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Abstract
Ovarian cancer is one of the leading causes of death from gynecological cancers in the United States.
Conventional therapies are unlikely to control advanced stage ovarian cancers, thus requiring
innovative alternative therapies. In the current study, we characterized the therapeutic effect of tumor
cell-based vaccines combined with the adjuvant, α-Galactosylceramide (α-GalCer) using two
different mouse models. Our data suggests that treatment with α-GalCer led to an increase in the
IFN-γ serum levels in the presence or absence of irradiated mouse ovarian surface epithelial tumor
cells (MOSEC). Furthermore, administration of irradiated MOSEC tumor cells with adjuvant α-
GalCer generated significant protective and therapeutic antitumor effects against MOSEC tumors in
vaccinated C57BL/6 mice. In addition, immune cells expressing CD4, CD8 or NK1.1 markers
were found to be important for the protective anti-tumor effects generated by irradiated tumor cell-
based vaccines combined with adjuvant α-GalCer. We also found that treatment of a spontaneous
ovarian cancer murine model, the Müllerian inhibiting substance type II receptor T antigen
(TgMISIIR-TAg) transgenic mice with ovarian tumor cell-based vaccines combined with adjuvant
α-GalCer led to prolonged survival as well as increased numbers of tumor-specific CD8+ T cells.
Therefore, irradiated tumor cell-based vaccines in combination with α-GalCer are capable of
breaking immune tolerance and generating significant antitumor effects in two different mouse tumor
models. Our study serves as a foundation for future clinical translation.
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2.0 Introduction
Ovarian cancer is the sixth most common malignancy in women and the leading cause of death
from all gynecological cancers in the United States [1]. Current therapies such as surgery,
chemotherapy and radiotherapy usually fail to control advanced stages of the disease.
Therefore, alternative approaches such as immunotherapeutic strategies to enhance immune
responses may serve as an important method to control these intraperitoneal tumors.

Tumor-cell based vaccines have emerged as an attractive immunological approach for the
treatment of ovarian cancer (for review, see [2,3]). This vaccination strategy has an advantage
over other strategies because the irradiated tumor cells are engineered to generate specific
immune responses against tumor without the need to identify a specific immunodominant
tumor-specific antigenic epitope tumor antigen. However, the efficacy of this approach relies
on the ability of the vaccine to effectively induce specific immunity against tumors.
Furthermore, multiple antigens relevant to the tumor can be targeted by tumor cell-based
vaccines. However, unmodified tumor cell-based vaccines face limitations in their
immunogenicity. This has led to the administration of adjuvants, such as cytokines or co-
stimulatory molecules, along with tumor cell-based vaccines in order to enhance vaccine
potency (for reviews, see[4,5]). Therefore, strategies to enhance the efficiency of tumor-cell
based vaccines such as the use of adjuvants are important for improving the treatment of ovarian
tumors.

The glycosphingolipid, α-galactosylceramide (α-GalCer) represents a potential adjuvant for
cancer immunotherapy using tumor cell-based vaccines. These molecules have been reported
to induce significant antitumor immunity in mouse metastases models [6,7]. α-GalCer can be
presented by CD1d molecules of antigen-presenting cells, and is known to induce a potent
natural killer T (NKT) cell-dependent cytotoxic response against tumor cells [8-10]. α-GalCer
has also been shown to enhance the anti-tumor activity in mice when administered in
combination with various types of vaccines [11-15]. Thus, α-GalCer represents a potential
adjuvant for tumor cell-based vaccines.

In the current study, we hypothesized that irradiated tumor cell-based vaccine co-administered
with α-GalCer may generate potent antitumor effects against ovarian cancer in vaccinated mice.
We have employed a transplantable mouse ovarian surface epithelial carcinoma (MOSEC)
model as well as a murine Müllerian inhibiting substance type II receptor T antigen (TgMISIIR-
TAg) transgenic mouse model that is capable of developing ovarian cancer spontaneously. We
found that treatment with α-GalCer leads to an increase in the IFN-γ serum levels in the
presence or absence of irradiated MOSEC tumor cells. Furthermore, administration of
irradiated MOSEC tumor cells with adjuvant α-GalCer generated significant protective and
therapeutic antitumor effects against MOSEC tumors in vaccinated mice. We also found that
treatment of the TgMISIIR-TAg transgenic mice with ovarian tumor cell-based vaccines
combined with adjuvant α-GalCer led to prolonged survival as well as increased numbers of
tumor-specific CD8+ T cells. Thus, α-GalCer represents an important adjuvant for improving
the efficacy of tumor-cell based vaccines to treat ovarian cancer.

3.0 Materials and Methods
3.0.1 Mice and cell lines

Female C57BL/6 mice aged 5-7 weeks were purchased from the National Cancer Institute.
Female TgMISIIR-TAg transgenic mice were obtained by breeding female C57BL/6 mice with
male TgMISIIR-TAg transgenic mice and used at 6 weeks of age in the experiments. These
mice spontaneously developed ovarian tumors with complete tissue penetration. The male
MISIIR-TAg transgenic mice were obtained from Fox Chase Cancer Center (Philadelphia, PA,
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USA) [16]. All animals were maintained under specific pathogen-free conditions, and all
procedures were performed according to approved protocols and in accordance with
recommendations for the proper use and care of laboratory animals.

The MOSEC cell line was generated from C57BL/6 mouse ovarian surface epithelial cells as
described previously [17]. Luciferase expressing MOSEC tumor cells (MOSEC-luc) were
generated by transducing the MOSEC cells with retrovirus containing luciferase, pLucithy1.1,
and flow cytometry sorting following the previously described protocol [18]. The MOVCAR
(mouse ovarian carcinoma) cell line was obtained from Fox Chase Cancer Center
(Philadelphia, PA, USA). It was derived from the ascites of a TgMISIIR-TAg transgenic mouse
with ovarian tumors. All cell lines were maintained in RPMI 1640 complete medium
supplemented with 10% heat-inactivated FBS (HyClone), 1% non-essential aminoacid, 2 mM
L-glutamine, 50 U/ml penicillin, 50 mg/ml streptomycin, and 5 mM 2-ME (Invitrogen Life
Technologies).

3.0.2 α-GalCer Treatment Protocol
α-Galactosylceramide (α-GalCer) was purchased from Alexis Biochemicals (Lausen,
Switzerland), and dissolved in 0.5% Tween 20 in PBS for a final concentration of 0.2 mg /ml,
and diluted with PBS before use. Each mouse received 1 μg of α-GalCer by intraperitoneal
injection with or without the cell-based vaccination.

3.0.3 Irradiated cells and cell-based vaccinations
The irradiated MOSEC and MOVCAR tumor cells were prepared using an irradiation dosage
of 93 Gy/10min. In the murine ovarian tumor model, C57BL/6 mice were intraperitoneally
(i.p.) injected with 1×106 /mouse of irradiated MOSEC cells. In the spontaneous tumor model,
TgMISIIR-TAg transgenic mice were i.p. injected with 1×106 /mouse of irradiated MOVCAR
cells. The cell-based vaccinations were given twice with a 1-wk interval (not including the
ELISA).

3.0.4 ELISA
Naïve female C57BL/6 mice were injected once with 1 × 106 /mouse of the irradiated MOSEC
tumor cells and/or 1 μg /mouse of α-GalCer. Five hrs after the injections with irradiated
MOSEC tumor cells and/or αGal-Cer, sera were collected from the various groups of mice.
The collected sera were assayed for the presence of IFN-γ using ELISA kits (Endogen, Woburn,
MA) according to the manufacturer protocol.

3.0.5 Cytolytic activity assay
MOSEC-Luc as target tumor cells were plated at a concentration of 1 × 105 cells per 0.1 ml/
well in 96-well microplates. Naïve female C57BL/6 mice were injected twice with 1 × 106 /
mouse of the irradiated MOSEC tumor cells with a 1 wk interval and/or 1 μg /mouse of α-
GalCer. A group of naive mice was used as a control. Two weeks after the last vaccination,
the mice were challenged with 2 × 105 /mouse of live MOSEC cells for in vivo whole cell-
based antigenic stimulation. One day later, splenocytes were obtained from the different groups
of mice. Increasing amounts of splenocytes (1 × 105 or 3 ×105 in a final volume of 0.2 ml /
well) were then co-cultured with the MOSEC-luc tumor cells at 37°C for 16 hrs, and
luminescence was read on the IVIS Imaging System Series 200. Cytolytic activity was
determined as described previously [19] after adding luciferin to the wells.

3.0.6 Tumor protection assay
Naïve female C57BL/6 mice were inoculated with 1×106 /mouse of the irradiated MOSEC
tumor cells and/or 1 μg /mouse of α-GalCer twice with a 1-wk interval. Two weeks after the
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second vaccination, mice were challenged i.p. with 2×105 cells /mouse of live MOSEC-luc
tumor cells. Detection of luminescence activity indicating relative tumor loading was
performed by IVIS imaging system Series 200 (Xenogen, Cranbury, NJ, USA) and the
luminescence activity was monitored using IVIS imaging once a week for 28 days. The survival
rates of each group were monitored over the following 120 days after tumor challenge day.

3.0.7 Tumor treatment assay
Naïve female C57BL/6 mice were inoculated i.p. with 2×105 cells /mouse of live MOSEC-luc
tumor cells. Five days later, the tumor-bearing mice were injected with 1×106 /mouse of the
irradiated MOSEC tumor cells and/or 1 μg /mouse of α-GalCer twice with a 1 wk interval.
Detection of luminescence activity indicating relative tumor loading was performed by IVIS
Imaging System Series 200 (Xenogen, Cranbury, NJ, USA) and the luminescence activity was
monitored using IVIS imaging once a week for 28 days. The survival rates of each group were
monitored over 120 days after the first vaccination.

3.0.8 Depletion of lymphocyte subsets in vivo
Naïve female C57BL/6 mice were inoculated with 1×106 /mouse of the irradiated MOSEC
tumor cells and/or 1 μg /mouse of α-GalCer twice with a 1 wk interval. One week after the last
vaccination, depletion was performed using 200 μg of purified rat monoclonal antibody GK1.5
(anti-CD4), mAb 2.43 (anti-CD8), or mAb PK136 (anti-NK1.1) given i.p. every other day for
three times. The depletion was maintained by continuing the antibody injections weekly three
days after the last of the three initial injections. Two weeks after the second vaccination, mice
were challenged i.p. with 2×105 cells/mouse of live MOSEC-luc tumor cells. One group of
mice was not administered antibodies as a control. Differences in the luminescence activity of
tumor growth were monitored by IVIS imaging system Series 200 once a week for 28 days.

3.0.9 Intracellular Cytokine Staining and Flow Cytometry Analysis
Female TgMISIIR-TAg transgenic mice were inoculated with 1×106 /mouse of the irradiated
MOVCAR tumor cells and/or 1 μg /mouse of α-GalCer twice with a 1-wk interval. One week
after the last vaccination, 5 × 106 splenocytes were harvested from each mouse and cultured
in vitro with 2 × 105 live MOVCAR tumor cells for 16 hrs with 2 μg Golgistop (PharMingen,
San Diego, CA). Cells were then washed once in FACScan buffer and stained with FITC-
conjugated monoclonal rat anti-mouse IFN-γ antibody using the Cytofix/Cytoperm kit
according to the manufacturer's instructions (PharMingen, San diego, CA). Flow analysis was
performed with a Becton Dickinson FACScan with CELLQuest software (Becton Dickinson
Immunocytometry System, Mountain View, CA).

3.1.0 Treatment of a MISIIR-TAg transgenic mouse model
Female TgMISIIR-TAg transgenic mice (5 per group) at 6 weeks of age were treated with
1×106 cells/mouse of irradiated MOVCAR tumor cells and/or 1 μg /mouse of α-GalCer twice
with a 1-week interval. The survival rates of the each group were monitored over 180 days
following from the first treatment.

3.1.1 Statistical Analysis
All data expressed as means ± standard error (s.e.) are representative of at least two different
experiments. Comparisons between individual data points were made using a Student's t-test
or ANOVA (analysis of variance). Differences in survival between experimental groups were
analyzed using the Log rank test.
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4.0 Results
4.0.1 Treatment with α-GalCer leads to an increase in the IFN-γ serum levels in the presence
or absence of irradiated MOSEC tumor cells

It has been established that NKT cells quickly respond to α-Galactosylceramide (α-GalCer) by
IFN-γ production [20]. In order to determine if administration of α-GalCer will lead to IFG-
γ secretion in vaccinated mice, we performed ELISA assays to check the IFN-γ serum levels.
C57BL/6 mice were injected with irradiated MOSEC tumor cells and/or α-GalCer. Five hours
after injection, sera were collected from the different groups of mice and assayed for IFN-γ
production by ELISA analysis. As shown in Figure 1, the levels of IFN-γ were significantly
higher in sera collected from the mice injected with α-GalCer treated with or without irradiated
MOSEC cells compared to the sera from the control or mice treated with irradiated MOSEC
tumor cell alone. Thus, our data suggest that administration of α-GalCer with or without
irradiated MOSEC tumor cells leads to increased levels of IFN-γ in the serum of vaccinated
mice.

4.0.2 Administration of irradiated MOSEC tumor cells with adjuvant α-GalCer generates
cytotoxic T lymphocytes against MOSEC tumor cells in vaccinated mice

In order to determine if administration of irradiated MOSEC tumor cells with adjuvant α-
GalCer can generate cytotoxic T lymphocytes against MOSEC tumor cells in vaccinated mice,
we performed in vitro cytotoxicity assays using splenocytes from mice vaccinated with
irradiated MOSEC tumor cells and/or α-GalCer. A group of naïve mice was used as a control.
The harvested splenocytes were incubated with the luciferase expressing MOSEC tumor cells
(MOSEC-luc). The bioluminescent intensity correlates directly with number of viable tumor
cells. As shown in Figure 2, splenocytes from mice vaccinated with irradiated MOSEC tumor
cells and α-GalCer demonstrated the highest cytotoxic activity against MOSEC-luc tumor cells
compared to splenocytes from mice vaccinated with irradiated MOSEC tumor cells alone or
α-GalCer alone. Thus, our results indicate that vaccination with irradiated MOSEC tumor cells
together with α-GalCer were capable of generating a significant number of cytotoxic T
lymphocytes against MOSEC tumor cells compared to vaccination with either irradiated
MOSEC tumor cells or α-GalCer alone.

4.0.3 Administration of irradiated MOSEC tumor cells with adjuvant α-GalCer generates
significant protective antitumor effects against MOSEC tumors in vaccinated mice

In order to determine whether administration of irradiated MOSEC tumor cells with adjuvant
α-GalCer generates protective antitumor effects against MOSEC tumors in vaccinated mice,
we performed in vivo tumor protection experiments. C57BL/6 mice (5 per group) were
vaccinated with irradiated MOSEC tumor cells and/or α-GalCer twice with a 1-week interval.
A group of unvaccinated mice was used as a control. Five days after the last vaccination, the
mice groups were challenged with MOSEC-luc tumor cells. The luciferase activity has been
shown to directly correlate with the tumor load [21,22]. As shown in Figure 3A, mice
vaccinated with irradiated MOSEC tumor cells and α-GalCer prior to tumor challenge showed
significantly decreased tumor growth compared to mice vaccinated with irradiated MOSEC
tumor cells or α-GalCer alone. We also characterized the survival of the vaccinated mice after
tumor challenge. As shown in Figure 3B, mice vaccinated prior to tumor challenge with
irradiated MOSEC tumor cells and α-GalCer exhibited improved survival compared to mice
vaccinated with irradiated MOSEC tumor cells or α-GalCer alone. Thus, our data suggest that
vaccination with irradiated MOSEC tumor cells combined with the adjuvant α-GalCer can
generate potent protective anti-tumor effects in vaccinated mice.
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4.0.4 Administration of irradiated MOSEC tumor cells with adjuvant α-GalCer generates
significant therapeutic antitumor effects against MOSEC tumors in vaccinated mice

In order to determine whether administration of irradiated MOSEC tumor cells with adjuvant
α-GalCer generates therapeutic antitumor effects against MOSEC tumors in vaccinated mice,
we performed in vivo tumor treatment experiments using C57BL/6 mice challenged with
MOSEC-luc tumors. Five days after the challenge, the mice were treated with irradiated
MOSEC tumor cells and/or α-GalCer twice with a 1-week interval. A group of tumor-bearing
mice was left untreated as a control. As shown in Figure 4A, treatment of mice with irradiated
MOSEC tumor cells and α-GalCer led to significantly decreased tumor growth over time
compared to treatment with irradiated MOSEC tumor cells alone or α-GalCer alone. We also
characterized the survival of MOSEC-luc tumor-bearing mice after the different treatments.
As shown in Figure 4B, MOSEC-luc tumor-bearing mice treated with irradiated MOSEC tumor
cells and α-GalCer exhibited improved survival compared to the other treatment groups. Thus,
our results suggest that administration of irradiated MOSEC tumor cells with adjuvant α-
GalCer can generate significant therapeutic antitumor effects in MOSEC-luc tumor-bearing
mice.

4.0.4 Immune cells expressing CD4, CD8 or NK1.1 markers are important for the protective
anti-tumor effects generated by irradiated tumor cell-based vaccines combined with
adjuvant α-GalCer

In order to determine the subsets of lymphocytes important for the protective anti-tumor effects
seen in mice vaccinated with irradiated MOSEC-luc tumor cells combined with adjuvant α-
GalCer, we performed in vivo antibody depletion experiments using monoclonal antibodies
specific for immune cells expressing CD4, CD8 or NK1.1 markers. C57BL/6 mice were
first vaccinated with irradiated MOSEC-luc tumor cells combined with α-GalCer twice with
a 1-week interval. Antibody depletion was initiated one week after the last vaccination. A group
of vaccinated mice without depletion of lymphocytes was used as a control. Two weeks after
the last vaccination, the mice were challenged with MOSEC-luc tumor cells. Tumor growth
was monitored using bioluminescent imaging systems. As shown in Figure 5, we observed that
vaccinated mice depleted of immune cells expressing CD4, CD8 or NK1.1 markers
exhibited a significantly higher tumor load compared to the vaccinated mice without depletion.
Thus, our data suggest that the immune cells expressing CD4, CD8 or NK1.1 markers are
important for protective anti-tumor immunity observed in mice vaccinated with irradiated
MOSEC-luc cells combined with adjuvant α-GalCer.

4.0.5 Administration of irradiated MOVCAR tumor cells combined with adjuvant α-GalCer
prolongs the survival of TgMISIIR-TAg transgenic mice

In order to determine if administration of irradiated tumor cells combined with α-GalCer can
prolong the survival of TgMISIIR-TAg transgenic mice, we used the mouse ovarian carcinoma
(MOVCAR) tumor cells for vaccine development. In general, TgMISIIR-TAg transgenic mice
spontaneously develop ovarian carcinomas within 4 months. The MOVCAR cell line is a tumor
cell line derived from the malignant ascites of TgMISIIR-TAg transgenic mouse with ovarian
cancer. The TgMISIIR-TAg transgenic mice (5 per group) at the age of 6 weeks were injected
with irradiated MOVCAR tumor cells and/or adjuvant α-GalCer twice with a 1-week interval.
A group of untreated mice was used as a control. As shown in Figure 6, mice administered
irradiated MOVCAR cells combined with α-GalCer showed significantly prolonged survival
compared to the other groups of mice. Thus, our data suggest that the co-administration of
irradiated MOVCAR tumor cells combined with adjuvant α-GalCer are capable of prolonging
the survival of the TgMISIIR-TAg transgenic mice.
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4.0.6 Administration of irradiated MOVCAR tumor cells with adjuvant α-GalCer leads to
increased numbers of tumor-specific CD8+ T cells in TgMISIIR-TAg transgenic mice

We further characterized the tumor-specific CD8+ T cell immune responses in TgMISIIR-TAg
transgenic mice vaccinated with irradiated MOVCAR tumor cells and/or adjuvant α-GalCer
twice with a 1-week interval. Unvaccinated mice were used as a control. One week after
treatment, splenocytes from vaccinated mice were harvested, cultured in vitro with or without
live MOVCAR cells and stained for intracellular IFN-γ using intracellular cytokine staining
followed by flow cytometry analysis. As shown in Figure 7, MISIIR-TAg transgenic mice
treated with irradiated MOVCAR cells combined with adjuvant α-GalCer generated the highest
levels of IFNγ-secreting CD8+ T cells compared to TgMISIIR-TAg transgenic mice treated
with α-GalCer alone or irradiated MOVCAR cells alone. Thus, our results suggest that
vaccination with irradiated MOVCAR tumor cells combined with adjuvant α-GalCer is capable
of generating significant levels of tumor-specific CD8+ T cell immune response in
TgMISIIRTAg transgenic mice.

5.0 Discussion
In the current study, we characterized the antitumor effects generated by co-administration of
irradiated tumor cell-based vaccines with α-GalCer against ovarian cancer using two different
mouse models. We observed that treatment with α-GalCer leads to an increase in the IFN-γ
serum levels in the presence or absence of irradiated MOSEC tumor cells. Administration of
irradiated MOSEC tumor cells with adjuvant α-GalCer generated significant protective and
therapeutic antitumor effects against MOSEC tumors in vaccinated mice. Furthermore,
treatment with ovarian tumor cell-based vaccines combined with adjuvant α-GalCer led to
prolonged survival as well as increased numbers of tumor-specific CD8+ T cells in TgMISIIR-
TAg transgenic mice. Thus, administration of α-GalCer as an adjuvant can significantly
enhance the efficacy of tumor-cell based vaccines for the treatment of ovarian cancer.

In this study, we observed that the co-administration of irradiated MOVCAR tumor cells
combined with α-GalCer could generate a strong tumor-specific CD8+ T cell immune response
and could prolong the survival of TgMISIIRTAg transgenic mice. Thus, the vaccination
regimen is capable of breaking immune tolerance, thus resulting in significant antitumor
immune responses. However, it is not clear against which particular tumor antigen the observed
CD8+ T cell immune responses were directed. The transgenic mice are engineered to express
the simian virus 40 (SV40) T antigen under control of the murine Müllerian inhibiting
substance type II receptor (MISIIR) gene promoter [16]. Thus, one potential possibility could
be that the CD8+ T cell immune responses are directed against the SV40 T Ag. However, we
found that the tumor-specific CD8+ T cell immune responses were not targeted against the
SV40 T Ag (data not shown). We also found that the tumor-specific CD8+ T cells from the
vaccination with irradiated MOVCAR cells were capable of killing MOSEC tumors (data not
shown). Taken together, this information suggests that the tumor-specific CD8+ T cell immune
responses are likely to be against a murine tumor antigen(s) shared between the MOSEC and
MOVCAR tumors. It would be of interest to identify and characterize the specific tumor antigen
(s) and to identify a human counterpart of this antigen. This would be greatly beneficial for the
further development of effective therapies against ovarian cancer.

The results of our study suggest that immune cells expressing CD4, CD8 or NK1.1 markers
play a role in the generation of anti-tumor effects by irradiated tumor cell-based vaccines
combined with adjuvant α-GalCer. This may be due to an induction of NKT-mediated
immunity by the adjuvant α-GalCer. Since NKT cells also express the surface molecules,
NK1.1 and CD4, depletion of CD4+ T cells and/or NK1.1 positive cells may also lead to the
depletion of NKT cells. Previous studies have suggested that α-GalCer induces a potent natural
killer T (NKT) cell-dependent cytotoxic response against tumor cells [8-10]. Activated NKT
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cells rapidly release large amounts of proinflammatory cytokines into the serum including IL-4,
IL-12 and IFN-γ [23-26]. The proinflammatory cytokines, in turn, regulate the activation of
the immune cells including NK cells, CD4+ T cells, CD8+ T cells, B cells and dendritic cells,
which function later in the immune response. Thus, the results of our current study are in
agreement with the results of previous studies.

In summary, our study has demonstrated that ovarian tumor cell-based vaccines in conjunction
with α-GalCer are capable of breaking immune tolerance and generating potent tumor-specific
immune responses using two different mouse models. Our results potentially serve as an
important foundation for future clinical translation. Furthermore, similar strategies may
potentially be applied to other cancer systems.
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Figure 1. ELISA assay characterizing the levels of IFN-γ in the serum of vaccinated mice
Groups of C57BL/6 mice (5 per group) were vaccinated intraperitoneally with 1 × 106/mouse
of irradiated MOSEC tumor cells together with 1 μg/mouse of α-GalCer or each component
alone. A group of untreated mice were used as a control. Five hours after the injection, sera
were collected from the naïve and vaccinated mice and assayed for levels of IFN-γ using
ELISA. The bar graph shows the levels of IFN-γ in picograms /ml. The data shown is from
one representative experiment of two performed.
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Figure 2. In vitro cytoxicity assay with splenocytes from vaccinated mice
Groups of C57BL/6 mice (5 per group) were vaccinated intraperitoneally with 1 × 106 /mouse
of irradiated MOSEC tumor cells and/or 1μg/mouse of α-GalCer twice with a one-week
interval. A group of naïve mice was used as a control. Two weeks after the last vaccination,
the mice were challenged intraperitoneally with 2 × 105 /mouse of MOSEC tumor cells for in
vivo antigenic stimulation. One day after tumor challenge, splenocytes were harvested from
the various groups of mice and plated in 96-well plates with luciferase expressing MOSEC
tumor cells (MOSEC-luc) in increasing effector: target cell ratios (E:T ratios). Cell viability
was demonstrated using luciferase activity and detected using the IVIS Imaging System Series
200. Bioluminescence signals were acquired for one minute. (A) Representative figures of
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wells showing the luciferase expression in MOSEC-luc cells incubated with splenocytes from
the various groups of mice. (B) Line graph quantifying the luminescent activity of the MOSEC-
luc cells incubated with splenocytes from the vaccinated mice (mean±s.e.). (* indicates p <
0.05 as compared to control).
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Figure 3. In vivotumor prevention experiments
C57BL/6 mice (5 per group) were vaccinated intraperitoneally with 1 × 106 /mouse of irradiated
MOSEC tumor cells and/or 1 μg /mouse of α-GalCer twice with a one-week interval. A group
of naïve mice was used as a control. Two weeks after the last vaccination, the mice were
challenged i.p. with 2 × 105 /mouse of MOSEC-luc tumor cells (day 0). Mice were imaged on
days 0, 7, 14, 21 and 28 after tumor challenge using the IVIS Imaging System Series 200.
Bioluminescence signals were acquired for one minute. (A) Left panel; representative images
of the various groups of mice vaccinated with irradiated MOSEC cells and/or α-GalCer prior
to tumor challenge with MOSEC-luc. Right panel; line graph depicting the kinetic expression
of luciferase (mean±s.e.) in the various groups of mice vaccinated with irradiated MOSEC
cells and/or α-GalCer prior to tumor challenge with MOSEC-luc. (B) Kaplan & Meier survival
analysis of mice vaccinated with irradiated MOSEC cells and/or α-GalCer prior to tumor
challenge with MOSEC-luc. (* indicates p < 0.05; ** indicates p < 0.01; *** indicates p <
0.001 as compared to the control). The data shown is from one representative experiment of
two performed.
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Figure 4. In vivotumor treatment experiments
C57BL/6 mice (5 per group) were challenged i.p. with 2 × 105 /mouse of MOSEC-luc tumor
cells on day 0. Five days after tumor challenge, the mice were treated i.p. with 1 × 106 /mouse
of irradiated MOSEC tumor cells and/or 1 μg /mouse of α-GalCer twice with a 1-week interval.
A group of untreated tumor-bearing mice was used as a control. Tumor-bearing mice were
imaged on days 0, 7, 14, 21 and 28 after tumor challenge using the IVIS Imaging System Series
200. Bioluminescence signals were acquired for one minute. (A) Left panel; representative
bioluminescence images of MOSEC-luc tumor-bearing mice treated with the various
combinations of α-GalCer and irradiated MOSEC tumor cells. Right panel; line graph depicting
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the kinetic expression of luciferase in MOSEC-luc tumor-bearing mice treated with the various
combinations of α-GalCer and irradiated MOSEC tumor cells over time (mean±s.e.). (B)
Kaplan & Meier survival analysis of MOSEC-luc tumor-bearing mice treated with irradiated
MOSEC tumor cells and/or α-GalCer. (* indicates p < 0.05; ** indicates p < 0.01 as compared
to the control).
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Figure 5. In vivoantibody depletion experiment
Groups of C57BL/6 mice (5 per group) were vaccinated i.p. with 1 × 106 /mouse of irradiated
MOSEC tumor cells and 1 μg /mouse α-GalCer twice with a 1-wk interval. One week after the
last vaccination, mice were depleted of immune cells expressing CD4, CD8 or NK1.1
markers using 200 μg /mouse of purified rat monoclonal antibodies GK1.5 (anti-CD4), mAb
2.43 (anti-CD8), or mAb PK136 (anti-NK1.1). The mice were injected with antibodies 3 times
for the first week and then once every week. One group of vaccinated mice without depletion
was used as a control. Two weeks after the last vaccination, the non-depleted and depleted
mice were challenged i.p. with 2 × 105 /mouse of MOSEC-luc tumor cells. The growth of the
tumor in mice was imaged on days 0, 14, 21 and 28 after tumor challenge using the IVIS
Imaging System Series 200. Bioluminescence signals were acquired for one minute. (A)
Representative images of MOSEC-luc tumor challenged mice with no depletion, CD4
depletion, CD8 depletion or NK1.1 depletion. (B) Line graph depicting the kinetic expression
of luciferase in MOSEC-luc tumor challenged mice with or without depletion (mean±s.e.). (*
indicates p < 0.05; ** indicates p < 0.01 as compared to the control).
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Figure 6. Survival analysis after treatment in a spontaneous tumor model
Kaplan & Meier analysis showing the survival of the MISIIR-TAg transgenic mice treated
with irradiated MOVCAR tumor cells and/or α-GalCer. Female MISIIR-TAg transgenic mice
(5 per group) were injected with 1 × 106 /mouse of irradiated MOVCAR tumor cells and/or 1
μg /mouse of α-GalCer. A group of mice was left untreated as a control. (* indicates p < 0.05
as compared to the control).
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Figure 7. Characterization of tumor-specific CD8+ T cells in vaccinated MISIIR-TAg transgenic
mice
Female MISIIR-TAg transgenic mice (5 per group) at the age of 6 weeks were treated with 1
× 106 /mouse of irradiated MOVCAR tumor cells and/or 1 μg /mouse of α-GalCer. A group
of mice was left untreated as a control. One week after the last treatment, splenocytes were
harvested from the vaccinated mice. Pooled splenocytes were cultured in vitro for 16 hrs with
or without 2 × 105 live MOVCAR cells with Golgistop and then stained for IFN-γ using
intracellular cytokine staining followed by flow cytometry analysis. (A) Representative flow
cytometry data for each group of treated transgenic mice. The numbers in the upper right hand
corner represent the number of IFN-γ-secreting, CD8+ T cells per 3×105 harvested splenocytes.
(B) Bar graph showing the levels of IFN-γ-secreting, CD8+ T cells per 3×105 harvested
splenocytes (mean±s.e.).
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