ONCOIMMUNOLOGY
2016, VOL. 5, NO. 5, €1127496 (3 pages)
http://dx.doi.org/10.1080/2162402X.2015.1127496

Taylor & Francis
Taylor & Francis Group

AUTHOR'S VIEW

CD73-adenosine reduces immune responses and survival in ovarian cancer patients

Pierre-Olivier Gaudreau®®*, Bertrand Allard®®*, Martin Turcotte®?, and John Stagg®®

3Centre de Recherche du Centre Hospitalier de I'Université de Montréal et Institut du Cancer de Montréal, Québec, Canada; °Faculté de Pharmacie,

Université de Montréal, Québec, Canada

ABSTRACT

Multiple non-redundant immunosuppressive pathways are active within the microenvironment of cancers
to avoid tumor eradication by the immune system. Our results demonstrate that the CD73-adenosine
pathway is a major immunosuppressive mechanism co-opted by ovarian tumors to escape antitumor
immunity. In ovarian cancer patients, high CD73 expression correlates with poor outcome and impaired

CD8™ T cell immunosurveillance.

As the fifth leading cause of cancer-related death among North
American women, ovarian cancer still constitutes an important
public health issue with unmet medical needs. High-grade
serous ovarian cancer (HGSC) is the most common and lethal
histological subtype of epithelial ovarian cancer. Despite a gen-
erally good responsiveness to first-line chemotherapy, most of
HGSC patients will relapse with a more aggressive disease.
Increasing evidence suggests that HGSC is potentially amena-
ble to immunotherapy.' In support of this, the accumulation of
tumor-infiltrating lymphocytes significantly correlate with
increased survival in HGSC patients." Additionally, recent early
phase clinical trials have reported clinical activity (including
complete responses) in some patients with HGSC in response to
PD-1/PD-L1 blockade. Notwithstanding some encouraging clin-
ical responses following monotherapy with ICI, the presence of
multiple non-redundant immunosuppressive mechanisms will
likely contribute to resistance or lack of activity for many
patients. Hence, there is a strong rational to simultaneously tar-
get multiple immune checkpoints or immune-suppressive path-
ways to increase clinical response rates in HGSC patients.
Among the multiple immunosuppressive pathways co-opted by
the tumor microenvironment, the CD73-adenosine pathway is
being increasingly recognized as a promising anticancer target.”
CD73 is a plasma membrane, GPI-anchored ecto-enzyme that cat-
alyzes the production of extracellular adenosine. CD73 is expressed
on both hematopoietic and non-hematopoietic cells and its expres-
sion is further upregulated in hypoxic microenvironment. Notably,
CD73 is expressed/induced on immune-regulatory cells and upre-
gulated on tumor cells in response to oncogenic signals. CD73 has
pivotal roles in the regulation of immune reactions through the
production of extracellular adenosine.” Adenosine mediates its
immunosuppressive actions through four GPCRs adenosine recep-
tors. In particular, the A2A (ADORA2A) and A2B (ADORA2B)
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adenosine receptors expressed by immune cells are emerging as
key regulators of antitumor immunity.

Building on the initial work of M. Sitkovsky and colleagues,
we and others established the proof-of-concept the targeted
blockade of CD73 can significantly reduce tumor growth and
metastasis in murine breast cancer,” ovarian cancer’ and vari-
ous other pre-clinical models.® Moreover, these studies demon-
strated that blocking CD73 or A2A adenosine receptor
significantly enhanced the antitumor activity of immune-
checkpoint therapies.”””

In cancer patients, high levels of CD73 expression is increas-
ingly reported to be associated with worse outcome in various
types of cancers, including triple-negative breast cancer. Until
recently, however, the prognostic value of CD73 in ovarian can-
cer, and in particular in HGSC, was unclear. In our recent
study, we investigated the clinical impact of CD73 mRNA and
protein expression in HGSC and assessed whether CD73
expression was associated with altered CD8" T cell-mediated
immunosurveillance.'?

First, using the Australian Ovarian Cancer Study dataset and
a meta-analysis of 13 independent datasets regrouping more
than 1,500 patients, we demonstrated that high levels of CD73
gene expression indeed correlated with poor prognosis
(disease-free survival [DFS] and overall survival [OS]) in
HGSC. When we investigated CD73 gene expression with
regard to the different molecular subtypes of HGSC, we noted
that CD73 was preferentially expressed in the C1/mesenchymal
subtype, which is characterized by a reactive stromal. Interest-
ingly, despite its inflammatory gene signature, the C1 subtype
is associated with a poor prognosis, suggesting the presence of
immunosuppressive mechanisms. We hypothesize that CD73-
dependent and adenosine-mediated immunosuppression con-
stitutes to immune escape in C1 HGSC.
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Figure 1. High CD73 expression in high-grade serous ovarian cancers promotes tumor cell survival and immune escape. CD73 expression on both tumor cells and cancer-
associated fibroblasts (CAFs) can be induced in the ovarian tumor microenvironment (TME). When CD73 is highly expressed, adenosine accumulates in the TME and medi-
ates immunosuppressive effects on antitumor immune cells, such as CD8™ T cells. Extracellular adenosine also promotes ovarian cancer cell survival in an autocrine or
paracrine manner. Hence, HGSC patients with high levels of CD73 in the TME have a worse prognosis and show impaired CD8" T cell-mediated antitumor immunity. Con-
versely, patients with low levels of CD73 have a better prognosis associated with functional antitumor CD8™ T cells. Ado: Adenosine. AMP: Adenosine monophosphate.

Using quantitative immunofluorescence of CD73 protein
expression, we next validated our gene expression results in an
independent cohort of 208 cases of HGSC: high levels of CD73
protein expression on tumor cells also significantly correlated
with worse disease-free survival and overall survival. To better
understand the role of CD73 expression in ovarian cancer cells,
we performed shRNA-mediated knocked down experiments
and found that CD73 silencing significantly reduced ovarian
cancer cell proliferation and survival, and that this was associ-
ated with reduced BCL-XL and BCL-2 expression.

In addition to being expressed in the epithelial compart-
ment, our immunofluorescence analysis revealed that CD73
was often highly expressed in the tumor stroma of HGSC, pre-
sumably cancer-associated fibroblasts (CAFs). High CD73
expression on CAFs was also associated with worse prognosis.
To investigate whether CD73 expression on CAFs regulated
antitumor immunity, we established a murine model of ovarian
cancer where ID8 tumor cells were co-injected with mouse
fibroblasts (MEFs) derived from either wild-type (WT) or
CD73-deficient mice. WT MEFs, expressing high levels of
CD?73, significantly enhanced ID8 tumorigenesis in immuno-
competent mice. Interestingly this effect was abrogated in
immunodeficient mice. Co-implantation of WT or CD73-defi-
cient MEFs with ovalbumin-expressing ID8 tumor cells further
revealed that CD73 expression on fibroblasts significantly
reduced antitumor CD8* T cells in ID8 tumors.

Finally, given the association between the presence of intra-
tumoral CD8" T cells and improved overall survival in HGS
ovarian cancer, we tested the hypothesis that high levels of
CD73 could hinder the prognostic value of intratumoral CD8*
T cells. We co-analyzed CD73 protein expression and CD8" T
cell density, and found that for tumors with high levels of
CD?73, the presence of CD8" T cells was no longer associated
with improved survival. These correlative observations support
the notion that CD73 expression and extracellular adenosine
impair the tumoricidal functions of CD8" T cells in human
HGSC.

Taken together, our results thus suggest a model
whereby CD73 expression on ovarian tumor cells and

CAFs drive tumor progression by promoting both cancer
cell survival and immune escape (Fig. 1). Our study thus
supports previous preclinical studies that the CD73-
adensoine pathway is a potential novel therapeutic target
for HGSC.
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