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Abstract
Immunotherapy for cancer is often limited by weak immunogenicity of tumor antigens. However,
immune systems are usually strong and effective against foreign invading antigens. To test whether
the destructive effect of adaptive immunity against foreign antigens can be redirected to tumors for
cancer therapy, we immunized mice with adenovector expressing LacZ (Ad/CMV-LacZ).
Subcutaneous syngeneic tumors were then established in the immunized animals or in naïve animals.
The immune response against adenovirus or LacZ was redirected to tumors by intratumoral injection
of Ad/CMV-LacZ. We found that immunization and treatment with the adenovector dramatically
reduced the tumor growth rate compared with intratumoral administration of adenovector in naïve
mice. Complete tumor regression was observed in about 50% of the immunized animals but not in
the naïve animals. Similar effects were observed when oncolytic vaccinia virus was used to immunize
and treat tumors. Lymphocyte infiltration in tumors was dramatically increased in the immunized
group when compared with other groups. Moreover, immunity against parental tumor cells was
induced in the animals cured with immunization and treatment with Ad/CMV-LacZ, as evidenced
by the lack of tumor growth when the mice were challenged with parental tumor cells. Taken together,
these results suggest that redirecting adaptive immunity against foreign antigens is a potential
approach for anticancer therapy and that pre-existing immunity could enhance virotherapy against
cancers.
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Introduction
The presence of tumor antigens derived from mutant proteins, dysregulated or overexpressed
proteins, and viral oncogenic proteins are the cornerstones of tumor immunology and together
are the driving force of cancer immunotherapy. Because multiple gene mutations and
dysregulated gene expression are involved in the development of malignant phenotypes, the
identification of tumor antigens and the use of the immune system for cancer therapy have
been intensively investigated.1,2 Both passive and active immunotherapies targeted to tumor
antigens have been explored for cancer treatment. Whereas passive immunotherapy uses
antibodies,3 cytotoxic T lymphocytes specific to tumor antigens,4 or both, active
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immunotherapy uses tumor antigens for vaccination, co-stimulatory molecules for
enhancement of antigen signals, cytokines for activation and proliferation of immunoactive
cells, dendritic cells for effective processing and presentation of tumor antigens, and
alloantigens, xenoantigens, and various adjuvants for enhancement of the immune response.
5-9 All these therapeutic strategies rely on effective immunity directly against tumor antigens.
However, because of the heterogenecity of tumor cells among patients and within a tumor
mass, some of these strategies need to be individualized for clinical application or the tumor
cells may easily acquire resistance. Moreover, because most tumor antigens are derived from
or are similar to self-antigens, the immune response to these antigens is often suppressed or
too weak to be effective.8,9

Immune systems, even those of cancer patients, can recognize and mount a response to foreign
materials, such as viruses and bacteria, sufficiently enough to destruct and eliminate them. The
destructive effect of adaptive immunity against foreign invaders would be beneficial for cancer
therapy if this effect could be redirected to tumors. Because the destruction of foreign antigen-
expressing tumor cells is carried out by active immune cells, tumor antigens present in tumor
cells may be effectively processed and presented back to immune systems, thereby inducing
tumor antigen-specific immunity and eliminating other tumor cells through immune response-
mediated bystander effects.

To test whether adaptive immunity against foreign antigens can be used for cancer therapy, we
immunized immunocompetent mice with foreign antigens by virus-mediated gene transfer.
Syngeneic tumors were then established in both naïve and immunized animals, which were
subsequently treated with viral vector encoding the foreign genes. The results showed that the
antitumor effect of virus-mediated foreign gene transfer is more effective in immunized
animals than in naïve animals. Moreover, the cured immunized animals rejected parental tumor
cells, which suggested that antitumor immunity can be induced by this approach.

Materials and Methods
Cell lines and cell culture

Murine fibrosarcoma cell line UV2237, melanoma cell line K1735, breast cancer cell line LM2,
and colorectal adenocarcinoma cell line CT26 were maintained in our laboratory 10 or obtained
from American Type Culture Collection (Manassas, VA). Murine lung carcinoma M109 cell
line was obtained from Frederick Cancer Research and Development Center, National Cancer
Institute (Frederick, MD). The cells were routinely cultured in Dulbecco's modified Eagle's
medium supplemented with 10% heat-inactivated fetal calf serum, 100 units/mL penicillin,
and 100 mg/mL streptomycin. All cells were maintained in the presence of 5% CO2 at 37°C.

Viruses
Adenovirus expressing the LacZ gene (Ad/CMV-LacZ) or the green fluorescent protein (GFP)
gene (Ad/CVM-GFP) has been described previously.11,12 Oncolytic vaccinia virus (vSP) has
also been described previously.13 The expansion, purification, titration, and quality analyses
of both vectors were performed at the Vector Core Facility of The University of Texas M. D.
Anderson Cancer Center as previously described.13,14 For adenovirus, the titer used in this
study was determined by the absorbancy of the dissociated virus at A260nm (1 A260nm unit = 1
× 1012 viral particles [VP]/mL), and the infectious units (IU) determined by the median tissue
culture infective dose (TCID50) assay 14 were used as additive information. The VP:IU ratio
was usually between 30:1 and 100:1. For vSP, the titer used in this study was the IU determined
by the TCID50 assay.
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Animal Experiments
Six-week-old female C3H mice or Balb/C mice were purchased from Charles River
Laboratories (Wilmington, MA) and housed at M. D. Anderson Cancer Center under
conventional conditions. Animal experiments were carried out in accordance with the
Guidelines for the Care and Use of Laboratory Animals (National Institute of Health
Publication number 85-23) and the institutional guidelines of M. D. Anderson. For virus-
mediated foreign antigen immunization, C3H mice were injected intradermally with 0.1 mL
of PBS alone (mock immunization) or with 1 × 1010 VP of Ad/CMV-LacZ or Ad/CVM-GFP.
This procedure was repeated every 7 days for 3 weeks. One week after the last immunization,
1 × 106 cells of UV2237, a syngeneic fibrosarcoma cell line derived by repeated exposure to
ultraviolet irradiation,15 were subcutaneously injected into the right hind leg of each mouse
to establish subcutaneous tumors. When the tumors grew to approximately 3-5 mm in diameter,
immunized and naïve mice were randomly divided into subgroups for treatment. The control
group was treated with PBS, and the other groups were treated with viruses that were used in
the immunizations. Tumors were injected with 0.1 mL of PBS alone or with Ad/CMV-LacZ
or Ad/CVM-GFP (5 × 1010 VP/injection) every 3 days for a total of three or four injections.
The tumor growth rate was assessed by measuring tumor volume every 2 or 3 days with calipers.
The tumor volume was calculated using the formula a(b2) ÷ 2, for which a and b represent the
longest and shortest diameters, respectively. The mice were euthanized when their tumors
reached 1.5 cm in diameter or the tumor site became ulcerated. This in vivo experiment was
performed three times.

To test whether the effects of virus-mediated foreign antigen immunization can occur in other
tumor models, C3H mice were injected intradermally with 0.1 mL of PBS alone or with 1 ×
1010 VP of Ad/CMV-LacZ every 7 days for 3 weeks. One week after the last immunization,
1 × 106 K1735 murine melanoma tumor cells were subcutaneously injected into the right hind
leg of each mouse to establish subcutaneous tumors. When the tumors grew to approximately
3-5 mm in diameter, immunized and naïve mice were randomly divided into subgroups for
treatment. The control group was treated with PBS, and the other groups were treated with
viruses that were used in the immunizations. Tumors were injected with 0.1 mL of PBS alone
or with Ad/CMV-LacZ (5 × 1010 VP/injection) every 3 days for a total of three or four
injections, and the tumor growth rate was determined. This in vivo experiment was performed
three times.

To test whether the immune response against parental tumor cells was elicited in mice with
complete regression of UV2237 tumors, we challenged C3H mice that were not exposed to
adenovirus with 1 × 106 parental UV2237 cells. For control animals, we surgically removed
the primary tumors from naïve animals or from Ad/CMV-LacZ-immunized animals that did
not respond to Ad/CMV-LacZ treatment and then injected the tumor cells on the opposite side
of the original treatment site. The growth rate of tumors at this second challenge site was
determined. This in vivo experiment was performed three times. To determine whether the
immune response against tumor cells was specific for parental tumor cells, a similar experiment
was performed in which a similar group of mice was challenged with UV2237 cells or with
K1725 cells.

Because human adenovirus does not replicate efficiently in murine tumor cells, we also tested
the toxicity of vaccinia virus on several murine cancer cells. Cancer cells were cultured in 96-
well plates and then infected with different doses of vSP.13 Multiplicity of infection (MOI)
represented the dose, which meant ratio of infectious virus particles to cells. A dose-effect
analysis was performed 72 hours after treatment with vSP to determine which cell line was the
most sensitive to the oncolytic effects of vSP. This analysis was performed for three separate
experiments. The most sensitive cell line was used in the subsequent in vivo evaluation of vSP
in which Balb/C mice were injected intradermally with 0.1 mL of PBS alone or with 1 × 106
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IU vSP. This procedure was repeated every 7 days for 3 weeks. Four weeks after the first
immunization with vSP, blood samples were collected from immunized or naïve mice and
tested for neutralization antibodies against vSP. We then inoculated each mouse in the right
hind leg with 1 × 106 cancer cells to establish subcutaneous tumors. When the tumors grew to
approximately 3-5 mm in diameter, immunized and naïve mice were randomly divided into
subgroups for treatment. The control group was treated with PBS, and the other groups were
treated with viruses that were used in the immunizations. Tumors were injected with 0.1 mL
of PBS alone or with vSP (1 × 107 IU/injection) every 3 days for a total of three injections.
The tumor growth rate was assessed.

Cell viability assay
The viability of the cell lines was determined using the sulforhodamine B assay, as previously
described.16 Briefly, after fixation of adherent cells with trichloroacetic acid in a 96-well
microplate, the protein was stained with sulforhodamine B and the optical density was
determined at 570 nm to reflect the number of stained cells, which represented cell viability.
The percentage of viable cells was determined relative to the cell viability of the phosphate-
buffered saline (PBS) control, which was set at 100%. Each experiment was performed in
quadruplicate and repeated at least three times.

Neutralization antibody assay
To assess the immune response to vSP immunization and treatments, we collected blood
samples from Balb/C mice before tumor cell inoculation or 5 days after the final injection by
cutting the tip of each mouse's tail and measuring the serum neutralization antibody titer. Blood
was allowed to clot overnight at 4°C, and antiserum was collected by centrifuging the clotted
blood at 16 000 g for 10 minutes at 4°C and heat inactivated at 56°C for 30 minutes. The
neutralization antibody titer for virus was determined as described previously.17 Briefly,
serially diluted serum was mixed with vSP for 1h at 37°C and infected human cervical cancer
Hela Cell line. Two days later, cells were stained by X-gal and counted the number of blue
cell.

Immunohistochemical assay
Formalin-fixed tumor sections were immersed into preheated antigen-retrieval solution (10
mM Sodium Citrate, pH 6.0) and incubated at 95°C for 20 min. After cooling down to room
temperature, the slides were incubated with anti-mouse CD4 (Clone V4, Santa Cruz
Biotechnology, Santa Cruz, CA) (1:100 diluted with 5% BSA), or with anti-mouse CD8 (clone
53-6.7, BD Bioscience, San Jose, CA) (1:100 diluted with 5% BSA) at 4°C overnight. The
Universal Kit (Vector Laboratory, Burlingame, CA) was used as secondary antibody.
Endogenous peroxidase activity was blocked by 20 min incubation in 0.3% hydrogen peroxide.
Mouse spleens were used as positive controls and slides with no primary antibody staining
were used as negative control. Three sections were evaluated for each tumor.

Statistical analysis
Differences among the treatment groups were assessed by analysis of variance using StatSoft
statistical software (Tulsa, OK). Survival analysis was done using the Kaplan-Meier test, and
differences between curves were assessed using the log-rank test. P < 0.05 was considered
statistically significant.
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Results
Regression of fibrosarcoma tumors after immunization and treatment with Ad/CMV-LacZ

To test the feasibility of redirecting adaptive immune response to cancers, we immunized C3H
mice with PBS alone or with Ad/CMV-LacZ or Ad/CMV-GFP by intradermal inoculation.
Subcutaneous tumors were established by inoculating 1 × 106 cells of the UV2237
fibrosarcoma cell line into the right flank of each mouse. When the tumors reached 3-5 mm in
diameter, the animals were intratumorally injected with PBS alone or with Ad/CMV-LacZ or
Ad/CMV-GFP, as described in Materials and Methods. We found that animals treated with
PBS, regardless of whether they were naïve or immunized, had the same tumor growth rate,
suggesting that immunization with adenovector did not affect tumor growth. In contrast,
immunization with adenovector dramatically affected the subsequent treatment with
adenovector: the tumor growth in animals both immunized and treated with Ad/CMV-LacZ
was significantly suppressed compared with that of naïve animals treated with Ad/CMV-LacZ
(Figure 1A). Moreover, complete tumor regression (Table 1), which usually occurred at 10-15
days after intratumoral treatment started, and long-term tumor-free survival (Figure 1B) were
observed in about 50% of animals that were immunized and treated with Ad/CMV-LacZ. In
contrast, no tumor regression was observed in naïve animals treated with Ad/CMV-LacZ
(Table 1). No treatment-related toxicity was observed in all groups, including the group
immunized and treated with adenovectors. These results demonstrated that acquired immune
response to LacZ, GFP, or adenoviral proteins can have an antitumor effect when the same
foreign antigen genes are subsequently introduced into tumor cells.

Regression of melanoma tumors after immunization and treatment with Ad/CMV-LacZ
To test whether the effects of immunization we observed in fibrosarcoma tumors can occur in
other tumor models, we immunized C3H mice with PBS alone or with Ad/CMV-LacZ. The
animals were then inoculated subcutaneously with 1 × 106 K1735 murine melanoma tumor
cells. When the tumors reached 3-5 mm in diameter, the animals were intratumorally injected
with PBS alone or with Ad/CMV-LacZ, as described in Materials and Methods. As we
observed for UV2237 tumors, immunization and treatment with Ad/CMV-LacZ dramatically
improved the tumor-free survival rate (Figure 2). Thus, redirecting acquired immunity to cancer
cells can be used for treatment of different types of tumors.

Induction of anticancer immunity
Because intratumoral injection of adenovector seldom leads to transduction of all tumor cells,
the complete regression of established tumors we observed in 52% of the C3H mice with
UV2237 tumors indicated that this approach might induce bystander effects against
untransduced cells. To test whether the immune response against parental tumor cells was
elicited in animals immunized with Ad/CMV-LacZ that had complete tumor regression, we
challenged these animals with 1 × 106 parental UV2237 cells that were not exposed to Ad/
CMV-LacZ or any other adenovector. For control animals, primary tumors from naïve or Ad/
CMV-LacZ-immunized mice that did not respond to Ad/CMV-LacZ treatment were surgically
removed, and then the tumor cells were injected on the opposite side of the original treatment
site. This second challenge was rejected in all the animals that were both immunized and treated
with Ad/CMV-LacZ and had complete regression of their original tumors, whereas tumor
growth on the second challenged site was noted in all other animals (Table 2). These results
suggested that redirecting adaptive immunity against foreign antigens to tumor may indeed
induce tumor-specific immunity in some animals.

To test whether the immune response against tumor cells was specific for parental tumor cells,
we performed a separate experiment to challenge animals with either UV2237 cells or K1735
cells whose UV2237 tumors had regressed. Animals whose primary tumors were removed by
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excision were used as the control. The results showed that the animals whose UV2237 tumors
had regressed rejected the second challenge of UV2237 cells but not the challenge of K1735
cells (Table 3). In contrast, challenges from both UV2237 cells and K1735 cells formed tumors
in control animals. These results demonstrated that the immune response specific for parental
tumor cells was elicited by redirecting the acquired immunity against foreign antigens.

Enhancement of the oncolytic effect of vSP by immunization
Because oncolytic virotherapy, which uses viral replication and subsequent cell killing for
cancer treatment, ultimately results in the expression of viral antigen in cancer cells, we
hypothesized that redirecting acquired immunity against an oncolytic virus enhances the
therapeutic effects of oncolytic virotherapy. Because human adenovirus does not replicate
efficiently in murine tumor cells, we tested the toxicity of vSP on five murine cancer cell lines
that were infected with different doses of vSP.13 A dose-effect analysis performed 72 hours
after treatment showed that the colorectal adenocarcinoma tumor cell line CT26 was the most
sensitive to the oncolytic effects of vSP (Figure 3A). Therefore, we used CT26 cells in the
subsequent in vivo evaluation of vSP.

Balb/C mice were immunized with vSP as described in Materials and Methods. Four weeks
after the first immunization, blood samples were collected from immunized or naïve mice and
tested for neutralization antibodies against vSP. Anti-vSP neutralizing antibody was detected
in all immunized mice (average titer 1:7800) but not in naïve mice (average titer < 1:5),
suggesting that the anti-vSP immune response was successfully induced (Figure 3B). We then
inoculated immunized and naïve mice with CT26 cells to establish subcutaneous tumors. When
the tumors grew to 3-5 mm in diameter, the animals were treated with PBS alone or with vSP.
Our results showed that in naïve mice, treatment with vSP suppressed tumor growth compared
with treatment with PBS but that the vSP-mediated tumor-suppressing effect was more
dramatic in immunized mice than in naïve mice (Figure 3C). The difference was significant
(P < 0.05). Tumor regression was observed in 2 of the 7 animals that were both immunized
and treated with vSP but in none of the 17 mice of the other immunization and treatment groups.
No treatment-related toxicity were observed in all groups, including the group immunized and
treated with vSP. These results demonstrated that an existing immune response against an
oncolytic virus enhances the oncolytic virotherapy of cancers.

Enhanced lymphocyte infiltration in tumors of immunized animals
Enhanced vSP antitumor activity in immunized group indicated roles of immune response in
vSP virotherapy. To test whether there is difference in immune response inside tumors, we
harvested tumors at two days after the last treatment as described in Materials and Methods.
Immnunohistochemical staining with anti-mouse CD4 and anti-mouse CD8 antibodies showed
a dramatic increase of CD4+ lymphocytes and, to a less degree, of CD8+ lymphocytes in tumors
of animals immunized and treated with vSP when compared with all other groups (Figure 4).
Moreover, increased tumor cell nuclear condensation and fragmentation, hallmarks of
apoptosis/necrosis, were observed in vSP-immunized and treated group when compared with
all other groups. This result demonstrate that preimmunization with a viral vector followed by
intratumoral delivery of the same viral vector will enhance infiltration of immune active
lymphocytes in tumor sides and enhance tumor cell killing.

Discussion
The use of foreign antigens in anticancer therapy has been investigated for more than a century.
The successful clinical application with foreign antigens is exemplified by the treatment of
superficial bladder cancer with bacillus Calmette-Guerin (BCG).18 Local, intravesical
instillation of BCG leads to induction of various chemokines and inflammatory cytokines, up-
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regulation of adhesion molecule expression, and infiltration of lymphocytes, macrophages, and
neutrophils, all of which result in elimination of cancer cells in a small group of bladder cancer
patients.18-20 Moreover, BCG can be engineered to express cytokines to improve its efficacy.
21 Genetically attenuated bacteria and viruses have also been explored for cancer treatment
directly or as vehicles of cancer immunotherapy or vaccination.22-24 Indeed, regression of
hematopoietic malignancies have been observed after viral infection or vaccination,25,26
suggesting that a foreign invader may trigger systemic anticancer effects. Nevertheless, the
treatment regimen for most virus- or bacteria-based immunotherapies is usually local or
locoregional application without pre-immunization. It is not certain whether induction of the
immune response to those foreign antigens before local application affects treatment outcomes.
Because cancer regions may be immune privileged,27-30 direct application of foreign antigen
to the cancer site without pre-immunization may reduce the immune response to these antigens.
Moreover, massive infiltration of neutrophils may attenuate the immune response by changing
the profiles of cytokine secretion. 31 Furthermore, because most bacterial antigens stay outside
of tumor cells, the initial local response is usually against the foreign antigen without direct
interaction of immune effector cells and tumor cells: the cancer cells are killed by a bystander
effect of local inflammation rather than by a direct attack by immune active cells. Under these
circumstances, the processing and presentation of tumor antigens back to the immune system
may not be effectively mobilized.

The therapeutic approach of redirecting acquired immunity against foreign antigens to cancer
cells may solve such problems. Because the immunization step is not involved in the immune
privilege of cancer sites, eliciting a strong immune response against foreign antigens is possible
in cancer patients. Once an immune response is established, gene transfer technology can be
used to induce ectopic expression of these foreign antigens in cancer cells. Tumor-specific
expression of foreign antigens is also possible by controlling transgene expression with tumor-
specific promoters, such as telomerase promoter, 11,12,32 or other targeted gene delivery
technologies. 33,34 Because this ectopic expression of foreign antigens attracts direct attack
by professional immune components, the processing and presentation of possible tumor
antigens existing in cancers back to the immune system may be more effective than when
cancer cells are killed by the bystander inflammatory response.

It is well documented that gene therapy with a viral vector containing viral genes can result in
immune response to transduced cells expressing transgene and/or viral genes. Eliminating
transduced cells by host immune systems, either cellular or humoral or both, was reported to
be the causal factor of transient transgene expression of adenovirus-mediated gene therapy in
immunocompetent animals.35-37 Intratracheal instillation of an E1-deleted adenovirus led to
substantial peribronchial and perivascular infiltrates of CD4+ and CD8+ T cells. 38 Cytotoxic
T-lymphocytes against major histocompatibility complex-matched target cells infected with
an adenovirus not expressing any transgene was induced by administration of an E1-deleted
adenovirus, suggesting that adenovirus-specific cellular immune response can be stimulated
that leads to destruction of transduced cells.36 However, if transduced cells are malignant, this
elimination is beneficial for treatment. This may explain why intratumoral administration of
Ad/CMV-LacZ can induce mild antitumor activity in immunocompetent mice. Nevertheless,
our results demonstrated that antitumor activity mediated by such a mechanism can be
dramatically augmented by preimmunization followed by intratumoral delivery with the same
viral vectors. We also found that preimmunization with Ad/CMV-LacZ enhanced antitumor
activity of subsequent intratumoral administration of Ad/CMV-GPF. Because both Ad/CMV-
LacZ and Ad/CMV-GFP are conventional E1-deleted vectors and are known to express the
same adenoviral antigens, enhanced antitumor activity is attributed to preimmunization with
viral gene products but not the transgene product. Moreover, our results demonstrated that
preimmunization followed by intratumoral delivery of the same foreign antigen genes can also
eliminate or reject parental tumor cells that do not express the foreign antigen. This observation
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is consistent with a previous report by others that LacZ gene expression in a highly tumorigenic
murine cancer line abolished tumorigenicity of transduced cells in immunocompetent mice
and induced immunity against parental cells. 39 Nevertheless, our results showed that
immunity against tumor cells that do not express the foreign antigens is parental tumor antigen-
dependent and is not mediated by non-specific cytokine response because the mice only
rejected parental tumor cells but not a different tumor cell line. Further more, our results showed
that pre-existing immunity against an oncolytic virus could enhance the antitumor activity of
that virus. These proof-of-concept results may influence the future design of anticancer gene
vectors or the clinical evaluation of oncolytic virotherapy for cancer.
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Figure 1.
Antitumor activity of Ad/CMV-LacZ treatment in naïve and immunized animals bearing
fibrosarcoma. C3H mice were immunized with PBS alone or with Ad/CMV-LacZ.
Subcutaneous tumors were then established from UV2237 fibrosarcoma cells and treated by
intratumoral injection of PBS alone or with Ad/CMV-LacZ. A) Tumor volume over time.
Values are means ± standard errors of 8-10 animals per group. B) Survival curve of 8-15
animals per group. The data are shown from one of three experiments with similar results. The
difference between the Ad/CMV-LacZ // Ad/CMV-LacZ group and each of the three other
groups was significant (P < 0.05 for each comparison).
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Figure 2.
Effects of immunization on melanoma. C3H mice were immunized with PBS alone or with
Ad/CMV-LacZ. Subcutaneous tumors were then established from K1735 melanoma cells, and
treated by intratumoral injection of PBS alone or with Ad/CMV-LacZ. The data represent the
accumulative survival of 10 animals per group. The difference between the Ad/CMV-LacZ //
Ad/CMV-LacZ group and each of the other two groups was significant (P < 0.05 for each
comparison).
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Figure 3.
Effect of immunization on vSP therapy. A) Cytotoxicity of vSP in five murine cancer cell lines.
Cells were treated with different doses of vSP for 72 hours, and cell viability was determined
using the sulforhodamine B assay. Cells treated with PBS were used as the control, and their
viability was set at 100%. Each data point represents the means ± standard deviations of three
independent experiments. B) Serum neutralization antibody against vSP. Serum was obtained
4 weeks after the initial immunization with vSP or PBS. The neutralization antibody titer was
determined as described in Materials and Methods. Values represent the means ± standard
deviations of 3 animals per group. C) Tumor growth over time. CT26 murine colorectal
adenocarcinoma cells were inoculated subcutaneously in BALB/c mice immunized with PBS
or vSP and then treated with PBS or vSP, respectively. Tumor volume was monitored over
time. Values are means ± standard errors of 5-7 animals per group. The difference in overall
tumor growth rate growth was significant between the vSP // vSP group and each of the other
three groups (P < 0.05 for each comparison).
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Figure 4.
Representative pictures of lymphocyte infiltration in tumor. Immunization//Treatment were
indicated on top of each panel. Arrows indicate positive stained cells. Note, tumor cell nuclear
condensation and fragmentation in vSP//vSP group.
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Table 2
Second challenge rejection by C3H mice injected with parental UV2237 cells

Immunization//
Treatment

Primary UV2237
Tumor Regression

Challenge Rejections

No. of mice No. of rejections %

PBS//Ad/CMV-LacZ No 3 0 0
Ad/CMV-LacZ// Ad/CMV-LacZ No 7 0 0
Ad/CMV-LacZ// Ad/CMV-LacZ Yes 12 12 100
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