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Anti-CD73 immunotherapy: A viable way to reprogram the tumor microenvironment
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ABSTRACT

The ecto-5-nucleotidase/CD73 enzyme plays a pivotal role in generating an adenosine-enriched
immunosuppressed and pro-angiogenic niche supporting cancer development. The targeting of CD73
leads to reorganization of tumor microenvironment, shaping the phenotype of the infiltrating T cells. The
development of CD73 monoclonal antibodies offers a promising new avenue for antineoplastic treatment.

It is increasingly recognized that neoplastic cells interact closely
with the immune system, blood vessels, mesenchymal cells, and
extracellular matrix to generate a dynamic immunosuppressive
and pro-angiogenic niche promoting cancer onset and
progression.'

The innate and adaptive immune responses that target and
eliminate abnormal cells are usually defused within the tumor
milieu, resulting in a state of anergy. There are two main
causes: (i) accumulation of immune regulatory/suppressor cells
of both lymphoid and myeloid origin (i.e., Tyg cells, macro-
phages, dendritic cells, «v§ myeloid-derived suppressor cells)
within the tumor microenvironment, and (ii) release of high
concentration of immune inhibitory mediators in cancer
milieu.” A number of studies conducted over the past two deca-
des have tried to tease apart the complex interplay between
cancer and immune cells. A significant outcome has been the
development of novel strategies for triggering immune
responses. The introduction of monoclonal antibody (mAb)-
based therapies, targeting cytotoxic T-lymphocyte antigen 4
(CTLA4; ipilimumab and tremelimumab), programmed cell
death 1 (PD-1; nivolumab, pembrolizumab and pidilizumab),
and programmed cell death ligand 1 (PD-LI; atezolizumab,
MEDI4736 and MSB0010718C), has revolutionized completely
the clinical management of neoplasia, providing novel thera-
peutic weapons to fight cancer. The development of drugs act-
ing as immune-checkpoint blockers represents a milestone in
the field of cancer immunotherapy. However, although these
drugs can be effective for some patients, they are ineffective for
others. For this reason, we need for identifying other pathways
exploited by cancer cells to evade immune surveillance, so we
can design novel pharmacological agents that will be synergistic
with immune checkpoint inhibitors.

At the end of the 1990s, Blay et al.” provided the first evi-
dence that adenosine levels are increased in the cancer
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microenvironment. This sparked the interest of the scientific
community in the role played by this nucleoside in tumor onset
and progression. It was found that elevated adenosine concen-
trations within neoplastic milieu exert powerful immunosup-
pressant activity and attenuate several effector T cell functions,
mainly by activation of adenosine A4 receptors. It was subse-
quently observed that purine metabolism is altered within the
cancer niche, which is characterized by the increased expres-
sion and activity of the adenosine-generating enzyme ecto-5'-
nucleotidase, also designated CD73.* This catabolic enzyme,
highly expressed in various types of neoplasia, quickly dephos-
phorylates extracellular AMP, leading to the generation of a
strong immunosuppressive and pro-angiogenic adenosine halo,
that facilitates cancer onset and progression* (Fig. 1). Conse-
quent to these studies, the CD73-adenosine axis has emerged
as one of the most promising pathways in immune-oncology,’
and great effort is being made to design and develop anti-CD73
mAbs, as tentative therapeutic approaches aimed at inducing
antitumor immune responses. On the other hand, as pointed
out by Allard et al.,” distinct anti-CD73 mAbs targeting differ-
ent epitopes could exert variable effects; therefore, deciphering
which mAb neutralizing pattern is best for optimizing antican-
cer activity will be the key to success.

Recently, Geoghegan et al.® developed a novel human, non-
competitive, high-affinity antagonistic antibody against CD73,
designated as MEDI9447. This antibody hinders the conversion
of both membrane-bound and soluble CD73 from the inactive
open conformer to the catalytically active close state, through
the interaction with a binding site within the CD73 N-terminal
domain.® The authors reported that the mechanism of action of
MEDI9447 is therapeutically advantageous, since the lack of
competition with the AMP binding site on CD73 makes it
unlikely to have potential cross-reactions with other nucleo-
tide/side binding proteins endowed with structurally conserved
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Figure 1. Scheme showing the role played by CD73 in the tumor microenvironment. CD73-derived adenosine shapes the cancer milieu, leading to the generation of a
marked immunosuppressive and pro-angiogenic environment that paves the way to neoplasia development. ATP: adenosine triphosphate; AMP: adenosine monophos-
phate; DC: dendritic cell; MSDC: myeloid-derived suppressor cells; NK cell: natural killer cell; T,.q cell: regulatory T cell. 4: increases; |: decreases.

catalytic sites.® In addition, the efficacy of MEDI9447 in inhib-
iting CD73 does not require the blockade of multiple substrates
at level of the active site.’

The study by Hay et al.,” published in the present issue of
Oncolmmunology, points out the wide-ranging role of CD73-
derived adenosine on the phenotype of both lymphoid and
myeloid-derived cells, shaping both the innate and adaptive
arms of antitumor immunity. In this study, in vitro experi-
ments documented the efficacy of MEDI9447 in reversing
adenosine-mediated CD4" T cell suppression. Interestingly, the
pharmacological blockade of CD73 with MEDI9447 was associ-
ated with increased antigen presentation and enhanced lym-
phocyte activation, resulting in a greater release of
proinflammatory Th, cytokines (IFNy, IL-18, and TNF).
Moreover, when testing the in vivo effects of MEDI9447, the
authors observed an inhibition of syngeneic tumor growth.” At
odds with the other cancer immunotherapies, such as check-
point inhibitors or T cell agonists, MEDI9447 was found to
shape the composition of both myeloid and lymphoid infiltrat-
ing leukocyte populations within the tumor microenviron-
ment.” In particular, the blockade of CD73 with MEDI9447
increased the infiltration of several immune cell populations,
such as CD8" effector cells and activated macrophages, into the
cancer niche.” In parallel, MEDI9447 revealed a synergic activ-
ity upon its combined administration with anti-PD-1 antibod-
ies, further supporting the potential value of relieving
adenosine-mediated immunosuppression.”

Over the years, epidemiological observations have indicated
that overfeeding and obesity represent negative prognostic fac-
tors with regard to the incidence, progression, and therapeutic
response of several neoplasias.® Indeed, several energy-balance-
related host factors are known to affect cancer treatments.”
Recently, Pietrocola et al.® showed that the condition of starva-
tion, induced artificially by means of pharmacological tools
(i.e., caloric restriction mimetics), can improve the immune-
dependent antineoplastic effects of chemotherapy, by boosting
the autophagy. Of note, starvation has been shown to improve
the efficacy of anticancer chemotherapy via both a reduction of
tumor infiltration by T,.cells and an immunostimulating effect
mediated by the rejuvenation of immune-relevant haemato-
poietic stem cells." In this context, Pietrocola et al.® highlighted
the relevance of the CD39-CD73 axis. In particular, they
observed that the combined administration of mitoxantrone (a
conventional anticancer drug) with the caloric restriction
mimetic agent hydroxycitrate elicited a high rate of autophagy
driven by ATP.* The decrease in ATP concentration, via
induction of CD39 expression in engineered cancer cells, deter-
mined a failure of mitoxantrone-hydroxycitrate combination
in promoting tumor autophagy, thus, highlighting the
relevance of ATP in driving this process.® Of note, the pharma-
cological blockade of CD73 via a specific mAb improved the
efficacy of mitoxantrone as much as hydroxycitrate did without
an additive effect, suggesting that hydroxycitrate acts through
the modulation of extracellular ATP metabolism.®



At present, increasing effort is being made to improve the
efficacy of immunotherapies either by concomitantly stimulat-
ing immune functions or by targeting other immunoregulatory
mechanisms implicated in shielding cancer cells against immu-
nosurveillance. Several combinatorial approaches, based on the
association of immunotherapies with other therapeutic options
(including immunostimulant cytokines, inhibitors of indole
2,3-dioxygenase, antitumor vaccines, targeted therapies, onco-
Iytic virotherapy, conventional chemotherapies, and radiation
therapy), are currently under clinical evaluation. It has been
found that CD73 exerts multifaceted actions within the cancer
microenvironment. Through the generation of adenosine, it
plays a pivotal role in fine tuning of immune cell functions, as
well as in promoting angiogenesis, and the proliferation and
spread of tumor cells. The pharmacological modulation of
CD73 is proving to have significant potential in terms of
antineoplastic efficacy, via a marked rearrangement of tumor
milieu, characterized by a restoration of immunosurveillance
against cancer cells and shaping the phenotype of immune cells
infiltrating the neoplasia. Overall, the rearrangement of the
neoplastic microenvironment by means of anti-CD73 therapy
could be synergistic with immune checkpoint inhibitors or
conventional cancer treatments, thus, counteracting a further
source of immunosuppression.
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