mice inoculated with tumor cell lysate or baculovirus alone.
In tumor-bearing mice, which had previously received the
combined baculovirus and tumor lysate vaccine, the estab-
lished tumors were completely eradicated by administering a
booster dose of the combined vaccine. This antitumor effect
was attributed to tumor-specific T cell immunity mediated
primarily by CD8* T cells. Baculovirus also strongly acti-
vated DCs loaded with tumor lysate. Increased interleukin
(IL)-6 and IL-12p70 production were also observed in DCs
co-cultured with tumor cell lysate and baculovirus. Our study
demonstrates that combined baculovirus and tumor lysate
vaccine can effectively stimulate DCs to induce acquired
antitumor immunity.

Introduction

There is currently no effective therapy against recurrent tumors,
which may occur after surgical treatment of the primary tumor.
Thus, suppression of tumor recurrence in cancer patients is
important. It was recently reported that gastric cancer patients
receiving postoperative adjuvant chemotherapy showed a 5.8%
increase in their 5-year overall survival compared to those
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who received surgery alone (1). This indicates the significance
of adjuvant chemotherapy and also suggests the necessity for
a more powerful adjuvant therapy to resist tumor recurrence.

CDS8* cytotoxic T lymphocytes (CTLs) are a major compo-
nent of antitumor immune responses and CTL responses have
been shown to be effective in eliminating tumors in animal
models (2). Thus, tumor immunotherapy that induces tumor-
reactive CTLs is a good approach to investigate because
CTLs are expected to disperse throughout the whole body in a
cancer patient and destroy tumor cells if the tumor cells exist
in the patient. Short peptides and proteins recognized by CD8*
T cells have been used as cancer vaccines (3); however, alone,
these antigens elicit weak antitumor immune responses in vivo
and the efficacy of the therapies has shown only modest benefit
so far in clinical studies (4). Previous studies have also shown
that vaccination with peptides recognized by CD8" T cells
caused tolerance against tumors, so that the tumor growth was
enhanced (5-7). These studies suggest the limitation of tradi-
tional approaches for stimulating CD8" T cells with peptides
containing only killer epitopes.

Several studies have shown that CD4* T cells also play
a critical role in the development of a therapeutic antitumor
immune response (8-10). In addition, CD4* T cells are essen-
tial for generating CD8* T memory cells (11,12). Therefore,
autologous tumor tissue surgically removed from a patient
should be suitable to use as a source of cancer vaccine for
suppressing tumor recurrence in the patient, because, unlike
peptide-based vaccines, tumor cells should contain all
potential MHC class I and MHC class II epitopes capable of
stimulating CD8* and CD4* T cells, respectively. However,
in some experiments, when tumor lysates were employed as
vaccines, dendritic cells (DCs) often failed to function effi-
ciently in tumor-bearing hosts due to pronounced immune
suppression (13-15). Tumor cells are also known to alter
expression of DC cell-surface molecules (e.g., MHC class I,
CDI116), decrease migration to draining lymph nodes and
suppress cytokine release (16-18). Therefore, development of a
new effective adjuvant that will improve the effectiveness of a
cancer vaccine based on tumor lysates and stimulate Th1-type
antitumor immunity represents a potential new therapeutic
tool to prevent tumor recurrence.

Baculovirus Autographa californica multiple nuclear poly-
hedrosis virus, which has a 130-kb double-stranded circular
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DNA genome, is pathogenic for insects of Lepidoptera.
Baculovirus has been widely used as a biopesticide (19,20)
and as a tool in recombinant protein-expression systems
(21,22). The virus can infect a range of mammalian cell
types, but it does not replicate in the cells; this property leads
to recombinant baculoviruses with a mammalian expression
promoter that can be used as a tool for gene therapy (23-27).
It was recently shown that baculovirus strongly stimulated
the production of cytokines such as type I interferon, tumor
necrosis factor-a and interleukin (IL)-1 in mammalian cells
(28,29). It was also demonstrated that intravenous injection
of mice with baculovirus markedly activated natural killer
(NK) cells, resulting in the induction of antitumor immunity
(30). In addition, intratumoral inoculation with DCs that
were stimulated in vitro with baculovirus suppressed tumor
growth in mouse models (31,32). These reports indicate that
baculovirus efficiently activates innate immunity in mice.
The next step in the study of the baculovirus adjuvant effect
is to investigate whether or not baculovirus-stimulated innate
immunity can lead to the induction of antigen-specific
acquired immunity.

In the present study, we focus on the feasibility of baculo-
virus as an adjuvant for cancer immunotherapy. We prepared a
tumor vaccine consisting of baculovirus and tumor cell lysate
and examined whether or not intradermal (i.d.) inoculation
with the combined baculovirus and tumor cell lysate vaccine
effectively induces tumor-specific acquired immunity in a
mouse model.

Materials and methods

Mice and cell lines. Four-week-old female BALB/c mice
(Nippon SLC, Shizuoka, Japan) were used in a P2 level animal
facility at Chiba Institute of Technology, Chiba, Japan. The
study was conducted in the experimental animal area under
the guidance of an institutional committee for biosafety and
animal experiments. Spodoptera frugiperda (Sf-9) cells were
cultured at 28°C in Sf-900 II medium (Invitrogen, Carlsbad,
CA, USA). CT26 murine colon carcinoma cell line was
purchased from American Type Culture Collection (ATCC;
Manassas, VA, USA) and maintained in RPMI-1640 (Wako
Pure Chemical Industries, Osaka, Japan) supplemented with
10% fetal calf serum (Invitrogen), 100 U/ml penicillin and
100 pug/ml streptomycin (Sigma-Aldrich, St. Louis, MO,
USA).

Purification of wild-type baculovirus. Wild-type baculovirus
was purchased from BD Biosciences (San Jose, CA, USA) and
propagated in Sf-9 cells. Baculovirus was purified as previ-
ously described (31) and the virus titer was determined using
a plaque assay.

Preparation of vaccines. To prepare tumor cell lysate, CT26
cells were divided into 1.5 ml tubes (1x10%/50 ul PBS/tube)
and the tubes were treated with 5 freeze-thaw cycles using
liquid nitrogen and a 37°C water bath. The lysates were stored
at -80°C until use. To prepare combined baculovirus and
tumor cell lysate vaccine, baculovirus [1x10® plaque forming
units (pfu)] was added into the 1.5-ml tube described above
and stored on ice until administration. One tube was used per
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individual mouse (1x10° cell lysate plus 1x108 pfu baculovirus/
mouse). As controls, CT26 cell lysate alone or baculovirus
alone was also prepared.

Immunization with vaccines. CT26 cell lysate alone, bacu-
lovirus alone, or combined CT26 cell lysate and baculovirus
were inoculated intradermally into the upper right flank of
mice. Each immunization was performed once per week for
three consecutive weeks. Seven days after the final vaccina-
tion, the CT26 cells (5x10*) were transplanted subcutaneously
in the lower right flank of the immunized mice. Tumor volume
was measured using a slide caliper according to the following
formula: tumor volume (mm?) = length x (width)? /2. Mice
were monitored twice weekly for tumor growth and survival.

In vitro cytotoxicity assay. As effector cells, splenocytes were
isolated from mice immunized with PBS, tumor cell lysate
alone, baculovirus alone, or the combined baculovirus and
tumor cell lysate 7 days after the final vaccination. CT26
cells (1x10%) were used as target cells. The effector cells were
co-cultured with the target cells at ratios of 50:1, 25:1 and
12.5:1 for 8 h. The cytolytic activity was assessed using the
CytoTox 96 Non-Radioactive Cytotoxicity Assay kit (Promega,
Madison, WI, USA), according to the manufacturer's instruc-
tions.

FITC-dextran or tumor cell lysate uptake by DCs. To prepare
murine DCs, bone marrow cells were harvested from the
tibiae and femurs of BALB/c mice and depleted of red blood
cells using red blood cell lysis buffer (Sigma-Aldrich). Bone
marrow cells were cultured in RPMI-1640 medium containing
10% FCS, 100 U/ml penicillin, 100 pg/ml streptomycin and
50 M 2-mercaptoethanol (Invitrogen), supplemented with
20 ng/ml of murine granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) (Miltenyi Biotech, Bergisch Gladbach,
Germany). On days 3 and 6, the culture medium was replaced
with fresh medium supplemented with GM-CSF. On day 8,
non-adherent cells were collected and positively selected with
anti-mouse CD11c microbeads (Miltenyi Biotech).

To assess how baculovirus affects the ability of DCs to
capture an antigen, DCs (5x10%) were suspended in culture
medium and FITC-dextran (MW=40,000) (Sigma-Aldrich)
was added at a final concentration of 1 mg/ml, with or without
baculovirus at a multiplicity of infection (MOI) of 50. The
cells were incubated at 37°C for 2 h. Stimulation with lipopoly-
saccharide (LPS, 1 yg/ml) was employed as a positive control
and the incorporation of FITC-dextran at 4°C was used as a
negative control (non-specific binding). Cells were washed 3
times with cold PBS containing 2% FCS and blocked followed
by labeled with anti-mouse CD16/32 and PE-conjugated anti-
mouse CD11c monoclonal antibodies (mAbs), respectively
(eBioScience, San Diego, CA, USA).

To analyze how baculovirus affects DC activation, DCs
(5x10°) were co-cultured with CT26 tumor cell lysate (1x10%)
in the presence or absence of the virus (MOI = 50). Stimulation
with LPS (1 pug/ml) was used as a positive control. The cells
were incubated at 37°C for 48 or 96 h and then labeled with
PE-conjugated anti-mouse CD11c and FITC-conjugated CD86
mAbs (eBioScience). Cells were analyzed using FACSCalibur
with the CellQuest software (BD Bioscience).
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Figure 1. Vaccination with combined baculovirus and tumor cell lysate induces antitumor resistance. (A) Mice were immunized intradermally with PBS, tumor
cell lysate alone, baculovirus alone, or the combined baculovirus and tumor cell lysate once per week for three consecutive weeks (5 mice per group). One week
after the final vaccination, CT26 cells (5x10*) were transplanted subcutaneously. (B) Body weight of the immunized mice was monitored to assess whether i.d.
inoculation with baculovirus affects the growth of mice. (C) Tumor size was measured. Each line represents an individual mouse. (D) Survival was recorded.
“P<0.05, the group that received the combined vaccine compared to the groups that received PBS, tumor cell lysate alone, or baculovirus alone. Similar results

were obtained in two independent experiments.

ELISA. DCs (5x10°) were co-cultured with CT26 cell lysate
(1x10°) in the presence or absence of baculovirus (MOI = 50)
or LPS (1 ug/ml) for 48 h and then the culture supernatants
were harvested. The production levels of mouse IL-6, IL-10
and IL-12p70 were measured using ELISA kits (eBioScience).

Statistical analysis. Statistical analyses were performed
using a one-way analysis of variance (ANOVA) followed by
the Tukey test for pair-wise comparisons; calculations were
performed using the Statistica program (StatSoft, Tulsa,
OK, USA). Survival data were plotted using the method of
Kaplan-Meier and were analyzed using the log-rank test.
Data are expressed as the mean + standard deviation (SD) and
P-values <0.05 were considered significant.

Results

Induction of antitumor immunity by intradermal immu-
nization with combined baculovirus and tumor cell lysate
vaccine. To assess whether i.d. inoculation with baculovirus
affects the growth of mice, we monitored the body weight of
mice that received the combined baculovirus and tumor cell
lysate vaccine once per week for three consecutive weeks
(Fig. 1A). The body weight was also measured in control mice
that received PBS, tumor cell lysate alone, or baculovirus

alone (Fig. 1A). There was no difference in the increase of
body weight between the four groups of mice (Fig. 1B), which
suggests that the growth was not affected by i.d. baculovirus
injection. However, induration was observed at the vaccination
sites in mice receiving the combined baculovirus and tumor
cell lysate, but not in the animals receiving baculovirus alone
or tumor cell lysate alone.

To verify whether the combined baculovirus and tumor
cell lysate vaccine can induce effective antitumor immunity,
the combined vaccine, tumor cell lysate alone, or baculovirus
alone was administered intradermally into the upper right
flank of mice once per week for three consecutive weeks. At
1 week after the final vaccination, CT26 cells (5x10%) were
inoculated subcutaneously into the lower right flank of the
mice (Fig. 1A) and 40% of the combined vaccine-immunized
mice did not demonstrate tumorigenesis (Fig. 1C). However,
tumorigenesis was detected in all of the mice inoculated with
PBS, tumor cell lysate alone, or baculovirus alone during the
observation period (Fig. 1C). Tumors were observable at 7 days
after the tumor inoculation in all of the animals that received
PBS, tumor cell lysate alone and baculovirus alone and in
60% of mice that received the combined vaccine. Although
variance in the tumor growth was observed among animals in
each group, the tumor growth was slower in mice immunized
with the combined vaccine compared to mice that received
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Figure 2. I.d. booster vaccination with combined baculovirus and tumor cell lysate eradicates the tumor. (A) Mice were vaccinated intradermally with PBS,
tumor cell lysate alone, baculovirus alone, or the combined vaccine at weeks 0, 1 and 3 and then CT26 cells (5x10*) were inoculated subcutaneously at week 4
(5 mice per group). The booster vaccination with each vaccine was performed at days 21 and 31 after the tumor inoculation (arrows) and tumor size was
measured. Each line represents an individual mouse. (B) Survival was monitored. ““P<0.01, the group that received the combined vaccine compared to the
groups that received PBS, tumor cell lysate alone, or baculovirus alone. Similar results were obtained in two independent experiments.

PBS, tumor cell lysate alone, or baculovirus alone (Fig. 1C).
The median values of tumor size at day 38 after the tumor
inoculation were 128.4, 1322.8, 2514.3 and 463.9 mm? for the
groups receiving the combined vaccine, PBS, tumor cell lysate
alone and baculovirus alone, respectively. Forty percent of the
mice immunized with the combined vaccine did not demon-
strate tumorigenesis during a 1-year follow-up period and the
survival rate was significantly higher in mice immunized with
the combined vaccine compared to that of mice injected with
PBS, tumor cell lysate alone or baculovirus alone (P=0.02,
Fig. 1D).

Therapeutic effect of combined baculovirus and tumor cell
lysate vaccine on established tumors. We next investigated
whether the combined vaccine can effectively eradicate estab-
lished tumors. Mice were vaccinated intradermally with PBS,
tumor cell lysate alone, baculovirus alone, or the combined
vaccines at days 0, 7 and 14, and then CT26 cells (5x10%) were
inoculated subcutaneously at day 21 (Fig. 1A). There was a
marked difference in stimulation of the antitumor immunity
among the four vaccination groups (Fig. 2A). Three out of five
mice that received baculovirus plus tumor cell lysate became
resistant to a challenge with the tumor (Fig. 2A). Because the
remaining mice showed tumor growth, a therapeutic booster
inoculation with baculovirus plus tumor cell lysate was
administered at 21 and 31 days after the tumor inoculation.
The booster vaccine was intradermally inoculated at a 1-2 mm
distance around the tumor. Upon the first booster vaccination,
one mouse showed a rapid regression of the tumor and the
tumor volume of another mouse was also reduced gradually
following the second booster vaccination (Fig. 2A). Eventually,
the tumors were completely eradicated in each of two mice
that received a booster dose of the combined baculovirus and
tumor cell lysate (Fig. 2A). In addition, 100% of the mice
survived for more than one year without tumor recurrence in
the group that received the combined vaccine and the survival
rate was significantly higher in this group compared to that

in groups receiving PBS, baculovirus alone, or tumor cell
lysate alone (P=0.003, Fig. 2B). However, tumorigenesis was
observed in all of the mice immunized either with baculovirus
alone or tumor cell lysate alone and mouse survival was not
significantly different compared to that seen in PBS-injected
control mice (Fig. 2). The mice inoculated with baculovirus
alone or tumor cell lysate alone also received the i.d. thera-
peutic booster immunization with baculovirus or tumor cell
lysate at 21 and 31 days after the tumor inoculation; however,
the tumor in these animals did not regress (Fig. 2A).

Induction of antitumor T cell immunity by intradermal
immunization with combined baculovirus and tumor cell
lysate. To investigate whether or not CD8" T cells induced by
the i.d. vaccination with the combined baculovirus and tumor
cell lysate function by lysing the tumor cells, we conducted
an in vitro cytotoxicity assay. Cytolytic activity against CT26
cells was detected when spleen cells obtained from the mice
receiving the combined vaccine were co-cultured with target
CT26 cells at ratios of 50:1, 25:1 and 12.5:1 (Fig. 3). The
magnitude of the cytolytic activity in the combined vaccine
group was considerably higher than that in the other groups
that received PBS, tumor cell lysate alone, or baculovirus
alone. This result demonstrates that i.d. immunization with
the combined baculovirus and tumor cell lysate effectively
induced tumor-reactive CTLs.

Effects of baculovirus on the ability of DCs to capture an
antigen and their activation. To assess whether baculovirus
affects the ability of DCs to take up an antigen, DCs were
co-cultured with FITC-dextran as an antigen in the presence or
absence of the virus. FITC-dextran uptake by DCs co-cultured
with baculovirus was almost equivalent to that without the
virus or with LPS (32.9+5.6, 30.0+5.8 and 28.6+4.3%, respec-
tively; Fig. 4).

In addition, we investigated DC activation when the
cells were co-cultured with CT26 cell lysate in the presence
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Figure 3. Vaccination with combined baculovirus and tumor cell lysate
evokes cytolytic activity against CT26 cells. As effector cells, splenocytes
were isolated from mice immunized with PBS, tumor cell lysate alone, bacu-
lovirus alone, or the combined baculovirus and tumor cell lysate 7 days after
the final vaccination (5 mice per group). As target cells, CT26 cells (1x10%)
were used. The effector cells were co-cultured with the target cells at ratios
of 50:1, 25:1 and 12.5:1 for 8 h. Values are the mean + standard deviation
of all animals per group. Similar results were obtained in two independent
experiments.
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Figure 4. Comparison of FITC-dextran uptake by DCs in the presence or
absence of baculovirus stimulation. DCs (5x10°) were co-cultured with FITC-
dextran (I mg/ml) in the presence or absence of baculovirus (MOI = 50) at
37°C for 2 h. DCs were co-cultured with FITC-dextran and LPS (1 pg/ml)
as a positive control and the incorporation of FITC-dextran at 4°C was used
as a negative control (non-specific binding). The frequency of uptake of
FITC-dextran by DCs was measured by flow cytometry. Plots were gated
on CDllc* cells. Numbers in the upper right quadrant are the percentages of
DCs taking up FITC-dextran. The representative data from one of the three
experiments are shown.

or absence of the baculovirus. Following incubation with
the lysate and virus for 48 h, 56.7+5.7% of DCs became
CD86-positive, representing the activation of DCs, while
the frequencies of CD86-positive DCs were 4.4+0.6% and
21.3+£2.5% after incubation without the virus and with LPS,
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respectively (P=0.0002, Fig. 5A). Following incubation with
the lysate and baculovirus for 96 h, 18.1+1.8% of DCs were
CD86-positive, while the frequencies of CD86-positive DCs
were 2.3+£0.5% and 1.4+0.3% after incubation without the
virus and with LPS, respectively (P=0.0002, Fig. 5B).

The production level of cytokines was also measured
in the culture medium obtained from the above experiment
(Fig. 5C). A high level of IL-6 production was observed in
DCs co-cultured with baculovirus plus tumor lysate for 48 h
compared to the level seen in DCs co-cultured with tumor
lysate alone or with the lysate plus LPS. No IL-12p70 secretion
was observed in DCs pulsed with tumor lysate alone; however,
the cytokine production was elevated by adding baculovirus
into DCs pulsed with tumor lysate. The level of IL-10 secre-
tion from DCs co-cultured with tumor lysate plus baculovirus
tended to be slightly higher, but not significantly different,
compared to that from DCs co-cultured with tumor lysate
alone; however, the production level from DCs co-cultured
with baculovirus plus tumor lysate was lower than that from
DCs co-cultured with tumor lysate plus LPS.

Discussion

Although baculovirus is widely used as both a tool to inves-
tigate gene transfer and a vaccine vector using a recombinant
baculovirus (23-27), it remains unclear whether wild-type
baculovirus possesses an adjuvant effect for a cancer vaccine
when the virus is combined with a tumor antigen. We report
here that i.d. inoculation with combined freeze-thaw tumor
cell lysate and wild-type baculovirus effectively induces anti-
tumor immune responses, mainly mediated by tumor-reactive
CD8* T cells, in a mouse model. Survival was significantly
prolonged in mice vaccinated with the combined baculovirus
and tumor cell lysate compared to that in animals inoculated
either with baculovirus alone or tumor cell lysate alone. In
addition, established tumors in mice that had previously been
vaccinated with the combined baculovirus and tumor cell
lysate were completely eradicated when the combined vaccine
was administered around the tumors. These findings suggest
that this vaccine strategy using wild-type baculovirus as an
adjuvant is effective in preventing postoperative tumor recur-
rence and for treatment of recurrent tumors.

Many peptides containing killer epitopes were identified
and are being used as cancer vaccines to induce tumor-reactive
CTLs; however, clinical benefits of the vaccines are modest
(3,4). One reason for the modest effect of the vaccines may
be because this vaccine strategy targets CTL stimulation only.
Several studies have reported the critical role of CD4* T cells
in inducing antitumor responses (8-10) and in generating CD8*
T memory cells (11,12). These reports prompted us to consider
tumor lysates as a useful cancer vaccine since tumor lysates
should contain helper epitopes and killer epitopes. However,
tumor lysate was reported to give rise to DC dysfunction
(13-15) and moreover, it was also shown that DC was not able
to enhance a cytotoxic activity even by stimulating with cell
lysate (33).

In the present study, when tumor cells were transplanted
subcutaneously into mice that had been intradermally vacci-
nated with the combined baculovirus and tumor cell lysate,
baculovirus alone, or tumor cell lysate alone, the combination
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Figure 5. Comparison of activation of DCs co-cultured with CT26 cell lysate in the presence or absence of baculovirus stimulation. DCs (5x10%) were co-
cultured with tumor cell lysate (1x10°) in the presence or absence of baculovirus (MOI = 50) at 37°C for 48 h (A) or 96 h (B). DCs were co-cultured with
tumor cell lysate and LPS (1 ug/ml) as a positive control. The frequency of CD86* cells was measured by flow cytometry. All plots were gated on CDI11c*
cells. Numbers in the upper right quadrant are the percentages of CD86-positive DCs. The representative data from one of the five experiments are shown.
(C) Levels of IL-6, IL-10 and IL-12p70 production were measured in culture medium from DCs co-cultured with tumor cell lysate in the presence or absence
of the indicated stimulation for 48 h. Similar results were obtained in two independent experiments.

vaccine was found to provide strong antitumor immunity that
suppressed tumorigenesis compared to baculovirus alone or
tumor cell lysate alone. This result indicates that baculovirus
would not share the same peptide recognized by T cells as
does the CT26 cell; baculovirus itself cannot induce antitumor
immunity, but exerts a strong adjuvant effect to evoke antitumor
immunity when the virus plus freeze-thawed tumor cell lysate
is inoculated intradermally. We further demonstrated that such
antitumor immunity induced by the i.d. immunization with the
combined baculovirus and tumor cell lysate vaccine should
be associated with CD8" T cells using a cytotoxicity assay. A
high level of cytolytic activity was detected in mice vaccinated
with the combined baculovirus and tumor cell lysate vaccine
compared to that in mice inoculated with baculovirus alone
or tumor lysate alone. These results suggest the feasibility of

using baculovirus as a vaccine adjuvant, which can help to
strongly induce tumor-reactive CTLs.

When DCs were co-cultured with FITC-dextran in the
presence or absence of baculovirus, the antigen uptake by
DCs co-cultured with the virus was almost equivalent to that
without the virus. However, when DCs were pulsed with tumor
cell lysate for 48 h, the frequency of CD86-positive mature
DCs was substantially higher in the presence of baculovirus
compared to that observed in the absence of the stimulus. The
mature DCs remained viable 96 h following incubation with
tumor cell lysate and the baculovirus. These results indicate
that although baculovirus does not enhance the ability of
DCs to take up an antigen, it strongly stimulates DCs loaded
with tumor cell lysate. DCs are needed to prime naive T cell
responses so that they undergo the maturation process (34).
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We demonstrated here that baculovirus helps DCs stimulated
with tumor lysate to become mature and also helps to maintain
them.

We also found that cytokine production was enhanced by
baculovirus-induced stimulation of tumor cell lysate-loaded
DCs. It should be noted that a higher level of IL-6 was produced
by DCs co-cultured with tumor cell lysate plus the virus
compared to DCs co-cultured with the tumor cell lysate alone.
IL-6 has been shown to play an important role in T cell activa-
tion because of its ability to overcome the suppressive effect
of regulatory T cells (Tregs) (35). Tregs have been reported to
downregulate T cell responses (36-39) and Treg depletion has
also been shown to contribute to enhanced antitumor immu-
nity (40,41). Accordingly, it is possible that high levels of IL-6
secreted by baculovirus-activated DCs might block suppres-
sion mediated by Tregs. In addition, IL-12, which is important
to induce Thl-type immune responses, was secreted by DCs
stimulated with tumor cell lysate plus baculovirus, whereas no
IL-12 was produced by DCs co-cultured with tumor cell lysate
alone. These results also indicate that combined baculovirus
and tumor lysate vaccine can elicit effective DC activation
and secretion of IL-6 and IL-12, leading to the induction of
antitumor immunity.

Why can the combined baculovirus and tumor cell lysate
vaccine elicit tumor-reactive CTLs? In general, for the induc-
tion of antigen-specific CTLs, a killer epitope is required to
be presented on MHC class I molecules of antigen-presenting
cells. It has been reported that baculovirus infects mammalian
cells through the cell-surface phospholipid (42). Thus, one
possible explanation is that baculovirus might bind to freeze-
thawed cells via a cell-surface phospholipid and the resulting
complex consisting of the virus and lysate might be captured
and endocytosed by DCs. The complex may then be released
from the endosomal compartment to the cytosol by fusing with
the viral envelope containing the tumor lysate into endosomal
membrane and possibly lead to the cross-presentation of the
tumor antigen to MHC class I molecules. In addition, these
DCs effectively mature and become active by stimulation
with baculovirus and IL-6 and IL-12 are also simultaneously
secreted by the DCs, perhaps resulting in the induction of
tumor-reactive CTLs.

As described in the present study, we observed that i.d.
immunization with tumor cell lysate alone did not elicit effec-
tive antitumor immunity. DCs took up FITC-dextran in the
absence of baculovirus because immature DCs possess the
ability to take up an antigen. Therefore, DCs must have taken
up tumor cell lysate in the absence of baculovirus; however,
only a few DCs matured and these secreted little IL-6 and
IL-12. These results may lead to the induction of tolerance
against tumors, so that such an immune condition might
increase the tumor growth acceleration in mice immunized
with tumor cell lysate alone compared to that in mice injected
with PBS (2514.3 and 1322.8 mm?, respectively). Because it
is necessary to trigger innate immunity for subsequent effec-
tive acquired immunity (43), i.d. inoculation with tumor lysate
alone may be insufficient to stimulate innate immunity, so that
acquired antitumor immunity may not be fully stimulated.

In the present study, prophylactic vaccination with the
combined baculovirus and tumor cell lysate suppressed
tumor growth in 40-60% of mice (Figs. 1 and 2). Although
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the remaining mice showed tumor growth, therapeutic booster
vaccination with the combined vaccine completely eradicated
the established tumors. The booster vaccination with the
combined baculovirus and tumor cell lysate may effectively
activate the antigen-captured DCs and these DCs may then
stimulate tumor-specific memory CD8* T cells through the
cross-presentation of the tumor antigen. These DCs concomi-
tantly secrete high level of IL-6 and IL-12, possibly resulting
in the induction of effective antitumor responses.

In conclusion, we have demonstrated that baculovirus can
effectively activate DCs pulsed with tumor lysate and that a
strong antitumor immunity can be induced by i.d. immuniza-
tion with combined baculovirus and tumor lysate. Baculovirus
is not able to replicate in mammalian cells and the virus is
also widely used as an agricultural insecticide, suggesting
that baculovirus is safe for humans. Our findings reported
here suggest the possibilities that baculovirus can make tumor
lysate useful as a cancer vaccine and that the virus can be used
as an effective adjuvant for cancer immunotherapy.
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