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Although the profile of safety of tumor-targeted oncolytic virus (TOV) is encouraging, the antitumor efficacy of TOV
alone is disappointing. Interleukin-10 (IL-10) plays an important role in carcinogenesis and anti-virus immunity. Here we
report that tumor-targeted oncolytic vaccinia virus (VV) armed with IL10 shows promising potential for treatment of
pancreatic cancer (PaCa).

PaCa is the fourth leading cause of can-
cer-related death worldwide1 and remains
consistently lethal with a five-year survival
rate of less than 5%. This situation signi-
fies a need for radically new therapeutic
strategies that are not subject to cross-
resistance with conventional therapies.

An appropriate antitumor immune
response is known to be vital for effective
tumor elimination and prevention of dis-
ease recurrence, however natural cytotoxic
T lymphocyte (CTL)-mediated immunity
against tumors often falls short in prevent-
ing the development of malignancies.
TOV have emerged as attractive, non-
cross-resistant therapeutic candidates for
cancer as TOV have the ability to specifi-
cally target and lyse tumor cells and
importantly induce systemic antitumor
effects. TOV as a treatment modality for
cancer have been shown in a number of
clinical trials to be acceptably safe, how-
ever antitumor efficacy has so far been
limited. This is likely due to their rapid
clearance by the host immune system, pre-
venting oncolytic effects and an effective
immune-stimulating release of tumor-
associated antigens (TAA). VV has strong
potential for exploitation as an oncolytic
agent as it has several inherent features
that make it particularly suitable, includ-
ing fast and efficient replication with rapid
cell-to-cell spread, natural tropism for

tumors, a well-documented safety record
and an ability to replicate in many differ-
ent cell types. We recently demonstrated
that hypoxia, which contributes to the
aggressive and treatment-resistant pheno-
type of PaCa,2 does not inhibit and may
even enhance the potency of VV.3 VV has
also recently been shown to be effective at
human tumor targeting after intravenous
delivery.4

IL-10, first described as a factor pro-
duced by Th2 clones capable of inhibit-
ing Th1 cytokine production, is a
potent inhibitor of T cell-mediated anti-
viral responses by prevention of activa-
tion of the CD4CTh1 inflammatory
pathway.5 IL-10 is a key player in the
establishment and perpetuation of viral
clearance or persistence in vivo.6 How-
ever, although the long-held paradigm
of IL-10 suggests it to be an immuno-
suppressive cytokine, recent evidence
demonstrates that IL-10 can also func-
tion as an immune stimulant, inducing
antitumor activities in the host.7 It has
been reported to enhance the therapeutic
effectiveness of a VV-based vaccine
against murine cancer cells,8 which may
be connected to its ability to enhance
the growth and proliferation of T cells.9

Thus, given its pleiotropic effects, IL-10
may be an effective agent with which to
improve the antitumor potential of VV.

A Lister strain, thymidine kinase (TK)-
deleted replicating VV armed with
murine IL-10 (VVLDTK-IL-10) was
examined for antitumor efficacy using
two murine models of PaCa. In a subcu-
taneous model, DT6606 allografts,
derived from a genetically engineered
LSL-KrasG12D/C; Pdx-1-Cre (KC) mouse
model devised by Tuveson and col-
leagues,10 were established in immune
competent mice. Tumors were treated
daily for 5 d with a low dose (1£108) of
IL-10-armed, or unarmed VV. Treatment
with VVLDTK-IL-10 more than doubled
the number of survivors in the study,
with 87.5% of mice responding to treat-
ment by complete tumor clearance, com-
pared to 40% of those treated with
unarmed virus. Using the more pathophy-
siologically relevant transgenic mouse
model (Genetically engineered LSL-
KrasG12D/C, Trp53R172H/C, Pdx-Cre
(KPC)), in which mice spontaneously
develop lethal pancreatic carcinomas,
three intraperitoneal (IP) treatments of 2
£ 108 pfu/dose VVLDTK-IL-10 resulted
in specific viral tumor targeting and dras-
tic improvement in survival times of
138.5 d following commencement of
treatment, vs. 69.7 d after treatment with
unarmed virus. Analysis of viral persis-
tence in tumors suggested that inclusion
of IL-10 resulted in delayed viral
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clearance, suggesting that arming VV with
IL-10 perpetuated the oncolytic potential
of the virus. However, treatment also
resulted in rejection of tumors after
rechallenge, confirming the development
of effective long-term immunity against
tumor antigens and thus activation by IL-
10 of an effective antitumor immune
response.

Analysis of T cell populations in
spleens and tumors of both spontaneous
and subcutaneous tumor models revealed
that treatment with both unarmed and IL-
10-armed viruses induced a high level of
adaptive immunity in mice compared to
untreated mice. However, an interesting

finding was that the magnitude of the acti-
vated splenic CD4C and CD8C popula-
tion response in VVLDTK-IL-10 treated
mice was lower compared to the unarmed
virus. This difference correlated with a
reduction in virus-specific CD8C T cells
and T cell-mediated IFNg recovery
from tumors, which accounted for the
delayed viral clearance from tumors.
Interestingly, although VVLDTK-IL-10
treatment reduced anti-viral CD8C pop-
ulations, IL-10 had no inhibitory effect
on production of antitumor CD8C

cells. Indeed, at certain timepoints an
increase in antitumor CD8C cells was
observed, which we postulate is a result

of the increased oncolysis occurring
after VVLDTK-IL-10 treatment,
improving TAA release.

These results suggest that IL-10
improves the efficacy of OV by modula-
tion of the early immune response to
infection, resulting in dampening of anti-
viral, but not antitumor immunity
(Fig. 1). However, the mechanism by
which IL-10 elicits this alteration remains
unclear. Our investigations also revealed
that local IL-10 expression results in mod-
ification of the tumor macrophage popu-
lation. While we found that VVLDTK-
IL-10 treatment increased macrophage
infiltrate into tumors in both models, we
found that VVLDTK-IL-10 treatment
resulted in significant downregulation of
MHC II expression. Thus, it is feasible
that in our model tumor macrophages are
responsible for viral antigen presentation
to T cells and a reduction in macrophage
activation by IL-10 leads to reduced cross-
priming of the anti-viral immune
response. VV uptake and processing by
tumor macrophages remains to be proven
and it will be informative to investigate
the phenomenon in the context of IL-10
expression. A further consideration is that
this model suggests distinct pathways of
viral and tumor antigen presentation,
which are the subject of ongoing investiga-
tion in our laboratory.

These findings demonstrate that IL-10
armed VV shows great promise as a novel
therapeutic for PaCa and that IL-10 in
combination with oncolytic virotherapy is
clearly able to enhance tumor rejection
through delicate modulation of the innate
and adaptive immune responses.
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Figure 1. Schematic of proposed effect of VVDTK-IL10 on tumor cells and viral clearance. After
administration, virus particles specifically infect, replicate in and lyse tumor cells. Tumor cell lysis
releases both viral () and tumor (and bull;) antigens. Experimental data suggests that these are pre-
sented to T cells via different antigen presenting cells. Data indicates that macrophages (Mw) are
responsible for presentation of viral antigens and it is this process that is disrupted by IL-10, which
causes downregulation of macrophage MHC II markers, inhibiting macrophage antigen display
function. As a result, virus is cleared less rapidly, resulting in increased tumor cell infection and
tumor cell antigen release. Tumor antigen recognition is unaffected by IL-10, therefore, this model
suggests a distinct, possibly dendritic cell (DC)-mediated presentation of tumor antigens.
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