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ABSTRACT 
 

Different pathological processes are considered in lung cancer, such as nicotine deposition, 
oxidative stress, deregulation of metal ions and chronic inflammation. Purine signaling is involved 
in all processes, suggesting the importance of nucleotide receptors (P2X7 and P2Y) and adenosine 
receptors present in lung cells. The accumulation of toxic substances promotes chronic 
inflammation and cellular alteration, which induces the release of Adenosine Triphosphate (ATP) in 
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the extracellular space, thus stimulating P2X7 receptors. The activation of P2X7 promotes an 
increase in the synthesis and release of some pro-inflammatory mediators. P2Y works by 
promoting the increase of intracellular calcium levels and, P2X7, changing cell permeability. Thus, 
drugs can be developed with a specific targeting for such recipients, thus provid additional 
therapeutic options to those existing. 
 

 
Keywords: Adenosine triphosphate; cell proliferation; lung neoplasms; tobacco use disorder; 

purinergic signaling. 
 

1. INTRODUCTION 
 

Lung cancer is the leading cause of cancer death 
worldwide, with non-small cell lung cancer 
accounting for 85% of cases, and small cell lung 
cancer, 15% [1]. Lung cancer is more prevalent 
in men. The main risk factor associated with the 
cause of lung cancer is smoking since cigarette 
smoke has several carcinogenic components, 
among which the most evident are nicotine, tar 
and carbon monoxide. Thus, the most effective 
method to reduce the incidence of this neoplasia 
is to inhibit the use of tobacco [2]. 
 

The inflammatory responses developed by 
individuals affected by lung cancer contribute 
significantly to the progression of the disease. 
This is due to the potential capacity of 
inflammatory mediators to promote the 
proliferation of mutant cells [3]. These 
inflammatory mediators act both in decreasing 
and increasing cell proliferation. The type of 
response depends on the conditions of the 
environment [3]. Also during the inflammatory 
process, extracellular ATP contributes to the 
development of hyperalgesia, due to the 
activation of the P2X7 receptor. Thus, this 
receptor is involved in the pain regulation 
process, as it is responsible for mediating 
sensitivity through the regulation of the nervous 
system [4]. 
 

In a chronic inflammatory condition, oxidative 
stress is present when reactive oxygen species 
(ROS) extrapolate their endogenous antioxidant 
capacity [5]. Thus, ROS, together with free 
radicals, trigger cell death by inducing apoptosis 
[5]. Neoplastic cells, as well as cells with 
mutative potential, are induced to death and, 
hence, the inflammatory condition is reduced. 
The P2X7 purinergic receptor acts in the positive 
regulation of inflammatory cells, therefore, the 
inhibition of this receptor would be a potential 
target for the treatment of lung neoplasms [5]. 
 

Also related to lung neoplasms, heme 
oxygenase-1 (HO-1) is the enzyme responsible 
for the breakdown of heme into biliverdin, ferrous 

iron and carbon monoxide (CO) [6]. Its 
expression increases in stressful conditions, 
becoming a protective factor against oxidative 
stress [6]. Besides, it acts on cell proliferation, 
modulating the inflammatory response and 
facilitating angiogenesis [6]. 

 
In neoplasms, high HO-1 expression is observed, 
aggravated by radiotherapy, chemotherapy, or 
photodynamic therapy [6]. Therefore, it is 
believed that HO-1 is related to tumor induction 
and its evolution, as well as dissemination [6]. 

 
Additionally, in lung cancers, Ecto-5'-
Nucleotidase (CD73) is responsible for the 
conversion of extracellular adenosine 
monophosphate (AMP) into adenosine and 
inorganic phosphate [7]. The adenosine in this 
process binds to four adenosine receptors 
coupled to the G protein, namely: A1, A2A, A2B 
and A3 [7]. In addition, in lung cancer, the A2A 
adenosine receptor is predominantly expressed 
[7]. Adenosine is responsible for inhibiting the 
performance of anti-tumor T cells, in addition to 
acting on the apoptosis of these same cells being 
directly related to immunosuppression [7]. 
Together, adenosine and CD73 trigger the 
proliferation of neoplastic cells, promote 
neovascularization and, consequently, enable 
the process of metastasis and chemo 
suppression of altered cells [7]. 
 
In addition, ectopurins and enzymes that 
participate in adenosine metabolism are present 
in the extracellular environment [8]. They are 
responsible for modulating nucleotide-related 
signaling [8]. Thus, molecules of ATP and 
adenosine diphosphate (ADP) are hydrolyzed 
into ecto nucleoside triphosphate 
diphosphohydrolase (E-NTPDases) and 5'-
nucleotidases in adenosine, which act by 
stimulating purinergic receptors and, 
consequently, inhibiting ATP degradation [8]. 
This review summarizes the performance of the 
purinergic system, especially the P2Y and P2X7 
receptors, with regard to inhibition of cell 
proliferation [8]. 
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2. PURINERGIC SIGNALING 
 

Purinergic receptors are responsible for 
extracellular signaling, thus acting in several 
human processes, namely, endocrine and 
exocrine secretion, inflammatory process, pain 
mechanism, platelet aggregation, immune 
response and cell differentiation [9]. There are 
two types of purinergic receptors, classified as 
P1 and P2. The P1 receptor promotes cellular 
responses through the action of adenosine, 
whereas the P2 receptor, ATP [10]. P1 receptors 
are metabotropic receptors associated with 
protein G and endogenously stimulated by the 
action of adenosine. When activated, these 
receptors modulate the intracellular 
concentrations of 3 ', 5'-monophosphate (cAMP) 
adenosine [10]. P2 receptors, however, have two 

subunits, P2X (ionotropic) and P2Y 
(metabotropic) [11]. P2X receptors are 
responsible for the formation of ion channels in 
the phospholipid bilayer of the cell membrane, 
which include sodium, potassium and calcium 
íons [11]. These receptors are subdivided into 
seven units (P2X1-7), each with two 
transmembrane alpha-propellers. P2X receptors 
have an affinity for the ATP ligand or analogues 
[11]. 
 

P2Y receptors also group receptors that have 
uracil derivatives as agonists, characterized as 
pyrimidine receptors [10]. There are eight human 
P2Y receptors, namely: P2Y1, P2Y2, P2Y4, 
P2Y6, P2Y11, P2Y12, P2Y13, P2Y14. P2Y 
receptors, as well as P1 receptors, are also 
associated with protein G [10] (Fig. 1). 

 

 
 

Fig. 1. Schematic representation of purinergic signaling 

Source: The authors, 2020
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3. LUNG NEOPLASMS 
 
Lung neoplasms are characterized by cellular 
abnormalities of the organ, caused by the 
alteration of some genes, triggering an 
uncontrolled cell multiplication [12]. The habit of 
smoking predisposes to a process of chronic 
inflammation, responsible for inhibiting the cells 
of the immune system and, consequently, 
favoring the development of cancer cells [12]. In 
addition, the P2X7 receptor plays an essential 
role in the inflammatory condition, since it 
activates the inflammatory NLRP3 and, 
consequently, the release of interleukin IL-1β 
occurs, which has a pyrogenic function [12]. In 
more advanced stages of the disease, the 
detection of neoplasms usually occurs in stage 
IV, when a process of metastasis to lymph and 
blood vessels occurs [12]. It is also noticed that 
lung carcinomas have some preferred sites of 
metastasis, such as the brain, bones and adrenal 
glands [12]. 
 
The risk of cancer decreases considerably in ex-
smokers, but the chances of disease progression 
remain great even after years without smoking 
[12]. However, non-smokers exposed to cigarette 
smoke daily are likely to contract the disease, 
which is the seventh most common cause of 
death among them [12]. Another point of concern 
is the environmental factors involved in lung 
cancer, including, in addition to active and 
passive smoking, air pollution, exposure to 
carcinogenic chemicals and alcohol consumption 
[12]. In addition, exposure to radon, heavy 
metals and asbestos, significantly increases the 
risk of developing cancer [13,14]. 
 
Furthermore, genetic predisposition is a 
fundamental aspect, since even those who have 
never had the habit of smoking, but have family 
members with a history of lung cancer, are 
susceptible to this [15]. Few genes have been 
associated with a high risk of lung cancer, but 
some pathogenic variants in the TP53 gene have 
been linked to early disease onset [15]. In 
genetic epidemiology, recent studies have 
pointed out RGS17 as a possible cancer 
susceptibility gene, however, it still needs to be 
replicated and its functional impact remains 
uncertain [15]. 

 
Lung cancer has a complex therapeutic resource 
that requires the integrated participation of a 
multidisciplinary team. For the treatment to occur 
properly, a biopsy must be performed, followed 
by staging tests and, thus, it is possible to 

determine the stage of the disease. Therefore, in 
patients who present the pathology without 
metastases, the surgical procedure is performed, 
with or without chemotherapy and radiotherapy 
sessions [16]. On the other hand, when the 
disease is located in the lungs and also in the 
lymph nodes, the method used is to carry out 
chemotherapy and radiotherapy sessions 
simultaneously [16]. In the case of patients with 
metastases, chemotherapy sessions are 
performed and, in some cases, therapy with 
drugs that stabilize neoplastic growth is used as 
a target [16]. 
 
There are two main subtypes of lung cancer, 
small cell lung cancer and non-small cell lung 
cancer, which are classified as: squamous cell 
carcinoma, adenocarcinoma and large cell 
carcinoma [17]. Among these, adenocarcinoma, 
which represents 40% of lung cancers, is derived 
from epithelial cells that line the secretory glands 
[17]. In addition, compared to other types of lung 
cancer, adenocarcinoma tends to grow more 
slowly and is more likely to be found before 
metastasizing and causing more serious 
complications [17]. It tends to occur at the 
periphery of the lung and, depending on its 
location, it may take time to show symptoms. 
However, it usually causes bloody cough, 
dyspnea, chest pain and weight loss [17]. 
 
Squamous cell carcinoma comprises 25 to 30% 
of all cases of lung câncer [17]. It is initially 
manifested in the airway epithelial cells in the 
bronchial tubes in the center of the lungs [17]. 
Large cell carcinoma represents a minority of 
small cell cancer cases, with approximately 3% 
of small cell cancer cases. They are usually 
located peripherally, bulky and necrotic in 
appearance [18]. 
 

4. P2Y RECEIVER 
 
Increased levels of ATP have been found in lung 
cancer 100 to 200 times. These molecules act on 
P2 receptors, which can be ligand-dependent ion 
channels (P2X) or muscarinic receptors (P2Y) 
[19]. 
 
In pulmonary adenocarcinomas, ATP acts by 
stimulating cell proliferation by binding to the P2Y 
receptor. This causes calcium levels to increase, 
interfering with cell survival and death [19]. Cell 
proliferation related to P2Y activation depends on 
the transcription factor NF-κB, which also acts on 
the transcription of the Bax gene (related to the 
apoptosis process) [19]. 
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The Bax gene thus allows the opening of the 
mitochondrial ion channel, releasing cytochrome 
C and pro-apoptotic factors [19]. This promotes 
the release of caspases. However, in lung 
cancer, the action of the Bax gene can also be 
anti-apoptotic, promoting the survival of these 
cells [19]. 
 

5. P2X7 RECEIVER 
 

The P2X7 receptor is present in many 
malignancies, including lung cancers [19]. This 
has a significant role in cellular responses, 
which, after deregulation, are associated with 
tumor initiation and development [19]. The action 
of ATP provides a flow of cations in the cell. 
However, prolonged activation of P2X7 causes 
the formation of pores, which increases cell 
permeability and eventually promotes cell death. 
This fact is a paradox, considering that at times 
the recipient promotes greater survival [19]. 
 

Exposure to high concentrations of ATP, present 
in tumor environments, leads to the expression of 
NfP2X7, essential for the survival of neoplastic 
cells [19]. Also, the data indicate the relevance of 
the P2X7 receptor for tumor growth, which was 
verified by the depletion of the study receptor. 
From this, there is an acceleration of apoptosis 
[19]. 
 

In this context, a relevant lung cancer subtype is 
malignant human pleural mesothelioma, of 
mesothelial origin [20]. In the cancer cells of 
mesothelioma, there is the presence of P2X7 
receptors, which are not found in healthy cells. It 
is suggested, therefore, that this receptor is 
related to cell proliferation, as already mentioned 
[20]. However, specifically in malignant human 
pleural mesothelioma, there are still uncertainties 
about the involvement of the purinergic system in 
tumor progression [20]. 
 

In the research carried out, it was observed that 
the proliferation of malignant cells of human 
pleural mesothelioma was inhibited by in vitro 
incubation in the presence of selective P2X7 
receptor antagonists. This corroborates the 
theory that the P2X7 receptor is related to the 
proliferation of malignant cells [20]. 
 

6. SUPPRESSION OF P2Y RECEPTORS 
AND INHIBITION OF CELL 
PROLIFERATION 

 
In neoplastic cells, the concentration of ATP is 
higher compared to non-neoplastic cells [19]. 
Thus, the ATP concentration is responsible for 

regulating P2Y receptors, triggering their 
activation, as well as providing cell multiplication 
[19]. For the activation of P2Y receptors, it is 
necessary to activate the NF-kB gene [19]. 
Therefore, the inhibition of this signaling pathway 
reduces cell proliferation, especially in pulmonary 
adenocarcinomas, since there is a modulation of 
calcium levels induced by ATP and, 
consequently, the inhibition of cell cycle 
progression [19]. 
 

7. ANTINEOPLASTIC MECHANISMS 
 

Studies indicate that the ZnLos complex (zinc 
and losartan) in concentrations up to 500 μm, 
acts in the promotion of reactive oxygen species 
and, consequently, in cell cytotoxicity, triggering 
the apoptosis of neoplastic cells [21]. 
Furthermore, this complex regulates BAX protein 
positively and bcl-XL protein negatively, in 
addition to acting on caspase-3 release, allowing 
the greater performance of apoptotic cells [21]. 
Additionally, metformin, a drug used to treat type 
2 diabetics, works by slowing the progression of 
non-small cell lung cancers by inhibiting the 
expression of heme oxygenase 1 (HO-1) [22]. 
Metformin also increases the generation of 
reactive oxygen species, which is induced by 
epigallocatechin-3-gallate (EGCG) (100 μm) and 
results in apoptosis [22]. Thus, it appears that 
HO-1 promotes greater resistance to 
chemotherapeutic drugs such as EGCG [22]. 
 

E-cadherin is a surface protein responsible for 
intercellular adhesion, which determines cell 
polarity and differentiation [23]. Its decrease in 
tumor processes promotes increased 
angiogenesis, as well as adherence disorder, 
which modifies the signaling processes and, 
therefore, promotes the progression of the 
neoplasm. It has been observed that this protein 
is altered in non-small cell lung cancers [23]. 
 

8. CONCLUSION 
 

In conclusion, the P2Y and P2X7 purinergic 
receptors are directly related to lung cancer, so 
that they act by inhibiting the proliferation of 
neoplastic cells [23,24]. Thus, it is observed that 
clinical research correlating purinergic receptors 
with the treatment of lung cancer needs to be 
explored in order to bring to the scientific 
community a better understanding of the 
performance of these receptors, specifically 
P2X7 and P2Y, as well as their importance as 
targets for drugs antineoplastic [22]. Moreover, it 
was observed that E-cadherin is involved in the 
process of tumor progression and the drugs 
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related to it are of clinical importance and should 
be better explored [23]. 
 

9. FUTURE PERSPECTIVES 
 
From studies already carried out, it is known that 
high concentrations of ATP act to stimulate the 
progression of neoplastic cells, triggering 
metástases [25]. Extracellular ATP increases the 
intracellular ATP concentration and therefore 
promotes cell growth and survival [25]. Thus, it is 
expected that drugs can be developed to effiently 
inhibit intracellular calcium concentrations in the 
control of ATP-induced neoplastic growth. In 
addition, the discovery of a selective inhibitor of 
the P2Y receptor, to regulate calcium 
concentrations, would be beneficial in terms of 
controlling the process of tumorigenesis [25]. 
Besides, the inhibition of the activation of the 
calcium-dependent NF-kB signaling pathway is 
necessary for cell control. Furthermore, it is 
expected that, with scientific progress, specific 
control mechanisms of the Bcl-2 protein family 
can be explored to regulate the activation or 
inhibition of anti-apoptotic or pro-apoptotic 
functions, so that the cells responsible for 
neoplastic development are eliminated, avoiding 
possible metástases [25]. 
 
In addition to the P2Y purinergic receptor, the 
P2X7 receptor is directly related to the process of 
lung tumorigenesis. The reduction of the levels of 
the P2X7 protein would provide the reduction of 
uncontrolled cell migration induced by ATP [26]. 
The great challenge is to carry out this cellular 
control without causing serious damage to 
human beings, both at the micro and 
macroscopic levels, considering that every 
scientific advance must be supported by respect 
and the dignity of human life [26]. Also, it is 
expected that, over time, access to information 
will be more widespread among the world 
population, so that harmful habits such as 
smoking can be internalized as something 
destructive to human life, since many 
comorbidities are associated with smoking, 
including lung cancer. 
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