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Abstract.
Purpose: Despite recent improvements, resistance to traditional immunotherapy or chemotherapy is still common in patients
with bladder cancer. We constructed an oncolytic virus from herpes simplex virus type II (HSV-2), which selectively targets
tumor cells with an activated Ras signaling pathway. We evaluated the antitumor effect of this oncolytic HSV-2 (FusOn-H2)
against bladder cancer, and compared with that of a first generation oncolytic virus derived from HSV-1 (Baco-1).
Materials and methods: We established bladder tumor at the orthotopic site in C3H/He mice using the MBT-2 cells. Baco-1 or
FusOn-H2 was instilled into the bladder through the urethra respectively. Tumor volume and weight were recorded by the end
of the experiment. Animal spleens were also collected to determine if any anti-tumor immunity was elicited during virotherapy
in this syngeneic bladder cancer model.
Results: Two instillations of the oncolytic HSVs into bladder of tumor-bearing mice almost completely eradicated the tumor
in majority of tumor bearing mice. The results of tumor-specific cytotoxic T lymphocyte activity assay showed that tumor
destruction by oncolytic viruses in vivo, especially by the FusOn-H2, induced potent anti-tumor immune responses.
Conclusion: Oncolytic virus derived from HSV-2 has potent anti-tumor activity against bladder cancer. Oncolytic effect of this
virus in vivo induces tumor specific cellular immunity that further enhances the overall anti-tumor activity. Translating this novel
virotherapy into the clinic could present an alternative intravesical therapy strategy for patients with bladder cancer.
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INTRODUCTION

Bladder cancer is the second most frequent uro-
logical cancer in North America [1]. Patients with
non-muscle invasive bladder cancer have a high rate
of recurrence or progression after transurethral resec-
tion despite current intravesical chemotherapy and
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immunotherapy treatments [2, 3]. Relapse rate and
metastatic risk are also high in patients with muscle-
invasive bladder cancer. These data strongly support
development of novel treatment strategies in order to
improve the therapeutic benefit and prognosis in blad-
der cancer patients.

Genetically engineered viruses for tumor cell killing
can provide an effective therapeutic approach for can-
cer treatment. Replication selective oncolytic viruses
are genetically modified to infect, replicate in, and
kill cancer cells, while replication is restricted in nor-
mal cells [4]. These viruses give an advantage over
conventional gene-based cancer therapy, which is asso-
ciated with inefficient delivery of therapeutic genes and
reduced cancer cell killing activity. Several oncolytic
viruses are in clinical trials for a variety of solid tumors
of different tissue origins. Oncolytic herpes simplex
viruses (HSVs) were initially designed and constructed
for the treatment of brain tumors [5]. Subsequently,
they were found to have activity against a variety of
other human solid tumors, including colon cancer [6],
breast cancer [7], prostate cancer [8], lung cancer [9],
liver cancer [10], ovarian cancer [11], and bladder
cancer [12–14].

The current oncolytic HSVs were constructed exclu-
sively from type 1 virus (HSV-1), most commonly by
deleting the �34.5 gene, which encodes a neurovir-
ulent factor, and/or insertional mutation of the ICP6
gene, which encodes the large submit of ribonucleotide
reductase [5, 15–17]. Inactivation of either or both of
these genes enables the virus to replicate selectively
in dividing cells whereas sparing normal non-dividing
cells [18–20]. We have constructed a new oncolytic
virus from type 2 HSV (HSV-2) to exploit a unique
feature of the viral ICP10 gene, which contains a well
defined region in its NH2 terminus that seems to play
an important role in initiating virus replication [21].
This domain can bind and phosphorylate the GTPase-
activating protein Ras-GAP, leading to activation of
the Ras/MEK/MAPK mitogenic pathway, and c-Fos
induction and stabilization, a condition that is required
for efficient HSV-2 replication [22, 23]. A mutant HSV-
2 virus (FusOn-H2), deleted for its protein kinase (PK)
domain, replicates selectively in tumor cells and lyses
them.

In the present study, we investigated the anti-tumor
effect of this oncolytic HSV (FusOn-H2) in an ortho-
topic murine bladder cancer model. Our results suggest
that this mutant virus is a potent oncolytic agent
against orthotopic bladder cancer. Two intravesical
instillations of virus at a moderate dose completely
eradicated the tumors in the majority of animals. More-

over, this virus induced a potent systemic immune
response against native tumor antigens released from
virus-infected tumor cells.

MATERIALS AND METHODS

Bladder cancer cell lines and viruses

The MBT-2 cells were originally provided by Dr.
Timothy Ratliff (University of Iowa, Iowa City, IA).
MBT-2 is a poorly differentiated murine bladder cancer
cell line derived from a transplantable N-[4-(5-nitro-2-
furyl)-2-thiazolyl] formamide induced bladder cancer
in a female C3H/He mouse. The cells were cultured
in RPMI-1640 medium with 10% fetal bovine serum
(FBS) at 37◦C in an atmosphere humidified with 5%
CO2. The human bladder cancer cell line 5637 was
derived from a muscle-invasive bladder cancer and was
obtained from the American Type Culture Collection
(Rockville, MD). The cells were maintained in DMEM
containing 10% FBS at 37◦C in 5% CO2.

HSV-1 derived oncolytic virus, Baco-1 was con-
structed from a bacterial artificial chromosome (BAC)
based construct that contains a mutated HSV genome.
Baco-1 has both copies of the �34.5 gene deleted
and contains the green fluorescent protein (GFP)
marker gene [11, 21]. For construction of FusOn-
H2, the ICP10 left flanking region of the wild type
HSV-2 strain 186 (wt186) genome, the ribonucleotide
reductase domain, and the right flanking region were
amplified by PCR. The N-terminal domain was deleted
in the ICP10 gene. PCR-amplified DNA of enhanced
GFP was cloned into the deleted N-terminal region.
The modified ICP10 gene was inserted into the genome
of wt186 by homologous recombination. Details of its
construction have been described [24]. The purified
viruses were titrated and stored at −80◦C until use.

Phenotypic characterization and oncolytic activity
of FusOn-H2 against bladder cancer cell lines

For in vitro phenotypic characterization, 5637 can-
cer cells were infected with either Baco-1 or FusOn-H2
at a dose of 0.1 pfu/cell. To evaluate the phenotypic
character in the murine cancer cell line, MBT-2 cells
were infected with either Baco-1 or FusOn-H2 at a dose
of 10.0 pfu/cell. Cells were cultured in a maintenance
medium (containing 1% FBS) and were incubated for
up to two days to allow the fusion pattern and plaques
to develop.

For measurement of in vitro oncolytic activity of
the viruses, 5637 cells were seeded into 24-well plates
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and infected with Baco-1 or FusOn-H2 at 0.01 and 0.1
pfu/cell, or left without infection. Cells were harvested
24, 48, 72 h later by trypsinization, and the number of
viable cells determined with a hemocytometer after
Trypan blue staining. The percentage of viable cells
was calculated by dividing the number of cells exclud-
ing Trypan blue in the infected well by the number
excluding the stain in the well that was left uninfected.
The experiments were repeated in triplicate, with mean
cell numbers used for the final calculation. To test the in
vitro killing effect against murine bladder cancer cells,
MBT-2 cells were infected with Baco-1 or FusOn-H2
at 1.0 and 10.0 pfu/cell, or left without infection. The
MBT-2 cells were infected with a two log fold increase
in viral dose over 5637 cells. 5637 cells are human
bladder cancer cells while MBT-2 cells are murine
origin. So the former is significantly more permissive
than the latter to the infection of Baco-1 or FusOn-H2,
which is reflected by the different dose required for
infection. The other steps were same as the experiment
in 5637 cell line.

Creation of orthotopic murine bladder cancer
models

Six to 8-week-old female C3H/He mice were pur-
chased from Harlan Laboratory (Houston, TX). All
animal experimental procedures were approved by the
Baylor College of Medicine Animal Care and Use
Committee. MBT-2 cells were harvested from subcon-
fluent cultures by trypsinization and were washed in
serum free medium. Single cell suspensions with >90%
cell viability were determined by Trypan blue exclu-
sion. The cells were resuspended in phosphate buffer
saline (PBS) before injection. Orthotopic bladder can-
cer mice were established by direct injection of tumor
cells into the bladder wall [25]. Animals were anes-
thetized with 20–30 mg/g avertin intraperitoneally.
After shaving the lower quadrants of the abdomen,
midline laparotomy was performed to expose the uri-
nary bladder. 1 × 106 MBT-2 cancer cell suspension
was injected into the anterior wall of the bladder via
a 30 gauge needle. The wound was closed with a 3–0
suture.

Treatment by intravesical virus instillation
and tumor measurements

The mice were randomly divided into three groups
of five mice each. On day 8 and 15 after tumor injec-
tion, the mice in group 1 and 2 were treated with either
Baco-1 or FusOn-H2 at a dose of 1 × 107 pfu in a

total volume of 50 �l. Viral suspension was instilled
via urethral catheter into the bladder. Then the ure-
thra was clamped immediately after catheter removal
using a micro-surgical clamp. The viruses were left
to dwell within the bladder for 30 min and then the
urethral clamp was removed and the mice voided spon-
taneously. Mice in group 3 treated with the same
volume of PBS as the virus treated animals. On day
36 after tumor cell injection, all surviving mice were
euthanized by CO2 exposure and tumor volume and
weight were measured in each mouse. Tumor volume
was calculated by the following formula: tumor volume
(mm3) = [length (mm)]×[width (mm)]2 × 0.52.

Measurement of CTL activity and ELISPOT assay

Splenocytes were isolated from sacrificed mice in
each treatment group. Effector cells were obtained
by coculturing splenocytes (3 × 106) with irradiated
(4,000 rad) MBT-2 cells (1 × 106), supplemented with
recombinant human interleukin-2 (20 unit/ml). Four
hour chromium release assay was performed to mea-
sure the ability of the effector cells to lyse target cells.
The 51Cr labeled tumor cell suspension was put into
96 well, U-bottomed plates. Purified splenocytes were
added as effector cells to the 96-well plate at vari-
ous effector-to-target cell ratios (80:1, 40:1, 20:1, and
10:1) in a final volume of 200 �l/well and incubated
at 37◦C for 4 hours. RPMI medium used as a negative
control. Supernatants were harvested and 51Cr release
was measured with a scintillation counter. Sponta-
neous release was measured in wells containing target
cells alone. Triton X-100 was used to lyse the target
cells maximally. The percentage of specific lysis was
calculated by the following formula: percent of spe-
cific lysis = [(experimental release 51Cr – spontaneous
release 51Cr)/(maximum release 51Cr – spontaneous
release 51Cr)] × 100.

For ELISPOT assay, 96-well filter plates were pre-
coated with anti-INF- � monoclonal antibody (BD
Bioscience, San Diego, CA) and incubated overnight
at 4◦C. Purified splenocytes were then dispensed into
wells and stimulated with irradiated MBT-2 cells. After
incubation 37◦C for 24 hours followed by washing,
biotinylated anti-INF- � antibody (BD Bioscience) was
added to each well and the plates were incubated for 1
hour at 37◦C. A streptavidin-alkaline phosphatase con-
jugate was added to the wells. After incubation for 1
hour, the chromogenic alkaline phosphatase substrate
was added and washing with tap water was done. After
drying, the spots were counted.
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Fig. 1. Phenotypic characterization of oncolytic herpes simplex virus type 2 (FusOn-H2). (A) 5637 cells were infected with the indicated viruses
at 0.1 pfu/cell or left uninfected as a control. (B) MBT-2 cells were infected with the indicated viruses at 10.0 pfu/cell or left uninfected as a
control. Micrographs were taken 24 hour after infection. Syncytia were observed with FusOn-H2 infection but not Baco-1 or uninfected controls
(original magnification×200).

Statistical analysis

Values are reported as means ± standard deviation.
The statistical analysis was done with Student’s t-
test for the comparison of oncolytic activity between
FusOn-H2 and Baco-1. One-way ANOVA test was
used to evaluate the difference of tumor reduction
among the three groups in vivo study. Statistical sig-
nificance was defined as p < 0.05.

RESULTS

Phenotypic characterization of FusOn-H2 in
bladder cancer cells

FusOn-H2 virus has been shown to induce syncy-
tia formation in tumor cells of various tissue origins,
including breast, ovary, prostate, and pancreas [11,
24, 26, 27]. To determine whether it can induce cell
membrane fusion in human bladder cancer cells, we
infected 5637, and MBT-2 cells, respectively in a six-
well plate with either Baco-1 or FusOn-H2 virus, or left
the cells uninfected as a control. Infection with Baco-1
induced a typical cytopathic effect, characterized by
cell rounding and swelling. Syncytia were clearly vis-
ible in FusOn-H2 infected cells, but not in Baco-1
infected cells (Fig. 1). Hence, FusOn-H2 retains the
fusogenic phenotype in bladder cancer cells.

Efficiency of FusOn-H2-induced killing of bladder
cancer cells in vitro

To assess the cytolytic activity of oncolytic HSVs,
we infected 5637 cells seeded in 24-well plates
with Baco-1 or with FusOn-H2 at a dose of either
0.01 or 0.1 pfu/cell. The cells were harvested at
24, 48, or 72 hours after infection, and cell viabil-
ity was determined by trypan blue staining. At a
viral dose of 0.1 pfu/cell, FusOn-H2 killed signif-
icantly more tumor cells than Baco-1 did after 24
hours infection (p < 0.05). By 72 hours after infec-
tion, FusOn-H2 almost completely eradicated the
tumor cells exposed to virus doses of 0.01 or 0.1
pfu/cell. Overall, anti-tumor activity of FusOn-H2 was
significantly greater than that of Baco-1 (Fig. 2A
and B).

We also infected MBT-2 cells seeded in 24-well
plates with Baco-1 or with FusOn-H2 at a dose of
either 1 or 10 pfu/cell to determine the oncolytic
activity of FusOn-H2 against murine bladder can-
cer cell line. After infection with a dose of 10
pfu/cell, FusOn-H2 killed almost all tumor cells by
72 hours. At 10 pfu/cell, Baco-1 killed more than
half of tumor cells after 24 hours infection, with
similar oncolytic activity at 72 hours. The oncolytic
effect of FusOn-H2 was superior to that of Baco-1
(Fig. 2C and D).
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Fig. 2. Oncolytic activity of FusOn-H2 against 5637 and MBT-2 cells in vitro. The 5637 cells were seeded in 24-well plates and infected with
Baco-1 or with FusOn-H2 at a dose of either 0.01 pfu/cell (A) or 0.1 pfu/cell (B). The MBT-2 cells were seeded in 24-well plates and infected
with Baco-1 or with FusOn-H2 at a dose of either 1.0 pfu/cell (C) or 10.0 pfu/cell (D). The cells were harvested at 24, 48, or 72 hours after
infection, and cell viability was determined by trypan blue staining. Percent cell viability = [(number of viable cells in the infected wells)/
(number of viable cells in the uninfected wells)] × 100. The bars represent mean ± standard deviation. ∗p < 0.05.

Evaluation of anti-tumor effect of oncolytic HSV
against orthotopic bladder cancer

We established an orthotopic bladder cancer model
to evaluate the anti-tumor activity of oncolytic HSV
against bladder cancer. Freshly harvested MBT-2 cells
(1 × 106) were injected into the bladder wall of
C3H/He mice. Two weeks later tumor cell implanta-
tion, mice were randomly divided into three groups,
and were instilled with 1 × 107 pfu of either FusOn-H2
or Baco-1 or PBS (as a control) into the bladder through
the urethra. A repeated intravesical instillation with
the same dose of virus was performed one week later.
Three weeks after the first treatment, all mice were
euthanized and examined for orthotopic tumors. In the
PBS control group, all specimens revealed large tumors
indicating successful establishment of the orthotopic
bladder cancer model. The mean tumor size in the
PBS control group was 298.4 ± 74.0 mm2 and much
larger than those in oncolytic viral treatment groups
(Fig. 3A and B). Intravesical instillation of FusOn-H2
had a significant therapeutic effect on the orthotopic

bladder cancer. The mean volume of the remaining
tumors was 10.2 ± 3.9 mm2. Although Baco-1 instil-
lation showed significant oncolytic effect compared
to controls, the post-treatment mean tumor size was
27.7 ± 14.5mm2 and larger than those in the FusOn-
H2 instillation group (Fig. 3C) though the difference
was not significant (p > 0.05). The mean weight of
the tumor including BLADder were 538.7 ± 222.1,
43.9 ± 17.5, and 28.6 ± 4.6 mg in control, Baco-1
infected, and FusOn-H2 infected group, respectively
(Fig. 3D). Instillation of FusOn-H2 or Baco-1 led to
complete eradication of orthotopic tumors in majority
of the tumor bearing animals. All animals treated with
viral instillation survived by the time of euthanasia,
suggesting that FusOn-H2 or Baco-1 could be safely
administered through the transurethral route.

Tumor-specific cytotoxic T lymphocyte (CTL)
response induced by tumor destruction

To evaluate the anti-tumor immunity of tumor
destruction by oncolytic HSV, we quantified the
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Fig. 3. In vivo therapeutic effect of FusOn-H2 in the orthotopic bladder cancer model. After laparotomy incision, MBT-2 cells (1 × 106) were
injected into the bladder wall of syngeneic C3H/He female mice. Two weeks following tumor cell implantation, mice were randomly divided
into three groups, and were instilled with 1 × 107 pfu of either FusOn-H2 or Baco-1 or a similar volume of PBS (as a control) into the bladder
via a transurethral catheter. A repeated intravesical instillation with same dose of virus was performed one week later. Three weeks after the
first treatment, all mice were euthanized and examined for orthotopic tumors. (A, B) The photographs demonstrate the gross appearance of
tumors with the arrows indicating tumors. (C) Comparison of tumor volume after oncolytic viral therapy. The bars represent mean ± standard
deviation. ∗Baco-1 versus PBS control (p < 0.05) and #FusOn-H2 versus PBS control (p < 0.01). (D) Comparison of tumor weight after oncolytic
viral therapy. The bars represent mean ± standard deviation. ∗Baco-1 versus PBS control (p < 0.05) and #FusOn-H2 versus PBS control
(p < 0.05).

activities of tumor specific CTLs collected from
the spleens of mice used in the experiment.
Both Baco-1 and FusOn-H2 induced CTL activ-
ity that could lyse MBT-2 cells. The CTL activity
induced by FusOn-H2 was significantly higher than
that induced by Baco-1 at the highest effector-to-
target ratio. This suggests that FusOn-H2 induces
more effective anti-tumor immunity than Baco-1
(Fig. 4A).

The frequency of tumor-specific CTLs was mea-
sured in FusOn-H2 treated or Baco-1 treated group.
The spot-forming cells per 105 splenocytes from
FusOn-H2 treated group were greater than those from
Baco-1 treated group (Fig. 4B).

DISCUSSION

The majority of urothelial bladder cancer is non-
muscle invasive at initial diagnosis. Intravesical
immunotherapy with BCG is the standard treatment
for patients with high risk disease and in some cases of
intermediate risk, particularly those that fail intraves-
ical chemotherapy. However, BCG lacks long lasting,
tumor-specific protective immunity [28, 29]. Despite
repeat intravesical BCG instillation, up to 50% of
patients experience recurrence or progression [3], and
often require radical cystectomy to prevent progres-
sion and metastasis [30]. Novel treatment options such
as oncolytic viral therapy are worth exploring. The
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Fig. 4. Tumor-specific cytotoxic T lymphocyte (CTL) activity after oncolytic viral therapy. (A) The cytotoxic activity of effector cells prepared
from spleens was measured against MBT-2 cells. (B) Effector cells from the same preparation used in (A) were evaluated with the ELISPOT
assay to determine the frequency of tumor-specific CTLs. The bars represent mean ± standard deviation. ∗FusOn-H2 versus Baco-1 (p < 0.05)
and #FusOn-H2 versus PBS (p < 0.05). E/T ratio, effector to target cell ratio; SFC, spot forming cells.

immunocompetent orthotopic bladder cancer model
we utilized in this study is proper to evaluate the
pre-clinical therapeutic efficacy of oncolytic HSV.
Intravesical instillation of adequate titers of viral sus-
pension is deliverable by transurethral catheterization
in this model.

Previous cancer gene therapies utilized a replica-
tion defective form of virus to deliver therapeutic
genes. Several viruses including vaccinia, reovirus, and
adenovirus have been previously examined as poten-
tial bladder cancer therapies [31–33]. These studies
demonstrated potent activity against bladder cancer,
but showed viral transduction in both normal and tumor
cells, and low sensitivity to viral infection. Oncolytic
adenoviruses showed a potent antitumor effect in vitro
and in vivo. However, adenoviral uptake is mediated
in part by the Coxsackie-adenoviral receptor (CAR)
which is often absent on bladder cancer cells, diminish-
ing the transduction efficiency of adenoviral mediated
gene therapy with reduced cancer cell killing [25].
Therefore oncolytic HSV-2 was constructed and we
investigated the anti-cancer efficacy of this virus.

Oncolytic viruses replicate conditionally in tumor
cells and lyse them resulting in direct cell killing
effects. The oncolytic HSVs were originally derived
from HSV-1 for the treatment of brain tumors. Several
oncolytic HSV-1 s including G207, NV1020, HF10
were investigated in murine bladder cancer models
[12–14]. The oncolytic HSV-2 virus, FusOn-H2, was
constructed by deletion of the N-terminal domain of
the ICP 10 gene of HSV-2. This domain has been
reported to activate the Ras mitogenic pathway which
is required for efficient virus replication. So, deletion of

this domain impairs virus growth in normal cells. The
virus can replicate in tumor cells, because the Ras sig-
naling pathway is aberrantly activated in most tumors.
Bladder cancer is associated with expression of the
Ras oncogene gene family including the P21 Ras onco-
gene [34, 35]. Therefore, bladder cancer is an attractive
target for treatment with FusOn-H2. Oncolytic HSV-
2 also shows more potent antitumor efficacy than
oncolytic HSV-1, through fusogenic activity [36, 37],
induction of apoptosis [38], and anti-tumor immune
response [39].

We examined the phenotypic characterization fol-
lowing infection of human and murine bladder cancer
cells in vitro and FusOn-H2 induced cell membrane
fusion forming syncytia. Recent studies suggest that
fusogenic activity of an oncolytic virus can signifi-
cantly enhance its anti-tumor effect [36, 37]. Indeed,
our in vitro data show that oncolytic activity of
FusOn-H2 was significantly greater than that of the
HSV-1 derived virus Baco-1. The fusogenic property
of FusOn-H2 seems to potentiate its anti-tumor activity
against bladder cancer cells.

Infection with oncolytic HSVs, especially FusOn-
H2, in both human and murine bladder cancer cell
line led to marked killing of tumor cells. In our pre-
liminary study we investigated the anticancer effects
of the FusOn-H2 against four human bladder can-
cer cell lines: T24, 5637, TCC-SUP, and RT4 cell
lines. In all cell lines, infection with FusOn-H2 killed
the tumor cells more and more as the time goes by.
By 72 hours, FusOn-H2 almost completely eradi-
cated the tumor cells exposed to virus doses of 0.1
pfu/cell.
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It is reported that the N-terminal domain of the ICP
10 gene of HSV-2 may block apoptosis in the host
cell during infection [38]. Therefore, deletion of this
domain from the HSV-2 may lead tumor cells into an
apoptotic state after viral infection. This represents
an additional antitumor mechanism associated with
FusOn-H2, which may have contributed to the overall
enhanced antitumor activity of this virotherapy against
bladder cancer.

Tumor destruction by an oncolytic virus releases
large amount of tumor antigens. These antigens can
be presented to T cells via cross priming by antigen
presenting cells. Exosomes released from tumor cells
contain abundant native tumor antigen and molecules
promoting antigen presentation. It was suggested that
syncytia formation induced by viral fusogenic gly-
coproteins can induce the release of large amount
of vesicles (exosomes), which can potentiate the
anti-tumor immune response [39]. It was reported
that anti-vector immune responses can reduce the
transduction efficiency of subsequent administration
of the same oncolytic HSV-1 vectors. Therefore,
the therapeutic effect of this virus may be reduced
in immune-competent animals [36]. The antitumor
immune response of FusOn-H2 was sufficient how-
ever, to override the loss of oncolytic efficiency due
to the effects of antiviral immunity [40]. Dr. Zhang’s
group also described the inhibition of tumor growth
after adoptive transfer of splenocytes from mice treated
with FusOn-H2 virus. In our study, destruction of
murine bladder cancer cells by the fusogenic FusOn-
H2 induced a potent anti-tumor immune response
against bladder cancer compared to Baco-1. Moreover,
the inflammatory environment created by oncolytic
viral infection may provide stimulatory signals to
enhance the dendritic cell maturation [41], as well as
promote the infiltration of tumor-specific immune cells
to the tumor site.

We observed a marked reduction in tumor volume
and weight after oncolytic viral treatment in vivo in
an orthotopic bladder cancer model. The majority of
tumors were eradicated in the FusOn-H2 treated group.
The potent anti-tumor activity of FusOn-H2 is likely
derived from the combined effect of direct cytolytic
activity of viral replication, fusogenic ability, induc-
tion of apoptosis, and elicitation of the tumor specific
cellular immune response.

There are several potential limitations of our study.
The objective endpoint of our study was change
in tumor volume and weight but we did not use
direct tumor measurements which ma be more accu-
rate. Quantitative measurement may also be done by

labeling tumor cells with luciferase. We did not per-
form pathologic examination of the tumors or residual
tumor bed which my have provided additional infor-
mation regarding cytotoxicity and immune infiltrates.

In conclusion, our studies provide proof of con-
cept in a pre-clinical model that intravesical instillation
of an HSV-2-derived oncolytic virus has potent anti-
tumor activity against orthotopic tumor derived from a
murine and human bladder cancer cell line.. Additional
pre-clinical studies are required in order to determine
the specificity for cancer cells harboring ras pathway
alterations. These data may support conducting a Phase
I trial translating this novel oncolytic viral treatment
in order to determine safety of FusOn-H2 intravesical
therapy.
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