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immune response, which makes them a good target for immunotherapy. Several approaches to cancer
immunotherapy are being developed along this vector: deletion of tumor-infiltrating Tregs, inhibition
of their homing to the tumor microenvironment, and functional downregulation of Tregs.

Studies of the past decade have demonstrated the role of Tregs and ectonucleotidases CD39 and CD73

ﬁ?é ‘;’Zgﬁe in the generation of immunosuppressive extracellular adenosine. Pharmacological targeting of CD39 and
Treg CD73 can restrain the activity of suppressor cells and promote the efficiency of cancer therapy.
CD39 Here we review the latest data on issues regarding the role of extracellular adenosine and its receptors
CD73 in antitumor immune response, adenosine generation mechanisms involving Tregs and the membrane
FOXP3 proteins CD39 and CD73. Innovative approaches to antitumor immunotherapy and clinical studies of
Immunosuppression Treg targeting and application of anti-CD39/CD73 antibodies, adenosine receptor antagonists, and
Tumor immunity small-molecule inhibitors of ectonucleotidase activity are explored.
© 2020 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights
reserved.
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A. Churov and G. Zhulai
1. Introduction

In the process of carcinogenesis, tumor cells induce immuno-
suppression in their microenvironment. A critical role in this pro-
cess belongs to regulatory T cells (Tregs). Tregs are involved in
maintaining immune homeostasis, prevent autoimmune reactions,
and participate in the pathogenesis of cancer and other diseases
[1-3]. Tregs are strongly involved in antitumor immune response
and an elevated ratio of tumor-infiltrating FOXP3"* Tregs to T cells
is a poor prognostic factor in various types of cancer [4,5]. Cancer
cells build an immunosuppressive environment which favors a rise
in the tumor-infiltrating Treg cell population [6].

The phenotype of tumor Tregs is characterized by enhanced
expression of CD45R0, costimulatory (GITR, ICOS, 0X40) and inhi-
bitory (CTLA-4, PD-1, LAG3, TIGIT, Tim-3) molecules, as well as
chemokine receptors (CCR4 and CCR8) [6,7]. This makes them cap-
able of effectively suppressing antitumor immune response. The
main known targets for Treg-driven immunosuppression are
CD4" and CD8" T cells, B cells, NK, NKT, and antigen-presenting
cells (APCs) (i.e. dendritic cells (DCs), monocytes, macrophages)
[8].

Currently, the development of immunotherapy based on Tregs
is actively underway [9]. Experiments have demonstrated that Treg
inhibition reduces the tumor burden and improves the efficiency of
antitumor immunity [10-12], corroborating that the Treg-
targeting strategy has a high therapeutic potential. There are
now several vectors for developing Treg-targeting immunother-
apy: elimination of tumor-infiltrating Tregs, inhibition of their
recruiting into the tumor microenvironment (TME), their func-
tional downregulation.

For instance, drugs based on humanized anti-CD25 antibodies -
daclizumab and basiliximab, coupled with a dendritic cell vaccine,
reduce Treg cell numbers in melanoma and glioblastoma therapies,
and in the case of basiliximab the drug potentiates the vaccine
[13]. Another drug targeting IL-2 and capable of selectively elimi-
nating Tregs - Denileukin diftitox (Ontak), is a recombinant fusion
protein product of IL-2 and diphtheria toxin, which was approved
for treating cutaneous T-cell lymphoma. Its variants are now going
through clinical trials (CTs) in combination with other antitumor
therapy approaches [13].

Membrane proteins CTLA-4 and PD-1/PD-L1 also act as targets
for Treg-cell depletion, since intratumoral Tregs feature a high con-
stitutive expression of these inhibitor molecules. Immunotherapy
targeting CTLA-4 and PD-1/PD-L1 proved to be quite effective in
achieving long-term remission in therapy-responsive patients [13].

Treg recruitment to tumor localizations can be inhibited by
therapy with chemokine receptor blocking antibodies. FDA has
recently endorsed mogamulizumab, humanized anti-CCR4 anti-
body, for treating rare forms of cutaneous T-cell lymphoma. In
CTs, mogamulizumab therapy substantially depleted intra-
tumoral Tregs [14]. However, the CCR4 receptor is expressed also
by effector T cells and, as demonstrated by phase 1A trial [15],
mogamulizumab depleted not only Tregs, but also Th2 and Th17
cells.

One of the suppression mechanisms for Tregs in the TME is their
involvement in extracellular adenosine production through
expression of the membrane proteins CD39 and CD73, which pos-
sess ectonucleotidase activity [16,17]. Adenosine is present in all
cells, mostly in the form of adenine nucleotides, which are involved
in energy metabolism. At the same time, adenosine can exist in the
free form, regulating some biochemical processes. In particular,
interacting via cellular receptors, adenosine inhibits the activity
of DCs and macrophages, suppresses the proliferation and effector
functions of cytotoxic CD8" T cells and NK cells [18]. Adenosine
level in tumors is higher than in normal tissue. Extracellular ade-

Human Immunology xxx (XXXX) XXX

nosine generation in the TME is now regarded as a potential target
for tumor immunotherapy.

This review aimed to explore the role of adenosine and Tregs in
generation of the immunosuppressive TME, as well as to discuss
advances and future perspectives for targeting Tregs, and CD39/
CD73/adenosine pathway for cancer immunotherapy.

2. Extracellular adenosine and its receptors in carcinogenesis

The main pathway for intracellular adenosine production is
through hydrolysis of S-adenosylhomocysteine. Nucleoside trans-
porter proteins carry adenosine from the cell to the intercellular
space [18]. In cases of inflammation, hypoxia or ischemia, intercel-
lular adenosine accumulation is mostly a result of extracellular ATP
dephosphorylation mediated by CD39/CD73 activity (Fig. 1 AD).
Tissue hypoxia, such that develops during tumor growth, is the
key factor that alters adenosine metabolism. As the metabolic
activity of rapidly growing tumor cells increases, they begin to con-
sume more oxygen, wherefore free-radical oxidation is stimulated
and local pH is altered. Tumor causes hypoxia to become chronic
[19]. It has been demonstrated that hypoxia can induce CD39
and CD73 expression, as well as downregulate adenosine kinase,
thus inhibiting adenosine conversion to final metabolites [20].
Hypoxia has a powerful immunosuppressive effect both on effector
cells and on APCs [21]. Mice exposed to respiratory hyperoxia (60%
oxygen) exhibited a decline in adenosine level in the TME [22].

Ectonucleotidases are expressed by many cell types (Fig. 1B),
e.g. CD39 is found on monocytes, and CD73 on myeloid cells, bone
marrow stromal cells, thymic epithelial cells. Some cell types
simultaneously carry both proteins (CD39 and CD73) on their
membrane: B cells, Tregs, T helper 17 cells, NK cells, and
myeloid-derived suppressor cells (MDSC). Tumor cells can also
express CD39 and CD73 [23]. Exosomes of some solid human
tumors (colorectal cancer, breast cancer, prostate cancer) also
express CD39 and CD73, and stimulate the formation of adenosine
to suppress T cells [24]. Many authors have noted an overexpres-
sion of these ectonucleotidases in relation to many types of
tumors. Changes in CD39 and CD73 expression can be of prognostic
value (Table 1).

There is an alternative pathway for adenosine production from
extracellular nicotinamide adenine dinucleotide (NAD") (Fig. 1 A,
D). Glycoproteins CD38 and CD157, expressed on tumor and
immune cells, function both as receptors and as NAD* converting
ectoenzymes [25]. NAD* glycohydrolase CD38 converts extracellu-
lar NAD" into adenosine diphosphatase ribose (ADPR) directly or
through the intermediate cyclic ADPR (cADPR). ADPR is then con-
verted by CD203a (ecto-nucleotidepyrophosphatase | phosphodi-
esterase 1 or ENPP1) to produce AMP. AMP, in turn, is
metabolized into adenosine by CD73. This adenosine generation
pathway has been described in less detail than the classical one,
and was originally demonstrated for the Jurkat cell line [25]. An
alternative pathway for adenosine-mediated suppression has been
shown to exist also in human melanoma cells [26]. It was also
demonstrated that suppression of CD4* and CD8" T cell prolifera-
tion was reverted by adding CD38 and CD73 specific inhibitors.
Similar to CD38, CD157 is a NAD" metabolizing ectoenzyme with
glycohydrolase and cyclase activities and is capable of ADPR and
cADPR production from NAD*, respectively. CD157, although less
efficient in ADPR/cADPR formation than CD38, is probably also
involved in the CD38/CD157/CD203a/CD73 adenosinergic pathway
[25].

There are four known subtypes of receptors to adenosine - Al,
A2A, A2B, and A3, which differ in localization, affinity for adeno-
sine and signaling pathways. Adenosine receptors on cell surface
are associated with G proteins, which can either induce (A2A and
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Fig. 1. Adenosine production and signaling. A) During oncogenesis, hypoxia, chronic inflammation, and cellular stress induce active release of adenosine precursors (ATP and
NAD") from tumor cells and tumor-infiltrating lymphocytes within the TME. As a result, the concentration of adenosine precursors in the TME becomes much higher than in
normal tissues. In the extracellular tumor milieu, adenosine precursors are enzymatically processed by a set of ectonucleotidases (CD39 and CD73) expressed by various cell
types (B). C) Intracellular adenosine synthesis is controlled by the balance of the activity of adenosine kinase (ADO-kinase) and cytoplasmic 5'nucleotidase (Cyto-5‘NT) or
through the direct metabolism of S- adenosylhomocysteine (SAH) by the S-adenosyl-homocysteine hydrolase (SAHH). Adenosine is transported into and out of the cell by
concentrative or equilibrative nucleoside transporters (ENTs and CNTs, respectively). D) During the extracellular generation of adenosine, ATP or NAD" are released into the
extracellular space through passive mechanisms (cell lysis and cell death) or active pathways. Active transport of ATP may occur under the control of transport proteins
connexin and pannexin (Conx/Panx). ATP can also be released in ATP-containing vesicles. NAD" active transport is controlled by connexin 43 (Conx43). The canonical pathway
of adenosine synthesis involves the hydrolysis of ATP to AMP by CD39 and the hydrolysis of AMP by CD73. The non-canonical pathway involves the use of NAD" as a substrate
by CD38 or CD157 to generate ADP-ribose (ADPR) directly or through its cyclic form (cADPR). ADPR is then processed to AMP by CD203a (ENPP1). Once generated,
extracellular adenosine can bind to its receptors or be metabolized to inosine by adenosine deaminase (ecto-ADA). Inosine can also induce signals via A2A receptors or ATP/

ADPase enzymes that metabolize ATP or ADP to AMP.

Table 1
Prognostic implications of CD39 and CD73 expression in carcinogenesis.

Marker Favorable prognostic factor for overall survival Unfavorable prognostic factor for overall survival
CD39 Pancreatic cancer, n = 28 [27] (mRNA; OS, P = 0.0466).
Hepatocellular carcinoma, n = 324 [28] (Protein; OS, P = 0.002).
Gastric cancer, n = 101 [29] (mRNA; OS, P = 0.0315).
Renal cancer, n = 243 [30] (CD39°CD8" T cells; OS, P<0.0001).
CD73 Bladder cancer, n = 207 [31] (protein; OS, P= 0.0022).

Breast cancer (triple negative), n = 661 [32] (mRNA; OS, P= 0.029).
Head and neck carcinoma, n = 162 [33] (mRNA; OS, P= 0.002).
Glioblastoma, n = 163 [34] (mRNA; OS, P = 0.048).

Colorectal cancer, n = 135 [35] (protein; OS, P = 0.04).

A2B) or inhibit (A1 and A3) intracellular cAMP production by reg-
ulating adenylyl cyclase activity. All adenosine receptors are linked
to the MAPK signaling pathway system (including ERK, JNK, and
p38 MAPK pathways), which orchestrate gene transcription, meta-
bolism, proliferation, mobility of cells, apoptosis, and other pro-
cesses that are important for tumor progression [18,36,37].
Stimulation of adenosine receptors also results in CREB, PKA, and
EPAC signaling. PKA and EPAC are associated with many immuno-
suppressive effects [37]. Adenosine receptors are widely repre-

sented on cells of different types. Activation of adenosine
receptors on tumor-infiltrating cells and directly on tumor cells
triggers various reactions modulating the immune response
(Fig. 2).

A majority of immune cells express the A2A-type adenosine
receptor (A2AR), whose interplay with adenosine mainly leads to
an immunosuppressive effect [38,39]. Blocking of A2AR on T cells
suppresses tumor progression, inhibits angiogenesis and meta-
static spread. This effect has been demonstrated for some human
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Fig. 2. Adenosine effects on various types of cells in the tumor microenvironment. TME, tumor microenvironment; APCs, antigen-presenting cells; MMPs, matrix

metalloproteinases; MDSCs, myeloid-derived suppressor cells.

cancers [40-42]. Tumor-infiltrating CD4" T helper cells, cytotoxic
CD8" T cells, and NK cells are sensitive to high extracellular adeno-
sine concentrations, which stimulates A2AR on these cells, weak-
ens their effector functions, and induces the expression of the
membrane proteins CTLA-4 and PD-1 [18,20]. Activation of adeno-
sine receptors of the same type on Tregs and on MDSCs triggers an
expansion of these cells and weakens anti-tumor immunity [43-
45]. In view of the above, A2AR are regarded as a potential target
in cancer immunotherapy (Fig. 2).

Fast-growing cancer cells are in need of nutrition, derived
through the blood vessel network. The formation of new vessels
in the TME is promoted by endothelial and tumor cells producing
proangiogenic factors: vascular endothelial growth factor (VEGF),
basic fibroblast growth factor (bFGF), angioprotein, and IL-8. Secre-
tion of these biomolecules can be stimulated by the activation of
A2A and A2B receptors [46]. Also, angiogenesis can be supported
by adenosine-differentiated DCs featuring a high expression of
angiogenic, anti-inflammatory, and immunosuppressive factors
[47,48].

APCs, first of all DCs and macrophages, effectively recognize
tumor antigens and launch the adaptive immune response. High
adenosine concentration in tumors can modulate DC activity via
A2AR and A2BR receptors, discouraging APC-mediated T cell acti-
vation. Macrophages impacted by adenosine via A2B receptors
can undergo polarization from the pro-inflammatory M1 type to
the M2 type. Such macrophages secrete indoleamine 2,3-
dioxygenase, arginase, and TGF-B, which possess immunosuppres-
sive activity [20,46] and induce tumor progression by promoting
metastasis. It was also demonstrated that when A2BR and A1R
receptors are activated, tumor-infiltrating neutrophils upregulate
the production of metalloproteases, which accelerate metastasis
[46].

Extracellular adenosine also produces versatile direct effects on
tumor cells: receptors A1R, A2AR, A2BR, and A3R promote the pro-

liferation of tumor cells, their survival, migration and invasiveness
[46,49-51].

3. Role of Tregs in adenosine production

Adenosine production appears to be one of the mechanisms for
the suppressive activity of Tregs. Deaglio et al. (2007) were among
the first to demonstrate that Tregs can participate in adenosine
generation from extracellular nucleotides [52]. Tregs in mice con-
stitutively express CD39 and CD73 as much as other key markers
for Tregs: FOXP3 and CTLA-4 [52]. Later studies revealed that Tregs
in the blood of CD39~/~ mice have a weakened suppressive activity
in vitro and cannot inhibit the graft-versus-host desease [53]. Fur-
thermore, application of CD73/CD39 inhibitors significantly
reduces the ability of Tregs to suppress the proliferation of CD4"-
CD257 T cells. The catalytic capacity of CD39 and CD73 is synchro-
nized with Treg activation. Thus, murine Tregs showed increased
CD39 activity after activation of their T-cell receptor [54]. In addi-
tion to exploiting adenosine as an immunosuppressive agent, Tregs
use it to augment their functional activity. Moreover, stimulation
of the adenosine receptor A2A has been shown to promote Treg
proliferation, CTLA-4 and PD-1 expression, and functional activity
[44].

Surface expression of CD73 has been clearly detected in CD4*-
CD39" Tregs of mice. Human Tregs differ from other immune cells
in an higher expression of CD39, but CD73 expression, on the other
hand, can be very low if at all detectable [55]. Schuler et al. (2014)
showed that only around 1% of circulating Tregs have the CD39"-
CD73" phenotype. In order to produce adenosine CD4"CD39" Tregs
need to engage membrane-bound CD73, which is possible in a TME
containing CD4*CD73" T cells, B cells, or CD39*CD73" exosomes
[56]. In cancer patients (head and neck carcinoma, melanoma, pan-
creatic cancer), Tregs express both the CD39 and CD73 markers,
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Table 2
Clinical trials of antitumor drugs targeting the adenosine signaling pathway.
Target CT ID (sponsor) CT phase, Condition Drug Type Ref.
status
CD73 NCT02503774 I Solid tumors (advanced) Oleclumab in combination with other  anti-CD73 mAb [59,61]
MedImmune LLC agents
NCT03736473 I Solid tumors (advanced) Oleclumab in combination with other  anti-CD73 mAb [62]
AstraZeneca agents
NCT03742102 IB/II Triple negative breast cancer Oleclumab in combination with other  anti-CD73 mAb [63]
AstraZeneca agents
NCT02754141 I/IIA Solid tumors (advanced) BMS-986179 in combination with IgG2-IgG1 mAb [64]
Bristol-Myers other agents
Squibb
NCT03822351 Il Stage III non-small cell lung cancer Oleclumab in combination with other  anti-CD73 mAb [65]
MedImmune LLC (unresectable) agents
NCT03454451 I/IB 13 types of cancer including solid ~ CPI-006 in combination with other anti-CD73 mAb [66]
Corvus tumors and NHL agents
Pharmaceuticals, Inc.
NCT03549000 I/IB Solid tumors (advanced) NZV930 (SRF373) in combination with  1gG4 mAb [67]
Novartis other agents
Pharmaceuticals
NCT03954704 IA/IB Solid tumors (advanced) GS-1423 Chimeric CD73- and TGF-  [68]
Gilead Sciences (AGEN1423) B-specific mAb
NCT04322006 I/ Solid tumors (advanced) TJ004309 monotherapy and in anti-CD73 mAb [69]
[-Mab Biopharma Co. combination with anti-PDL-1 therapy
Ltd.
NCT03835949 I Solid tumors (advanced or TJ004309 monotherapy and in anti-CD73 mAb [70]
Tracon metastatic cancer) combination with anti-PDL-1 therapy
Pharmaceuticals Inc.
NCT03677973 I Healthy volunteers AB680 CD73 small molecule [71]
Arcus Biosciences, inhibitor
Inc.
CD39 NCT03884556 1/IB Solid tumors (advanced) TTX-30 monotherapy and combination anti-CD39 mAb IgG4 [72]
Trishula therapy
Therapeutics, Inc.
NCT04306900 I/IB Solid tumors (advanced) TTX-30 combination therapy anti-CD39 mAb IgG4 [73]
Trishula
Therapeutics, Inc.
NCT04261075 I Solid tumors (advanced) IPH5201 monotherapy and anti-CD39 mAb [74]
MedImmune LLC combination therapy
NCT04336098 I Solid tumors (advanced) SRF617 monotherapy anti-CD39 mAb [75]
Surface Oncology
A2AR NCT02655822 I/IB Some therapy-resistant cancers Ciforadenant (CPI-444) monotherapy Small molecule [76]
Corvus (renal cancer, prostate cancer) and combination therapy
Pharmaceuticals, Inc.
NCT04280328 I Some therapy-resistant cancers Ciforadenant (CPI-444) combination Small molecule [77]
Corvus (multiple myeloma) therapy
Pharmaceuticals, Inc.
NCT03337698 IB/II Metastatic non-small cell lung Ciforadenant (CPI-444) combination Small molecule [78]
Corvus cancer therapy
Pharmaceuticals, Inc.
NCT04089553 Il Prostate cancer AZD4635 combination therapy Small molecule [79]
AstraZeneca
NCT03099161 I Solid tumors (advanced) Preladenant Small molecule [80]
Merck Sharp & (trial (MK-3814)
Dohme Corp. terminated)
NCT02403193 I/ Advanced non-small cell lung PBF-509 Small molecule [81]
cancer
A2BR NCT03274479 I Non-small cell lung cancer PBF-1129 Small molecule [82]
Palobiofarma SL
A2AR NCT03720678 I/IB Gastrointestinal tumors Etrumadenant (AB928) combination Small molecule, selective  [83]
and Arcus Biosciences, therapy A2AR/A2BR inhibitor
A2BR Inc.
NCT04262856 Il PDL-1 positive non-small cell lung  Etrumadenant (AB928) monotherapy Small molecule, selective  [84]
Arcus Biosciences, cancer and combination therapy A2AR/A2BR inhibitor
Inc.
CD38 NCT00574288 Il Multiple Myeloma Daratumumab anti-CD38 mAb [85]
Janssen Research & monotherapy
Development, LLC
NCT01084252 I/ Selected CD38* Hematological Isatuximab anti-CD38 mAb [86]
Sanofi Malignancies monotherapy
CD157 NCT02353143 I Relapsed/Refractory Acute Myeloid MEN1112 anti-CD157 mAb [87]
Leukemia. monotherapy

and efficiently contribute to adenosine generation from ATP
[55,56]. Tumor-infiltrating Tregs have higher CD39 expression
compared to Tregs in healthy tissue or circulating Tregs [29,57].

It was demonstrated in a murine model of metastatic liver cancer
that CD39 expression on CD4'Foxp3™ Tregs suppresses NK-cell-
mediated antitumor immunity and promotes metastasis [58].
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4. Clinical trials of therapies targeting adenosinergic pathway
4.1. Agents blocking CD73 activity

Among agents that directly block ectonucleotidase activity,
monoclonal antibodies to the CD73 membrane protein are most
commonly tested in CTs. Some drugs in this group are going
through their first phase I/Il CTs (Table 2).

The most widely tested in CTs is Oleclumab (MEDI9447) - a
drug based on anti-CD73 monoclonal antibodies, developed by
Medimmune and AstraZeneca. The drug’s active ingredient is a
modified non-Fc-binding IgG1. Oleclumab (MEDI9447) has a dual
mode of action and is capable of inhibiting the formation of the
CD73 catalytic site as well as generating CD73 dimers [59,60].

Another drug of interest is BMS-986179, which is also based on
anti-CD73 mAbs. BMS-986179 is a chimeric (IgG2-1gG1) protein
constructed so that it exhibits no Fc-binding activity. The drug is
currently in phase I/Il CTs (NCT02754141) [64,88].

Both drugs intensify membrane CD73 internalization, which
gives rise to other anti-CD73 antibody properties which may
potentially be useful in therapy. For instance, it was found that
CD73 can move from membrane-bound to soluble form through
shedding from the cell membrane while retaining its enzymatic
activity. Geoghegan et al. [60] showed that MEDI9447 can inhibit
sCD73 generation, mainly by blocking immobilized receptors on
the membrane and internalizing them [60].

Another development to be highlighted is the drug by Gilead
Sciences, called GS-1423 (AGEN1423), which is a hybrid antibody
capable of simultaneously blocking the activity of the CD73 and
the pleiotropic cytokine TGF-B [68,89]. There are also develop-
ments of small-molecule inhibitors of CD73 ectonucleotidase
activity. An example is AB680 (Arcus Biosciences, Inc.), which is a
reversible, slow-onset competitive inhibitor of human CD73 [90].
This drug was designed to treat patients with solid tumors.

4.2. CD39 blocking agents

Agents targeting CD39 activity have so far been less actively
studied. CTs are currently underway for three agents suppressing
CD39 ectonucleotidase activity — TTX-30 (Trishula Therapeutics,
Inc.), IPH5201 (MedImmune LLC), and SRF617 (Surface Oncology).
All agents in this group are mAbs to the CD39 membrane protein,
which are now in phase I CTs for advanced solid tumor therapy
(Table 2).

There are several drugs not yet in CTs that can be highlighted as
promising pharmacological agents inhibiting CD39 activity. Such is
ES002 (developed by Elpisciences), based on ATP-blocking anti-
CD39 mAb. ES002 has so far been tested only within preclinical tri-
als - in an animal model of multiple myeloma. This drug exhibits
robust efficacy in inhibiting tumor growth in vivo. It can downreg-
ulate the suppressive activity of Tregs towards effector T cells, and
engage APCs and NK cells to facilitate its antitumor activity in vivo
[91,92].

Another potential agent for tumor immunotherapy is a locked
nucleic acid (LNA)-based antisense oligonucleotide. The anti-
nucleotidase activity of this antisense oligonucleotide (ASO), which
specifically blocks CD39 mRNA (CD39-specific ASO), has so far
been tested only in human tumor cell lines and in vivo in tumor-
bearing mice. The first results of the studies look very promising.
CD39-specific ASOs suppressed the expression of CD39 mRNA
and protein in various murine and human cancer cell lines and in
primary human T cells. The application of CD39-specific ASO low-
ered extracellular ATP catabolism, and augmented CD8" T-cell pro-
liferation. Besides, the treatment of tumor-bearing mice with
CD39-specific ASOs induced dose-dependent decrease in the
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CD39 protein level in Tregs and in intratumoral macrophages.
The number of tumor-infiltrating Tregs was notably lower in mice
treated with CD39-specific ASO. As a result, intra-tumoral CD8" T
cells to Tregs ratio in the mice increased, and PD-1 expression
was induced in tumoral CD8" T cells. Tumor therapy in mice using
CD39-specific ASOs in combination with anti-PD-1 mAb effectively
slowed down tumor progression [93].

4.3. Selective A2AR/A2BR inhibitors

Another emerging class of compounds for antitumor therapy is
pharmacological substances selectively targeting adenosine recep-
tors. This class of agents is of special interest since some of them
have already been tested in advanced CTs (phase III), particularly
Parkinson’s disease and other neurological conditions. In these
CTs, the drugs proved to be highly tolerable and safe for the
patients [94-96].

Furthermore, trials of individual anti-A2AR agents were not
accompanied by immunotoxicity such as happens in therapies
with anti-CTLA-4 and anti-PD-1 mAbs [97].

Ongoing CTs concentrate on three groups of adenosine receptor
inhibitors for antitumor therapy: A2AR inhibitors, A2BR blockers,
and substances co-targeting both receptor types (Table 2). All the
adenosine receptor inhibiting agents are selective small molecules.
Among A2AR inhibitors, CTs are underway for three drugs: Cifora-
denant (CPI-444), AZD4635, and PBF-509 (Table 2).

One more CT (started in 2017) with the drug preladenant (MK-
3814) alone and in combination with pembrolizumab in patients
with solid tumors was recently terminated as the therapy results
did not support the study endpoints. Namely, the preladenant/
pembrolizumab combination therapy caused serious adverse
events in two of the ten patients in this CT. Moreover, in some
patients receiving preladenant monotherapy the disease was pro-
gressing even when the dose was raised (from 25 mg to 50 mg)
[80]. There occurred fatal cases (all causes) in patients receiving
monotherapy, whereas in the group treated with the prelade-
nant/pembrolizumab combination there were no fatal cases.

The only A2BR-targeting drug tested in CTs so far was named
PBF-1129, but data on its clinical efficacy are yet missing [82].

Finally, the third group is agents that block both A2AR and A2BR
simultaneously. In this group, only one pharmacological substance
is being tested in different types of cancer, including some gas-
trointestinal tumors, non-small cell lung cancer, breast cancer,
and some others [83,84,98,99]. Etrumadenant is so far the only
dual-action adenosine receptor inhibitor of its kind. Owing to its
properties, etrumadenant can prevent adenosine-mediated sup-
pression of not only tumor-infiltrating T cells (express A2AR) and
NK cells (express A2BR), but also affects myeloid cells - DCs,
macrophages, MDSCs (co-express A2AR and A2BR). These unique
properties make etrumadenant one of the most promising agents
targeting adenosine receptors.

4.4. CD38/CD157-based therapies

Finally, an important therapy that deserves attention in this
review is the treatment based on immunomodulatory molecules
CD38 and CD157. As mentioned above, CD38 and CD157 are glyco-
proteins with NAD" ectonucleotidase activity, which are also asso-
ciated with the pro-oncogenic properties of the TME. The CD38
molecule is present on the surface of cells (including plasma B
cells, CD38-expressing Treg subsets and other CD38-expressing
cells), in lymphoid tumors, in particular multiple myeloma, post-
transplant and AIDS-associated lymphomas [100-102]. Moreover,
CD38 and CD157 NAD'-converting ectonucleotidases play an
important immunomodulatory role in solid tumors. The relation-
ship of CD38 with clinical prognosis and/or impact on the therapy
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efficacy has been noted in hepatocellular carcinoma, lung cancer,
breast cancer and other solid tumors. CD157 functions have also
been demonstrated in some types of solid tumors [25]. Together
this makes these molecules interesting targets for anticancer ther-
apy. There are some completed as well as undergoing CTs where
CD38 and CD157 are the targets for immunotherapy. There are sev-
eral CTs of daratumumab and isatuximab, which are IgG1-derived
mADbs directed against CD38. These drugs are tested for hematolog-
ical malignancies, [77,85,86]. There’s also ongoing CTs using
MEN1112, a CD157 targeted mAb, in patients with relapsed or
refractory acute myeloid leukemia [87] (Table 2).

5. Conclusions

Cancer cells display multiple immunosuppressive mechanisms
to evade antitumor immune responses, including T-cell response.
One such mechanism is the suppressive effect of adenosine on
tumor-infiltrating immune cells. Tregs are also involved in adeno-
sine generation and regulation of immune cells within TME. CD39
and CD73 are nucleases constitutionally expressed in Tregs. In the
TME Tregs can hydrolyse extracellular ATP or ADP into AMP and
produce adenosine with immunosuppressive properties. Adeno-
sine transmits inhibitory signals through adenosine receptors on
the surface of various types of effector and antigen-presenting
intratumoral immune cells. Thus, CD39/CD73 and adenosine
receptors are important immune checkpoints whose blockade
can reestablish antitumor immune response.

In view of known data on the role of molecular mechanisms
regulating the adenosinergic signaling in immune and tumor cells,
as well as the results of first preclinical studies regarding inhibition
of adenosine-driven suppression, the application of inhibitors of
CD39/CD73/adenosine receptor pathway in tumor therapy is of
substantial interest.

This approach enables to control both the level of intercelluluar
adenosine and to target the functions of immune cells (Tregs, APCs,
and effector cells).

Early clinical trials are currently underway for a number of
agents based on mAbs and small molecules to test their safety
and efficacy for antitumor immunotherapy. Yet, a few questions
remain to be answered before this type of immunotherapy can
be successfully used in practice.

First, there is still little data on the possible molecular mecha-
nisms of the emergence of tumor resistance to this type of therapy,
which does not allow us to fully assess the potential of CD39/CD73
and adenosine receptor inhibitors. Secondly, no phase III CTs have
so far been carried out, and so data on effective dosage for thera-
pies with CD39/CD73 and adenosine receptor inhibitors, or on their
bioavailability in the TME are insufficient. Thirdly, CT results do not
clearly indicate how effective is the therapy using Treg-targeting
adenosine signaling inhibitors. Meanwhile, Tregs are the key cells
for building a kind of an immunosuppressive “dome” that protects
tumor cells against being recognized and killed. Finally, there is so
far too little data concerning the efficacy of immune-checkpoint
inhibitor combinations with other agents and therapies. A poten-
tially promising approach is to combine CD39/CD73 and adenosine
receptor inhibitors with agents targeting intratumoral Tregs.

Thus, it is necessary to further study the role of adenosinergic
signaling pathway in the formation of immunosuppression in
tumors and conduct further CTs to determine the efficacy of
CD39/CD73 and adenosine receptor inhibitors and select the opti-
mal drug dosages. In addition, more research has to be done to con-
firm the role of other, less well- studied molecules involved in the
extracellular adenosine production as promising targets for
immunotherapy. For example, CTs of drugs based on mAbs to
CD38 and CD157 are already underway.
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