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Abstract
CD73, also designated ecto-5′-nucleotidase is one kind of ecto-nucleotidase that plays a critical role in tumor development. CD73 overexpression is well established 
in the literature for various cancers. However, increasing studies have shown a strong relationship between CD73 for metastatic processes. In this review, we 
summarize major roles of CD73 expression for the development of metastases in different tumor tissues and possible therapeutic target for metastasis. In addition, we 
list possible CD73 functions, either by adenosine generation as adenosine receptor agonist (metastatic signaling modulator) or inorganic phosphate (Pi) generation 
as a substrate for the high bioenergetic metastatic processes demand.
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Introduction 
Metastasis is a complex process and a major contributor of death 

in cancer patients [1]. The metastatic process is thought to consist of 
a number of distinct steps: 1) Invasion requires neoplastic epithelial 
cells to lose cell-cell adhesion and to gain motility for migration and 
cell adhesion to matrix extracellular (MEC), this represents a shift 
toward the mesenchymal state for epithelial to mesenchymal transition 
(EMT), which enables them to invade the adjacent tissue [2]. 2) On 
intravasation, tumor cells penetrate through the blood endothelium or 
lymphatic vessels to enter the systemic circulation and must be able 
to survive this stressful environment. 3) Survivors cell extravasate 
through the capillary endothelium at distal sites. 4) In the new host 
environment, an even smaller subset of such metastasizing cells 
succeeds in proliferating from minimum growths into malignant 
secondary tumors [3].

The mitogen-activated protein kinase (MAPK) are the most 
common signaling cascade for metastatic progression [1]. This cascade 
starts with the binding of an extracellular mitogenic ligand to the 
membrane receptor (ie EGFR, PDGFR) leading to activation of Ras 
(a GTPase) which activates series of MAPKs via MAP3K, MAP2K, 
MAPK and finally activation of metastatic transcription factors [1].

In solid tumors, ATP is released into the extracellular space through 
the channels and panexin connections, a higher concentration than in 
healthy tissues, due to cell death in the tumor nucleus, metabolic or 
hypoxic stress [4]. Ecto-nucleotidases are responsible for ATP hydrolysis 
generating ADP, AMP, adenosine and Pi, for three main classes of ecto-
nucleotidases: 1) Ecto-nucleoside triphosphate diphosphohydrolase 
(CD39, E-NTPDase) generating ADP and AMP from ATP hydrolysis; 
2) Ecto-nucleotide pyrophosphatase/phosphodiesterases, hydrolysis of 
ATP to AMP; 3) Ecto-5’-nucleotidase, generating adenosine and Pi from 
5’AMP hydrolysis [5-6]. Regarding Ecto-5’-nucleotidase, overexpression is 
well established in the literature for various cancers [6].

In this review, we shown the main works on CD73 expression in 
the development of metastasis in different tumor tissues. In addition, 

we seek to understand mechanically how the CD73 enzyme regulates 
metastatic processes.

CD73 in several metastatic cancers
There is a consensus on high CD73 expression in different cancer 

tissues [6]. In recent years, CD73 expression has been associated with 
metastatic processes. In non-small cell lung cancer (NSCLC), silenced 
CD73 cell lines A549 and H226 showed significant inhibition of cell 
migration and invasion [7]. In melanoma cell lines (A375 cells), an 
enzymatic and non-enzymatic function of ecto-5’-nucleotidase (CD73) 
in migration and invasion has been demonstrated [8]. Regardless of its 
enzymatic role, it is known that CD73 can mediate cell-cell adhesion by 
being a co-receptor in T cell activation or regulating cell interaction with 
extracellular matrix (ECM) components and migration therein [8-9].

Immunohistochemical analysis from melanoma patients samples, 
showed elevated CD73 expression in metastatic patients. In addition, 
was demonstrated an association of decreased survival with CD73 
expression, whereas CD73 in tumor infiltrating mononuclear cells was 
significantly associated with survival improvement [10]. 

A study using human cervical cancer cell lines (HeLa and SiHa) 
overexpressing CD73 showed a 50% increase in cell migration.In the 
same study, ACPP (50µM), a specific inhibitor of CD73 enzyme activity 
has no effect on cell migration, suggesting a regulation independent of 
enzymatic activity. On the other hand, high concentration of adenosine 
(100µM-1mM) showed a decrease cell migration, suggesting a distinct 
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mechanism for adenosine receptors [11]. This latter observation was 
previously confirmed in PC-3 cells (human prostate carcinoma) and 
MDA-MB-231 cells (human breast cancer), a significant reduction in 
cell invasion with 1-50 µM adenosine [12].

Regarding breast cancer, a distinct group using T47-D cells, 
observed a stimulation of cell invasion, migration and adhesion 
(slightly more than twice) with adenosine (100µM) and an inhibition 
with ACPP (12µM) [13]. Suggesting that CD73 may facilitate the 
metastatic process of human breast cancer cells through its enzyme 
activity of generating adenosine [13], as discussed later.

Hepatocellular carcinoma cell lines (HCCLM3 and SMMC7721) 
with CD73 silenced showed an inhibition of cell invasion and migration. 
In those same cells, by deleting the gene in xenograft model groups, the 
incidence of intrahepatic or lung metastasis was lower compared to the 
control and the opposite was observed when overexpressing the CD73 
gene [14]. Moreover, CD73, E-Cadherin, and N-Cadherin expressions 
in hepatocellular carcinoma samples showed that in tissues with high 
CD73 expression levels have mesenchymal phenotype and samples with 
low level CD73 expression has phenotype more epithelial associating 
the CD73 expression with epithelial-mesenchymal transition [14].

CD73 acting as possible metastatic clinical targets
Some studies have shown different ways to impair CD73 function 

associated with damage to metastatic processes. The applicability 
of anti-CD73 monoclonal antibody (mAb) to breast cancer therapy 
in mouse models has been demonstrated [15]. The study inoculated 
mouse metastatic cell line (4T1.2) into BALB/C mice. In mice 
previously treated with anti-CD73 showed a significant reduction in 
lung metastasis compared to mice treated with the vehicle [15]. In 
other experiments of a distinct group, indicated that anti-CD73 could 
inhibit cell migration and invasion in human triple-negative breast 
cancer (MDA-MB-231 and MDA-MB-468 cells) and mouse 4T1 cell 
lines. In vivo analysis, anti-CD73 mAb could significantly inhibit lung 
metastasis of 4T1 cells in a mouse xenograft model [16]. This result 
set suggests the possible applicability of anti-CD73 for metastasis 
treatment, however, more studies need to be done regarding this 
applicability.

A new CD73 applicability has been suggested using tiamulin 
hydrogen fumarate (THF; 25 µg/mL), a classic veterinary antibiotic 
showed a significant reduction in CD73 enzyme activity, whereas 
migration and invasion in MDA-MB-231 or T41 cells were reduced by 
THF. This trend was reversed by treatment with adenosine, suggested 
that THF inhibited cell migration and invasion by CD73 activity 
decreased [17].

One study using mouse models of breast cancer has demonstrated 
that CD73 overexpression in tumor cells conferred chemoresistance 
to doxorubicin, by suppressing adaptive antitumor immune responses 
via activation of A2A adenosine receptors [18]. Stagg and colleagues, 
shown that targeted therapy against CD73 can trigger adaptive anti-
tumor immunity and inhibit metastasis of breast cancer [15]. In 
addition, Bowser, et al. demonstrated CD73 deficiency led to a loss of 
epithelial barrier function endometrial, and pharmacological CD73 
inhibition increased in vitro migration and invasion of endometrial 
carcinoma cells [19]. These observations demonstrate the importance 
of caution in inhibiting CD73 and the possible impacts on non-tumor 
tissues in the human body.

Adenosine release function for metastasis
Ecto 5’-nucleotidase hydrolyzes AMP into adenosine, which is a 

major source of adenosine for adenosine (P1) receptors, whereas ATP 
is common substrate for P2 receptors. Together, acts a complex role in 
pathological and physiological functions of the body [20]. In this study, 
we will focus solely on adenosine receptor (P1) function as the main 
trigger for metastatic processes.

There are four subtypes of adenosine receptors (ARs), named 
A1, A2A, A2B and A3, all of which are G protein-coupled receptors 
(GPCRs) [5]. Both A1 and A3 receptors decrease cAMP levels, whereas 
A2A and A2B increase cAMP contents. Adenosine receptors activate 
MAPK pathways and, in some cells, A1, A3, and A2B receptors 
direct phosphatidylinositol 3-kinase (PI3K), overall acting on 
different pathways, mainly involved in metastatic processes [21]. For 
example, a group using a non-selective adenosine receptor antagonist 
(aminophylline) or a selective A2B receptor antagonist (ATL801) had 
a significant reduction by 85% breast cancer cells from mammary 
fat to lung [22]. In addition, Beavis, et al. shown that A2A receptor 
blockade potentially suppresses CD73+ tumor metastasis and Young, et 
al. demonstrated Co-inhibition of CD73 and A2AR adenosine signaling 
improves anti-tumor immune responses [23-24].

Pi release function for metastasis
Ecto-5′-nucleotidases catalyses the hydrolysis of 5’ carbon esterified 

phosphate from ribose or deoxyribose. High nucleotidase expression 
in tumor tissues has commonly been associated with extracellular 
adenosine release. Little is discussed about the contribution of Pi 
released from hydrolysis to these metastatic processes [6].

Pi is a fundamental component of phospholipids and the nucleotides 
that form DNA and RNA. Inorganic phosphate is associated with 
energy metabolism, either in the form of ATP or in its free form as a 
substrate for the intermediates of metabolic pathways [25].

It was observed that cell growth in a medium with a high Pi (3 or 
5 mM Pi) compared to  normal Pi (1 mM Pi) concentration displayed 
a greater migratory capacity, could be explained by expression of 
osteopontin regulated by Forkhead Box Protein C2 (FOXC2) [26].

Pi enters the cells via Na/Pi cotransporters. These cotransporters 
constitute two large families of Na+ Dependent inorganic phosphate 
transporters that have been characterized in mammals, namely, SLC20 
and SLC34. Regarding the SLC34 family, consists of three members, 
namely, NaPi-IIa (SLC34A1), NaPi-IIb (SLC34A2), and NaPi-IIc 
(SLC34A3) [27]. Several studies suggest that NaPi-IIb (SLC34A2) 
is upregulated in tumor cells and thus have been considered to be 
important promoters of tumor progression [25]. Russo-Abrahão, et al. 
showed the Pi transport level higher in cells breast cancer cells with 
greater metastatic potential such as MDA-MB-231 compared to other 
breast cancer cells (MCF-7 and T47-D). In addition, inhibition of Na+-
dependent Pi transport in those cells significant reduced tumor cell 
migration and adhesion [28]. Lacerda-Abreu, et al. 2019 demonstrated 
in MDA-MB-231 cells, a low affinity H+-dependent Pi transporter is 
related to cell migration and adhesion process, especially in high Pi 
concentrations. Also was shown that MDA-MB-231 cells tend to revert 
from mesenchymal to epithelial features when the H+-dependent Pi 
transport is inhibited [29].

Conclusion
The development of metastases represents the fortuitous survival 

and growth of very few neoplastic cells. In this review, we summarize 
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the importance of CD73 for metastatic processes in different tumor 
tissues and possible use as a therapeutic target for metastasis. This would 
occur by mechanisms independent of enzymatic function, in which 
CD73 may perform a receptor-like function by controlling metastatic 
signaling. Regarding the enzymatic function of CD73 and its generated 
products (adenosine and Pi), adenosine binds at P1 receptor, generally 
acts on the MAPK pathway, the main signaling pathway involved in 
signaling metastatic processes. Inorganic phosphate possibly acts as 
substrate for the Na+-dependent or H+-dependent Pi transporters, 
providing more Pi intracellular for metastatic bioenergetic demand.
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