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Adenosine is an important factor that 
controls antitumor immunity, condition-
ing both the innate and adaptive immune 
responses.1,2 The biological effects of ade-
nosine on the immune system, which can 
be stimulatory or inhibitory, are mediated 
by four receptor subtypes. A2a and A2b 
are G

s
-coupled receptors that increase 

intracellular cyclic AMP (cAMP) levels, 
hence suppressing immune responses. A1 
and A3 are G

i/o
-coupled receptors that 

decrease intracellular cAMP, thereby 
favoring cell activation. The A2a and A2b 
receptors (A2aR and A2bR, respectively) 
play a dominant role in adenosine-induced 
immunosuppression in a cAMP-depen-
dent manner (Fig. 1). The stimulation 
of A2aR critically impairs T-cell func-
tion during activation, by reducing the 
production of important cytokines and 
chemokines, and promotes the accumu-
lation of regulatory T cells (Tregs).1,2 In 
addition, A2bR activation stimulates the 
expansion of myeloid-derived suppressor 
cells (MDSCs) and induces the release of 
angiogenic factors.1,2

Extracellular adenosine results from 
the degradation of ATP by the sequen-
tial action of two cell-surface ectonu-
cleotidases: CD39, which hydrolyzes 
ATP and ADP into AMP, and CD73, 
which hydrolyzes AMP into adenosine 
(Fig. 1). CD73 is highly expressed on 
the surface of several types of cancer cells 
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and immunosuppressive cells, including 
Tregs and MDSCs.2,3 Therefore, ATP, 
which is released in high quantity from 
malignant cells succumbing to chemo-
therapy or other stressful conditions, is 
rapidly converted into adenosine, which 
accumulates in the tumor microenviron-
ment. By activating A2aR/A2bR, intra-
tumoral adenosine favors the escape of 
cancer cells from immune surveillance, 
hence promoting tumor progression. 
Hence, targeting CD73 may represent 
one potential strategy to increase the effi-
cacy of anticancer therapy.1–3 Reduction of 
extracellular adenosine as produced from 
CD73 on tumor or host cells improves 
antitumor T-cell responses (Fig. 1).1–3 In 
this regard, we have recently provided 
new insights into the mechanisms under-
lying the antitumor activity of adenosine 
5'-(α,β-methylene) diphosphate (APCP), 
a selective inhibitor of CD73, which—in 
mice—promotes both a T-cell and B-cell 
antitumor response by lowering intratu-
moral adenosine levels (Fig. 1).4

Several studies report that the majority 
of B cells do not express CD73, although 
some authors have demonstrated that 
CD73 is expressed on a subset of memory 
B cells,5 suggesting that CD73-derived 
adenosine might regulate memory B-cell 
function.5,6 Although the role of CD73 
in regulating B-cell function has not yet 
been clearly defined, we found that CD73 

inhibition in mice can indirectly affect 
B-cell activity in vivo, via a mechanism 
that relies on T cell-derived interleukin-
17A (IL-17A).4 Indeed, the antitumor 
activity of APCP was associated with the 
release of Th17-like cytokines into the 
tumor, in turn activating B cells to pro-
duce antitumor immunoglobulins (IgGs) 
(Fig. 1).4 Despite the controversial role of 
Th17 immunity in cancer, in our model 
the inhibition of CD73 skewed the tumor 
microenvironment toward a Th17-like 
antitumor immune response (Fig. 1).4 
Accordingly, the neutralization of IL-17A 
blocked the ability of APCP to inhibit 
tumor growth.4 Of note, in addition to 
a Th17 response, Th1 and CD8+ T cell-
mediated immune responses were essen-
tial for APCP to reduce tumor growth in 
melanoma-bearing mice (Fig. 1).4 These 
results provide further support to the 
notion that CD73-generated adenosine 
critically regulates the function of immune 
cells. However, although it has been clearly 
demonstrated that adenosine dampens the 
immune response, and hence favors tumor 
progression, upon ligation of A2aR/A2bR, 
the activation of different adenosine recep-
tors may be associated with opposite out-
comes on tumor growth. In other two 
reports, indeed, we have observed that 
NK1.1+ cells7 and CD8+ T cells7,8 medi-
ate the antitumor activity of another 
agent, the A3R agonist Cl-IB-MECA, 

high amounts of adenosine are released in the tumor mass. Depending on the levels of adenosine, as well as on 
the receptor subtypes that are expressed by immune cells, adenosine can affect tumor growth in different fashions. 
specifically targeting CD73, the rate-limiting enzyme for the extracellular generation of adenosine, or the A3 receptor 
offers new therapeutic strategies to limit tumor progression.
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achieved by targeting specific adenosine 
receptors, such as A3R. In conclusion, the 
adenosinergic system opens novel thera-
peutic strategies, aimed at limiting immu-
nosuppression and potentiating protective 
antitumor immune responses.
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conditions has been shown to operate as 
an endogenous stimulus for the activa-
tion of the inflammasome, which in turn 
promotes anticancer immune responses.9 
Accordingly, the success of some agents 
currently used in anticancer chemotherapy 
might depend—at least in part—on their 
capacity to promote ATP release from can-
cer cells.1,9 On the other hand, an efficient 
antitumor immune response can also be 

which—contrarily to A2aR/A2bR ago-
nists—exerts immunostimulatory effects 
in melanoma-bearing mice (Fig. 1).

Therefore, the modulation of the 
adenosinergic system can influence tumor 
growth in opposite ways (Fig. 1). On one 
hand, the pharmacological inhibition 
of CD73 alters the extracellular balance 
between ATP and adenosine. The accumu-
lation of extracellular ATP in pathological 

Figure 1. Involvement of the adenosinergic signaling in cancer progression. Adenosine is produced to high levels in the tumor microenvironment 
thanks to sequential action of by the ecto-AtPase CD39 and the ecto-5'-nucleotidase CD73. By binding to the A2ar/A2br, adenosine exerts immu-
nosuppressive functions, in a cAMP-dependent manner. Conversely, A3r activation by adenosine can induce an efficient t-cell response. Inhibition 
of CD73 with the selective compound adenosine 5'-(α,β-methylene) diphosphate (APCP) as well as the activation of A3r with the agonist Cl-IB-MeCA 
reduce tumor growth. APCP, by lowering intratumoral adenosine levels, facilitates the release of th1 and th17 cytokines, which stimulates B cells to 
produce antitumor immunoglobulins. the administration of Cl−IB-MeCA enhances antitumor CD8+ t-cell responses.
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