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Antitumor efficacy of oncolytic herpes simplex virus adsorbed
onto antigen-specific lymphocytes

A Kanzaki, H Kasuya, K Yamamura, TT Sahin, N Nomura, T Shikano, T Shirota, G Tan,
S Fukuda, M Misawa, Y Nishikawa, S Yamada, T Fujii, H Sugimoto, S Nomoto, S Takeda,
Y Kodera and A Nakao

Department of Surgery II, Nagoya University Graduate School of Medicine, Nagoya, Japan

Although several studies have reported that locally administering oncolytic viruses effectively targets malignancies, the efficacy

of systemically administered oncolytic viruses is restricted. Recently, however, it was reported that systemic administration

of oncolytic vesicular stomatitis virus adsorbed onto antigen-specific lymphocytes was effective against malignancies.

We hypothesized that intravenously administering such virus might have significant potential in treatment of the malignant

tumors. We adsorbed oncolytic herpes simplex virus-1 mutant R3616 onto lymphocytes harvested from mice with acquired

antitumor immunity. We administered adsorbed R3616 to peritoneally disseminated tumors and analyzed the efficacy of this

treatment. Mice administered adsorbed R3616 survived significantly longer than mice administered R3616 adsorbed onto

non-specific lymphocytes, or mice administered either virus or tumor antigen-specific lymphocytes alone. In this context, herpes

oncolytic virus is a promising treatment not only for primary lesions, but also for multiple metastasizing lesions. This treatment

strategy may become one of the most effective methods for systemic virus delivery.
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Introduction

Colorectal cancer is the most common cancer of the
digestive tract.1,2 To date, all studies on peritoneal
carcinomatosis from colorectal cancer have shown that
there is a high incidence of abdominal dissemination in
patients with a poor prognosis; such patients have a
median survival of 5�9 months.2–4 This observation
clearly indicates the importance of treating peritoneal
dissemination in colorectal cancer patients.
Oncolytic viral therapy has been developed as a new

modality for the treatment of advanced cancers.5 In 1991,
Martuza et al.6 demonstrated the effects of herpes
simplex virus type-1 (HSV-1) against a brain tumor.
Subsequently, both basic science studies and clinical trials
have examined various oncolytic viral therapies.7 To date,
numerous viruses, including adenovirus, HSV and
Newcastle virus, have been used in clinical trials.8–15

Clinical trials and preclinical studies with adenovirus
and HSV have indicated that direct intratumoral injec-
tions of oncolytic viruses yield significant therapeutic
effects.16 However, in patients with disseminated metas-
tases, the virus must be systemically delivered via an
intravenous (i.v.) route to the metastatic sites.17 One
preclinical study showed that i.v. or intraportally admin-
istering HSV effectively treated multiple liver metastases.5

By contrast, intraperitoneal (i.p.) virus administration
was significantly more effective than i.v. administration in
mice bearing peritoneal metastases, with no significant
differences in peritoneal metastases between the i.v.
treated and control groups.18 As viruses adhere non-
specifically to the endothelium and are neutralized by
the immune system, viral titers at the target site may be
insufficient in cases of i.v. administration.19 Several
clinical trials have examined i.v. administered adeno-
viruses and Newcastle viruses, but the antitumor effects of
these therapies are not definitive.8,10,11 Therefore, it is
important to establish an effective method for systemic
delivery of oncolytic viruses.
It has been proposed that cells could function as a

‘Trojan horse’ vehicle for delivery of viruses into tumors,
as follows: cells would first be infected with an oncolytic
virus in vitro, then systemically injected and subsequently
carried to the tumor beds to release the oncolytic virus.20
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A previous study examined the effectiveness of loading
oncolytic measles viruses onto nonspecific T cells, and
showed that this method prevented neutralization by the
immune system.21 Another study examined the dissemi-
nation and availability of vaccinia virus treatment using
cytokine-induced killer cells as a carrier.22 A recent study
evaluated the effectiveness of loading oncolytic vesicular
stomatitis virus onto antigen-specific T cells, and showed
that these T cells were more efficiently delivered to lung
tumors in mice than the virus alone.23 Various carriers
have been evaluated, and antigen-specific T cells have
often been used as a vector carrier.24–29 Tumor antigen-
specific T lymphocytes are a logical carrier for systemic
virus delivery.20,30 Moreover, tumor antigen-specific
lymphocytes have been clearly shown to have inherent
antitumor effects on their own.30–32

The antitumor efficacy of HSV adsorbed on the tumor
antigen-specific lymphocytes has not been reported. We
tested the hypothesis that HSV treated in this manner
could be delivered systemically, and investigated the
effects of HSV on primary and metastatic tumors.

Materials and methods

Cells and viruses
Vero, African green monkey kidney cells, were obtained
from American Type Culture Collection (Manassas, VA).
MC26, a mouse colon carcinoma cell line, was obtained
from the National Cancer Institute Tumor Repository
(Frederick, MD). Vero and MC26 cells were maintained
in Dulbecco’s modified Eagle’s medium (DMEM) with
10% fetal bovine serum and 1% penicillin/streptomycin.
The HSV-1 mutant, R3616, was kindly provided by
Bernard Roizman (University of Chicago, Chicago, IL).
Virus was propagated and titered on Vero cells, aliquoted
and stored at �80 1C.

Cytotoxic assay
Lymphocyte and virus cytotoxicity were determined using
the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide) assay. Cells were plated onto 96-well
plates at 5� 103 cells per well and grown for 36 h.
Lymphocytes or viruses were added at various multi-
plicities of infection (MOI) and incubated for 3 or 4 days.
The number of surviving cells was quantified by a
colorimetric MTT assay, and percent cell survival was
calculated compared with control (mock-infected) cells.

Animal studies
BALB/c mice were obtained from Japan CLEA
(Hamamatsu, Japan). Animal studies were performed
in accordance with the guidelines issued by the Nagoya
University Animal Center. Mice were age- and sex-
matched. To establish peritoneally disseminated tumors,
MC26 cells in 500ml of DMEM were injected into the
abdominal cavity of BALB/c mice. To establish sub-
cutaneous tumors, MC26 cells in 100 ml of DMEM were
injected into the flanks of mice. Animals were randomly
assigned to different groups before treatment. To study

tumor immunity, MC26 cells (1� 103 plaque-forming
units (pfu)) in 500ml of DMEM were injected i.p. into five
BALB/c mice. After 24 h, the mice were treated i.p. with
1� 106 pfu of R3616 in 500 ml of DMEM. After 56 days,
four of the five mice were cured, and were subsequently
injected subcutaneously (s.c.) with 1� 103 pfu MC26 cells
in 100 ml of DMEM (thus becoming anti-tumor immu-
nized mice). Control BALB/c mice were also injected with
MC26 cells (1� 103 pfu) in 100ml of DMEM s.c., and the
tumor volumes in both groups were monitored.
To establish tumor antigen-specific lymphocytes

(or non-specific lymphocytes), MC26 cells (1� 105 pfu)
and R3616 (1� 105 pfu) were co-cultured for 24 h;
alternatively, MC26 cells (1� 105 pfu) were frozen and
thawed twice. Cells were injected i.p. into five BALB/c
mice. After 28 days, lymphocytes were harvested from
spleen and thymus as follows: tissues were removed from
mice, soaked in DMEM, minced and pushed out the
contents to release blood cells. Fragments were settled
and the supernatant fluid containing blood cells
was obtained. Red blood cells were lysed using ACK
(ammonium chloride–potassium) buffer (0.15M NH4Cl,
1.0mM KHCO3, 0.1mM EDTA, pH 7.2�7.4). Lympho-
cytes of B100% of purity were obtained. These cells were
used for in vitro assays and in vivo injections.

In vitro loading of lymphocytes with HSV-1
Lymphocytes from mice were infected with R3616 at
an MOI of 1 for 2 h at 37 1C. Virus-loaded lymphocytes
were washed in phosphate-buffered saline at 4 1C, and
then used for in-vivo injections or in-vitro assays.
Lymphocytes were mixed with R3616 at an MOI of 1;
the ratio of adsorbed R3616 was 20:1 (lymphocyte vs
R3616). We checked the adsorbed ratio by titering on
Vero cells after freeze/thaw of virus-adsorbed lympho-
cytes (data not shown).

Statistical analysis
Two-sample unequal variance was analyzed by Student’s
t-test. Survival was analyzed by the Kaplan�Meier
method and log-rank test using the JMP software (SAS
Institute, Cary, NC). Statistical significance was defined
as Po0.05.

Results

Effects of tumor immunity in vivo
We analyzed the effects of tumor immunity in vivo.
Tumor-immunized mice had a significant reduction in
tumor growth, compared with the control mice
(P¼ 0.0148; Figure 1). We observed that BALB/c mice
acquired tumor-specific immunity following i.p. adminis-
tration of MC26 cells.

Cytotoxicity of tumor-specific lymphocytes in vitro
We evaluated the cytotoxicity of tumor-specific lympho-
cytes against MC26 cells in vitro. MC26 cells (1� 105 pfu)
and R3616 (1� 105 pfu) were co-cultured for 24 h
(group A). Group B consisted of MC26 cells (1� 105

pfu) that were frozen and thawed twice, and injected i.p.
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with 500ml of DMEM into BALB/c mice. After 28 days,
lymphocytes were harvested from groups A, B and C
(control group; mice injected with an equivalent amount
of phosphate-buffered saline). MC26 cells were treated
with each type of lymphocytes (from group A, B or C) at a
ratio of 100:1 (lymphocytes:MC26 cells). The number of
surviving cells was quantified after 72 h. Lymphocytes from
group B were significantly more cytotoxic than those from
group C (Po0.0001). In addition, lymphocytes from group
A were significantly more cytotoxic than those from group
B (P¼ 0.0012). We observed that lymphocytes from tumor
antigen-immunized mice were effective against tumor cells
in vitro. Moreover, lymphocytes from MC26 and R3616-
injected mice were more effective than lymphocytes from
MC26-injected mice (Figure 2).

Cytotoxicity of R3616 adsorbed onto tumor
antigen-specific lymphocytes in vitro
We evaluated the cytotoxicity of lymphocyte-adsorbed
R3616 against MC26 cells in vitro. MC26 cells were
treated with R3616 that had been adsorbed onto tumor
antigen-specific or non-specific lymphocytes at several
ratios (lymphocytes:MC26 cells; 0.05:1, 0.5:1, 5:1). The
number of surviving cells was determined after 4 days.
Lymphocytes were infected with R3616 at an MOI of 1,
and the ratio of adsorbed R3616 was 20:1 (lymphocyte vs
R3616). At a lymphocyte:MC26 cell ratio of 0.05:1, there
were no significant differences between R3616 adsorbed
onto tumor antigen-specific lymphocytes and R3616
adsorbed onto non-specific lymphocytes (P¼ 0.5652).
However, at lymphocyte:MC26 cell ratios of 0.5:1 and
5:1, R3616 adsorbed onto tumor antigen-specific lym-
phocytes was significantly more cytotoxic than R3616
adsorbed onto non-specific lymphocytes (P¼ 0.0405,
Po0.0001; Figure 3). We observed that R3616 adsorbed
onto tumor antigen-specific lymphocytes was more
effective against tumors than R3616 adsorbed onto non-
specific lymphocytes in vitro.
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Figure 2 Cytotoxicity of tumor antigen-specific lymphocytes

against MC26 cells in vitro. MC26 cells (1�105) and 1�105

plaque-forming unit R3616 were co-cultured for 24 h (group A), or

MC26 cells (1� 105; group B) were frozen and thawed twice. Cells

were injected intraperitoneally into five BALB/c mice. After 28 days,

lymphocytes were harvested from groups A, B and C (control group;

phosphate-buffered saline-injected mice). MC26 cells were treated

with each type of lymphocytes (group A, B, and C lymphocytes) at a

ratio of 100:1 (lymphocytes:MC26 cells). Surviving cells were

quantified after 72 h. Group B lymphocytes were significantly more

cytotoxic than group C lymphocytes (Po0.0001). In addition, group

A lymphocytes were significantly more cytotoxic than group B

lymphocytes (P¼ 0.0012).
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Figure 3 Cytotoxicity of R3616 adsorbed onto tumor antigen-

specific lymphocytes, against MC26 cells in vitro. Non-frozen 1�105

MC26 cells (group A) or phosphate-buffered saline (PBS; group B)

were injected intraperitoneally into 5 BALB/c mice for each groups.

After 28 days, lymphocytes were harvested from each group, and

R3616 were adsorbed onto them at a multiplicities of infection

(MOI)¼ 1 for 2 h at 37 1C. The virus-loaded lymphocytes were

washed in PBS at 4 1C. MC26 cells were treated with R3616-loaded

tumor antigen-specific or control lymphocytes at several different

ratios (lymphocytes:MC26 cells¼ 0.05:1, 0.5:1 or 5:1). Surviving

cells were quantified after 4 days (when R3616 was added to

lymphocytes at MOI¼ 1, the ratio of lymphocyte to R3616 was 20:1).

At a lymphocyte:MC26 cell ratio of 0.05:1, there were no significant

differences between R3616 adsorbed onto tumor antigen-specific

lymphocytes and R3616 adsorbed onto non-specific lymphocytes

(P¼ 0.5652). However, at ratios of 0.5:1 and 5:1, R3616 adsorbed

onto tumor antigen-specific lymphocytes was significantly more

cytotoxic than R3616 adsorbed onto non-specific lymphocytes

(P¼ 0.0405, Po0.0001, respectively).
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Figure 1 Effects of tumor immunity in vivo. MC26 cells (1�103)

were injected intraperitoneally into five BALB/c mice. After 24 h, the

mice were treated with 1�106 plaque-forming unit R3616. After 56

days, four of the five mice were cured, and were injected

subcutaneously (s.c.) with MC26 cells (1� 103; group A; N¼4).

Control BALB/c mice were also injected s.c. with MC26 cells

(1� 103; group B; N¼ 4). Tumor volumes were monitored and

calculated based on the formula V¼1/2� (longest dimen-

sion)� (width)2 (P¼ 0.0148).
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Survival of mice bearing peritoneal metastases after i.v.
administering R3616 adsorbed onto tumor antigen-
specific lymphocytes
We analyzed survival of mice bearing MC26 peritoneal
metastases following i.v. administration (tail-vein injec-
tion) of R3616 adsorbed onto tumor antigen-specific
lymphocytes. MC26 cells (1� 104) in 500 ml of DMEM
were injected i.p. into BALB/c mice. After 24 h, the mice
were treated i.v. with 1� 106 tumor antigen-specific
lymphocytes in 500ml of DMEM (group 1; L(MC26)),
1� 106 non-specific lymphocytes in 500 ml of DMEM
(group 2; L(control)), 1� 106 pfu R3616 adsorbed onto
1� 106 tumor antigen-specific lymphocytes in 500ml of
DMEM (group 3; L(MC26)þR3616), 1� 106 pfu R3616
adsorbed onto 1� 106 non-specific lymphocytes in 500ml
of DMEM (group 4; L(control)þR3616), 500ml of
phosphate-buffered saline (group 5), or 1� 106 pfu
R3616 in 500 ml of DMEM (group 6). The ratio of
adsorbed R3616 was 20:1 (lymphocytes vs R3616). There
was no death at early stage after administration, but all
mice died after tumor grew. No deaths were related with
severe side effects caused by treatments. There were no
significant statistical differences in the survival rate
among groups 1, 2, 5 and 6, even though tumor
antigen-specific lymphocytes and the viruses alone
showed tendency to expand the survival rate. Group 3
mice survived significantly longer than group 1 mice
(P¼ 0.0055). In addition, although all mice in group 1
died within 60 days, 40% of the mice in group 3 were
cured. Furthermore, group 3 mice survived significantly
longer than group 4 mice (P¼ 0.0005). As the ratio of
adsorbed R3616 was 20:1 (lymphocyte vs R3616), mice in
groups 3 and 6 were injected with only 5� 104 pfu R3616
and 1� 106 pfu R3616, respectively. Nevertheless, group 3
mice survived significantly longer than group 6 mice
(P¼ 0.0064). Although all of the mice in group 6 died
within 54 days, 40% of the mice in group 3 were cured
(Figure 4). These findings clearly showed that R3616
adsorbed onto tumor-specific lymphocytes have signifi-
cant antitumor effects in vivo.

Discussion

Here we showed that i.v. administration of oncolytic
herpes virus adsorbed onto tumor antigen-specific
lymphocytes is an effective antitumor treatment. In the
past, oncolytic viruses have been mainly introduced into
tumors by direct injection, but this therapeutic method is
insufficient to treat multiple systemically disseminated
tumors. Although a method to systemically deliver
oncolytic viruses is needed, administering the virus alone
i.v. does not provide sufficient antitumor efficacy in this
model. However, i.v. administration of HSV adsorbed
onto tumor antigen-specific lymphocytes is a promising
treatment for malignancies. It has been proposed that
this method would inhibit both virus neutralization by
the host immune response and nonspecific virus adhesion
to the host cells.33,34 In contrast to liposome-conjugated
tumor-specific antibodies, tumor antigen-specific lympho-

cytes themselves have antitumor efficacy via mechanisms
related to lymphocyte activation, including perforin,
granzyme and Fas ligand apoptosis. Moreover, lympho-
cytes can specifically target virus to the tumor site. This
new strategy is more effective than either tumor antigen-
specific lymphocytes alone or virus alone.
Oncolytic viral therapy has been heralded as a new

treatment modality for advanced cancers.5 Various onco-
lytic viral therapy studies have been performed, ranging
from basic research to clinical trials.7 In addition, several
HSV mutants, including HF10, G207, 1716 and NV1020,
have demonstrated both safety and efficacy in clinical
trials.7,12–15

Patients with disseminated metastases of cancer
frequently have other systemic metastases in tissues
including the liver and lungs, and it is very important to
deliver the viruses systemically to these metastatic sites.17

However, Kulu et al.18 reported that i.p. administration
was significantly more effective than i.v. administration
in mice bearing peritoneal metastases, and that there was
no significant difference between the i.v.-treated and
control groups. In our animal studies, there was also no
significant difference in survival between mice that were
i.v.-administered HSV and those left untreated (Figure 4).
Viruses can adhere nonspecifically to the endothelium and
are neutralized by the immune system, making it difficult
to achieve sufficient viral titers at the target site.19
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Figure 4 Survival rate of mice bearing MC26 peritoneal metas-

tases after intravenous (i.v.) administration of R3616 adsorbed onto

tumor-specific lymphocytes. MC26 cells (1�104) were injected

intraperitoneally into BALB/c mice (N¼10 per group). After 24 h, the

mice were treated i.v. with 1� 106 tumor antigen-specific lympho-

cytes (group 1; L (MC26)), 1� 106 non-specific lymphocytes (group

2; L (control)), 1�106 plaque-forming unit (pfu) R3616 for adsorption

onto 1�106 tumor antigen-specific lymphocytes (group 3; L

(MC26)þR3616), 1� 106 pfu R3616 for adsorption onto 1� 106

non-specific lymphocytes (group 4; L (control)þR3616), phosphate

buffered saline (group 5), or 1�106 pfu R3616 (group 6). There were

no significant statistical differences in survival between groups 1, 2, 5

and 6. Tumor antigen-specific lymphocytes and virus alone showed

a tendency to increase survival, but did not exhibit significant efficacy

against tumors in our animal studies. Group 3 mice survived

significantly longer than other groups.
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Although clinical trials have examined the efficacy of i.v.
administration of adenoviruses and Newcastle viruses, the
antitumor effects of these therapies are insufficient.8,10,11

As the virus can be neutralized and nonspecifically adhere
to host normal cells, the amount of i.v.-administered virus
reaching the tumor site is insufficient. Various methods
have been examined to increase the efficiency of systemic
virus delivery. It has been reported that systemic i.v.
delivery of HSV that is encapsulated within liposomes
effectively treats multiple liver metastases in the presence
of pre-existing viral neutralizing antibodies, and that this
method limits viral neutralization.35 The microenviron-
ment of endothelial cells affects viral adhesion, and
combination therapy has been used to try to control
these effects. A combination of virus and anti-vascular
endothelial growth factor resulted in the most dramatic
tumor suppression when the anti-vascular endothelial
growth factor was administered after the virus i.v.36

There is an emerging hypothesis that the host cells can
serve as a ‘Trojan horse’ delivery vehicle; oncolytic virus
can adhere to lymphocytes in vitro, and then, these cells
can be systemically injected into blood vessels. Once in the
bloodstream, these cells carry the virus to tumor beds.20

Various carriers have been evaluated and antigen-specific
T cells have often been used.24–29 Oncolytic viruses
adsorbed onto lymphocytes are systemically delivered
and released at the tumor site, a protease-rich environ-
ment; there, the oncolytic virus spreads and replicates
in the tumor cells.27,33,37 This strategy is called the ‘hitch-
hiking method’. Tumor-specific T lymphocytes are a
logical carrier for systemic virus delivery.20,30 Moreover,
tumor-specific lymphocytes themselves have antitumor
effects.30–32 We expect that this new strategy will be
extremely effective for systemic delivery when using
tumor antigen-specific lymphocytes.
We analyzed the effects of tumor immunity in vivo.

Surviving mice, which were treated with HSV against
loaded tumors, were rechallenged s.c. with the same
tumor cells; the tumor growth in these mice was signi-
ficantly suppressed (Figure 1). This outcome is assumed
to be related to acquired antitumor immunity.
We evaluated the cytotoxicity of tumor-specific lym-

phocytes against the tumor cells in vitro. Lymphocytes
from tumor antigen-acquired mice were significantly
more cytotoxic than lymphocytes from control mice.
In addition, lymphocytes from co-cultured tumor with
R3616-injected mice were significantly more cytotoxic
than lymphocytes from tumor-injected mice (Figure 2).
We showed that tumor-specific lymphocytes from tumor
antigen-injected mice are efficacious as an antitumor
immunotherapy, but the antitumor efficacy of lympho-
cytes from the mice after tumor antigen injected with HSV
was even higher. Viral infections induce strong cytotoxic
T-cell responses and systemic immune responses against
tumors.38 Antigens are likely to be produced when the
tumor cells are destroyed during inflammation, when
virally encoded Toll-like receptor ligands stimulate
dendritic cells to present tumor antigens and elicit effec-
tive T-cell responses.39 To generate cancer vaccines, many
different strategies have been evaluated in clinical trials,

including adjuvant peptides, inactivated cancer cells,
DNA, and even mRNA.40,41 These vaccination strategies
can elicit host immune responses, but these low-level
responses often have limited efficacy. Although such
treatment strategies have been shown to clearly stabilize
disease, there have been very few examples of tumor
regression. As many tumor antigens are autoantigens,
immunological tolerance is a very challenging problem,
and it is difficult to generate effective immune responses
against these targets.
There were no significant differences in our in-vivo

studies among mice that were injected i.v. with non-
specific lymphocytes, mice that were injected i.v, with
tumor antigen-specific lymphocytes, and mice injected i.v.
with phosphate-buffered saline (Figure 4). Tumor anti-
gen-specific lymphocytes had no efficacy against tumors
in vivo. Although some effect was observed in vitro, tumor
antigen-specific lymphocytes alone were not significantly
effective against tumors in our animal studies.
We showed that lymphocytes harvested from mice that

received virus-adherent lymphocytes i.p. had stronger
antigen-recognition capacity and higher cytotoxicity than
lymphocytes harvested from mice that received tumor
cells alone i.p. (Figure 2). In our in-vitro studies, we found
that a high density of antigen-specific lymphocytes is
important for effective results (Figure 3). These results
indicate that it may be difficult to obtain a high density
of these lymphocytes in humans, and that the maximum
effects of lymphocyte therapy have not yet been reached
in clinical studies. This may be one reason why it is
difficult to obtain sufficient antitumor effects with
lymphocyte therapy alone. Thus, new therapeutic meth-
ods are greatly needed.
We analyzed the survival rate of mice bearing peri-

toneal metastases after i.v. injection of HSV that was
adherent to tumor antigen-specific lymphocytes. This
group survived significantly longer than groups that were
i.v. injected with HSV-adherent non-specific lymphocytes,
tumor antigen-specific lymphocytes alone, or HSV alone.
Although all of the mice that received tumor antigen-
specific lymphocytes alone and all of the mice in the
HSV-treated group died, 4 of 10 mice in the group treated
with HSV-adherent tumor antigen-specific lymphocytes
were cured (Figure 4).
Interferon (IFN) is a key cytokine in antivirus and

anticancer immunity, and acts at the site of tumor-
surrounding tissue. Loading lymphocytes with virus
induces proinflammatory cytokines that are associated
with antiviral responses (IFN-a/b) and T-cell effector
cytolytic functions (IFN-g); IFN is associated with
increased cytolytic functions and more effective immune
delivery to tumors.23,42 Infecting tumors with viruses
induces antitumor immunity through tyrosinase-related
protein 2 and interleukin 12.43 Moreover, indirect tumor
cell killing is induced by the activation of cytokine
production and host antitumor immunity.23,42 Virus-
adherent lymphocytes become a stimulus for IFN
secretion and lead to suppression of tumor growth.
On another front, tumor cytolysis by oncolytic virus

releases weak tumor antigens, which are recognized by the
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host immune system, and can induce immune responses.43,44

It is thought that long-term antitumor immune memory
is initiated by this response.45 Therefore, although
we administered HSV-adherent tumor antigen-specific
lymphocytes only once, 40% of the treated mice were
completely cured. In an immune-competent mouse, the
quantity of virus that reaches and infects tumor cells is
typically limited, due to virus neutralization and non-
specific adhesion to host cells.23

Pre-existing immunity against the virus affects the
balance between antiviral immunity and antitumor
immunity.45 Therefore, in the future, it will be necessary
to evaluate the efficacy of multiple administration and
treatments in the presence of pre-existing virus-neutraliz-
ing antibodies. It is possible that tumor antigen-specific
lymphocytes inhibit virus neutralization and nonspecific
adhesion to host cells, and can effectively deliver oncolytic
viruses to the tumor site.
Furthermore, we should point out existing possibility

that the adsorption of HSV onto lymphocytes improves
the cytolytic functions of the lymphocytes themselves
(perforin, granzyme and Fas-ligand apoptosis), resulting
in a more efficient antitumor immune response. This type
of phenomenon, as opposed to greater efficiency of virus
delivery, may be the primary explanation for the out-
comes we observed. It will be necessary to evaluate the
significance of this potentially beneficial phenomenon in
future studies.
We believe that oncolytic HSV-adherent tumor anti-

gen-specific lymphocytes are a promising new treatment
method, not only for primary lesions, but also multiple
metastatic lesions. This strategy may become one of the
most effective methods for systemic virus delivery.
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