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Abstract: Advanced melanoma has long been treated with chemotherapy using cytotoxic agents like dacarbazine
(DTIC), but overall survival rates with these drugs have been generally low. Recently, immunoregulatory monoclonal
antibodies and molecularly targeted therapy with a BRAF inhibitor and/or a MEK inhibitor, have been used to treat
malignant melanoma and have improved the survival rate of patients with advanced melanoma. However, high
prices of these drugs are problematic. In this study, we evaluated the oncolytic efficacy of HF10, an attenuated,
replication-competent HSV, with DTIC in immunocompetent mice model of malignant melanoma. For in vitro stud-
ies, cytotoxicity assays were conducted in clone M3 mouse melanoma cells. For the in vivo studies, subcutaneous
melanoma models were prepared in DBA/2 mice with clone M3 cells, and then HF10 was intratumorally inoculated
with/without intraperitoneal DTIC injection. The efficacy of the therapies was evaluated by survival, growth of subcu-
taneous tumor, and histopathological and immunological analyses. Both HF10 infection and DTIC treatment showed
cytotoxic effects in melanoma cells, but combination treatment with HF10 and DTIC showed a rapid and strong
cytotoxic effect compared with monotherapy. In the subcutaneous melanoma model, intratumoral HF10 inoculation
significantly inhibited tumor growth. HF10 also inhibited the growth of non-inoculated contralateral tumors when it
was injected into the ipsilateral tumors of mice. In histologic and immunohistochemical analysis, tumor lysis and
inflammatory cell infiltration were observed after intratumoral HF10 inoculation. When mice were treated with HF10
and DTIC, the combination therapy induced a robust systemic anti-tumor immune response and prolonged survival.
IFN-y secretion from splenocytes of the HF10-DTIC combination therapy group showed more IFN-y secretion than
did the other groups. These data showed the efficacy of HF10 and DTIC combination therapy in a mouse melanoma
model.
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Introduction

Malignant melanoma is a neoplasm derives
from melanocytes and is the most aggressive
and life-threatening skin cancer. The incidence
of cutaneous malignant melanoma has been
increasing in the world. In the United States,
there were an estimated 76,690 new patients
with melanoma in 2013 and approximately
9480 melanoma-related deaths [1]. The inci-
dence of melanoma in Japan was estimated to
be 1500-2500 new cases per year [2]. In spite

of this increase, survival rates for melanoma
have also improved substantially due to
improvements in early diagnosis using dermos-
copy and computerized imaging [3]. However,
the prognosis of advanced melanoma patients,
is still poor. In a survey of the approximate
B5-year overall survival rate for Japanese
patients with melanoma, patients at early stag-
es had more than 80% survival rate; however,
patients at advanced stages had an unfavor-
able outcome, with 5-year survival rates of less
than 40% [2].
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Advanced melanoma was treated with chemo-
therapy using cytotoxic drugs. Dacarbazine
(DTIC) was administrated as a first line therapy
against metastatic melanoma until 2011, but
overall survival rates with DTIC were generally
poor; the objective response rate for 1390
patients receiving DTIC monotherapy ranged
between 5.3% and 28% (average, 15.3%) [4].
Recently, immunoregulatory monoclonal anti-
bodies such as ipilimumab and nivolumab, or
molecularly targeted therapy with a BRAF inhib-
itor or an MEK inhibitor, have been used for
patients with malignant melanoma and have
improved the survival rate of patients with
advanced melanoma [5]. However, high prices
of these drugs are problematic.

We have been studying oncolytic viral therapy
with a highly attenuated, replication-competent
herpes simplex virus (HSV)-1, HF10. Previously,
we reported that HF10 therapy exhibited strik-
ing anti-tumor efficacy of peritoneally dissemi-
nated internal malignancies of immunocompe-
tent mice models, including malignant melano-
ma [6-9]. Preclinical studies using HF10 to treat
recurrent head and neck squamous cell carci-
noma and breast cancer were sufficiently prom-
ising [10-12]. Currently, phase I/l trial of HF10
in patients with solid cutaneous tumors, includ-
ing melanomas, has been completed (NCTO1-
017185) in the United States. Moreover, in
2015, the U.S. Food and Drug Administration
(FDA) approved a first oncolytic HSV named tali-
mogene laherparepvec (T-VEC) for the treat-
ment of advanced inoperable malignant mela-
noma [13].

In this study, we studied the oncolytic efficacy
of HF10 combined with DTIC against malignant
melanoma in vitro and in vivo. We determined
that combination therapy with HF10 and DTIC
was more effective in infecting and lysing
mouse melanoma cells in vitro and in reducing
the growth of local and distant tumor in immu-
nocompetent mice models of malignant mela-
noma.

Materials and methods
Cell lines

Cloudman S91 clone M3 mouse melanoma
cells (clone M3 cells) were obtained from the
Cell Resource Center for Biochemical Research
Institute of Development, Aging and Cancer of
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Tohoku University (Sendai, Japan). African
green monkey kidney cells (Vero cells) were
obtained from the Riken Cell Bank (Tsukuba,
Japan). The clone M3 cells were maintained in
RPMI 1640 medium (Sigma-Aldrich Corporation,
St. Louis, MO) containing 10% fetal bovine
serum. Vero cells were grown in Eagle’s minimal
essential medium (Nissui Pharmaceutical Co.,
LTD., Tokyo, Japan) containing 10% calf serum.

Virus

HF10 is a nonselected clone derived from our
laboratory as previously described [14]. Briefly,
the HF10 genome is characterized by a 3.9-kb
deletion downstream of the unique long region
and a 2.3-kb deletion and extensive gene rear-
rangements upstream of the unique long
region. Sequence analysis revealed that HF10
lacks the expression of functional UL43,
UL49.5, UL55, and UL56 and the latency-asso-
ciated transcript. HF10 was propagated in Vero
cells at a multiplicity of infection (MOI) of 0.03
at 37°C. Infected cultures were harvested
when most of cells exhibited cytopathic effects.
After three times of freezing and thawing and
eliminating cell debris by centrifugation, the
supernatant was stored in aliquots at -80°C.
Viral titers were determined by plaque assays
using Vero cells and were expressed as plaque-
forming units (pfu)/mL.

Cytotoxicity assay

For single treatment, clone M3 cells were pre-
pared in 96-well plates (10,000 cells/well),
then infected with HF10 at various MOls from
0.003 to 3 pfu/cell or treated with DTIC at vari-
ous concentrations from 0.2 to 10 mmol/L.
MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy-
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazoli-
um) assays were performed at 24 h after each
treatment, using CellTiter 96 AQueous One
Solution Reagent (Promega, Fitchburg, WiI)
according to the manufacturer’s instructions.
Cytotoxicity was expressed as a decrease in
cell viability with each treatment relative to the
mock-infected cells.

For combination treatment, cells were pre-
treated with or without DTIC (0.8 mmol/L) for
24 h. Cells were infected with HF10 (MOI 0.3) or
mock for 1 h, then incubated in the media with
or without DTIC (0.8 mmol/L). The results of
cytotoxicity were examined with MTS assay at
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24 and 48 h after infection. All assays were
performed in triplicate.

Animal studies

All animal studies were performed in accor-
dance with guidelines issued by the Animal
Center at Nagoya University School of Medicine.
Six-week-old female DBA/2 Cr mice were
obtained from Japan SLC (Hamamatsu, Japan).

Clone M3 cells were harvested from subconflu-
ent monolayer cultures by a 1-min treatment
with 0.25% trypsin and 0.02% EDTA. Then the
cells were washed in supplemented medium
and resuspended in sterilized phosphate-buff-
ered saline (PBS) for injection. Tumor cells
(1x10°8) were inoculated subcutaneously into
the bilateral flanks of the mice. Four days after
inoculation, when tumors grew 3-4 mm in diam-
eter, animals were randomly divided into six
treatment groups: mock (group 1), HF10 (group
2), DTIC1 (group 3), DTIC2 (group 4), HF10+
DTIC1 (group 5), and HF10+DTIC2 (group 6).
First, 50 mg/kg (1 mL per mouse) DTIC or the
same volume of citric acid was injected intra-
peritoneally once or twice. Then, 1.0x10’
pfu/100 pL HF10 or the same volume of PBS
was intratumorally inoculated into the right side
3 times every 2 days. Before HF10 injection,
the virus was thawed and diluted PBS to adjust
the inoculation dose.

Histology and immunohistochemistry

At the indicated times after HF10 treatment,
the mice were sacrificed and fixed with formalin
in PBS. Then the specimens were used for
hematoxylin and eosin staining and immunos-
taining for HSV-1 antigens, CD4, CD8 and
CD49c. For immunohistochemistry, rabbit anti-
HSV type 1 antibody (DAKO A/S, Glostrup,
Denmark), rat anti-mouse CD4 polyclonal anti-
body (Angio-Proteomie, Boston, MA) rat anti-
mouse CD8 polyclonal antibody (Bioss Anti-
bodies, Woburn, MA), rabbit anti-mouse CD49b
polyclonal antibody (GeneTex, Inc. Irvine, CA)
were used. CD8-positive area were evaluated
according to the following criteria: -, < 1%; +,
1-10%; ++, > 10%.

Analysis of the supernatant from splenic cells
co-cultured with clone M3 cells

On Day 14, three mice each from groups, mock,
HF10, DTIC2, and HF10+DTIC2 were anesthe-
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tized by intraperitoneal administration of chlo-
ral hydrate. Then spleen cells were collected,
and red cells were lysed using Pharm Lyse lys-
ing solution (BD Biosciences Pharmingen, San
Diego, CA). After the splenocytes were washed
twice with RPMI 1640 medium (Sigma-Aldrich),
they were co-cultured with clone M3 cells at a
ratio of 1:20 for 24 h with mouse monoclonal
anti-CD4 and/or anti-CD8 antibodies (R&D
Systems, Minneapolis, MN). According to the
manufacturer’'s suggestions, these antibodies
were added at a sufficient dose to deplete CD4
and/or CD8 T cells. IFN-y secretion in the super-
natant was measured using a Quantikine
mouse IFN-y ELISA kit (R&D Systems). TNF-c,
IFN-a, and IFN-8 were also measured with
Quantikine mouse TNF-a ELISA kit (R&D
Systems), VeriKine Human Interferon Alpha
ELISA Kit, (PBL Assay Science, Piscataway, NJ)
and VeriKine Human Interferon Beta ELISA Kit
(PBL Assay Science).

Statistical analysis

The survival data of mice were analyzed using
the Kaplan-Meier method. Differences of tumor
volumes between the treated and control
groups and secretion of IFN-y were analyzed by
ANOVA followed by Tukey’s test. P-values less
than 0.05 were considered statistically signi-
ficant.

Results

HF10 and DTIC treatment induced cell death
in melanoma cell lines in vitro

First, we checked the cytotoxic activity of HF10
and DTIC in clone M3 cells in vitro. Clone M3
cells were infected with HF10 at various MOls
from 0.003 to 3. At 24 h after infection, little
cytotoxicity was observed at an MOI of 0.003,
but cell viability declined as the increase of
MOI. The calculated IC,, was an MOI of 0.2
(Figure 1A). Then, cytotoxic activity of DTIC was
examined. Clone M3 cells were treated with
DTIC at various molar concentrations from 0.2
to 10 mmol/L for 24 h. Cell viability decreased
as the molar concentration increased. The cal-
culated IC,  was 0.8 mmol/L (Figure 1B).

Next, we examined the effect of combination
treatment with HF10 and DTIC. Clone M3 cells
were treated with or without HF10 (MOI 0.3)
and DTIC (0.8 mmol/L). The results of the six
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Figure 1. Oncolytic effect in vitro. A: Cytotoxic effect of HF10. Clone M3 cells
were infected with HF10 at an MOI of 0.003-3. The viability of the cells was
determined at 24 h post-infection, Cell viability is represented as the percent
of the uninfected control. B: Cytotoxic effect of DTIC. Clone M3 cells were
treated with DTIC at 0.2-10 mmol/L. The viability of the cells was determined
at 24 h post treatment. C: Combination effect of HF10 and DTIC. Clone M3
cells were treated with or without DTIC (0.8 mmol/L) for 24 h. Each cells were
mock-infected or infected with HF10 (MOI 0.3) for 1 h, and incubated with/

without DTIC.

different treatment groups are shown in Figure
1C. HF10-DTIC combination treatment groups
(groups 1 and 2) showed tumor cell death at 24
h after infection. The HF10 treatment group
(group 3) also showed robust cytotoxicity only
at 48 h after infection. DTIC-treated groups
(group 4 and 5) showed a reduced cytotoxic
effect compared with the virus-treated groups.
These results suggested that combination
treatment with HF10 and DTIC showed a rapid
and strong cytotoxic effect compared with
monotherapy.

HF 10 virotherapy with DTIC induced persistent
systemic anti-tumor effects and prolonged sur-
vival in melanoma mice

Next, we observed the effects of HF10-DTIC
combination therapy in a bilateral subcutane-
ous melanoma model. Mice were inoculated
subcutaneously with 1x10° clone M3 cells in
their bilateral flanks. When subcutaneous
tumors grew approximately 3-4 mm in maximal
diameter (day 0), animals were randomly divid-
ed into six treatment groups: mock (group 1),
HF10 (group 2), DTIC1 (group 3), DTIC2 (group
4), HF10+DTIC1 (group 5), and HF10+DTIC2
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(group 6). First, 50 mg/kg
DTIC or the same volume of
citric acid was injected intra-
peritoneally once or twice on
day 4 and 5. Then, 100 yL of
HF10 (1.0x10" pfu) or PBS
was inoculated into the right
5 10 side of the tumor three times

mmol/L. every 3 days (day 7, 10, 13).

Because DTIC is an alkylating
agent and inhibits DNA repli-
cation, virus inoculation was
started two days after injec-
tion of DTIC. The treatment
protocol is summarized in
Figure 2A.

Regardless of DTIC pre-injec-
tion, intratumoral inoculation
with HF10 (groups 2, 5 and 6)
showed a significant inhibi-
tion in tumor growth in the
right flank compared with
mock-inoculated controls (gr-
oup 1). In the DTIC-monoth-
erapy groups (groups 3 and
4), the effect of tumor growth
inhibition was limited (Figure
2B). Anti-tumor effects on the non-inoculated,
left flank tumor were also observed in the
HF10-inoculated group. After day 15, tumor
regrowth was observed in the HF10-monoth-
erapy group (group 2) but not in the combina-
tion therapy groups (groups 5 and 6) (Figure
2B). Survival analysis of the mice showed that
HF10+DTIC2 (group 6) exhibited a significant
prolonged survival effect compared to the con-
trol (group 1, P = 0.004) (Figure 2C). In group 6,
complete tumor disappearance in both sides
was observed in three of the six mice, with a
survival time of over a year after treatment
without tumor recurrence, showing complete
rejection of the tumor. These results indicated
that the treatment of mice melanoma with
HF10-DTIC combination therapy induced a
robust systemic anti-tumor immune response
and prolonged survival.

HF 10 virotherapy with DTIC induced tumor ne-
crosis and lymphoid cell infiltration

Histopathology and immunohistochemical sta-
ining were performed on the tumors of treated
and mock-treated mice. With hematoxylin and
eosin staining, no histological changes in tu-

Am J Cancer Res 2017;7(8):1693-1703



Combination therapy with HF10 and DTIC for melanoma

A tumor
inoculation

0 4 5 7 10 13 (day)
Group L.p. 1.p. L.t L.t L.t
1. mock citric acid citric acid PBS PBS PBS
2. HF10 citric acid citric acid HF10 HF10 HF10
3. DTICI DTIC citric acid PBS PBS PBS
4, DTIC2 DTIC DTIC PBS PBS PBS
5. HF10+DTIC1 DTIC citric acid HF10 HF10 HF10
6. HF10+DTIC2 DTIC DTIC HF10 HF10 HF10
B HF10-treated side contralateral side
12000 12000
o == |, mock — == ]. mock
mé 10000 2. HF10 g 10000 2. HF10
= ==+ 3 DTICI R ==+ 3, DTICI
o 8000 == 4. DTIC2 g sooo0 - == 4.DTIC2
g 5. HF10+DTIC1 = 5. HF10+DTIC1
S o0 = 6. HF10+DTIC2 S 60 == 6.HF10+DTIC2
k= —_
=}
£ 4000 £
- =
= =

BN 08

R=

2

B oo

=

wl

.5 04 == ].mock
= 2. HF10
53 ==+ 3. DTICI
& = 4. DTIC2

5. HF10+DTICI
== 6. HF10+DTIC2
3 S 100 150 200 2%

day

004

Figure 2. A: Treatment procedure of the bilateral subcutaneous melanoma model. DBA/2 mice were subcutane-
ously inoculated with 1x10° clone M3 cells in their bilateral flanks. When tumors reached approximately 3-4 mm in
maximal diameter (day 0), mice were randomly divided into six treatment groups: mock (group 1), HF10 (group 2),
DTIC1 and 2 (groups 3 and 4, respectively) and HF10+DTIC1 and 2 (groups 5 and 6, respectively). i.p.; intraperito-
neal injection, i.t.; intratumoral injection. B: Tumor growth inhibition by HF10 local injection and/or DTIC intraperito-
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neal injection. Subcutaneous tumor were treated with HF10 and/or DTIC. Volume of the treated tumor (right flank)
or the untreated tumor (left flank) was measured for the indicated days after treatment. C: Survival analysis of mice
after treatment. HF10-DTIC combination therapy showed a significant prolonged survival effect compared to the
control group (P = 0.004).

Treated (right) side Contrarateral (left) side

day 14 day 16 day 14 day 16

mock

DTIC2

HF10+DTIC2

Figure 3. Histological analysis after treatment with hematoxylin eosin staining. No histological changes in tumors
of either side were observed in control and DTIC-treated mice. In the HF10-DTIC treated group, tumor necrosis was
observed on both sides on day 16, and expanded on day 16. In the HF10-monotherapy group, necrosis of the tumor
was detected from day 14 in HF10-injected tumors. However, tumor necrosis in contralateral tumors was not ob-
served until day 16. Original magnification, x100.

mors of either side were observed in control tumors. On the other hand, tumor necrosis in

and DTIC-treated mice (Figure 3). In the HF10-
DTIC treated group, robust tumor necrosis was
observed from day 14 in HF10-injected tumors.
Tumor necrosis was also observed in contralat-
eral tumors on day 14 and the necrotic area
was expanded at day 16. In the HF10-
monotherapy group, necrosis of the tumor was
also detected from day 14 in HF10-injected
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contralateral tumors was not observed until
day 16. By immunohistochemical staining, HSV
antigen staining cells were only observed in
tumors of the HF10-treated side at day 14
(Figure 4). Infiltrating CD8-positive cells were
detected in the HF10-inoculated tumor in the
HF10-monotherapy and HF10-DTIC treated
groups; in contrast, very few CD8-positive cells
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HF10
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Figure 4. Immunohistochemical analysis of the HSV-1 antigen at day 14. HSV
antigen-positive cells were only detected in the subcutaneous tumors of the

HF10-treated side. Original magnification, x100.

were observed in the contralateral tumor at day
14 (Figure 5A and 5B). At day 16, CD8-positive
cells were sill observed in the HF10-inoculated
tumor; however, in the contralateral tumor,
more CD8 positive cells were observed in the
HF10-DTIC treated groups. In the mock- and
DTIC-treated group, very few CD8-positive cells
were observed. There were no significant differ-
ences in the infiltration of CD4-positive cells in
the HF10 and HF10-DTIC treated tumors (data
not shown). Next, we investigated CD49b-
positive cells to detect infiltrating NK cells after
HF10 injection. A fraction of CD49b-positive
cells were observed in the both tumor in the
HF10-DTIC treated group, and in the HF10-
inoculated tumor in the HF10-monotherapy
group (Figure 5C). However, no CD49b-positive
cells were observed in control and DTIC-treated
groups.

Splenic cells from HF10 virotherapy with DTIC
induced IFN-y by co-culture with melanoma
cells

To determine the induction of tumor-specific
cytotoxic T lymphocyte response in each treat-
ment, effector cells were generated from sple-
nocytes in vitro. On 14 days after treatment,
splenocytes were collected from three mice of
each group. These splenocytes were co-cul-
tured with clone M3 cells at a ratio of 1:20 for
24 h and secreted IFN-y in the supernatant was
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Contrarateral (left) side

day 14 measured. In the HF10-mo-
notherapy group, IFN-y secre-
tion from splenocytes was
observed. In the HF10-mono-
therapy and HF10-DTIC com-
bination therapy group, the
amount of IFN-y secretion
was significantly higher than
that of other groups (Figure
6A). This secretion was inhib-
ited by the addition of an anti-
CD4 antibody but not an anti-
CD8 antibody (Figure 6B).
These results suggested that
the activation of CD4-positive
T cells might be strongly
induced in HF10 virotherapy
with DTIC. TNF-&, INF-a, and
INF-8 were also measured,
but none of these were ele-
vated (data not shown).

Discussion

Genetically altered, replication-competent vir-
uses have been developed for cancer therapies
as well as for use as gene delivery vectors or
vaccine vectors [15]. The use of these highly
attenuated viruses that selectively replicate in
and kill tumor cells is called “oncolytic virother-
apy”. Oncolytic virotherapies using HSV, adeno-
virus and vaccinia virus have been engineered
and studied widely in the last decade [16]. To
date, T-VEC is the only oncolytic virus presently
approved by the FDA that approved for the
treatment of advanced inoperable melanoma
[17]. This virus has been engineered to selec-
tively replicate within tumor cells and to expre-
ss granulocyte-macrophage colony-stimulating
factor (GM-CSF). In an open-label phase lll trial,
intratumoral treatment with T-VEC showed sig-
nificantly higher durable response rate, overall
response rate and median overall survival were
in treated patients than those treated with
GM-CSF [18].

Oncolytic virotherapy against malignant mela-
noma induces anti-tumor effects through not
only a direct oncolytic effect on viral injected
lesions but also induction of systemic anti-
tumor immunity. In phase Il study of T-VEC,
directly injection with the virus induced com-
plete resolution of tumor in 46.1%. Moreover, in
uninjected non-visceral lesions, 41.1% decre-
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Figure 5. Immunohistochemical analysis of the CD8 antigen after treatment at days 14 and 16. A: CD8-positive
cells were detected in the HF10-inoculated tumor of the HF10-monotherapy and HF10-DTIC treated groups, and
fewer CD8-positive cells were observed in the contralateral tumor at day 14. At day 16, CD8-positive cells were sill
observed in the HF10-inoculated tumor, and more CD8 positive cells were observed only in the HF10-DTIC treated
groups in the contralateral tumor. B: CD8-positive area were evaluated according to the following criteria: -, < 1%; +,
1-10%; ++, > 10%. C: CD49b-positive cells were counted and evaluated according to the following criteria: -, O cells;

+, 1-10 cells; ++, > 10 cells.

ased in size by > 30%, and the majority of which
(30.1%) completely resolved. And of 32 visceral
lesions, 12.5% decreased in size by > 30%, and
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9.4% completely resolved [19]. In this study,
combination therapy with HF10 and DTIC
induced more persistent systemic anti-tumor
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Figure 6. Analysis of the supernatant from spleen cells co-cultured with clone M3 cells. A: Increased IFN-y in the
supernatant of the co-culture. Splenocytes from three mice from each group were co-cultured with clone M3 cells
for 24 h IFN-y secretion in the supernatant was measured. In the HF10 and HF10-DTIC2 groups, the amount of
IFN-y secretion was significantly higher than that of the other groups (*; P < 0.05). B: Inhibition of IFN-y with anti-
CD4 and anti-CD8 antibodies. Splenocytes and clone M3 cells were co-cultured with mouse monoclonal anti-CD4
and/or anti-CD8 antibodies. Increased IFN-y secretion in the supernatant was suppressed by adding the anti-CD4

antibody (*; P < 0.05).

effects and prolonged survival in melanoma
mice compared with HF10 or DTIC monothera-
py. The reason for this effectiveness might be
explained by various pharmacological actions
of DTIC in both direct killing of tumor cells and
the induction of anti-tumor immunity.

In cell viability assays, combination treatment
with HF10 and DTIC induced rapid cell death.
DTIC is a cell cycle non-specific anti-neoplastic
agent that functions as an alkylating agent
after activation in the liver [4]. To enhance the
efficacy of oncolytic virotherapy, several combi-
nation therapies with GM-CSF, chemotherapy
or radiation therapy have been studied [20,
21]. In addition, the combination therapy using
oncolytic adenoviruses with the alkylating
agent temozolomide (TMZ) enhanced the anti-
tumor response against melanoma and glio-
blastoma significantly [22]. This enhanced anti-
tumor response was thought to be the induc-
tion of autophagy by TMZ. The efficacy of com-
bination therapy with TMZ and the oncolytic
HSV G47A has also been reported to have a
synergistic effect in killing glioblastoma stem
cells through enhancement of G47A-mediated
DNA damage responses [23]. Taken together,
our data may support combination therapy with
an alkylating agent and oncolytic HSV.

It is well known that oncolytic virotherapy can
induce anti-tumor effects through not only a
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direct oncolytic effect in injected lesions but
also the induction of systemic anti-tumor immu-
nity [24]. In the immune responses, dendritic
cells (DCs) activate and expand CD8-positive
cytotoxic T cells (CTLs) and CD4-positive T cells.
CTLs recognize and destroy tumor cells, and
CD4-positive T cells enhance the capacity of
DCs to induce CTLs by the interaction between
CD40 on DCs and CD40 ligand on activated
CD4-positive T cells. In addition, CD4-positive T
cells provide help for the maintenance and
expansion of CTLs by secreting cytokines, such
as IFN-y [25]. In the current study, HF10 injec-
tion induced systemic anti-tumor immunity in
the spleen. CD4-neutralizing antibody strongly
suppressed the anti-tumoral immunity, which
was in consistent with our previous study [21].
We speculate that HF10 induced systemic anti-
tumoral immunity by CD4-positive T cells, which
stimulated tumor-infiltrating CD8-positive T
cells.

In a previous study, DTIC triggered the up-regu-
lation of NKG2D ligands in melanoma cells,
leading to activation of NK cells and secretion
of IFN-y in mice and humans [26]. NK cell-
derived IFN-y subsequently induced up-regula-
tion of major histocompatibility complex (MHC)
class | molecules in tumor cells, resulting these
cells sensitive to CTLs. This result demon-
strates that upon treatment with DTIC, the
tumor participates in the initiation of an
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immune response. In this study, HF10 in combi-
nation following twice DTIC injection strongly
reduced subcutaneous tumor on both side,
resulting in complete rejection of tumors.
Although only a fraction of NK cells were detect-
ed in the tumor, we speculate that these immu-
nomodulating effects of DTIC enhanced HF10
oncolytic therapy by increased recognition of
tumor antigens, secretion of IFN-y, infiltration of
CD8+ T cells and cell lysis of untreated tumor
sides.

In conclusion, our data indicate the efficacy of
HF10 and DTIC combination therapy. Though
immunoregulatory monoclonal antibodies or
molecularly targeted agents are the first-line
therapy for advanced melanoma, our combina-
tion therapy would be a complementary thera-
py for advanced melanoma, especially in
patients with severe side effects or resistance
to immunoregulatory monoclonal antibodies or
molecularly targeted therapy.
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