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Evading immune destruction has 
recently emerged as one of the “hall-

marks of cancer.”1 The identification of 
multiple mechanisms of tumor-induced 
immune evasion provides an array of 
novel targets for new cancer therapies.2 
Given the well-established immune 
effects of CD39/CD73 and the A

2A
 ade-

nosine receptor (A
2A

R) on cancer growth 
and metastasis, the phosphohydrolysis of 
extracellular ATP to adenosine can now 
be viewed as one of the most important 
immunosuppressive regulatory path-
ways in the tumor microenvironment. 
The focus of this review is to specifi-
cally discuss the newly available experi-
mental evidence demonstrating a pivotal 
role of tumor and host CD73-mediated 
adenosinergic effects on tumor growth 
and metastasis.

Tumor CD73 Promotes Tumor 
Growth and Metastasis

CD73 or ecto-5’-nucleotidase (ecto-
5’-NT, EC 3.1.3.5), is a cell surface 
enzyme that catalyzes the dephosphory-
lation of extracellular AMP to adenosine. 
It is broadly expressed in many types of 
cancer3-6 and has been associated with a 
pro-metastatic phenotype in melanoma 
and breast cancer, has prognostic value 
for colon cancer patients, and has been 
suggested as a diagnostic aid in papil-
lary thyroid carcinomas. The biological 
function of CD73 is primarily a conse-
quence of the regulated enzymatic phos-
phohydrolytic activity on extracellular 
nucleotides. This ecto-enzymatic cascade 
in tandem with CD39 (ecto-ATPase) 
generates adenosine from ATP that in 
turn signals through adenosine receptors. 
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Previous studies reported that CD73 par-
ticipates in cell-cell and cell-matrix inter-
actions7,8 and implicated CD73 in drug 
resistance9 and tumor-promotion.10,11 
We12 and another group13 have recently 
shown that CD73 expressed by tumor 
cells significantly impairs adaptive anti-
tumor immune responses through its 
ecto-enzymatic activity, suggesting that 
tumor CD73-generated adenosine blocks 
T-cell immunosurveillance of murine 
tumors. These results strongly support 
and extend the concept proposed that 
extracellular adenosine and the A

2A
R 

comprise a pivotal axis in tumor immune 
escape.14

Using an immune-competent breast 
cancer model, Stagg and his colleagues 
have identified tumor-derived CD73 as 
contributor to tumor-induced immune 
suppression.13 Notably, the therapeutic 
efficacy observed with an anti-CD73 
monoclonal antibody (mAb) as a single 
agent is largely dependent on the induc-
tion of adaptive anti-tumor immune 
responses, and is comparable with the 
efficacy of other means of immune-stim-
ulating antibodies such as anti-CD40 
mAb or anti-41BB mAb against breast 
tumors. We tested the functional rel-
evance of tumor CD73 in an immune-
competent ovarian cancer model.12 In a 
series of in vitro and in vivo experiments, 
we found that knockdown of CD73 on 
ovarian cancer cells increased tumor-spe-
cific T cell activation and expansion, and 
decreased T cell apoptosis. Strikingly, 
adoptive transfer of antigen specific 
T cells cured all mice bearing CD73-
knockdown ovarian tumors, while CD73 
competent tumors could not be cleared. 
Therefore, inhibition of CD73 could be a 
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therapeutic adjuvant to improve cancer 
immunotherapy.

The clinical importance of CD73 in 
ovarian cancer is further confirmed by 
a recent study15 revealing the expression 
and putative immunosuppressive function 
of CD39 and CD73 in human ovarian 
cancer specimens ex vivo and cell lines in 
vitro. Interestingly, a reporter gene assay 
employing A

2A
R-transfected HEK-293 

‘sensor’ cells was developed and indi-
cated that ovarian cancer cells produced 
far greater amounts of adenosine than 
resting or activated Tregs.16 Although 
sample numbers were too low to reliably 
assess correlations between CD73/CD39 
expression and immune cell infiltration, 
Hausler and his colleagues,15 on a func-
tional level, demonstrated that siRNA 
against, or small molecule inhibitors of, 
CD39 and CD73 promoted allogeneic 
human CD4+ T cell proliferation, NK 
cell-mediated lysis and cytotoxic T cell 
priming against recall antigens in co-cul-
ture with primary ovarian cancer cells and 
cell lines. As expected, similar affects were 

observed by the blockade of the A
2A

R.15 
We also validated expression and enzy-
matic activity of CD73 in a small num-
ber of human ovarian cancer specimens. 
Importantly, blockade of CD73 using the 
selective inhibitor APCP (α,β-methylene 
adenosine-5’-diphosphate) augmented the 
in vivo antitumor effects of T cells and 
increased overall survival in a mouse xeno-
graft model of human epithelial ovarian 
cancer (unpublished data). In addition, 
we found that CD73 was highly expressed 
in melanoma lesions compared with 
halo nevi (common benign skin lesions) 
(unpublished data). Therefore, these data 
establish a potential and feasible strategy 
of targeted CD73 therapy for cancer that 
can be readily translated into the clinical 
arena.

Apart from cancer cells themselves, 
it has been demonstrated that exosomes 
secreted by diverse cancer cells are capa-
ble of dephosphorylating exogenous ATP 
and AMP to generate adenosine17 due in 
part to expression of functional CD39 
and CD73. Similar enzymatic activity 

was observed with exosomes from pleu-
ral effusions of mesothelioma patients. 
Furthermore, conversion of 5’-AMP to 
adenosine by exosome-derived CD73 
inhibited T cell activation independently 
of T cell CD73 expression. These results 
suggest a previously unrecognized role 
of exosome-derived CD73 in tumor 
immune escape via rising adenosine lev-
els within the microenvironment that 
mimics the paracrine secretion of ade-
nosine described above for cancer cells 
themselves.

Host CD73 Promotes Tumor 
Growth and Metastasis

Although CD73 is expressed on many 
host cell types, including subsets of lym-
phocytes, endothelial cells (EC), and 
dendritic cells (DC), the role of host 
CD73 expression and activity in cancer 
progression has been less appreciated. 
Using the same CD73 deficient mice, 
three independent groups18-20 including 
ours simultaneously studied the contri-
bution of host CD73 to tumor growth 
and metastasis in several tumor models 
including transplantable CD73-negative 
B16-F10 melanoma. The results obtained 
from these three independent groups are 
incredibly similar and complementary to 
one another and are summarized below.

First, all 3 groups demonstrated that 
CD73-deficient mice are resistant to 
primary growth and metastasis of B16-
F10 melanoma. Stagg et al.19 found 
that CD73 ablation also significantly 
suppressed the growth of ovalbumin-
expressing MC38 colon cancer, EG7 
lymphoma and AT-3 mammary tumors. 
We found a tumor-inhibiting advantage 
of host CD73 deficiency in mice bear-
ing s.c. EL4 lymphoma or peritoneal 
ID8 ovarian tumor.20 In addition, CD73 
deficiency was more effective in inhibit-
ing the growth of immunogenic EG7 or 
B16-SIY (B16 derivative expressing SIY 
antigen) cells than parental tumor EL4 
or B16F10 cells, indicating that the effi-
cacy of host CD73 deficiency in boosting 
antitumor immunity appears to depend 
in part on tumor immunogenicity. Both 
we20 and Stagg et al.19 showed that the 
protective effect of host CD73 defi-
ciency on primary tumors was dependent 

Figure 1. Immune actions of CD73-generated adenosine in the tumor microenvironment. The 
sequential action of cellular ecto-ATPase (CD39) and/or ecto-5'-nucleotidase (CD73) represents a 
primary pathway of extracellular adenosine generation in the tumor microenvironment. Recent 
studies including our own work suggest that both tumor and host CD73 promote tumor growth 
and metastasis. CD73 has distinct roles in hematopoietic and nonhematopoietic cells in limiting 
antitumor T cell immunity through its etco-enzymatic activity. The mechanism by which nonhe-
matopoietic CD73 promotes lung metastasis remains unclear. Meanwhile, the impact of CD73-
generated adenosine on differentiation and function of dendritic cells (DCs) and macrophages 
(MØ), and natural killer (NK) cell proliferation and cytolytic function requires further investigation.
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on CD8+ T cells and associated with 
increased endogenous antitumor T cell 
immunity. In line with these results, 
Salmi’s group18 and ours20 found that 
loss of CD73 expression in mice resulted 
in increased infiltration of CD8+ T cells 
into tumor tissue.

Second, CD73 deficiency on both 
hematopoietic and nonhematopoietic cells 
was required to limit tumor growth effec-
tively. We20 and Stagg et al.19 both showed 
that in the hematopoietic compartment, 
the pro-tumorigenic effect of CD4+ 
CD25+ regulatory T cells (Tregs) was 
in part dependent on their expression of 
CD73, which is consistent with previous 
studies in reference 21. Beyond expecta-
tion, Stagg et al.19 found that the pro-met-
astatic effect of host-derived CD73 was 
dependent on CD73 expression on non-
hematopoietic cells, most likely endo-
thelial cells, in a manner independent 
from immunoregulatory effects. Further 
study is needed to clarify the mechanism 
by which nonhematopoietic CD73 pro-
motes lung metastasis. This work will 
be facilitated by the availability of mice 
with tissue-specific deletion/overexpres-
sion of CD73 (e.g., in endothelial cells). 
Nevertheless, CD73 expression on non-
hematopoietic cells may directly influence 
tumor-reactive CD8+ T cells at the tumor 
site. Indeed, we found that host CD73 
deficiency or blockade increased tumor 
antigen-specific T cell homing to tumors, 
consistent with the fact that endothelial 
CD73 is known to inhibit T cell endothelial 
adhesion and migration.22 Because CD73 
expression on hematopoietic cells, and not 
on nonhematopoietic cells, significantly 
influenced systemic antitumor CD8+ T cell 
immunity, we conclude that CD73 has dis-
tinct roles in hematopoietic and nonhema-
topoietic cells in limiting adaptive immune 
responses. Another unique mechanism has 
been proposed by Salmi’s group18 in which 
altered purinergic signaling in the absence 
of CD73 affects intratumoral infiltration 
of Tregs and intratumoral differentiation of 
type 1 macrophages (M1) into tumor pro-
moting type 2 macrophages (M2), which 
are two key events in this tumor immune 
evasion process. This particular mechanism 
is likely important to our understanding of 
the diverse CD73-mediated adenosinergic 
effects in the tumor microenvironment, 

although the overall pathophysiological sig-
nificance of the ratio of adenosine to ATP 
regulated by CD73 remains to be resolved.

Last, in vivo pharmacological blockade 
of CD73 with a selective inhibitor APCP 
or anti-CD73 monoclonal antibody sig-
nificantly reduced tumor growth and 
metastasis.19,20 Furthermore, we demon-
strated that the optimal antitumor effect 
of CD73 blockade requires inhibiting 
both tumor and host CD73.20 Combining 
APCP or anti-CD73 monoclonal antibody 
treatment with adoptive T cell therapy 
resulted in tumor regression. Therefore, 
all three independent groups came to the 
same conclusion that lack of CD73 activ-
ity in host cells is a novel mechanism con-
trolling anti-tumor immunity and tumor 
progression, and that targeting CD73 can 
be manipulated therapeutically to inhibit 
tumor growth and metastasis.

Implications  
and Future Directions

The present data support the theory that 
the hypoxia triggers a pathway that leads 
to upregulation of CD73 via HIF-1α 
and ultimately to generation of adenos-
ine from AMP in the tumor.12,23 At pres-
ent, it is difficult to estimate the relative 
contribution of cancer cells compared 
with other cells or exosomes contribut-
ing to adenosine production in the tumor 
microenvironment in vivo. Nevertheless, 
our findings and those of others suggest 
strongly that CD73 functions at mul-
tiple levels to limit antitumor effects. 
Adenosine generated by both tumor and 
host CD73 impacts cellular antitumor 
immune responses in a fascinatingly 
multifactorial manner by inhibiting the 
activation, clonal expansion and homing 
of tumor-specific T cells with helper and 
cytolytic effector function, impairing 
tumor cell killing by cytolytic effector 
T lymphocytes (CTL), decreasing the 
survival of CTL, altering Treg activity 
and enhancing the conversion of type 1 
macrophages into tumor promoting type 
2 macrophages. In addition to the immu-
noregulatory roles of CD73, the partici-
pation of CD73 per se as a proliferative 
factor, being involved in the control of 
cell growth, differentiation, invasion, 
migration and metastasis processes has 

been established.10,11 Moreover, CD73-
derived adenosine can directly enhance 
tumor cell adhesion7,8 and/or chemo-
taxis.19 It is also intriguing that CD73 
may contribute to tumor angiogenesis.3 
The main proangiogenic actions of ade-
nosine could be attributed to its ability 
to stimulate endothelial cell migration 
and proliferation, and to modulate the 
production of proangiogenic substances 
such as vascular endothelial growth fac-
tor from vascular cells and immune 
cells within the hypoxic tumor tissues.24 
Given both immune and non-immune 
actions of CD73-generated adenosine on 
the tumor microenvironment, the actual 
in vivo effects of a therapeutic approach 
that uses CD73 as a molecular target 
for cancer treatment may far exceed the 
expectations raised by our published 
experimental data.

From a translational perspective, 
small molecule inhibitors and monoclo-
nal antibodies against CD73 are avail-
able and well-tolerated in mice, and have 
already been used in vivo to treat cancer 
in various mouse tumor models.18-20 The 
development and clinical applications 
of CD73 blockade are thus very prom-
ising. However, it is important to note 
that inhibiting CD73 alone fails to cure 
cancer. We think that counteracting the 
immunosuppressive adenosinergic effects 
of CD73 in the tumor microenviron-
ment must be complemented by other 
approaches directed at improving the 
development and function of antitumor 
T cells, such as adoptive T-cell therapy 
and dendritic cell vaccines in order to 
achieve an optimal anti-tumor strategy.

Of note, targeted CD73 therapy is not 
limited to specific types of solid tumors 
but is of more general significance. In 
particular, host CD73 becomes a poten-
tial therapeutic target for limiting tumor 
progression also in those cases in which 
cancer cells themselves lack or lose CD73 
expression.

In summary, we have made the novel 
discovery that CD73 has distinct roles in 
the regulation of antitumor immunity 
in both tumor and host cells. Similar to 
CD73, a recent series of studies investi-
gated the role of host-derived CD39,25-

27 A
2A

R14 and A
2B

R28 on tumor growth 
and metastasis. In fact, all 4 adenosine 
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receptor subtypes participate in con-
trolling tumor progression.29 Combined 
with previous work conducted by others, 
it now appears that tumor growth and 
metastasis are significantly impacted by 
CD73 mediated adenosinergic effects, 
working in a coordinated fashion involv-
ing indirect and direct actions on various 
cellular components such as cancer cells, 
endothelial cells and immune cells. These 
results support the feasibility of potent 
strategies to harness antitumor immune 
responses by targeting the important 
axis of CD39/CD73-adenosine receptors 
(ARs) in the tumor. Whether inhibition 
of CD73 and blockade of CD39 or ARs 
might be better than either treatment 
alone remains to be explored. The possi-
bility of unintended tissue damage and/
or abnormal tissue remodeling resulting 
from the therapeutic targeting of ARs 
has been raised.30 Therefore, special cau-
tion may be required in the timing and 
intensity of anti-adenosinergic treatment 
based upon the specific disease patho-
genesis and the stage of inflammation.
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