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Abstract
Breast cancer (BC) is the most frequent cause of death among women, representing a global public health problem.
Here, we aimed to discuss the correlation between the purinergic system and BC, recognizing therapeutic targets. For
this, we analyzed the interaction of extracellular nucleotides and nucleosides with the purinergic receptors P1 and
P2, as well as the influence of ectonucleotidase enzymes (CD39 and CD73) on tumor progression. A comprehensive
bibliographic search was carried out. The relevant articles for this review were found in the PubMed, Scielo, Lilacs,
and ScienceDirect databases. It was observed that among the P1 receptors, the A1, A2A, and A2B receptors are
involved in the proliferation and invasion of BC, while the A3 receptor is related to the inhibition of tumor growth.
Among the P2 receptors, the P2X7 has a dual function. When activated for a short time, it promotes metastasis, but
when activated for long periods, it is related to BC cell death. P2Y2 and P2Y6 receptors are related to BC
proliferation and invasiveness. Also, the high expression of CD39 and CD73 in BC is strongly related to a worse
prognosis. The receptors and ectonucleotidases involved with BC become possible therapeutic targets. Several
purinergic pathways have been found to be involved in BC cell survival and progression. In this review, in addition
to analyzing the pathways involved, we reviewed the therapeutic interventions already studied for BC related to the
purinergic system, as well as to other possible therapeutic targets.
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Introduction

Considering the relevance of breast cancer (BC) in the health
scenario, it becomes even more relevant to understand the
pathophysiological pathways involved in its development
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and control. In this context, the relationship between the
purinergic system and the processes of survival, proliferation,
invasion, and migration of breast tumor cells emerges. This
correlation opens therapeutic possibilities that until then were
not used to control BC. Taking this information into consid-
eration, we seek to build a bibliographic review using the
databases Pubmed, Scielo, Lilacs, and ScienceDirect, which
addressed the main aspects of BC and its correlations with the
purinergic system, visualizing new therapeutic possibilities
and addressing those that are under development, allowing
the discussion of topics that may evolve to improve the prog-
nosis and quality of life of thousands of people affected by this
neoplasm.

Epidemiology

The BC is one of the three most common cancer types in the
world, after lung and colon cancer [1], and is the most frequent
cause of death in women [2, 3]. According to Globocan [4],
around 2.09 million women worldwide were diagnosed with
this neoplasm in 2018, of which 626 thousand deaths occurred
as a result of the disease. Annually, 1.7 million new cases are
diagnosed, which means one case every 18 s [5]. In the USA,
BC represents 14% of newly diagnosed cancers [6], and the
estimate for 2020, for women, is about 276 thousand new
cases and 42 thousand deaths [7]. In view of this, it is notable
that despite significant advances in the research scenario, BC
is still a worldwide public health problem, and thus, it repre-
sents a priority in medical research [8].

Risk factors

In women, the etiology of BC is multifactorial, involv-
ing environmental (most prevalent) and genetic factors.
Among the environmental factors, the female gender
stands out; advanced age; the race, that although BC
in the USA is more prevalent in white women [9],
black women are more likely to have human epidermal
growth factor type 2 receptor (HER2) positive cancer
[6, 10, 11], be more aggressive and with a worse prog-
nosis [12, 13]; increased weight and body fat (mainly in
postmenopause) [14, 15]; high levels of endogenous es-
trogen in the postmenopause [16, 17]; early menarche
(before age 13) and late menopause [18]; nulliparous
women with late first pregnancies [19, 20]; alcohol con-
sumption [21–24]; and tobacco use (including second-
hand smoke) [25–27]. In addition, protective factors are
breastfeeding [28] and physical activity [29]. On the
other hand, in relation to genetic factors, family history
and gene mutations are involved. As for family history,
studies have shown that the risk for BC increases twice

as much, if the woman has an affected first-degree rel-
ative [30, 31]. Genetic mutations, in turn, happen direct-
ly in only 5% of cases, and can occur mainly in the
BRCA, p53, STK11, CDH1, PALB2, and PTEN genes
and in the mismatch repair genes [9]. Only within the
BRCA1 gene, more than 1800 mutations have been
identified, a fact that increases the risk of BC for men
and women [3].

Pathogenesis

The BC occurs when there is unregulated cell growth within
any of the components of the breast (lobes, ducts, adipose
tissue, and lymphatic tissue) [32]. About 80% of BC cases
start in the mammary duct epithelium [33]. This unregulated
growth starts with modifications in the cell cycle, due to
changes in genetic information [9]. Normally, it begins with
an uncontrolled proliferation, loss of normal cellular charac-
teristics, loss of responses to growth and proliferation-
inhibiting factors, and a change in metabolism that favors
tumor cell populations [34]. Lastly, it results in a painless
breast nodule [3].

After the formation of the breast nodule, BC can advance to
other tissues. The metastatic process involves changes in cell
adhesions and the extracellular matrix, which is due to chang-
es in the expression of adhesion molecules, such as E-
cadherin, and in the activity of matrix metalloproteinases
(MMPs) [35]. Following, the regional lymphatic involvement
may occur, which is a strong indicator of the metastatic pro-
cess [36]. To reach secondary sites, the tumor diffuses through
platelet emboli and changes in endothelial cell adhesion,
allowing tumor cells to pass to other sites. When other tissues
are affected, changes in the extracellular matrix occur and the
process of angiogenesis and proliferation in metastasis begins
[35]. The high expression of the HER2, of the Wnt4 pathway,
of the receptor activator of nuclear factor-κβ ligand (RANKL)
signals [37], and of the purinergic system signaling, directly
influences the metastatic process and tumor survival [38].

BC subtypes

The BC can be classified into invasive and non-invasive (in
situ). Most cancers are invasive and extend from the ducts and
glands to the lymph nodes and circulating tissues [3]. There
are 21 different BC subtypes, varying according to their his-
tological type [39]. Besides that, there are five different intrin-
sic subtypes, each of them varying in the clinical aspects and
treatments required [40]: luminal A, luminal BHER2 positive,
luminal B HER2 negative, overexpression of HER2 (HER2+
), and triple negative (TNBC) [41]. Knowing which subtype
the tumor belongs to, coupled with the knowledge of clinical
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and pathological markers, is necessary to define the therapeu-
tic conduct of each BC subtype [42].

The luminal A molecular subtype is characteristic of 50%
of breast carcinomas [43]; however, it has the best prognosis
since the cells grow more slowly [44]. It has positive estrogen
receptor (ER) and/or progesterone receptor (PR), but is nega-
tive for HER2 overexpression, in addition to being character-
ized as a low histological grade [40]. In the luminal A subtype,
Ki-67, the nuclear marker of cell proliferation, is less than
14% [40, 45, 46]. Chemotherapy is not effective for this sub-
type, and specific target therapies are anti-estrogens, tamoxi-
fen, and aromatase inhibitors (anastrozole, letrozole,
exemestane) [47]. It has the lowest chances of metastasis,
and when they occur, the most affected sites are the bones,
having, however, a good prognosis [48].

The luminal B subtype has an incidence of 15% [49]. They
are tumor cells with high histological grade, besides high level
of cellular proliferation [40], making their prognosis worse
than that of luminal A [50]. In the luminal B HER2 negative,
there are ER and/or PR positive, HER2 negative, and Ki-67 >
14%. In turn, luminal B HER2 positive shows ER and/or PR
positive, HER2 positive, and Ki-67 > 14% [40, 41]. This sub-
type benefits more than luminal A in chemotherapy associated
with anti-estrogens [45].

The HER2 overexpression subtype represents 15 to 20% of
BC cases [43]. It has a high expression of the HER2
oncoprotein, but does not have hormone receptors [51], and
presents an intermediate histological grade [52, 53]. The metas-
tasis, in this case, has a predilection for the brain, bones, liver,
and lung [49]. The therapies are based on the use of chemother-
apy with the monoclonal antibody trastuzumab [54, 55], and
currently pertuzumab and taxane are also used in this combina-
tion as the first line for metastatic BC with HER2+ [56].

Finally, the basal subtype or triple negative breast cancer
(TNBC) is characterized by lack of expression of hormonal
receptors and HER2 [40]. It has a high histological grade and
high mitotic rate, being responsible for a large number of
deaths due to its aggressiveness [57]. The TNBC is responsi-
ble for 10 to 20% of all cases of BC [58]. Here, the first-line
therapeutic option is chemotherapy [59, 60], preferably before
surgery, and because of this, the outcome of this type of cancer
is not favorable [61]. Some studies have also demonstrated the
effectiveness of combining chemotherapy with bevacizumab
(monoclonal anti-vascular endothelial growth factor antibody)
or with atezolizumab (monoclonal anti-programmed death li-
gand 1 (PD-L1) antibody) for metastatic TNBC. In addition to
first-line therapy, there are still other options, such as the use
of polyadenosine diphosphate-ribose polymerase (PARP) in-
hibitors, such as olaparib and talazoparib [62], and through
immunotherapy, which includes pembrolizumab (humanized
monoclonal antibody (mAb) against programmed cell death
protein 1 (PD-1)) [63, 64] and avelumab (human mAb against
PD-L1), also for patients with metastatic TNBC [65].

In addition to the molecular classification by the presence
of PR, ER, and HER2, tumors present in their center a small
group of cells called cancer stem cells (CSC), which divide
into other CSCs and also into more differentiated cells. These
CSCs are part of the bulk primary tumor, helping to tumor
growth and progression [66]. Breast cancer stem cells (BCSC)
have markers that are commonly found and characterize this
group of cells, such as CD44+/CD24-low [67], aldehyde de-
hydrogenase 1(ALDH1) [68], and CD133+ [69]. The first is
related to a malignant progression phenotype, being highly
expressed in the breast cancer lineage MDA-MB-231
(TNBC representative) [70] and in luminal B lineages [71].
In turn, ALDH1 is an intracellular enzyme that is related to the
metabolism of retinol and cellular metabolic responses [68],
being positively related to the HER-2 overexpression subtypes
and TNBC [71]. Finally, CD133+, a transmembrane glyco-
protein that maintains the characteristics of stem cells and
prevents differentiation [69], is most commonly found in the
MDA-MB-468 lineage [70]. Such facts demonstrate the bio-
molecular complexity of BC and reveal new therapeutic pos-
sibilities, since these cell groups are resistant to conventional
therapies for the bulk tumor and are important for tumor de-
velopment and progression [72, 73].

Although there is no consensus, CSCs are believed to orig-
inate from stem cells present in adult tissues responsible for
tissue regeneration and repair [74], or even from the de-
differentiation of cells already transformed. In any case, the
tumor microenvironment (TME) in which the CSCs reside is
what will regulate their activity [75]. Finally, this discovery of
CSCs changed the oncology paradigm. Classically, all cancer
cells were functionally identical and had the same tumorigenic
properties, and could also initiate and continue cancer growth.
However, with the CSCs model, tumors were found to be
organized functionally hierarchically and with a population
of heterogeneous cells, including cancer cells that have similar
properties to CSCs and to most bulk tumor cells. These CSCs
are capable of self-renewal and give rise to non-tumorigenic
daughter cells, which make up a large part of the tumor [67,
76, 77]. In that sense, only these stem-like cancer cells and
bulk tumor cells have intrinsic tumorigenic properties [78,
79]. Given this, the ideal treatment for BC should kill all
malignant cells, including CSCs (by specific agents like
salinomycin) and bulk tumor cells (by standard chemotherapy
with paclitaxel or lipodox) [80].

Purinergic system

The purinergic system is a pathway that regulates immune
homeostasis, through the secretion of cytokines, chemokines,
removal of intracellular pathogens, and release of antigens and
generation of reactive oxygen species (ROS) [81, 82]. In re-
sponse to cell injuries, some purinergic mediators are released
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into the extracellular space, such as adenosine triphosphate
(ATP) and adenosine (Ado) [83], which act as signals that
shape immune responses [84, 85]. The purinergic pathway,
therefore, acts by converting extracellular ATP into Ado, by
means of a degradation process carried out by ectonucleoside
diphosphohydrolases triphosphate (CD39) and ecto-5′-
nucleotidase (CD73) ectoenzymes. While the former
converts ATP and adenosine diphosphate (ADP) to
adenosine monophosphate (AMP), the latter transforms
AMP into Ado [86]. It has long been believed that ATP
was restricted to the intracellular space, performing its
activities as an energy mediator and participating in the
synthesis of nucleic acids [87, 88]. However, it was
found that ATP performs extracellular activities, acting
as a signaling molecule in the purinergic system [89].
This system consists of membrane receptors that can
interact with Ado through P1 family receptors, or with
purine nucleotides, such as ATP, or pyrimidine, such as
UTP, through P2 family receptors [90].

The responses triggered, both in physiological and
pathological conditions, vary according to the concentra-
tion of the receptors present, with the levels of agonists
in the extracellular space, and with the type of cell in
which the activation of the receptor will be taking place
[91]. In the pathological context, these receptors are
involved in neuropathic pain, trauma, Parkinson’s and
Alzheimer’s diseases, and other conditions of the ner-
vous system. In addition, they also cover conditions
such as inflammation, infections, cardiovascular dis-
eases, and cancer [92].

In cancer, nucleotides, mainly ATP, are released by both
tumor cells and host cells, and their actions influence both the
activation and migration of immune cells, as well as the
growth and proliferation of tumor cells. Nucleotides can
cause immunostimulation or immunosuppression, de-
pending on the concentration of the P2 receptors in-
volved [38, 91].

Main purinergic receptors

Purinergic receptors are divided into P1 and P2 families [93].
Several cells present in their membrane receptors for Ado (P1
receptors) and nucleotides as ATP and ADP (P2 receptors)
[89].

P1 receptors

The P1 family receptors mediate the actions of Ado [94],
comprising four receptors (A1, A2A, A2B, and A3) [93,
95], with the intracellular domain being coupled to G protein,
and the extracellular domain to Ado [96]. These receptors are
found in all cells of the TME; however, the Ado receptors

(ARs) most expressed in tumor cells are A3 and A2B [97].
In BC, A3 promotes a decrease of motility of tumor cells [98],
while A2B induces migration and metastasis [99]. The main
function of ARs is to regulate tissue homeostasis, and for this,
it triggers anti- or pro-inflammatory effects, depending on the
cell context [100].

The A1, A2A, and A3 receptors can be stimulated by low
levels of Ado, around 30 to 300 nM. The A2B receptor, in
turn, needs higher levels of Ado, as seen in hypoxic
microenvironments, to be activated [101, 102]. Thus,
the A2B receptor is only activated in pathophysiological
conditions, such as in inflammatory TME, while in
physiological concentrations, signaling occurs via A1,
A2A, and A3 [103].

A1 receptor

The A1 receptor is involved in the process of carcinogenesis
of several tumors, including BC. This involvement was con-
firmed by silencing this receptor in cell lines, in which the
accumulation of cells in the G2/M phase was observed, dem-
onstrating their proliferative effect (Table 1) [94].

In vitro studies have shown that, when an A1 agonist is
used, the survival rate of positive ER cells increases, while the
levels of apoptosis decrease (Table 1). Also, the expression of
p53 (tumor suppressor protein that regulates the cell cycle and
apoptosis in tumor cells) and caspases decreases (Fig. 1)
[104]. Yet, the use of an A1 antagonist promotes increased
expression of p53 and caspases, thus favoring apoptosis in
these cells [98]. However, one can observe a beneficial effect
of the activation of A1 receptors, since they can guarantee
endothelial integrity, thus reducing the invasive process [87].

In the studies by Lin et al. [121] and Mohamadi et al.
[108], it was found that treatment with 17β estradiol in
the MCF-7 lineage (ER positive) promoted an increase in
the mRNA of A1 receptors [121] and an increase in ac-
tivity of A1 receptor, being dose-dependent. Therefore,
blocking the actions of estradiol in tumors that have high
levels of this receptor appears as a suggestion for the
proliferative control of BC [108].

A2 receptors

The A2A receptor is overexpressed in hormone-dependent
BC lineages (Table 1), and leads to increased activity of ade-
nylate cyclase (AC) and intracellular Ca2+ levels [99]. The
use of 17β estradiol in the MCF-7 lineage also promoted an
increase in A2A expression and activity [108].

The MDA-MB-231 (ER negative) lineage has a high ex-
pression of A2B receptors (Table 1), being a potential molec-
ular biomarker for diagnosis and prognosis of BC [105, 106].
The A2B receptor in negative ER cell lineage in vitro and
in vivo induces migration and metastasis (Table 1) [107],
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which occurs through intracellular signaling of AC, cyclic
adenosine monophosphate (cAMP), and protein kinase A
(PKA) (Fig. 1) [101].

In the invasive forms of BC, after the silencing of
A2B receptors, a decrease in the expression of ERK1/2,
FOXM1, and c-Myc proteins is observed, which are
involved in the control of the cell cycle. This dimin-
ished expression of these proteins suggests control of
the BC metastatic process through changes in the Raf/
MEK/ERK signaling pathways (Fig. 1) [108].

Also, the A2B receptor is related to increased resis-
tance to doxorubicin in the treatment of BC (Table 1)
[108]. Therefore, its inhibition decreases the growth and
metastatic potential of ER negative breast tumors and
TNBC, in addition to promoting a better response to
chemotherapy treatment [101, 122, 123].

A3 receptor

The A3 receptor is found at higher levels in primary
and metastatic breast tumors [124, 125]. The activation
of A3 promotes the reduction of cell proliferation and
growth (Table 1) [99], through the induction of apopto-
sis and the deregulation of the Wnt/β-catenin signaling
pathway in ER positive and ER negative cells (Fig. 1).
In BC, it has been observed that the activation of A3
receptors considerably decreases the motility and migra-
tion of BC cells (Table 1) [109].

The A3 receptor induces the death of tumor cells
through the signaling of cyclin-dependent kinase
(CDK), by Bcl-2 proteins and caspases [126]. In
BCSC, stimulation in low concentrations of A3 causes
a G1 arrest in the cell cycle, due to the decreased ac-
tivity of cyclin D1 and CDK-4 [127]. Involved in this
process is the ERK1/2 signaling pathway, which is one
of the regulators of the transition from the G1 phase to
the S phase of the cell cycle, being very important in
the stabilization and formation of the D1-CDK4 com-
plexes [128]. The A3 receptor agonists, like the CI-BI-
MECA, inhibit the ERK1/2 pathway, which is responsi-
ble for phosphorylating BCSC, thus preventing the cell
cycle from continuing and decreasing the proliferative
rates of these cells. The high stimulation of A3 receptor
induces apoptosis by regulating the Bax/Bcl2 pathway
that correlates with caspase-6 (Fig. 1). An increase in
this caspase was observed both in the MCF-7 lineage
and in the MDA-MB-231 lineage [127].

Still, ARs are believed to be inhibitors of the
Hedgehog signaling pathway [129], a route of great im-
portance for cell renewal and for the maintenance of
breast stem cells [130]. In tumor cells, this signaling oc-
curs through the transcription of genes related to cell pro-
liferation and survival [131]. It was found that this acti-
vation of A3 promoted an inhibition of both the ERK1/2
and the Hedgehog pathway (Fig. 1), which are essential
for the survival and growth of BCSC [127].

Table 1 Correlation between purinergic receptors and their effects on BC

Purinergic receptor Effects on BC References

P1 receptors

A1 Activation promotes cell proliferation [94]

Activation promotes cell survival and decreased apoptosis in positive
ER cells, worsening prognosis

[104]

A2A Overexpressed in hormone-dependent lineages [99]

A2B High expression in the MDA-MB-231 invasive lineage [105, 106]

Activation favors migration and metastasis [107]

Activation promotes increased resistance to doxorubicin treatment [108]

A3 Activation promotes reduction of cell proliferation and growth [99, 109]

P2 receptors

P2X7 Activation by high levels of ATP induces metastasis in the MDA-MB-435
and T47D lineages, and in tamoxifen-resistant BC cells

[110–114]

ATP activation for long periods promotes growth inhibition [115]

P2Y2 ATP activation favors metastasis in the MCF-7 lineage [38, 88, 110, 116], and [117]

Activation by UTP decreased migration in MCF-7 and MDA-MB-231 cells [118]

Binding of ADP and ATP promotes activation of endothelial cells, allowing migration [87]

P2Y6 UTP activation promotes migration and metastasis [119]

P2Y11 ATP activation favors metastasis in the MCF-7 lineage [38]

P2Y12 ADP stimulation promotes platelet activation, favoring metastasis [120]
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P2 receptors

The P2 receptors have ATP as the main agonist [132]. In
general, P2 receptors are molecular structures present in the
plasma membrane and activated by purine or pyrimidine nu-
cleotides. They can be divided into P2X (ionotropic) and P2Y
(metabotropic) receptors [38]. In all tumor types, there is ex-
pression of such receptors [99].

Ion channel receptors (P2X)

So far, the P2X family receptors has seven members (P2X1–7)
[92], and these form permeable ion channels for Na+, K+, and
Ca2+, with ATP being the only ligand that activates them [87].
The P2X7 receptor is the most expressed in tumors [133], and in
addition to its ability to open an ion channel, it is also capable of
activating a pathway in the plasma membrane (macropore) that

Fig. 1 a The TME of solid tumors has the common characteristic of
hypoxia (1% O2), which is due to a low supply of nutrients and
oxygen. Hypoxia induces HIF-1α expression in tumor cells. This, in turn,
acts on transcriptional factors, inhibiting the expression of AK, which
performs the conversion of Ado into AMP, and favoring the expression
of the enzymes CD39 and CD73, which act on cell membrane, converting
ATP to AMP, and then to Ado, respectively. The increase of Ado in the
extracellular medium by the action of CD73 causes a greater activation of
ARs and promotes immunosuppression in the TME, making the control
of the CD73 actions a therapeutic target. Low glucose levels and low pH,
as well as cytokines, such as TGF-β, IFNs, and TNF-α, positively influ-
ence CD73 activity. Anti-CD73 mAb and shRNA for CD73 control and
inhibit CD73 activity. b The activation of the A1 receptor in an ER
positive BC cell line (MCF-7) promotes reduction in the number of
caspases and in the regulatory protein of the cell cycle p53, favoring the
survival of these tumor cells. However, in this same cell line, activation of

the A3 receptor, which can occur by agonists such as Ado and CI-BI-
MECA, promotes (1) the decrease in the activity of the ERK1/2 signaling
pathway, decreasing the number of complexes cyclin D1-CDK4, which
are related to cell cycle progression; (2) regulation of the Bax/Bcl2 path-
way, causing an increase in the level of caspases-6; and (3) decrease in the
activity of the Hedgehog signaling pathway. Performance through these
three pathways will promote cell death. c The activation of A2A and A2B
receptors in the endothelial cells of the TME promotes an increase in
VEGF and in the bFGF, favoring angiogenesis. d In an ER negative
BC cell line (MDA-MB-231), activation of A2B receptors by Ado regu-
lates the Raf/MEK/ERK pathways, producing an increase in ERK1/2,
FOXM1, c-Myc proteins, which are involved in the cell cycle control.
Furthermore, stimulation of this receptor leads to an increase in AC,
which promotes an increase in intracellular levels of cAMP, which acti-
vates PKA. Both A2B pathways will promote the survival, proliferation,
and migration of tumor cells
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allows the uptake of molecules from high molecular weight (up
to 900 Da), an intrinsic characteristic of the stimulation of this
receptor [38]. In addition, P2X7 contributes to the spread of
metastasis and invasion of cancer cells [87], and therefore, when
activated, stimulates inflammatory conditions [134].

P2X7

Among the P2X receptors, the one that stands out the most
favoring tumor survival and proliferation is P2X7 [115], and
the opening of Ca2+ channels through this receptor is of par-
amount importance for this activity to happen [38]. In healthy
breast tissues, P2X7 expression is not found. However, this
receptor is highly expressed in BC, and the high concentration
of ATP in the TME favors its activation [135].

The rapid exposure of the P2X7 receptor to ATP promotes
the opening of a selective channel for influx of Na+ and Ca2+,
and efflux of K+.When stimulation occurs for a long time, the
channel loses its selectivity, allowing the passage of several
ions and soluble molecules of up to 900 Da [136, 137]. When
there is an exaggerated entry of Ca2+ ions, the apoptosis and
necrosis pathways can be activated (Fig. 2). In addition, the

efflux of many K+ ions can lead the cell to exhaustion, also
activating the apoptotic pathway [138]. Therefore, it is clear
that in addition to the proliferative activity of the P2X7 recep-
tor, it also has the cytotoxic activity [110]. In these cases, the
interaction of P2X7 with ATP will activate the apoptotic cas-
cade, leading tumor cells to death [38].

In the study by Chadet et al. [110], it was found that in the
invasive lineage of BC, MDA-MB-435s, stimulation of P2X7
promoted an increase in the extracellular matrix proteolysis,
favoring the invasive and metastatic process, while inhibiting
this receptor reduced invasiveness in vitro and in vivo
(Table 1). However, some in vivo studies have observed that
in BC, the presence of P2X7 and high concentrations of ATP
are related to the inhibition of tumor cell growth. This is due to
an activation of AC, which promotes the increase of cAMP
levels and reduces the proliferation and migration of endothe-
lial cells, hindering the metastatic process [115].

In tamoxifen-resistant BC cells, a relationship was ob-
served between P2X7 receptors and the migration and metas-
tasis of these cells (Table 1). This was confirmed by treatment
with a selective P2X7 antagonist (KN62), which is also an
inhibitor of Ca2+/calmodulin-dependent protein kinase II

Fig. 2 a Among P2X receptors, the P2X7 is highlighted within the
context of BC. This receptor has a low affinity for ATP, requiring high
concentrations of this molecule (such as those found in the TME) for its
activation. When the interaction between ATP and P2X7 occurs quickly,
there is the formation of the macropore that allows a selective passage of
ions, with an influx of Na+ and Ca2+, and an efflux of K+. This passage
of ions leads to the activation of signaling pathways such as AKT, which
promotes increased levels of MMPs and decreased expression of E-
cadherin, both of which are related to increased migration and
invasiveness of the tumor. On the other hand, when the interaction
between ATP and P2X7 becomes prolonged, there is a loss of channel
selectivity, leading to a significant increase in intracellular Ca2+ levels.
Under these conditions, there will be the activation of apoptotic and
necrotic pathways. Ca2+ will promote the activation of calmodulin-
dependent protein kinase II (CaMKII), which in turn will activate the
mitochondrial permeability transition pore (MPTP), leading to the release
of caspase-1, which is related to the necrotic process. Also, Ca2+will also

lead to the activation of caspase-3, related to the cell’s apoptotic pathway.
Both caspases will promote cell death. It should be noted that one of the
activities developed by ivermectin is to increase the sensitivity of P2X7 to
ATP, causing a prolonged activation of this receptor to occur, thus acti-
vating the cell death pathways, favoring the control of tumor growth. b
Among the P2Y family, the receptor that has a great correlation with BC
is P2Y2. This receptor is found highly expressed in the cells that make up
the edges of the tumor, and when activated by ATP, it promotes an
increase in the Snail molecule that controls the expression of genes related
to invasion and metastasis, and a decrease in E-cadherin. Such conditions
favor the invasion and metastasis of tumor cells. Furthermore, the activa-
tion of P2Y2 promotes an increase in β-catenin, which in turn leads to an
increase in the levels of the molecules c-Myc, cyclin D1, and CD44, all of
them related to the control and progression of the cell cycle. Thus, P2Y2,
in addition to promoting invasion and metastasis, also promotes the pro-
liferation of BC cells
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[139, 140], which promoted a decrease in Zeb-1 levels, an E-
cadherin suppressor molecule. Still, the stimulation of these
receptors promoted an increase in the expression and activity
of MMP-2 and 9, favoring changes in the extracellular matrix
[111].

In BC cell line T47D, a high expression of the P2X7 re-
ceptor was observed, which when stimulated by ATP or ana-
logues, promotes the invasion and migration of these cells
(Table 1). In addition, P2X7 activation is related to the de-
crease in E-cadherin expression [112] and to the increase in
MMP-13 expression and secretion, the latter being very rele-
vant to the bone metastatic process [113, 114]. It was found
that P2X7 induces the AKT signaling pathway in T47D cells
[112], which is an important pathway for tumor progression
[141]. It is believed that it is through the AKT pathway that
P2X7 regulates MMP-13 and E-cadherin, favoring the inva-
sive process (Fig. 2) [112].

The P2X7 receptor acts on tumor progression and me-
tastasis and plays an important role in the maintenance of
CSCs. This advance of the tumor triggered by the activa-
tion of P2X7 occurs because it is capable of inducing
phenotypic changes and bringing cancer cells to a state
of stemness [142]. CSCs are capable of self-renewing
and differentiating into different types of tumor cells, be-
ing responsible for tumor relapse and recurrence, even
after treatments [143, 144]. Considering the role of
P2X7 in maintaining the stemness state of embryonic
cells [145], it may be related to the plasticity of CSCs,
which includes the balance between differentiated and un-
differentiated cancer cells within tumor bulk, as well as its
tumorigenic potential, aggressiveness, and resistance to
new therapies [142].

Receptors coupled to G protein (P2Y)

The P2Y family receptors have eight members, with P2Y1,
P2Y2, P2Y4, and P2Y6 being associated with the Gq protein,
while P2Y12, P2Y13, and P2Y14 receptors are associated
with the Gi protein. The P2Y11, in turn, can be integrated
with Gs and Gq proteins [92]. The ATP is the favorite ligand
only for the P2Y11 receptor [87], while the others can be
activated preferentially by ADP, UDP, and UTP [146].

The P2Y receptors, in general, tend to promote mi-
gration and contribute to the formation of metastatic
niches in BC [87]. In the MCF-7 lineage, ATP activa-
tion of P2Y2 and P2Y11 promoted a reorganization of
the cytoskeleton and plasma membrane of these cells,
favoring pseudopoidy, a necessary condition for the
metastatic process (Table 1). In the MDA-MB-435 lin-
eage, P2X7 is responsible for promoting pseudopoidy,
favoring the invasion of the extracellular matrix [38].
The ADP activation of P2Y12, in turn, stimulates the
metastatic process because it is involved in platelet

aggregation that aids in displacement in the tumor em-
bolus (Table 1) [120], while P2Y2 is activated by ADP
and ATP in endothelial cells, favoring the migration of
tumor cells (Table 1) [87].

It was found that P2Y2 activation increases the invasive-
ness of BC cells by inducing the epithelial mesenchymal tran-
sition (EMT) [116], through intracellular signaling triggered
by Ca2+ [147]. Still, it was observed that P2Y2 is highly
expressed at the edges of the breast tumor, where cells that
infiltrate adjacent tissues are found. In these places, a high
expression of Snail [116], a factor that directly or indirectly
controls the expression of several genes involved in tumor
invasion and metastasis [148], and almost no expression of
E-cadherin was also noticed. It is believed that P2Y2 controls
the migratory process in these cells through the control of
Snail and E-cadherin (Fig. 2). It is worth noting that the ex-
pression of P2Y2 is inversely correlated with the histological
grade, HER2 amplification, and Ki-67 index in breast tumors
[116].

In the study by Zhang et al. [117], a high expression of
P2Y2 was observed in the MCF-7 and MDA-MB-231
lineages. In this analysis, P2Y2 is related to the migration
of these cells through the regulation of β-catenin. The
Wnt/β-catenin signaling controls processes such as cell
renewal, proliferation, and differentiation, in addition to
influencing the control of apoptosis [149]. It was ob-
served that the interaction of ATP with P2Y2 increases
the expression of β-catenin as well as the genes regulated
by this molecule, such as c-Myc, cyclin D1, and CD44, in
the analyzed cell lines (Fig. 2) [117]. Also, the higher
metastatic rate in the MDA-MB-231 lineage compared
to MCF-7 is related to the greater activity of P2Y2. This
receptor induces hypoxia through inducible hypoxia fac-
tor (HIF-1α), creating a favorable microenvironment for
cell migration [150].

Although Chadet et al. [110] and Jin et al. [88] dem-
onstrated that the P2Y2 receptor stimulates the prolifer-
ation of the MCF-7 lineage, the study by Li et al. [118]
demonstrated that the P2Y2 activation by UTP reduced
the proliferation of estrogen-dependent breast tumor
cells, such as the MCF-7 lineage, and negative ER cells,
such as the MDA-MB-231 (Table 1). It is possible that
this duplication of results stems from differences be-
tween the methodologies used for the development of
the cultures carried out in the studies, demonstrating
the need for further studies on this subject.

Finally, it has been seen that P2Y6 is highly expressed and
mutated in tumor cells and is significantly related to a worse
prognosis in BC, since it indirectly represents a potential for
malignancy. The relationship between UTP and P2Y6 pro-
motes greater activity of MMPs, through ERK and NF-kB
signaling, which stimulates the escape of the primary tumor
site and the invasion of other regions (Table 1) [119]. The
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TNBC subtype has a high P2Y6 expression, contributing to a
worse prognosis [151]. Still, some luminal A tumors with a
worse prognosis have high levels of P2Y6, which may be
indicative of mesenchymal characteristics in these cells, being
related to a higher rate of cell migration and metastasis [152].

P0 receptors

There are also the P0 family receptors, which interact with
adenine. These receptors are not yet fully understood and sev-
eral studies have been carried out to verify the reflexes of their
activation [92].

Ectonucleotidases

The ATP, under normal conditions, is produced from the
gradual phosphorylation of ADP and AMP, originating from
a molecule that stores energy and can be used in several met-
abolic processes [87]. ATP can be released, in addition to
central or peripheral neural cells, from all cells through differ-
ent mechanisms. Therefore, it is formed intracellularly and can
be physiologically released [153]; moreover, its release is in-
creased in pathological conditions such as cancer [38].
However, during cellular stress processes, ATP can be re-
leased by cells that have suffered damage, and subsequently
be degraded by four enzymes from the ectonucleotidase
group: ectonucleoside diphosphohydrolases triphosphate (E-
NTPDase; CD39), ecto-5′-nucleotidase (E-5′-nucleotidase;
CD73), ectonucleotide pyrophosphatase/phosphodiesterase
(E-NPPs), and alkaline phosphatases, leading to Ado produc-
tion [154]. Thus, ectonucleotidases are responsible for regu-
lating ATP and Ado levels in the TME [97, 155].

The enzymatic activity of CD39 and CD73 is important for
the regulation of signals involving immune and tumor cells.
The CD39 promotes the conversion of ATP and ADP into
AMP, while CD73 performs the irreversible catalysis of
AMP into Ado [156]. Finally, Ado is removed from the ex-
tracellular space from its conversion to inosine (INO) by the
action of adenosine deaminase, or by its absorption, back into
the cell [157]. The conversion carried out by CD73 is, in
theory, irreversible. In order for Ado to regenerate in AMP,
it is necessary for membrane transporters to load Ado into the
intracellular medium, where the enzyme adenosine kinase
(AK) is found. Therefore, the accumulation of Ado in the
extracellular medium is influenced both by the action of
CD73 and by the activity of Ado membrane transporters. It
is worth mentioning that in microenvironments where there is
hypoxia, a transcriptional inhibition of AK occurs by the HIF-
1α, leading to an increase in extracellular levels of Ado [158].
Furthermore, HIF-1α leads to the expression of the
ectoenzymes CD39 and CD73 in tumor cells, which are re-
sponsible for maintaining the TME rich in Ado (Fig. 1) [159].

CD73 and CD39

The CD39 and CD73 are the main nucleotide metabolizing
enzymes, therefore regulating inflammation and the immune
system. Due to the ability of these enzymes to convert ATP to
Ado, they are able to move immune cells from a pro-
inflammatory state to an anti-inflammatory state [156].
Depending on the pathophysiological context in which they
are inserted, these enzymes can shape the meaning of several
diseases, including cancer [160, 161], since Ado promotes
neoplastic growth and the capacity for tumor metastasis
[84]. Studies have shown that deficient CD39 or CD73 mice
were susceptible to inflammation, and that these enzymes are
biomarkers in tumors, and their high expression is linked to
worse prognosis in the case of TNBC [162, 163].

CD39

The first step in purine metabolism is carried out by the CD39
enzyme, which converts ATP to AMP in a Ca2+- and Mg2+-
dependent manner [164]. This enzyme is expressed in the thy-
mus, spleen, placenta, and lung [165]. Its expression is regulated
by hypoxia, oxidative stress, and pro-inflammatory cytokines
[161], through the transcription factors Sp1 [166] and Stat3
[167]. The increased expression of CD39 was found in several
solid tumors, which suggests the involvement of this protein in
neoplastic progression [168], both in the beginning of angiogen-
esis and in the progression of neovascularization [169].

CD73

After the action of CD39, the enzyme CD73 dephosphorylates
extracellular AMP into Ado [156]. The protein CD73 is
encoded by the NT5E gene, and is composed of 523 amino
acids, its expression being regulated by various mechanisms
[96]. In cancer, in which ATP and AMP are released in the
extracellular space, the function of CD73 increases [170]. In
this case, CD73 can interact with fibronectin and laminin,
which facilitates the motility of cancer cells and results in
the process of metastasis in human BC cells [171, 172].

The CD73 is also highly expressed in cells that make up the
TME of BC [173, 174], so much so that overexpression of
CD73 in cancer cells has been associated with low overall
survival in patients with BC [86]. Overexpression of CD73
in the TME is due to hypoxia, which generates angiogenesis
and the high rate of cell proliferation, which induces HIF-1α.
This, therefore, regulates positively the genes of the purinergic
pathway, such as CD73 and CD39 [175]. In addition, several
other factors regulate the positive expression of CD73, such as
low glucose and low pH, transforming growth factor
TGF-β, interferons (INFs) type I, and tumor necrosis
factor-α (TNF-α) (Fig. 1). Thus, it is stated that hyp-
oxia and pro-inflammatory cytokines regulate this gene
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positively [96]. Studies have shown that blocking CD73,
by means of monoclonal antibody and interference RNA
(RNAi), has resulted in anti-metastatic effects in human
BC cells [176, 177].

TNBC and CD73

The TNBC is very heterogeneous [178], and constitutes a very
aggressive tumor, with an unfavorable prognosis and few ther-
apeutic options [102, 179], in addition to greater chances of
metastasis to vital organs, when compared to other types of
BC [180]. The CD73 is inversely related to ER (the largest
expression of ER downregulates the expression of CD73)
[181], and in the case of TNBC, which does not express ER
[180], a high expression of CD73will be verified [182], which
is is correlated with high risk of metastasis [182, 183], worse
prognosis, and increased resistance to chemotherapy [184].
Anthracycline-based chemotherapy has been the cornerstone
of TNBC treatment for many years, although elevated levels
of CD73 are associated with increased resistance to doxorubi-
cin, a widely used anthracycline chemotherapy [182]. Thus,
the targeting of CD73 has emerged as a new therapeutic target
for TNBC [102].

The TME of BC

In the TME of BC, several cytokines are observed, which
favor a condition of chronic inflammation that allows tumor
survival and progression [185]. Still, several innate and adap-
tive immunity cells can be found in the TME of BC [186,
187]. Another common feature found in solid tumors is the
presence of hypoxia, caused by a decrease in nutrients and
oxygen. Hypoxic TME favors the expression of molecules
related to tumor survival and progression [188]. Hypoxia in
BC TME is related to the phenotypic change in tumor cells,
favoring the invasive and metastatic process [189].

Immune system in the TME of BC

The immune system is fundamental for the progression of
cancer [190], and BC can stimulate the immune system
[178, 191]. Neoplastic cells interact with immune cells to gen-
erate an immunosuppressed environment and favor angiogen-
esis, so that the development of the neoplasm occurs [84]. To
prevent the progression of BC, there are intrinsic (cellular
apoptosis) and extrinsic (immune system) mechanisms to con-
tain the growth of cancerous breast cells [192, 193]. The im-
munosuppressed cells most expressed in breast tumors are
regulatory T cells (Treg) and myeloid-derived suppressor cells
(MDSCs) [194], in addition to Natural Killer (NK) cells, mac-
rophages, neutrophils, dendritic cells, and T and B

lymphocytes, which can also be expressed in the TME of
BC [186, 187].

In BC, the interaction between the immune system and the
tumor occurs in three stages: elimination, balance, and escape.
In the first stage, the acute inflammatory response, initiated by
angiogenesis, initiates the recruitment of innate immune cells
in the TME, such as macrophages, NK cells, and dendritic
cells. As a result, pro-inflammatory cytokines such as inter-
leukin 12 (IL-12) and interferon γ (IFN-γ) are produced,
which will activate more innate immune cells and promote
the death of neoplastic cells. In addition, dendritic cells mature
and move to lymph nodes, where they present antigens and
activate TCD4+ and TCD8+ cells, both of which will act in
the TME to promote death of the tumor cells [195]. In the
second stage, the inflammation becomes chronic, and the tu-
mor grows and evades immune surveillance. One of the fac-
tors that promote tumor growth is the change in immune re-
sponse from TH1 lymphocytes (anti-tumorigenic) to TH2
lymphocytes (pro-tumorigenic) [196, 197]. Finally, in the es-
cape stage, breast tumors grow and metastasize with complete
autonomy [195]..

The immune cells that are responsible for eliminating BC
cells are NK cells and cytotoxic T lymphocytes (CTLs) [194].
A reduction in NK cells was observed in patients with ad-
vanced BC [198]. Studies have shown that NK cells activated
by IL-2 and IL-5 increased the effectiveness of the monoclo-
nal antibody cetuximab against TNBC [199], that is, NK cells
are an anti-tumor factor in BC treated with chemotherapy, in
addition to suppressing the progression of human BC and
preventing metastasis [194, 200]. Regarding Treg cells, it is
known that they can suppress NK cells, TCD4+, TCD8+,
antigen-presenting cells (APC), and B cells [201], thus being
negative regulators of the anti-tumor immune response. Thus,
one of the ways in which BC cells prevent death is immune
evasion, as these neoplastic cells can prevent tumor recogni-
tion by NK cells and CTLs [194].

Purinergic signaling and immune system
in BC

The accumulation of extracellular Ado by means of the CD73
has an immunosuppressive effect on immune system cells,
generating a TME conducive to tumor growth [202, 203], that
is, Ado promotes immune escape [86]. In addition to immu-
nosuppression, Ado also decreases the activities of effector T
cells by activating A2A receptors [204]. In TNBC, high levels
of CD73 and A2B receptors are related to poor clinical results.
This is because the CD73 adenosinergic pathway leads to
tumor progression through suppression of anti-tumor immu-
nity, one of the ways that leads to the spread of metastasis in
the TNBC. Immune evasion in TNBC is also favored by A2A
receptors, since they inhibit the cytotoxic function of T and
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NK cells. In view of these considerations, selectively
inhibiting the CD73, A2A/A2B becomes a viable therapeutic
option in the treatment of TNBC [102].

BC, hypoxia, and purinergic system

In the TME, hypoxia is a characteristic that favors the EMT, in
which cells assume a more invasive phenotype with greater
survivability [205]. Hypoxia in the TME is usually related to
increased resistance to apoptosis, angiogenesis, and migration
[206]. In BC MDA-MB-468 cells, it was observed that EMT,
induced by epidermal growth factor (EGF) and hypoxia, alters
Ca2+ influx and Ca2+ ATP-dependent signaling, which may
be via P2X or P2Y receptors [189].

Hypoxia in MDA-MB-468 cells promotes lower responses
to ATP, which is caused by an attenuation of the actions of
Ca2+ in the intracellular space and a faster return to baseline
levels of free Ca2+ in the cytoplasm [207]. It is believed that
this reduction in responses to ATP by regulating intracellular
Ca2+ occurs to prevent excessive responses to high levels of
ATP in the TME, thus allowing greater migratory and escape
capacity of the primary tumor [152].

In cases of hypoxia, an increase in the P2Y6 mRNA was
observed in the MDA-MB-468 lineage. This increase was due
to the stimulation of growth factors and EMT, since overex-
pression of P2Y6 is a common characteristic of BC cells that
present the mesenchymal phenotype. The main change ob-
served in P2Y6 silencing was the decrease in the vimentin
protein, which is one of the markers of EMT in the MDA-
MB-468 lineage [152].

In addition, this inhibition promoted a decrease in the
migration of MDA-MB-231 cells [152]. As already
mentioned, in the TME where there is hypoxia, the
transcriptional inhibition of AK [158] and the increased
expression of CD39 and CD73 occurs by HIF-1α, fa-
voring an increase in extracellular levels of Ado [159].
The interaction of Ado with ARs can promote various
responses in relation to BC, such as proliferation and
invasion, and, in some cases, growth inhibition [96].

Therapeutic options

Traditional BC treatment includes mastectomy and/or lump-
ectomy associated with adjuvant postoperative treatment [33].
Approximately 18months after surgery is when there is a peak
of metastasis, probably because the secondary sites were dor-
mant due to an inhibition of the primary tumor site. When the
inhibitory effects of the primary tumor are removed, second-
ary lesions begin to proliferate [85].

Considering the vast involvement of the purinergic system
in the maintenance and metastatic process of BC, several

members of this system have become targets for possible ther-
apies to control this neoplasm [38, 115, 208].

Therapeutic options related to P2X receptors

In P2X receptors, the ATP/P2X7 pathway proved to be clin-
ically important, especially for the BC treatment with
anthracyclines [115]. The pharmacological silencing or
blocking of P2X7 [38] has been shown to inhibit metastatic
invasion and dissemination in experimental BC studies [112].
In addition, there was an influence of the drug ivermectin, an
anti-parasitic, on TNBC cells, observed in studies with human
MDA-MB-231, MCF-7, and SKBR3 lineages, and with
4T1.2 Balb/c triple negative mice BC cells. Ivermectin pro-
moted cell death in mice and humans lineages with TNBC,
through purinergic signaling via P2X4/P2X7/Pannexin-1 as-
sociated with caspases 1 and 3 (Table 2) [209].

Therapeutic options related to P2Y receptors

Among P2Y receptors, the correlation between UTP and P2Y6
appears as an interesting therapeutic possibility. This is because
extracellular UTP acts as a regulator of tumor formation, progres-
sion, and escape, being an important therapeutic target associated
with the control and prevention of the activation of signaling
pathways related to metastasis and drug resistance [119]. Still,
in vitro studies with MDA-MB-468, MDA-MB-231, and MCF-
7 cell lines indicated that ticagrelor, a P2Y12 blocker, decreased
the interaction between human breast tumor cells and platelets,
influencing the metastatic process (Table 2) [120].

Therapeutic options related to P1 receptors

Studies have been donewith P1 receptor antagonists, allowing
researchers to recognize which of them could be used in the
clinic, favoring the control of BC [98]. In this context, studies
carried out on the MCF-7 and MDA-MB-438 strains have
found that the use of the adenosine deaminase inhibitor has
made adenosine toxic to these lineages, inducing cells to the
mitochondrial apoptotic pathway [214]. Furthermore, the ex-
posure of MCF-7 cells to 1,3-dipropyl-8-cyclopentylxanthine
(DPCPX), an A1 receptor antagonist, led to an increase in the
expression of p53 and caspases [104] and decreased tumor
growth by inhibiting ERα [121]. Finally, the depletion of
A1 receptors by small interfering RNA (siRNA) in the
MDA-MB-468 lineage caused impaired G1 checkpoint, lead-
ing to an accumulation of tumor cells in phase G2/M, resulting
in a decrease in proliferation and an increase in apoptosis
[215].

Regarding A2 receptors, the studies by Cekic et al. [210]
found that the exposure of 4T1 tumor cells (ER negative) to
N-(5-(1-cyclopropyl-2,6-dioxo-3-propyl-2,3,6,7-tetrahydro-
1H-purin-8-yl)pyridin-2-yl)-N-ethyl-6-nicotinamide
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(ATL801), an A2B receptor antagonist, slowed BC growth in
mice, in addition to decreasing lung metastasis by 85%.
Therefore, the suppression of A2B promotes the inhibition
of invasiveness, migration, and cell growth of ER negative
breast cancer lines [107].

Finally, activation of the A3 receptor by exogenous aden-
osine or by the agonist adenosine-5-Nmethyluronamide (IB-
MECA) significantly decreased the migration and motility of
the cell lineMDA-MB-231 [208]. Going further, the exposure
of the MCF-7 and MDA-MB-231 lineages to 2-chloro-
N(6)-(3-iodobenzyl)-5′-N-methylcarbamoyl-4′-thioadenosine
(LJ-529), a A3 receptor agonist, induced apoptosis and altered
the Wnt/β-catenin signaling pathway, leading to decreased
proliferation and growth of tumor cells [109].

Therapeutic options related tomodulation of CD73 by
ARs

Considering the aspects of TNBC, it is possible to infer that it
still represents a great challenge in clinical practice, requiring
the development of new therapeutic targets [216]. From this,
modulation of CD73 and A2A/A2B receptors in the TME
becomes a therapeutic option that can inhibit tumor growth
and improve anti-tumor immune responses, including in
TNBC [86, 173], in order to increase anthracycline activity
against tumor cells [182]. Some data showed that targeting the
A2A receptor increases the frequency of activation of immune
cells and their infiltration into tumors, so much so that 41% of
TNBC patients in a study where they were treated with the
A2A antagonist CPI-444 had control of the neoplasm
(Table 2) [173].

The TNBC metastasis occurs to the lungs by the expres-
sion of CD73, through the stimulation of A2B receptors
[102, 107, 217, 218]. Although the four ARs are related
to an adaptive response to hypoxia, only A2A and A2B
receptors are involved in tumor angiogenesis, by the action
of vascular endothelial growth factor (VEGF) and basic
fibroblast growth factor (bFGF) (Fig. 1) [219]. Still, stud-
ies by Cekic et al. [210] demonstrated that the blockade of
A2A inhibits angiogenesis in BC and prevents metastasis.
In the 4T1.2 mammary tumor cells of mice, A2B activation
promoted metastasis in vivo and chemotaxis in vitro [218].
Some studies have shown that the injection of non-
selective adenosine-aminophylline (AMO) receptors, and
selective A2B antagonists (ATL801), was effective in
retarding the growth of 4T1.12B BC cells and their lung
metastasis (Table 2) [210].

In addition, studies have evaluated the combination of
some Ado receptors with an immune checkpoint inhibitor,
such as PD-1 and PD-L1 [173] as an anti-cancer strategy
[64]. As a result, A2A receptors with the anti-PD-1 mAb were
important in reducing metastasis in 4T1.2 breast carcinomas
[220].

Therapeutic options related to anti-CD73 mAb

It is known that CD73 is related to a worse prognosis in TNBC
and HER2 positive BC [123]; therefore, studies in mice found
that silencing the CD73 gene in BC cells led to a decrease in
levels of focal adhesion kinase (FAK), which is related to cells
adhesion and migration. The use of anti-CD73 mAb slows the
growth of cancer cells and TNBC metastasis [102, 221] to the
lung [218], in addition to reducing tumor angiogenesis in
mouse models with BC [219].

Four anti-CD73 mAb have already been developed and
can influence enzyme activity, promote the internalization of
CD73 in metastatic cells, and decrease its levels in lympho-
cytes [102]. The mAbs are IE9 (capable of inhibiting the
enzyme activity of CD73 bound to the cell, and inducing
lymphocyte proliferation when combined with other drugs),
7G2 (also capable of inhibiting the enzymatic activity of
CD73 bound to the cell) [211], 4G4 (performs a not so
potent inhibition of CD73, but performs an inhibition of
platelet aggregation in mice endothelial cells) [212], and
AD2 (promotes an internalization of CD73, reducing its ac-
tivity and metastasis potential in the MDA-MB-231 lineage)
[176] (Table 2). In addition to reducing tumor growth, these
CD73 inhibitors favor immune activity [102]. The mAb 3F7
was developed from studies with human lineages MDA-
MB231 and MDA-MB-468, and with the mouse 4T1 cell
line. The 3F7 is related to the reduction of tumor growth,
through the inhibition of endothelial cell migration and abil-
ity to bind to CD73. Moreover, 3F7 has been shown to
increase the cytotoxic effects of doxorubicin treatment on
TNBC (Table 2) [213].

Therapeutic options related to CD73 suppression

Suppression of CD73 by short hairpin RNA (shRNA) also
prevents the proliferation of cancerous breast cells (MDA-
MB-231) by inducing apoptosis and interrupting the cell cycle
(Table 2) [177]. The same study also demonstrated that it is
possible to inhibit the proliferation of breast tumor cells using
α,β-methylene adenosine-5′-disphosphate (APCP), a specific
inhibitor of CD73 activity (Table 2). Therefore, modulation of
CD73 and Ado, derived from the TME, is established as an
innovative therapeutic option to limit tumor progression, im-
prove anti-tumor immune responses, and prevent immunolog-
ical deviations [86].

Conclusions

Considering that BC is the most frequent cause of cancer
deaths among women, its study is extremely relevant to the
world health scenario. Thus, the understanding of the patho-
physiological pathways involved in its development and the
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relationship with the purinergic system are the basis of future
therapeutic options, since purinergic receptors may be in-
volved in the progression and invasion of BC cells, as well
as promoting inhibition and control of tumor growth. Thus,
several members of the purinergic system have become prom-
ising therapeutic options.

From the literature review developed, it was evidenced that
the purinergic system is strongly involved with the pathophys-
iology of BC. Through different intracellular signaling path-
ways, purinergic receptors promote actions related to the pro-
gression and invasion of different BC lineages, which in prac-
tice correspond to the intrinsic subtypes of this tumor. In ad-
dition, in some cases, its activation may promote the control
and inhibition of tumor growth. Also, the ectonucleotidases
CD39 and CD73 proved to be closely related to BC, with a
greater emphasis on CD73, which participates in pro- and
anti-inflammatory control of the TME, in addition to being
directly related to the prognosis of TNBC.

In relation specifically to purinergic receptors, it is known
that the silencing or pharmacological blocking of P2X7 [38] is
a viable option, as it has been shown to inhibit metastatic
invasion and dissemination of BC [112]. As for P2Y, the
prospects for the correlation between UTP/P2Y6 [119] and
UTP/P2Y2 are favorable [118], as well as P2Y12 blockers,
such as ticagrelor [120]. As for P1 receptors, A1 inhibition
favors apoptosis, A2B antagonists decreased BCmetastasis to
the lung, and A3 agonists led to decreased growth and prolif-
eration of cancerous breast cells [98], which demonstrates the
fundamental role of purinergic receptors in BC control.

In addition, in relation to TNBC, the modulation of CD73
and A2A/A2B Ado receptors in TME is a future bet for the
treatment of this type of cancer [86, 173]. This is because the
targeting of the A2A receptor increases the infiltration of im-
mune cells in the tumor [173], and its blockade inhibits angio-
genesis and prevents metastasis [210], as well as A2B block-
ade also demonstrated inhibition of lung metastasis in TNBC.
The future for the treatment of this type of cancer may also be
the combination of Ado targets (such as A2A) with an anti-
PD-1 monoclonal antibody to reduce metastasis [220].

Ectonucleotidases are also promising. Silencing CD73 dem-
onstrated to be important to decrease the migration and adhesion
of BC cells. The use of anti-CD73 mAb (IE9, 7G2, 4G4, AD2,
and 3F7), despite being analyzed for some years, is still a favor-
able strategy, as it reduces the growth of cancer cells and TNBC
metastasis to the lungs [102, 221], also reducing BC angiogene-
sis [219]. Finally, suppression of CD73 by shRNA and APCP
also prevents the proliferation of cancerous breast cells [177].
Therefore, modulation of CD73 and Ado is established as an
innovative therapeutic option to limit neoplastic progression, to
favor anti-tumor immune responses, and to prevent immunolog-
ical deviations [86]. Thus, it is stated that the whole purinergic
pathway is an extremely important therapeutic intervention op-
tion in the current and future treatment of BC.

Therefore, several therapeutic possibilities arise within the
purinergic system. Some drugs with applications other than
oncology showed actions on cell death involving the
purinergic system, such as ivermectin. Going further, there
are some drugs that have been developed to block certain
pathways or actions of receptors and enzymes of the
purinergic system, such as anti-CD73 mAbs. In order to fur-
ther advance in the knowledge of new therapies and to better
understand the applicability of the drugs already developed, it
is necessary that even more studies be carried out in animal
models and in clinical trials to validate selectivity of action in
BC, as well as its effectiveness. Therefore, it is undeniable that
the purinergic system is an extremely important intervention
pathway for the treatment of BC, and has the perspective of
improving the prognosis and quality of life of patients.
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