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Abstract

Background: Herpes simplex type I (HSV)-based vectors
have been used experimentally for suicide gene therapy,
immunomodulatory gene delivery, and direct oncolytic
therapy. The current study utilizes the novel concept of re-
gional delivery of an oncolytic virus in combination with
or serving as the helper virus for packaging herpes-based
amplicon vectors carrying a cytokine transgene, with the
goal of identifying if this combination is more efficacious
than either modality alone.

Materials and Methods: A replication competent on-
colytic HSV (G207) and a replication incompetent HSV am-
plicon carrying the gene for the immunomodulatory cy-
tokine IL-2 (HSV-IL2) were tested in murine syngeneic
colorectal carcinoma and in rat hepatocellular carcinoma
models. Liver tumors were treated with vascular delivery of
(I) phosphate-buffered saline (PBS), (2) G207, (3) HSV-IL2,

(4) G207 and HSV-IL2 mixed in combination (mG207/HSV-
IL2), and (5) G207 as the helper virus for packaging the
construct HSV-IL2 (pG207/HSV-1L2).

Results: Tumor burden was significantly reduced in all
treatment groups in both rats and mice treated with high-
dose G207, HSV-IL2, or both (p < 0.02). When a low dose
of virus was used in mice, anti-tumor efficacy was im-
proved by use of G207 and HSV-IL2 in combination or with
HSV-IL2 packaged by G207 (p < 0.001). This improvement
was abolished when CD4" and CD8" lymphocytes were
depleted, implying that the enhanced anti-tumor response
to low-dose combined therapy is immune mediated.
Conclusions: Vascular regional delivery of oncolytic and
amplicon HSV vectors can be used to induce improved
anti-tumor efficacy by combining oncolytic and immuno-
stimulatory strategies.

Introduction

A variety of herpes simplex virus type 1 (HSV)-based
therapies have demonstrated encouraging results in
experimental animal models of cancer (1-8). One
approach uses replication incompetent amplicon
herpes vectors for the delivery of therapeutic trans-
genes including immunomodulatory cytokines, pro-
drugs, or tumor suppressor genes (2,8-14). Other vi-
ral antineoplastic strategies employ replication
competent oncolytic viruses that selectively infect
and lyse tumor cells (4,6,7,15-17). The current study
explores the combined use of replication competent
HSV as oncolytic agents along with replication-
incompetent HSV amplicons as gene transfer vehi-
cles. This approach potentially provides great flexi-
bility in tailoring combinations of biological
therapies for cancer. We and others have previously
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shown the ability of such combinations of HSV vec-
tors to produce regression of cancers after direct in-
tratumoral injection of flank tumors (9,18,19). The
current study is an extension of theses previous
studies and demonstrates in two clinically relevant
models that vascular delivery of these agents can be
combined. Furthermore, these studies demonstrate
that the oncolytic virus can be used in the packaging
of HSV amplicon to produce a viral mixture that is
effective cancer therapy (11,12,19,20).

Materials and Methods
Cells

A murine colon cancer cell line (CT26) and a rat hep-
atoma cell line (Morris hepatoma McA-R-7777)
were used in this study. Both Morris hepatoma and
CT26 cell lines were obtained from the American
Type Culture Collection (ATCC, Rockville, MD,
USA). Morris hepatoma cells were maintained in
DMEM supplemented with high glucose, 6.25% fe-
tal calf serum (FCS), and 5 mM cr-glutamine. CT26
cells were maintained in RPMI 1640 supplemented
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with 10% FCS, 5 mM nonessential amino acids,
100 pg/ml penicillin, and 100 pg/ml streptomycin.

Viruses

Herpes Amplicon Vector The replication defective
herpes simplex amplicon vectors expressing IL-2
(HSV-IL2) were constructed by directionally cloning
the IL-2 genes into HSVPrPUC as previously de-
scribed (9,13,21,22). To package amplicon, RR1 cells
were transfected by adding Lipofectin (GIBCO-BRL,
Carlsbad, CA 92008), waiting 5 min and then adding
the amplicon DNA solution dropwise. Approxi-
mately 20 hr after transfection, the D30 EBA helper
virus was added to achieve a multiplicity of infec-
tion (MOI) of 0.2. After 1 hr, additional media con-
taining 5% FCS was added and amplicon virus
stocks harvested 2 days later.

The amplicon to helper virus ratio was deter-
mined by titering each component separately. The
helper virus was titered using a standard plaque as-
say, and the amplicon was titered by a slot blot as-
say (9). Briefly, the amplicon titers for both HSV-IL2
and HSV-LacZ were calculated from the density of
the bands seen on a slot blot apparatus exposed to
x-ray film and then scanned densitometrically at
various timed exposures. The HSV-IL2 titer was cal-
culated relative to HSV-LacZ, given that this latter
amplicon was also titered by a plaque assay (blue
forming units on NIH-3T3 cells) (9).

G207 Virus The G207 virus, a gift from Drs.
Rabkin and Martuza, was constructed as previously
described (23). Briefly, G207 is a multimutated type-1
herpes simplex (HSV-1) virus derived from the lab-
oratory wild-type F strain parent virus. Viral ribonu-
cleotide reductase is inactivated by inserting the
lacZ marker gene into the ICP6 sequence of the par-
ent virus genome, and both copies of the y,34.5 neu-
rovirulence genes were deleted.

The G207 packaged amplicon vector (pG207/
HSV-1L2) was produced and titered as described

with the G207 virus substituted for the D30 EBA
helper virus (9).

The amplicon packaging process routinely pro-
duces titers of virus approximately 10’ particles/ml.
The amplicon:helper ratio varies from 0.5 to 1.0. The
dose of virus used for the mG207/HSV-IL2 group
was calculated based on the results of the titering of
helper virus (G207):amplicon (HSV-IL2) in the
pG207/HSV-IL2 group, as described. Because the ra-
tio of amplicon to helper virus was approximately 1
in both the HSV-1L2 and pG207/HSVIL2 groups, we
used a ratio of 1:1 of G207: HSV-IL2 mixed together
in the mG207/HSV-IL2 group (Table 1).

In Vitro Cytotoxicity

To measure the cytotoxicity of G207, in vitro cyto-
toxicity assays were performed. G207, HSV-IL2,
mG207/HSV-IL2, or pG207/HSV-IL2 were added to
subconfluent layers of CT-26 or Morris hepatoma
cells in 12-well flat bottom plates (Costar, Corning
Inc., Corning, NY, USA). In each well, 5 X 10* cells
were plated. The respective viruses were added
12 hr later at various MOI. Morris hepatoma cells
were infected at MOIs of 0.01, 0.1, and 1, and
CT26 cells, which are slightly more resistant to in-
fection with virus, were infected with MOIs of 0.1,
1, and 5.0. For the mG207/HSV-IL2 and pG207/
HSV-IL2 groups, the ratio of G207: HSV-IL2 used
to infect the cells was kept constant at 1:1. Cell vi-
ability was measured by counting live cells via try-
pan blue exclusion at 24-hr intervals, carried out to
192 hr. All assays were performed in triplicate.

In Vitro IL-2 Production

IL-2 production from cells infected in vitro by
G207 alone, HSV-IL2, mG207/HSV-IL2, and pG207/
HSV-IL2 was measured by enzyme-linked im-
munosorbent assay (ELISA). Supernatants were
harvested at 24-hr intervals from all four treatment
groups at the different MOIs for both Morris
hepatoma and CT-26 cell lines. IL-2 production

Table 1.
and ratio of G207 to HSV-IL2 amplicon of the injectate

Summary of the different oncolytic virus and amplicon combinations used explaining the composition

Vector Listed in Text Composition Comments
G207 G207 alone An attenuated, replication competent, oncolytic HSV-1.
HSV-IL2 Interleukin 2 amplicon A replication defective HSV vector carrying the IL-2

A mixture of G207 virions
as well as HSV-IL2 vectors

Amplicon HSV-IL2 produced by

mG207/HSV-IL2

PG207/HSV-IL2

using G207 as the helper virus for

viral packaging

gene for gene transfer.

This mixture is injected as two separate particles
at the same time. The ratio of G207:HSV-IL2 is 1.

This combination enables the G207 particle to act as
the helper virus for production of HSV amplicon,
thereby producing a mixture of G207 and amplicon
HSV-IL2 with no other helper viruses present.

The ratio of G207:HSV-IL2 is 1.
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was determined by ELISA (R & D systems, Min-
neapolis, MN, USA).

Establishment and Treatment of Hepatic
Metastases in Rats

All animal work was performed under guidelines
established by the Memorial Sloan-Kettering Can-
cer Center Institutional Animal Care and Use Com-
mittee. Buffalo rats were purchased from Charles
River Laboratories (Wilmington, MA, USA). The rat
model of hepatic metastases is well established in
this laboratory (4). Three weeks after intrasplenic
injection of 5 X 10° Morris hepatoma cells, these rats
reliably develop between 150 and 250 countable
liver nodules. Blood draining from the spleen
directly enters the portal circulation, and therefore,
intrasplenic injection is a very reliable method of de-
livery of agents into the portal vasculature. The
spleen is not removed, however, as to not interfere
with the immune response to the tumor in the liver.
Male Buffalo rats (200-250 g) were housed two per
cage and allowed food and water ad libitum. Ani-
mals were anesthetized with intraperitoneal (i.p.)
pentobarbital injection (50 mg/kg). Morris he-
patoma cells (5 X 10%) in 500 uL of serum free me-
dia were injected into the inferior pole of the spleen
via a 26-gauge needle. The spleen was then returned
to the abdomen and the incision was closed.

Twenty-four hours later, animals were randomly
divided into five groups and were assigned to re-
ceive intrasplenic injections of either PBS (controls),
G207 alone, HSV-IL2 alone, mG207/HSV-IL2, or
pG207/HSV -1L2 in 500 ul of PBS. The dose of virus
used in each group was 1 X 10° plaque forming
units (PFU). For the mG207/HSV-IL2 and pG207/
HSV-IL2 groups the ratio of G207:HSV-IL2 used was
kept constant at 1:1. Virus was delivered via an in-
trasplenic injection (n = 6 animals per group). Inci-
sions were closed and the animals were returned to
their cages. Weights were followed three times per
week and when control animals began to lose
weight (approximately day 21 after tumor inocula-
tion), animals were killed by CO, inhalation, their
livers harvested, and tumor nodules counted.

Establishment and Treatment of Hepatic
Metastases in Mice

Male Balb/C mice were purchased from the National
Cancer Institute (Bethesda, MD, USA), housed five
per cage and provided food and water ad libitum.
Animals were anesthetized using ketamine and
xylazine, administered by i.p. injection (70 mg/kg
ketamine, 10 mg/kg xylazine). Using the model de-
scribed by Lafreniere and Rosenberg (24), 5 X 10*
syngeneic murine colon cancer cells (CT-26), in
0.3 ml of serum-free media, were injected into the
exteriorized, inferior pole of the spleen through a 26-
gauge needle. The mice reliably develop on average
between 150 and 300 tumor nodules in the liver by
2 weeks after inoculation. The spleen is not removed,

however, as to not interfere with the immune
response to the tumor in the liver. The incision was
closed and 24 hr later the wound was reopened and
a single injection of 1 X 10°, 5 X 10%, or 1 X 10* PFU
in 300 ul of PBS of the aforementioned viral groups
or 300 ul PBS alone (controls) was given to six ani-
mals per group. The incisions were closed in a sim-
ilar fashion to that described and returned to their
cages. Animal weights were followed closely (three
times per week), and when control animals began to
lose weight (approximately day 14 after tumor inoc-
ulation), animals were killed by CO, inhalation, liv-
ers were harvested, and tumor nodules counted.

CD4™" and CD8" T-Lymphocyte Blockade and Its Effect
on Hepatic Metastases After Viral Treatment

Animals were treated with GK1.5 (anti-CD4) and
53-6.72 (anti-CD8) antibodies to deplete CD4" and
CD8" T lymphocytes as previously described (25).
Each animal received 0.2 mg of each antibody via i.p.
injection daily for 3 consecutive days. The effect of
antibody blockade was assessed by FACS analysis
7 days after the first i.p. injection of the antibodies.
The blockade was maintained by an i.p. injection of
0.2 mg of each antibody once per week thereafter
for 2 weeks until animal sacrifice and liver harvest.

Thirty Balb/c mice were divided evenly into six
groups: (I) control (no viral treatment) blocked; (2)
control unblocked; (3) mG207/HSV-IL2 blocked; (4)
mG207/HSV-IL2 unblocked; (5) pG207/HSV-IL2
blocked; and (6) pG207/HSV-IL2 unblocked. Cells
were injected as described previously and therapy
delivered 24 hr after inoculation with 5 X 10* PFU
of virus. Animals were killed approximately 14 days
after tumor inoculation (when they began to lose
weight) and liver nodules counted.

Results
In Vitro Cytotoxicity

To determine the cytotoxicity of the viral groups, cell
survival was measured in vitro by trypan blue exclu-
sion. The HSV-IL2 group did not show any signifi-
cant cytotoxicity of the Morris hepatoma cell line at
any time. At an MOI of 1, the viral groups of G207
alone, mG207/HSV-1L2, and pG207/HSV-IL2 IL-2
showed a >95% cell kill of the Morris hepatoma cell
line at 72 hr (p < 0.03) (data not shown). There was
no statistical difference between the in vitro cyto-
toxic potential of G207, mG207/HSV-IL2, or pG207/
HSV-IL2.

Cell survival was also assayed with the CT-26
cells. The HSV-IL2 group did not demonstrate any sig-
nificant cytotoxicity on CT-26 cells. At an MOI of 1,
G207 alone demonstrated >75% cell kill by 168 hr.
The packaged and combination groups demonstrated
a cell kill of >90% by 168 hr for an MOI of 1. At an
MOI of 1, there was statistical significance in in vitro
cytotoxic potential when comparing G207, mG207/
HSV-IL2, or pG207/HSV-IL2 groups to controls
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Fig. 1. In vitro cytotoxicity assay. CT-26 cells were plated at a
concentration of 5 X 10* cells per well in 12-well plates. Twenty-
four hours later the cells were infected with an MOI of 1 of the
following: (1) G207 [m], (2) HSV-IL2 [A], (3) mG207/HSV-IL2
[X], (4) pG207/HSV-IL2 [1], or (5) PBS (controls) [¢]. Trypan
blue exclusion assay was performed and the viable cells counted.
The graph below demonstrates data from a representative cyto-
toxicity experiment at an MOI of 1. All assays were performed in
triplicate and carried out for 7 days. The cytotoxicity experiments
were carried out twice.

(v < 0.04) (Fig. 1). There was no statistical difference
between the in vitro cytotoxic potential of G207,
mG207/HSV-IL2, or pG207/HSV-IL2 (Fig. 1).

In Vitro Production of IL-2

In vitro IL-2 production from the syngeneic murine
colorectal cancer cell line CT-26 and Morris hep-
atoma was determined by sandwich ELISA. Super-
natants from the cytotoxicity assay at an MOI of 1
were used to assay for IL-2 production. ELISA per-
formed on the CT-26 cell line showed that the G207
alone group showed no production of IL-2, whereas
the HSV-IL-2, mG207/HSV-IL2, and pG207/HSV-
IL2 groups produced significant amounts of IL-2.
Peak levels of IL-2, when normalized to cell count,
were seen at 24 hr and then diminished with time.
The concentration of IL-2 produced was highest in
the HSV-IL2 group (80 pg/1 X 10° cells at 24 hr).
IL-2 produced by the mG207/HSV-IL2 and pG207/
HSV-IL2 groups was in the range of 20-45 pg/1 X 10°
cells at 24 hr. Figure 2 demonstrates IL-2 produc-
tion, per day, normalized to 1 X 10° cells for an MOI
of 1 for the CT-26 cell line only. The Morris he-
patoma cell line also produced IL-2 in vitro in
picogram quantities. At 24 hr postinfection, IL-2
production was again highest in the HSV-IL2 group
(40 pg/1e® cells). IL-2 produced by the mG207/HSV-
IL2 and pG207/HSV-IL2 groups was in the range of
7-20 pg/1 X 10° cells.

In Vivo Inhibition of Tumor Growth in Rats

Buffalo rats were inoculated with Morris hepatoma
syngeneic liver carcinoma cells via an intrasplenic
injection. Twenty-four hours later therapy was ad-
ministered intrasplenically. Therapy was given at
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Fig. 2. In vitro production of IL-2. Supernatants were taken
from the cytotoxicity assay and IL-2 production assayed for by
ELISA. CT-26 cells were plated at a concentration of 5 X 10*
cells per well, and infected with the viral groups listed above
at a MOI of 1. G207 [X], HSV-IL2 [m], mG207/HSV-IL2 [a],
pG207/HSV-IL2 [e].

24 hr to simulate a picture of hepatic micrometas-
tases. Rats were treated with either media (controls),
G207, HSV-IL2, mG207/HSV-IL2, or pG207/HSV-
IL2. The dose of virus used was 1 X 10° PFU. This
dose reduced tumor burden in all treatment groups,
including HSV-IL2 group. The average nodule
counts (=SEM) were 288 = 76.7 (controls), 68 + 41
(G207 ), 10 = 10 (HSV-IL2), 58 *= 24 (mG207/HSV-
IL2), and 48 * 40 (pG207/HSV-IL2). There was no
statistical significance between treated groups; all
the treated groups significantly differed from con-
trols (p < 0.01) (Fig. 3).

In Vivo Inhibition of Tumor Growth in Mice

To assess the anti-tumor efficacy of the viral group-
ings in vivo, Balb/C mice were inoculated with CT-26
syngeneic colorectal carcinoma via an intrasplenic
injection producing hepatic metastases. Twenty-four
hours later therapy was administered intraspleni-
cally. Mice were treated with either media (con-
trols), G207, HSV-IL-2, mG207/HSV-IL2, or pG207/
HSV-IL2. At viral concentrations of 1 X 10°> PFU all
four treatment groups had significantly fewer he-
patic nodules than controls. Control animals had av-
erage nodule counts (=SEM) of 96.7 = 45.5. Aver-
age nodules counts of the treated groups were as
follows: G207 [27.24 £5.8 (p = 0.022)], HSV-IL2
[13.08 * 6.6 (p = 0.013)], mG207/HSV-IL2 [11.22 +
7.8 (p =0.017)], and pG207/HSV-IL2 [18.53 = 5.6
(p = 0.010)] (Fig. 3).

Treatment With Low Dose of Virus in Mice

The experiment was repeated in Balb/C mice using
lower doses of virus to determine if tumor reduction
was dose related. Viral doses used in this part of the
experiment were 5 X 10* and 1 X 10* PFU for each
previously mentioned groups (n = 6 animals per
group). The average hepatic nodule counts from the
5 X 10* PFU treated groups were as follows: Control
animals had tumor nodule counts of 284 *= 7.8; G207
(270 = 24.23); HSV-IL2 (294 = 13); mG207/HSV-IL2
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(71.2 * 28.3); and pG207/HSV-IL2 (64.2 *+ 23). The
mG207/HSV-1L2 and pG207/HSV-IL2 treated groups
differed significantly from control (p < 0.001), while
the HSV-IL2 and G207 groups did not differ signifi-
cantly from control (Fig. 4A).

In animals treated with 1 X 10* PFU of virus,
the nodule counts were similar to those seen with
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Fig. 3. Average liver tumor nodule count after high-dose
viral treatment. (A) Balb/c mice were inoculated intraspleni-
cally with 5 X 10* CT-26 cells. Twenty-four hours later the an-
imals were treated with PBS (controls) or 1 X 10° PFU of the
various viral groups (n = 6 per group). Livers were harvested
at 2 weeks and tumor nodules counted. (B) Buffalo rats were
inoculated intrasplenically with 5 X 10° Morris hepatoma
cells. Twenty-four hours later the animals were treated with
PBS or 1 X 10° PFU of the various viral groups (n = 6 per
group). Livers were harvested at 3 weeks and tumor nodules
counted. All groups differed from controls with p < 0.01.

the 5 X 10* PFU treated groups and were as follows:
G207 (282 = 18); HSV-IL2 (290 = 13.4); mG207/
HSV-IL2 (110.2 =18.1); and pG207/HSV-IL2
(136.8 = 16.4). There was a significant difference
between high and low doses of virus in the
pG207/HSV-IL2 group with a p-value of 0.035
(Fig. 4B).

Fig. 4. Average liver tumor nodule count in Balb/c mice
inoculated with 5 X 10* CT-26 cells intrasplenically, then
treated with a low dose of virus. (A) Mice were treated
with PBS (controls) or 5 X 10* PFU of the viral groups 24 hr
after tumor inoculation (1 = 6 per group). *p < 0.001 versus
control. (B) Mice were treated with PBS or 1 X 10* PFU of
virus 24 hr after tumor inoculation (n = 6 per group). Livers
were harvested at 2 weeks and tumor nodules counted.

#p < 0.002 versus control.
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CD4" and CD8" T-Cell Blockade

To determine if the anti-tumor effect of the combina-
tion of the oncolytic virus G207 and the immunostim-
ulatory cytokine IL-2 was mediated by CD4 and CD8
T-cell activation, CD4 and CD8 blockade was per-
formed as described. After confirming blockade by
FACS analysis, Balb/c mice were inoculated with 5 X
10* CT-26 cells intrasplenically. One day later they
were treated with 5 X 10* PFU of mG207/HSV-IL2 or
pG207/HSV-IL2. The mice were divided into six
groups: (1) unblocked (no virus administered) con-
trols; (2) blocked control; (3) unblocked mG207/
HSV-1L2; (3) blocked mG207/HSV-IL2; (4) unblocked
pG207/HSV-IL2; and (5) pG207/HSV-IL2. Average
tumor nodule counts were as follows: unblocked con-
trol, 129 = 21; blocked control, 115.5 = 4; unblocked
mG207/HSV-IL2, 28.6 = 11; blocked mG207/HSV-1L2,
91.5 = 10; unblocked pG207/HSV-IL2, 51 =7; and
blocked pG207/HSV-IL2, 106.5 = 11. The unblocked
mG207/HSV-IL2 and pG207/HSV-IL2 groups signifi-
cantly differed from unblocked controls with a p-value
of 0.003 and 0.01, respectively. CD4", CD8" T-cell
blocked treated groups did not significantly differ from
blocked controls. CD4", CD8" blockade did not sig-
nificantly increase or decrease average tumor burden
in control animals. Unblocked treated animals had
nodule counts that significantly differed from CD4",
CD8" blocked treated animals (p < 0.01) (Fig. 5).

Discussion

Viruses and viral vectors are central to a number of
strategies that have shown promise in treatment of ex-
perimental tumors (4,6,9,11,15,19,26-32). In this re-
gard, replication-defective herpes simplex amplicon
vectors, as well as replication-competent oncolytic
viruses have been shown to be effective as cancer
therapy in animal models. HSV amplicon vectors
have been used as vehicles for transfer of genes cod-
ing cytokines (1), chemokines (33), or costimulatory
molecules (8) in immunotherapeutic strategies. Repli-
cation-competent oncolytic viruses have also been
successfully used for direct killing of a wide variety of
tumors including colorectal cancers, prostate cancers,
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o

bladder cancer, and brain tumors (1,3-7,16,34). The
current study examines the ability to combine these
two strategies, and demonstrates that amplicon-medi-
ated immunotherapy in combination with HSV-based
oncolytic therapy is highly effective against two dif-
ferent tumor types, in two different species.

The current studies examine two of the most
common tumor types encountered. Primary hepato-
cellular carcinoma occurs in over 1 million individu-
als yearly and colorectal cancer occurs in over
150,000 individuals in the United States yearly
(35-37). Hepatocellular carcinoma often remains
confined to the liver even at advanced stages, and the
liver is the most common site of metastases from col-
orectal cancer (37,38). For hepatocellular carcinoma
or colorectal cancer, surgery represents the best treat-
ment option, but is only curative in a minority of
patients (39-41). For patients with unresectable
cancer, chemotherapy or radiation therapy is at best
palliative (36). Clearly, novel therapies are needed in
the treatment of these common cancers. Choice of the
liver tumor models results from potential clinical
relevance due to common occurrence of cancer at this
organ site. Previous studies have demonstrated that
herpes-based oncolytic therapies can successfully
lyse hepatocellular carcinoma cells or colorectal can-
cer cells in vitro, and are promising in animal mod-
els (4,16,32). The current study demonstrates that the
addition of local cytokine gene transfer adds to the
efficacy of regionally delivered oncolytic therapy and
suggests that this combination may be promising. In
addition, these well-established models allow the
study of vascular delivery of viral therapies that have
general implications for such novel therapies.

Previous studies of delivery of oncolytic therapy
and local cytokine production have attempted direct
injection of tumors implanted subcutaneously
within the flank (9,18). Although these other stud-
ies are a “proof of principle” that when such com-
bined therapies are adequately delivered to tumor
targets an exaggerated anti-tumor response is seen,
direct injection of tumors is a clinically relevant
method only for a very limited number of tumors such
as brain cancers. For most other tumors, if limited

Fig. 5. CD4" and CD8" T-cell blockade. Balb/c mice
were injected i.p. with 0.2 mg of anti-CD4 (GK 1.5) and
anti-CD8 (53-1.62) antibodies for 3 consecutive days. T-cell
inactivation was assessed by FACS analysis 7 days after last
injection. The mice were inoculated with 5 X 10* CT-26 cells
intrasplenically and then treated with either mG207/HSV-
IL2 or pG207/HSV-IL2 at 5 X 10* PFU 24 hr later. Mice
were divided equally into six groups (n = 5 per group):
both blocked and unblocked control, mG207/HSV-IL2 and
pG207/HSV-IL2 groups. Livers were harvested at 2 weeks
and tumor nodules counted. Unblocked mG207/HSV-IL2
and unblocked pG207/HSV-IL2 groups significantly differed
from controls with p-values of 0.003 and 0.01, respectively.
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Control pG207/HSV-IL2 pG207/HSV-IL2 mG207/HSV-IL2 mG207/HSV-1L2

Blocked mG207/HSV-1L2 and blocked pG207/HSV-IL2
groups did not significantly differ from blocked controls.
*p < 0.01 versus control. #p < 0.003 versus control.
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disease is encountered that can be treated by direct
injection, surgical excision is generally a simpler and
more effective alternative. Data from the current stud-
ies indicate that combined oncolytic and immuno
therapies can be achieved by the more clinically rele-
vant vascular delivery.

The major goal of combining two diverse strate-
gies is clearly to increase anti-tumor efficacy. Equally
important, however, is the goal of reducing the need
for each virus to achieve anti-tumor efficacy. In the
past, when attempts have been made to use various
chemotherapies in combined treatment of cancer, ef-
forts have usually been made to achieve the highest
dose of each that is tolerable. When combining on-
colytic viral therapy with amplicon vector-mediated
cytokine gene transfer, using the highest tolerable
dose of each virus may not produce optimal efficacy.
An overly vigorous initial oncolysis may reduce
cytokine production. Furthermore, in the in vivo
models, when viruses are administered at high doses
the oncolytic effects were sufficiently vigorous that
we were unable to demonstrate an advantage from
addition of local cytokine gene transfer. Indeed, it
was in an experiment using low doses of oncolytic
virus and amplicon vectors that the greatest benefit of
combined therapy was noted. Thus, the advantage of
such a combined approach likely will be the reduc-
tion of doses of the viral agents needed.

One alternative strategy for combining oncolytic
therapy with immunostimulatory therapy is to engi-
neer an oncolytic virus that contains a transgene
coding an immunostimulatory molecule (42). The
methods tested in the current paper of mixing am-
plicon with oncolytic virus or indeed packaging am-
plicon using oncolytic virus as helper virus have im-
portant practical implications for preclinical studies
and clinical trials. First, mixing the various oncolytic
viruses and amplicon vectors is simple. Therefore,
numerous amplicons with various immunostimula-
tory genes including cytokines, chemokines, adhe-
sion molecules, or costimulatory molecules can be
separately prepared to clinical grade and tested in
preclinical toxicology. These can then be simply
mixed with various oncolytic viruses for administra-
tion. Various combinations, various relative dosages,
staggered administration, and varied sequence of
administration can then be tested with relative ease.
Only when the optimal combinations are proven
will it be necessary to commit to a single oncolytic
virus carrying the optimal transgenes with appropri-
ate promoter strengths. This study therefore reports
data highly encouraging for clinical investigations
using regional vascular delivery of HSV oncolytic
viruses coupled with HSV amplicons carrying trans-
genes for the treatment of cancer.
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