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Oncolytic adenoviruses
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The therapeutic efficacy of oncolytic viruses including adenovirus has been thought to depend mostly on direct viral
destruction of tumor cells. However, this view has changed with the discovery that oncolysis can also induce innate and
antigen-specific adaptive immunity against the tumor. Here we summarize our findings from cancer patients.

Oncolytic virotherapy for cancer is cur-
rently under investigation in Phase I-III
clinical trials. Oncolytic viruses (OVs) are
specifically engineered to preferentially
infect, replicate in and kill tumor cells.
For the past few decades, the therapeutic
efficacy of these agents has been thought
to depend mostly on the direct tumor
cell destructive effect of replication. This
thinking has changed with the discov-
ery that oncolytic viruses not only elicit
bystander anti-tumor effects through
‘generic’  inflammation but may also
induce antigen-specific adaptive immu-
nity against the tumor. As adenovirus
interacts with a variety of receptors of the
innate immune system mainly expressed
in dendritic cells (DCs) and other antigen
presenting cells (APCs), we hypothesized
that by arming our oncolytic viruses with
immunostimulatory transgenes we could
increase the magnitude of the ensuing
immune response (Fig. 1).

Preclinical studies are challenging
with oncolytic viruses coding for human
immunostimulatory molecules because
of species incompatibility issues relating
to both the virus and the transgene. One
exception is oncolytic adenovirus cod-
ing for granulocyte-macrophage colony-
stimulating factor (GMCSEF), as Syrian
hamsters seem semipermissive to both

components. We found that Ad5-D24-
GMCSF was able to induce tumor spe-
cific T cell memory that was able to fully
protect Syrian Hamsters from subsequent
rechallenge with the same tumor.! In the
same manuscript, we summarized immu-
nological data obtained with Ad5-D24-
GMCSEF in our advanced therapy access
program (ATAP). This was the first dem-
onstration that armed OV therapy is able
to elicit tumor-specific T-cell responses
also in human cancer patients.!

To increase gene delivery to tumor tis-
sues we moved next to capsid-modified
adenoviruses. To this end, we gener-
ated Ad5/3-D24-GMCSF,

whose receptor-binding moeity (fiber)

a chimera

originates from adenovirus serotype 3,
which enters through the tumor associ-
ated desmoglein 2 receptor,’ instead of
the coxsackie-adenovirus receptor which
is frequently downregulated in advanced
tumors. We also constructed Ad5-RGD-
D24-GMCSF, where the fiber contains
an integrin-binding RGD-4C motifs.
Both of these viruses showed safety and
signs of efficacy in cancer patients.>*
Anti-adenoviral and antitumoral immune
responses were elicited in several patients
in ELISPOT assays.

One intriguing part of these patient
treatments was that ex vivo assays were

utilized to select the best virus for each
patient, emphasizing the personalized
medicine approach of ATAP.

GMCSEF acts through several mecha-
nisms, including direct recruitment of
natural killers (NK) and DCs. GMCSF
can also specifically activate DCs at the
tumor site to increase expression of co-
stimulatory molecules to enhance cross-
priming and T-cell activation rather than
cross-tolerance. However, GMCSF has
no direct effect on tumor cells and does
not function as co-stimulatory molecule
on DCs’ Thus, next we generated an
oncolytic adenovirus that expresses the
soluble form of CD40 ligand (CD40L),
Ad5/3-hTERT-CDA40L.

CDA40L binds to CD40 on DCs and
functions as a potent co-activating sig-
nal during T-cell stimulation and it may
also induce apoptosis of cancer cells on
its own. We demonstrated efficacy of
the approach in both human xenograft
and syngeneic mouse models® and pre-
clinical work led to treatment of can-
cer patients.” Our findings underscored
multi-modal and possibly immunologi-
cally synergistic killing of tumors through
oncolysis, CD40L-mediated apoptosis,
cytokine secretion and induction of anti-
tumor T-cell responses. Importantly, we
observed increased calreticulin exposure

*Correspondence to: Vincenzo Cerullo and Akseli Hemminki; Email: vincenzo.cerullo@helsinki.fi and akseli.nhemminki@helsinki.fi

Submitted: 03/27/12; Accepted: 03/27/12
http://dx.doi.org/10.4161/0nci.20172

www.landesbioscience.com

Oncolmmunology

979



ONCOLYSIS

¥

tumor nodule

'Recruitment of
granulocytes, APC and NK cells

co

2 r g
)'"U@ myeloid derived

#

ING

IMMUN RESSION IMMUNE ATTACK
© @
o .|. J Q @

-

suppressor cell

APC
migration/maturation

€] danger signal

- adenovirus

Y anti-CTLA4 antibody

o

cytotoxic T cell

90

draining
lymph node

APC super-activation

munosuppression.

Figure 1. A schematic overview of the main tools and strategies used in our laboratory and of their interactions with the tumor and host. In the van-
guard, fiber chimeric oncolytic adenovirus encoding GMCSF, Ad5/3-D24-GMCSF (CGTG-102), has demonstrated promising potency in both preclinical
and clinical use."? This virus is now entering Phase | clinical trials in the EU and US (sponsored by Oncos Therapeutics Ltd.). Another promising clinical
candidate, Ad5/3-D24-CD40L (CGTG-401), functions both at the tumor site and at the stromal interface to promote anti-tumor immunity.®” Adenovirus
expressing anti-CTLA4 antibody, Ad5/3-D24-aCTLA4 (CGTG-701), and/or metronomic dosing of cyclophosphamide® can be used to reduce tumor im-

as well as release of HMGBI1 and ATP into
the extracellular space, which have been
proposed as signs of immunogenic cell
death. Tumors treated with the CD40L-
expressing virus also displayed an increase
in the presence of macrophages and
cytotoxic CD8" T cells, but not B-cells.®
In cancer patients, high levels of virus,
CD40L and RANTES were documented
locally at the tumor site. Peripheral blood
mononuclear cells were analyzed by
IFNg ELISPOT and induction of both
tumor-specific and adenovirus-specific T
cells was observed. Up to 83% of treated
patients displayed evidence of possible
therapeutic benefits’ suggesting a potent
Thl type response. Interestingly neutral-
izing antibodies were not induced to the
same degree as with our previous viruses.

Our ATAP data are in accord with
the relatively recent realization (well
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demonstrated by sipuleucel-T and ipi-
limumab) that the problem in cancer
immunotherapy is not so much achieving
an anti-tumor response, but dealing with
tumor induced immunosuppression. To
this end, we have utilized co-administra-
tion of low dose metronomic cyclophos-
phamide (CP) to selectively downregulate
regulatory T cell (Tregs).®

Another approach not yet tested in
patients is to counter tumor immuno-
suppression by blocking the cytotoxic T
lymphocyte-associated antigen-4 (CTLA-
4, CDI52) by a full length human mono-
clonal antibody produced by tumor cells
from an oncolytic adenovirus.’

In conclusion, our preclinical and
clinical experience has taught us two key
lessons about cancer immunotherapy:
(1) Every tumor and patient is unique It is

quite likely that efficient OV based therapy
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instead consist of a custom adaptation of
an arsenal of tools. We envision a com-
bination of two or more non-overlapping
and synergistically armeded oncolytic
viruses coupled with chemotherapy used
in an immunostimulatory manner. The
classic view of chemotherapy as immune
suppressive may need updating since
emerging data suggests some chemothera-
peutics, when used in the right way, can be
immunostimulatory. (2) The genetically
unstable nature of tumors allows them
to develop resistance to any drug includ-
ing oncolytic viruses. When subjected to
oncolytic virotherapy, tumors can learn to
avoid adaptive immunity through immu-
noediting but may also mount antiviral
defenses.”” Through an improved under-
standing of oncolysis we may be able to
design combination therapies that can
counteract or delay resistance.
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