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Recent developments in cancer immunotherapy have generated
renewed interest in oncolytic viruses as platforms for the
development of anti-tumor immunotherapy regimens. Several
reviews have detailed exciting new approaches in this area, as well
as emphasized the potential success of such agents as part of
combinatorial treatment strategies.1,2 Indeed, we agree that this
treatment modality will most likely achieve its greatest potential
as part of combination therapeutic anticancer regimens. However,
we would emphasize that the most successful oncolytic virus-
based treatments, as well as any combinatorial strategies into
which they are incorporated, will likely be those that take
advantage of modifying the tumor microenvironment. We and
others have used recombinant poxvirus and herpesvirus vectors in
both preclinical and clinical studies to demonstrate that oncolytic
viruses can be used to modify the cytokine and antigen milieu of
the tumor microenvironment, ultimately promoting systemic
tumor-specific immune responses that overcome immune escape
mechanisms.
A central hypothesis of our studies has been that in situ

treatment with oncolytic viruses can be utilized to release an
autologous tumor antigen into the tumor microenvironment,
thus inducing a systemic tumor-specific immune response
against both primary and metastatic tumor. This strategy
effectively relies on autologous tumor as a source of multiple
antigens, allowing development of a multivalent tumor-specific
immune response. Support for this approach can be found in
studies that demonstrate an average of 90 mutations per
tumor in human breast and colorectal cancers.3 Furthermore,
it is believed that the immunogenic cell death in the tumor
microenvironment that occurs because of oncolytic virus infection
triggers release of damage-associated molecular pattern
and pathogen-associated molecular pattern molecules, as well
as inflammatory cytokines, that aid in the activation and
recruitment of antigen presenting cells, ultimately yielding a Th1
immune response.4

An essential factor in such immune therapeutic strategies is
the idea that the tumor microenvironment acts as the center for
tumor immune escape and regulation of anti-tumor immune
responses (Figure 1a). Multiple cytokines produced by
tumor, particularly IL-10, can have pivotal roles in suppressing the
immune response.5,6 Studies by our group demonstrated that
tumor-induced IL-10 can prevent the induction of both
tumor-specific and poxvirus-encoded antigen-specific type 1
immune responses at the tumor site.7 Furthermore, at least
part of this effect was due to suppression of dendritic cell
maturation, thus preventing antigen presentation.6 Immune sup-
pressive cytokines, such as IL-10 and TGF-β, also attenuate cytotoxic
T-cell (CTL) function and the Th1 response.8,9 The tumor micro-
environment promotes the development of suppressive cell
populations such as regulatory T cells and myeloid-derived
suppressor cells. Both cell populations have inhibitory effects on
T-cell function and infiltration into the tumor microenvironment.9–11

Given these and other mechanisms of immune escape, we
hypothesize that the immune population of the tumor micro-
environment can be advantageously adapted by using modified
poxviruses to deliver immune stimulatory cytokines, while still
taking advantage of the aforementioned direct oncolytic effects of

poxviruses. As reviewed by Lichty et al.,1 oncolytic viruses have
been modified to encode numerous immune enhancing cyto-
kines, including IL-2, IL-12 and interferon gamma. We focused our
initial efforts on granulocyte macrophage colony-stimulating
factor (GM-CSF), based on this cytokine’s important role in
recruitment and activation of antigen presenting cells. We
carried out a phase I trial of intralesional vaccinia-GM-CSF in
patients with refractory melanoma. This led to rejection of injected
lesions with infiltration of CD4+ and CD8+ T lymphocytes.
Moreover, four of seven patients exhibited regression of untreated
tumors, suggesting development of a tumor-specific immune
response.12 This agent, studied as JX-594, has been further
demonstrated to preferentially replicate in the tumor microenvir-
onment following intravenous administration in both preclinical
and clinical studies.13–15 Further evidence supporting this
approach was found in subsequent phases I and II clinical trials
evaluating an oncolytic herpes simplex virus expressing
GM-CSF, which demonstrated that intratumoral injection with
this oncolytic virus in melanoma patients resulted in generation of
systemic tumor antigen-specific T-lymphocyte responses, as well
as decreases in regulatory T cells, suppressor CD8+ T cells and
myeloid-derived suppressor cells in patients that developed
clinical responses.16,17

A complimentary approach which we and others are actively
exploring is to utilize oncolytic viruses as vectors for expression
of tumor-associated antigen (TAA). Further supporting our central
hypothesis that oncolytic viruses can be used as tools to modify
the immunological components of the tumor microenvironment,
we found in the MB49 murine model of bladder cancer that
delivery of recombinant vaccinia virus expressing the immuno-
dominant major histocompatibility complex class I epitope of the
TAA overcame systemic anergy and resulted in a systemic CTL
response.18 The Schlom group independently arrived at similar
conclusions in a transgenic colon cancer model using intratumoral
subcutaneous priming and intratumoral boosting with recombi-
nant vaccinia virus expressing the carcinembryonic antigen
(CEA).19 Most recently using our NBT1 orthotopic breast cancer
model we found that TAA addition resulted in reduction of
myeloid-derived suppressor cell in the tumor and periphery,
induction of a systemic T-cell response and tumor regression.20 It
is possible that the effectiveness of intratumoral oncolytic virus
expressing TAA involves multiple mechanisms, including tumor
oncolysis, improved TAA presentation by antigen presenting cells
leading to a systemic TAA-specific immune response, and
increased antigen expression by infected tumor cells enabling
improved CTL-mediated killing (Figure 1b). Lee et al.21 found that
addition of cisplatin to intratumoral vaccinia expressing TAA
resulted in increased CD11c+ dendritic cells in the tumor and
increased antigen-specific CD8+ T cells systemically, further
supporting the critical role that antigen presentation in the tumor
microenvironment likely plays in generation of tumor-specific
T-cell responses from intratumoral vaccination with oncolytic
vaccines expressing TAA. The finding of increased inflammatory
and T-cell infiltration in both local and distant lesions after
intratumoral treatment with Newcastle disease virus, and sub-
sequent systemic response to CTLA-4 blockade, shows the critical
role that the inflammatory mileu induced by oncolytic virus itself
likely plays in attracting anti-tumor T lymphocytes.22 Clinical
studies support the advantages of intratumoral poxviruses
expressing TAA, including ongoing clinical trials of intraprostatic
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poxviruses expressing prostate-specific antigen in patients with
prostate cancer23,24 and our recently concluded phase I trial of
intratumoral Panvac in patients with locally advanced pancreatic
cancer.25

Recombinant oncolytic viruses, expressing both TAA and
immune stimulatory cytokines represent a powerful tool for trans-
forming the tumor microenvironment to support an improved
antigen presentation and generation of systemic immune

Figure 1. Tumors actively employ several immune escape mechanisms, including interference with antigen presentation, inhibition of T-cell
function and proliferation and induction of immune suppressive cell populations such as myeloid-derived suppressor cells and regulatory
T cells (a). Oncolytic viruses expressing immune stimulatory cytokines and/or tumor-associated antigen likely overcome immune escape via
multiple mechanisms. Tumor oncolysis leads to release of pathogen-associated molecular patterns, damage-associated molecular patterns
and cytokines and antigen encoded by the oncolytic virus. This likely leads to a better trafficking and function of antigen-specific cytotoxic
T cells. Improved maturation and antigen presentation by antigen presenting cells induce a tumor-specific systemic immune response. The
modified immune cytokine milieu results in less support for myeloid-derived suppressor cells and regulatory T cells (b).
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responses specific to immunogenic TAA. We predict that this
approach, in combination with traditional and devloping
systemic therapies, will yield improved outcomes in cancer
immunotherapy.
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