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We have recently published an article entitled “Purinergic 
signaling and tumor microenvironment in cervical Cancer” 
[1]. In this paper, we reviewed the last studies about 
purinergic signaling and cervical cancer, highlighting the 
intrinsic factors related to the inflammatory process, such 
as extracellular nucleotides and adenosine - components 
of the purinergic system. Our review focused on the role 
of the purinergic system in cervical cancer, especially 
regarding the interaction of extracellular nucleotides 
with their respective receptors expressed in the tumor 
microenvironment of cervical cancer and their role in 
the host immune response. Here we comment the main 
points of our work and suggest further basic and clinical 
investigations related to these key factors. 

The Involvement of Purinergic Signaling 
in the Tumor Development

It is widely known that cervical cancer is the fourth most 
prevalent cancer in the female population worldwide, 
representing more than 300,000 deaths per year [2].  
The development of this cancer occurs mainly due 
to the persistent infection of one of the carcinogenic 
types of human papillomavirus (HPV) [3], which leads 
to the disruption of mechanisms that are involved in 
differentiation and programmed cell death. Recently, the 
purinergic system has been associated with an essential 
signaling pathway related to tumor cell progression [4] 
– interfering with mechanisms such as disordered cell 
proliferation, promotion of angiogenesis, and failure of 
mechanisms controlling apoptosis [5]. These processes 
occur due to the nature of tumor environment that 
presents an unbalance in the concentrations of adenosine 
triphosphate (ATP), adenosine diphosphate (ADP), 
adenosine monophosphate (AMP) nucleotides and of 
adenosine (Ado) nucleoside; as well as overexpression or, 
in some cases, the low expression of P2 receptors [6]. 

Tumor microenvironment (TME) of CeCa is rich in ATP 
and Ado [7] – suggesting that signaling and the purinergic 
pathway play an important role concerning the mechanisms 
that control cell growth and death in cancer [8]. These 
molecules – which typically exhibit opposite effects – 
are involved in purinergic signaling in several biological 
processes, such as proliferation, cell differentiation and 
growth, apoptosis, and mediation of immune responses 
[6]. Nevertheless, regarding the apoptotic effect induced 
by these molecules, extracellular ATP has a minor effect 
on mechanisms that lead to programmed cell death on 
CeCa cancer cells when compared to Ado, formed by 
the degradation of ATP by ectonucleotidases. Ado acts 
as the main fatcor responsible for inducing apoptosis in 
these cells. If the inhibition of the conversion of Ado into 
AMP occurs, this will result in the inhibition of cytotoxic 
effect, indicating that Ado – originated from extracellular 
ATP – is the leading cause of apoptosis induction in CeCa 
cells [9]. Ado is also a significant determinant of the 
immunosuppressive tumor milieu [10].

Among the extracellular purines that are released in 
TME by the injured cells, extracellular ATP has different 
roles depending on its concentration on the tumor site 
and the P2 receptor subtypes expressed by the immune 
and cancer cells [7]. The high concentration of ATP in 
TME is mainly due to the regulated efflux of ATP – which 
can be stimulated by chronic inflammation, hypoxia and 
ischemia – or by injury to the plasma membrane due to 
necrosis, apoptosis or mechanical stress. Accumulated 
ATP can either trigger P2 purinergic receptors (P2XRs 
and P2YRs) or can be further degraded to adenosine by the 
sequential action of CD39 and CD73 ectonucleotidases [4]. 
Extracellular ATP in TME behaves as a Danger-Associated 
Molecular Pattern (DAMP) and promotes both innate 
and adaptive immune responses. Alternatively, it also 
stimulates the development of both endothelial and tumor 
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cells through interaction with P2 receptors expressed in 
these cells [10,11]. 

Concurrently, as soon as extracellular ATP accumulates 
in TME, it gets degraded quickly into AMP by CD39 
ectonucleotidase activity. CD73 ectonucleotidase then 
mediates the dephosphorylation of AMP, which leads 
to Ado formation. The catabolism of extracellular ATP 
is, therefore, the leading cause of the generation and 
accumulation of high levels of Ado in TME [12]. High 
levels of extracellular Ado potentially interact with P1 
receptors, which can induce tumor angiogenesis, immune 
suppression, and metastasis. Ado’s accumulation at TME 
is, therefore, an essential mechanism for promoting tumor 
progression [11].

Purinergic signaling presents itself as an essential factor 
in the control of growth, survival, and tumor progression. 
Not only does it act directly on injured cells in TME, but it 
also serves as a modulator of the immune system through 
the mediation of interactions between cancerous cells 
and immune cells of the host. Therefore, the purinergic 
constituents involved along the development and 
progression of tumors constitute potential targets in the 
development of new antitumor therapies [11].

The development of CeCa follows several mechanisms of 
immune response suppression and evasion [13]. Purinergic 
signaling is also able to adjust and modulate the function of 
immune cells through cell-cell interactions, cytokine, and 
chymosin secretion, the release of cell surface antigens, 
removal of intracellular pathogens and generation of 
reactive oxygen species [14]. Such effects occur through 
the interaction of purinergic mediators – such as ATP and 
Ado – with specific receptors that lead to the transmission 
of efferent signals that affect some immune responses [15]. 

Ectonucleotidases control and modulate ATP and Ado 
levels in TME [16]. Among them, CD39 and CD73 act on the 
regulation of the duration, magnitude, and composition of 
the purinergic pool that involves the immune cells and, 
therefore, have their expressions and enzymatic activity 
altered according to the pathophysiological context in 
which they are inserted [14].  

This balance between extracellular ATP and Ado is an 
indispensable factor in immunologic homeostasis due to 
the role played by these two molecules while interacting 
with purinergic receptors expressed on the surface of 
immunologic cells.  As previously mentioned, ATP acts as 
a danger signal when released by injured cells or under 
stress, through the interaction with P2 type purinergic 
receptors [17] – behaving as a potent DAMP and trigger 
inflammatory responses. At the same time, extracellular 
ATP can also act as a source of the Ado immunosuppressant 
via CD39 and CD73 ectonucleotidases [17].

Recent reports indicate that the adenosinergic pathway 
has an essential effect on the pathogenesis of gynecological 
cancer. Hypoxia caused by tumor growth in the cervix, as 
a consequence of inadequate vascularization, promotes 
the degradation of adenine nucleotides, resulting in the 
release of extracellular Ado excess. Also, the concentration 
of extracellular Ado becomes much higher when associated 
with the hydrolysis of extracellular ATP due to the high 
rates of CD39 and CD73 enzymes in the TME [18]. 

Beyond the immune suppression effect, extracellular Ado 
also stimulates tumor angiogenesis through increased 
blood flow through vasodilation. Moreover, Ado rich 
TME promotes endothelial progenitor recruitment of 
endothelial progenitor cells in response to wound healing, 
it stimulates endothelial cell tube formation and promotes 
the release of pro-angiogenic factors such as basic 
fibroblast growth factor (bFGF) and vascular endothelial 
growth factor (VEGF) [19]. 

In contrast to the immunosuppressive effect of 
Ado on immune cells, where Ado has substantial 
immunosuppressive activities concerning the mechanisms 
present in the tumor cells, Ado can either stimulate or 
inhibit tumor growth, depending on the cell type and 
receptor expressed on tumor surface. Gao et al. [20] 
showed that extracellular Ado could inhibit the migration 
and invasion of CeCa cells by repressing the epithelial to 
mesenchymal transition progress.  

Gao et al. [20] also found that extracellular Ado may 
lead to disturbed balance between pro and anti-apoptotic 
factors, causing the release of a cascade of pro-apoptotic 
signaling molecule (caspase-3 being the most relevant) 
which played the function via their proteolytic activities to 
induce the multiple cellular changes, and finally leading 
to programmed cell death. The activation of pro-apoptotic 
cascades shows that Ado induces the death of CeCa cells by 
activating the mitochondrial apoptosis pathway. This fact, 
accordingly, demonstrates the vital role played by Ado in 
the induction of cellular death of cancerous cells of the 
uterine cervix.

Purinergic Receptors and Future 
Perspectives about Purinergic System 
and Cervical Cancer

Most new anti-cancer drugs interfere with the cellular 
components involved in cell survival and the apoptosis 
process. As outlined in our review, extracellular 
nucleotides, and other components of the purinergic 
system can regulate proliferation, differentiation, and 
apoptosis of CeCa cells. The role played by purinergic 
signalling components in tumor microenvironment makes 
them important therapeutic targets. 
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The P2Y6R is highly selective  for 
5′-diphosphate derivatives; therefore, Uridine 
5′-O-(2-thiodiphosphate) (UDPβS) is a potent 
agonist of this receptor. However, although they are 
weaker agonists compared to UDPβS, thymidine 
5′-Omonophosphorothiolate (TMPS) and uridine 
5′-O-monophosphorothiolate (UMPS) also stimulate 
P2Y6R-mediated cell migration from HeLa cells. 
Moreover, it was observed that although UMPS is a more 
powerful agonist, when compared to TMPS, it is more 
easily degraded by CD73 ectonucleotidases. It is also 
understood that improving the stability of TMPS and 
UMPS, as well as their affinity with P2Y6R, could result 
in specific long-term effects mediated by this receptor. 
Despite the understanding that P2Y6R expressed in 
CeCa cells facilitates the migration of cervical tumor 
cells [21], the potential role of UDP and P2Y6R in the 
regulation of tumor formation in the CeCa has not been 
deeply investigated. Nevertheless, the knowledge of the 
properties of P2Y6 agonists offers excellent potential in 
the development of alternative therapies, especially when 
inducing long-term effects provided by the activation of 
P2Y6R.

CeCa cells also express P2X7R, which interacts with ATP 
and are responsible for the control and induction of the 
programmed cell death. The expression of P2X7R in CeCa 
cells is considerably lower in cancer and pre-cancerous 
epithelial cells when compared to healthy cells [22], so 
using the expression of P2X7R as a biomarker for CeCa 
could be an alternative way to determine the prognosis of 
the disease [23]. 

P2X7R plays an essential role as a pro-apoptotic 
modulator in human cervical epithelial cells [24]. 
Therefore, the P2X7R could be an appealing therapeutic 
target for chemoprevention and in CeCa treatment. 
Adinolfi et al. [25] stimulated P2X7R in HeLa cells with 
benzoyl ATP (BzATP) - a potent P2X7R agonist - and 
observed the loss of mitochondrial membrane potential 
with subsequent fragmentation of mitochondria and cell 
death. Fu et al. [26], in another study, used BzATP to 
upregulate P2X7-mediated apoptosis and modulate the 
growth of epidermal neoplasia. These data suggest that 
the activation of P2X7R-dependent apoptosis with BzATP 
could be used as a chemotherapeutic treatment to avoid 
cell growth of pre-cancerous lesions and early cervical 
epithelial lesions [27].

Considering what is stated above, despite the increasing 
advances in the pursuit of new anti-cancer treatments, 
there are still few studies that seek to evaluate the real 
therapeutic potential of molecules (agonists or receptor 
antagonists; enzyme inhibitors or activators) that target 
the components of the purinergic system involved in the 
progression of CeCa specifically. Therefore, further studies 
are needed on this subject.
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