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We recently evaluated the capacity of Delta-24-RGD oncolytic adenovirus to trigger an antitumor immune response
in a syngeneic mouse glioma model. This virotherapy elicited immunity against both tumor-associated antigens
and viral antigens. An immunogenic cell death accompanied by pathogen- or damage- associated patterns (PAMPs and
DAMPs) induced by the virus may be responsible for the adenoviral-mediated antitumor effect.

Replication-competent adenoviruses
are among viruses being engineered for
use as therapeutic agents for cancer.1 In
the current paradigm of oncolytic viro-
therapy, the development of an antitumor
immune response is responsible for clini-
cal success. In this model, the virus over-
comes or reverses the characteristic
immune evasion of solid tumors2 and
facilitates specific recognition of tumor-
associated antigens (TAAs) by the host
immune system. Thus, the intratumoral
necrosis (local effect) induced by the
oncolysis serves as a mechanism for activa-
tion of the innate and adaptive immune
responses that will eventually be responsi-
ble for the elimination of distant invasive
cells, including metastases (systemic
effect).1

However, the immunodominance
hypothesis seems to argue against the pos-
sibility of an adenovirus-mediated trigger-
ing of antitumor immunity.3 The
immunodominance model proposes that
an immune response is directed against a
few epitopes (dominant antigens) of all
the many epitopes produced during an
infection. Therefore, despite the fact that
the virus-induced necrosis facilitates the
flooding of the tumor milieu with TAAs,
the adenoviral antigens expressed by the
infected cancer cells are the dominant
ones preventing the development of any
efficacious immune response directed
against tumor antigens (subdominant

antigens).3 In summary, according to the
immunodominance model, if viral anti-
gens and pathogen-associated molecular
patterns (PAMPs) are responsible for trig-
gering the immune response, the response
will be directed exclusively against virus-
derived antigens and will be clinically
ineffective.

In our work, we specifically tested the
capacity of an oncolytic adenovirus
(Delta-24-RGD)4 to trigger an antitu-
mor immune response in a syngeneic
mouse model.5. The experiment con-
sisted in the intracranial injection of
mouse glioma cells into the brain of
mice, followed by treatment of the
tumors with intratumoral injections of
Delta-24-RGD. In studies of co-cultures
of splenocytes derived from virus-treated
mice mixed with viral infected versus
non-infected glioma cells, we were able
to detect a strong immune response
directed against virus-derived antigens.5

However, these experiments also
revealed that the splenocytes of the
primed mice also reacted against unin-
fected glioma cells, strongly indicating
that treated mice developed an adaptive
immune response specifically against
TAAs. Furthermore, using the OVA
modeling system, we demonstrated that
OVA-expressing glioma cells infected
with oncolytic adenoviruses were recog-
nized by OVA-specific CD8C cells.5

Thus, adenovirus infection induces the

recognition of nonviral cellular antigens
by the host immune system.

Our report seems to indicate that ade-
novirus-infected cancer cells expressed not
only PAMPs but also danger- (damage-)
associated molecular patterns (DAMPs).6

Although not completely expected, our
observations are in agreement with previ-
ous reports demonstrating that expression
of DAMPs by cancer cells is observed in
the course of infection by different types
of viruses, including measles and Cox-
sackie B viruses.1

We and others have also reported that
adenoviruses induce potent autophagy in
host cells.4,7 Although the roles of autoph-
agy during adenoviral infection have yet
to be completely defined, it is clear that
the autophagic process is one of the main
pathways by which viral antigens are proc-
essed. In support, the Epstein-Barr nuclear
antigen of the Epstein-Barr virus has been
previously shown to be processed predom-
inantly by autophago-lysosomes.8 Inter-
estingly, while autophagy can be key for
the processing of virus-derived antigens,
our experiments showed that the immune
proteasome participates in processing
tumor-associated cellular antigens in ade-
novirus-infected cancer cells.

Collectively, these observations suggest
that viral antigens are processed mainly
through autophagy and that TAAs are
processed by the immunoproteasome. If
proven true, this separation of functions
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between the autophagy and immunopro-
teasome epitope-producing pathways
would be of clinical significance, particu-
larly if we aim to enhance the antitumor
immunity vs. antivirus immunity in can-
cer patients treated with oncolytic viruses.

Although PAMPs mediate the immune
response against pathogens and DAMPs
mediate the recognition of self and tissue
antigens,6 PAMPs and DAMPs generated
in the context of viral infection may not
be rivals for triggering the immune
response. In fact, there is evidence of the
opposite, and it has been hypothesized
that both signaling pathways cooperate to
regulate the ultimate immune response of
the host. This intriguing hypothesis is
based on several facts. Firstly, PAMPs
induced during infection may trigger the
expression of DAMPs. Accordingly, infec-
tion by viruses or bacteria has been linked
with the production of DAMPs.6 Further-
more, if PAMPs and DAMPs are pro-
duced during the infection, components

of both groups may physically interact,
and these heterodimer complexes of pro-
teins may influence the immune
response.6 In this regard, it has been pro-
posed that the relative amount of PAMPS
and DAMPs, as well as their interactions,
may modulate the direction of the
immune response.6 Consistent with this
concept, DAMPs and PAMPs can share
the same Toll-like receptors.6 Collectively,
these observations buttress a model in
which adenovirus infection of cancer cells
triggers an antitumor immune response
by the combined effect of PAMPs and
DAMPs.

Our data and several other reports sug-
gest that viruses, in addition to subverting
immunogenic cell death,9 may, under cer-
tain circumstances, induce this key type of
cell death. Immunogenic cell death is
characterized by the pre-apoptotic expo-
sure of calreticulin and is thought to regu-
late the immune response to tumor cells
observed during anticancer therapeutic

strategies,9 including treatment with
oncolytic adenoviruses.1 Thus, measles
and Coxsackie B viruses have been shown
to induce immune-stimulatory cell death
in melanoma and lung cancer.1 Impor-
tantly, combining immune modulators
with adenoviruses may enhance
virus-mediated immunogenic cell death.
In this regard, viruses have been success-
fully combined with pharmacological
treatments that trigger immunogenic cell
death, such as mitoxantrone, temozolo-
mide/cyclophosphamide, and bortezo-
mib.1 This combined therapy strategy
may be more efficient than treatment with
virus alone in terms of overcoming the
deeply immunosuppressive environment
of solid tumors.

In summary, we have reported that
infection of glioma cells with oncolytic
adenoviruses triggers an immune response
against cancer cells. We propose that this
immune response is mediated by the
cooperation of presentation of TAAs to T
cells by infected tumor cells and dendritic
cells stimulated by PAMP and DAMP sig-
nals, resulting in the prevention of the
development of immune dominance and
the development of an immune response
exclusively directed against viral antigens
(Fig. 1). We also speculate that the posi-
tive therapeutic effects of virotherapy can
be enhanced by combining the oncolytic
virus with treatments capable of inducing
immunogenic cell death, including
radiotherapy.10
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