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Abstract

Cigarette smoking is directly associated with lung cancer. Non-small cell lung carcinoma (NSCLC) represents approximately
80% from all types of lung cancer. This latter is hard to diagnose and to treat due to the lack of symptoms in early stages of
the disease. The aim of this study was to evaluate ADA activity and the expression of P2X7, A1, and A2A receptors and
in lymphocytes. In addition, the profile of pro-inflammatory and anti-inflammatory cytokines serum levels of patients with
lung cancer in advanced stage was evaluated. Patients (n = 13) previously treated for lung cancer at stage IV (UICC) with
chemotherapy had their blood collected. Cancer patients showed a decrease in ADA activity and an increase in A1l receptor
expression in lymphocytes when compared to the control group. Moreover, patients exhibited an increase in IL-6 and TNF-a,
while IL-17 and INF-Y serum levels were lower in patients with lung cancer. The decreased ADA activity and the increase in
Al receptor expression may contribute to adenosine pro-tumor effects by increasing IL-6 and TNF-a and decreasing IL-17
and INF-y serum levels. Our data show an indirect evidence that purinergic signaling may have a role in promoting a profile
of cytokines levels that favors tumor progression.
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Abbreviations

ADA Adenosine deaminase

AlR Al receptor

CD73 Ecto-5"-nucleotidase

NSCLC Non-small cell lung carcinoma

NTPDase 1 Nucleoside triphosphate
diphosphohydrolase- 1

SCID Severe combined immunodeficiency

UICC Union for international cancer control

Background

Lung cancer is the second most prevalent cancer in men and
women, being the main cause of cancer death in the popula-
tion [1]. Approximately 80% of lung cancer is non-small cell
lung carcinoma (NSCLC), and these patients often have the
diagnosis delayed due to the lack of symptoms in the early
phases of this disease [2].

When the disease is detected, 34% of patients with lung
cancer already present metastases, which increases the risk
of treatment failure [3]. Cigarette smoking is the best-known
risk factor for lung cancer since its related carcinogenic sub-
stances promote oxidative stress and inflammation [4]. In
1863, Rudolf Virchow observed that immune cells were pre-
sented in tumor tissues, hypothesizing a direct association
between inflammation and cancer [5].

It is estimated that chronic inflammation is responsible for
at least 15% of human cancers [6]. Currently, the concept of
tumor microenvironment where normal cells (such as fibro-
blasts, immune cells, endothelial cells), genetically modified
cells, and other mediators locally produced or derived from
blood has been much more satisfactorily recognized regard-
ing tumor development [7]. The inflammatory response is
tightly regulated by cytokines, a class of signaling mole-
cules that have autocrine, paracrine, and endocrine effects.
Although different cytokines may elicit several biological
responses in target tissues, they are often classified based
on their action on inflammation, i.e., pro-inflammatory or
anti-inflammatory. For instance, IL-6, TNF-a, IL-17, INF-y,
IL-12 are well-known cytokines which effects are microen-
vironment dependent. It is known that tumor cells are able
to increase pro-inflammatory cytokines [8] and there are
evidences between the serum cytokine concentrations and
lung cancer [9, 10].

In the purinergic system, ATP and adenosine act as
extracellular signaling molecules and they have emerged
as novel mediators of tumor microenvironment since they
play a role in the control of immune and inflammatory
process [11]. For the first time, Rapaport reported in 1983
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the anti-neoplastic actions of ATP [12]. His work demon-
strated that ATP addition to cancer cells led to the inhibi-
tion of cell growth due to cell cycle arrest in the S phase
in both pancreatic and colon tumor models. In contrast,
adenosine seems to promote tumor growth [13]. Once
released, the nucleotides interact with specific purinergic
receptors, P1 (adenosine) and P2 receptors.

P2 receptors are divided into G protein-coupled (P2Y)
and ion channel-linked (P2X) receptors [14, 15]. The sub-
type P2X7 receptor is one of the most studied purinergic
receptors due to its particular ability to undergo a gradual
change in its shape according to the ATP levels in extra-
cellular milieu, which can lead to the formation of a non-
selective pore in the membrane, increasing the influx of
calcium into the cell and promoting cell apoptosis [16]
[17].

When ATP is hydrolyzed by, for example, NTPDase
1 (CD39/nucleoside triphosphate diphosphohydrolase-1)
and 5'-nucleotidase (CD73), adenosine is generated in
the extracellular milieu [18]. Adenosine concentrations
increase when metabolic demand is high, such as in
hypoxia. Therefore, hypoxia induced by tumor develop-
ment may increase the ATP breakdown and the generation
of adenosine [19, 20]. The extracellular levels of aden-
osine are regulated by adenosine deaminase (ADA), an
enzyme found in the plasmatic membrane of different cell
types and also in a soluble form in serum.

Adenosine P1 receptors (Al, A2A, A2B, and A3) are
widely expressed in immune cells of the myeloid and lym-
phoid lineage. The role of Al and A3 receptors remains
poorly understood, while there are some evidences that
A2A and A2B receptors are involved in the regulation of
inflammation [21].

Since lung cancer remains a highly lethal disease, the
alarming data on the incidence and mortality of lung can-
cer challenge researchers to understand the mechanisms
underlying the disease development. Once chronic inflam-
mation is intimately related to the onset of tumors and
purinergic signaling modulates this process, the objective
of this study was to evaluate the ADA activity, P2X7, A1,
and A2A receptor expression in lymphocyte and serum
levels of different cytokines, such as interleukin (IL) IL-6,
IL-17, IL-4, IL-2, IL-10, Tumor Necrosis Factor o (TNF-
a) and Interferon-y (INF-y) from patients with lung cancer.
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Methods
Patient selection

Thirteen patients included in this study were diagnosed
with lung cancer of non-small cell—NSCLC—at the Uni-
versity Hospital of Santa Maria. Using Union for Inter-
national Cancer Control (UICC) criteria, patients were
included in the stage IV of the disease. These patients
were previously treated with anti-neoplastic cisplatin and
gemcitabine. The blood sample was collected in vacu-
tainer tubes without anticoagulant for serum separation
in University Hospital of Santa Maria division of Hema-
tology/Oncology. The control group was composed of 13
healthy individuals with the same age range of the group
of patients. Individuals with chronical or infectious dis-
ease and those who smoke were excluded from the control
group. This work has been approved by Human Ethics
Committee of the Health Science Center from the Federal
University of Santa Maria (0061.0.243.000-10) and all
individuals provided a written consent form.

Isolation of mononuclear cells from human blood

Mononuclear leukocytes were isolated from human blood
collected with EDTA and separated on Ficoll-Histopaque
density gradients as described by Boyum [22].

Western blotting analysis to detect purinergic
receptor content

Western blot was used to analyze the immunoreactivity for
P2X7, A1, and A2A receptors. Protein was determined by
the Coomassie blue method according to Bradford [23]
using bovine serum albumin as standard. 80 pg of protein
was loaded in a 10% SDS. After transfer to the nitrocel-
lulose membrane (0.45 pm, Bio-rad), 5% non-fat milk
blocking solution was used. Membranes were incubated
overnight at 4 °C with rabbit anti-A1 R (1:1000; Mil-
lipore, Sdo Paulo, Brazil) and mouse anti-A2A (1:1000;
Millipore, Sdo Paulo, Brazil). The density of actin was
used as protein loading control, using the rabbit-anti-actin
antibody (1:5000, Cell Signaling). After primary antibody
incubation, membranes were washed and incubated with
anti-mouse or anti-rabbit secondary antibodies conjugated
with horseradish peroxidase (1:5000, Bio-Rad Laborato-
ries, Hercules, CA, USA) for 1 h at room temperature.
Protein detection by chemiluminescence was captured
with Amersham Imager 600 (GE healthcare life sciences).

Densitometric analysis was performed with Image J (NIH,
Bethesda, MD, USA) software for Windows.

Determination of cytokine levels in the serum

Blood was centrifuged at 5000 rpm for 10 min. Precipitate
was discarded and serum was used to determine the cytokine
levels. The cytokines IL-6, IL-17, IL-4, IL-2, IL-10, TNF,
and INF-y were determined according to the method Cyto-
metric Bead Array (CBA), using specific kits to this method
as described by Morgan et al. [24].

ADA activity in lymphocyte and erythrocyte

Adenosine deaminase (ADA) activity was determined
according to Guisti and Galanti [28]. Briefly, 50 uL of serum
was added to 21 mmol/L of adenosine, pH 6.5, and the reac-
tion was incubated at 37 °C for 60 min. This method evalu-
ates the production of ammonia when ADA acts in excess of
adenosine. Results were expressed in units per liter (U/L).
One unit (1 U) of ADA is the amount of enzyme required to
release 1 mmol of ammonia per minute from adenosine at
standard assay conditions.

Statistical analysis

T-student test was used for the statistical values. Results
were considered significant at P <0.05 and were expressed
as mean + standard error of mean (SEM).

Results

Patient characteristics

The classification of patients with lung cancer enrolled
in this study regarding gender, age, anti-neoplastic drugs,

Table 1 Patient characteristics

Men Women

Number of patients 10 (77%) 3(33%)
Mean age 68 + 14 years 61 +9 years
Medication

Cisplatin and gemcitabine 8 patients 1 patients

Gemcitabine 2 patients 2 patients
Staging

v 10 patients 3 patients
Smokers 10 patients 3 patients
Duration of smoking 45 + 3 years 40+ 2 years
Cigarette consumption 65 +4 m/a* 49 +5 m/a*

*m/a: packs per year
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classification of disease stage, and data related to the smok-
ing habits are shown in Table 1. Most of the patients were
male (77%), over 60 years old; all patients were cigarette
smokers for at least 40 years. All patients were diagnosed
at stage IV of lung cancer, according to the criteria of the

Table 2 Hematological profile of patients

Parameter

Hemoglobin (g/dL) 11.1+£0.35
Hematocrit (%) 33.4+1.25
HCM 30.1+0.38
CHCM (g/dL) 32.8+0.25
VCM (fL) 88.0+1.20
RDW (%) 15.8+0.34
Leukocytes (/uL) 8.900 £ 547
Platelets (/uL) 340.000 +28.900

In the table are the averages of blood parameters observed in patients
with lung cancer

HCM mean corpuscular hemoglobin, CHCM mean corpuscular
hemoglobin concentration, VCM mean corpuscular volume, RDW red
cell distribution width

Union for International Cancer Control (UICC). The control
group individuals had the same age range of the group of
patients, had no disease, and were not smokers (data not
shown). Additional clinical data, such as erythrocyte count,
hemoglobin levels, total leukocyte count, and platelet count
of the patients involved in this research, are presented in
Table 2.

ADA activity in lymphocyte and erythrocyte
and P2X7, A1, and A2A receptor expression
in lymphocytes

Patients with lung cancer exhibited a decrease in ADA activ-
ity in both lymphocyte and erythrocyte, as seen in Fig. 1a.
P2X7 density receptors in lymphocytes are shown in Fig. 1b.
No statistical difference between groups was observed. Al
and A2A density receptors in lymphocytes are shown in
Fig. 1c, d, respectively. An increase in Al density receptors
was observed in lung cancer patients when compared with
the control group (P <0.005). A2A density receptor was not
statistically different between groups.
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Fig. 1 a ADA activity in lymphocytes and erythrocytes from patients
with lung cancer. Results are expressed as mean =+ standard deviation
of mean (n=13). b P2X7, ¢ Al and d A2A density receptor (R) in
lymphocytes from patients with lung cancer. Densitometry analysis
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are normalized to controls and a representative immunoblot is below
the graph. Results are expressed as mean+standard deviation of
mean (n=13). *P <0.005
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Table 3 Cytokines serum levels from patients with lung cancer

IL-2 IL-4 IL-6 IL-10 IL-17 TNF-a IFN-y
Control 3.49+0.16 3.34+0.27 1.93+0.15 3.26+0.27 39.42+2.03 2.57+0.31 0.97+0.24
Lung cancer 3.34+0.14 3.90+0.23 8.06£1.57* 3.66+0.20 28.63 +£2.52% 4.96+091* 0.21+0.14*

Results are expressed as mean + standard deviation of mean (n=13). *P <0.005
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Fig.2 IL-2, IL-4, IL-6, IL-10, IL-17, TNF-a, and INF-y serum levels
of patients with lung cancer. Results are expressed as mean + standard
deviation of mean (n=13). *P <0.05

Cytokine serum levels

Cytokines values are summarized in Table 3. No changes
were seen in IL-2, IL-4, and IL-10 in lung cancer patients
when compared to control (Fig. 2). Lung cancer patients
exhibited a decrease in INF-y and IL-17 serum levels
(P <0.05). On the other hand, IL-6 and TNF-a serum levels
were increased in lung cancer patients when compared to
control group (P <0.005), as can be seen in Fig. 2.

Discussion

Lung cancer is one of the main types of cancer among men
and women worldwide regarding incidence and mortality
[25]. The incidence of lung cancer in Brazil has increased
in past few decades, similar to what is seen in the rest of the
world [26]. Smoking is closely related to the development
of lung cancer and epidemiological evidence indicates that 1
billion men and 250 million women around the world smoke
every day [25]. This close correlation between smoking and
the development of lung cancer can also be identified in our
study, since all patients had been smoking large quantity of
cigarettes for at least 40 years.

This characteristic has also been observed in previ-
ous studies from our group, which showed that the great
majority of patients who had lung cancer had smoked for
a long time [27-29]. In this context, the literature reports
that approximately 87% of lung cancer cases are tobacco

exposure-related and the relative risk of developing lung
cancer is 24 times higher among smokers than among non-
smokers [30]. In addition, leukocytosis and anemia are
often associated with lung cancer, and these parameters
may be associated with unfavorable prognostic [31-34].
The increase in leukocytes in lung disease may be associ-
ated with the production of hematopoietic growth factors
by tumor cells [32]. The anemic state in this disease may be
related to the chemotherapy regimen [34]. In our study, we
have observed that patients with lung cancer at stage IV had
both anemia and leukocytosis.

In the present study, we have shown that lung cancer
patients exhibited an increase in IL-6 and TNF-a and a
decrease in IL-17 and INF-y serum levels when compared
to control. In addition, lung cancer patients presented a
decrease in ADA activity in lymphocytes and erythrocytes
associated with an increase in A1A receptor expression in
lymphocyte.

Several studies have shown that A1 receptors (A1R) may
have a pro-tumoral action. AIR have been associated to car-
cinogenesis in previous investigations, such as colorectal
adenocarcinomas, human leukemia, and human melanoma,
where it plays a role in increasing the chemotaxis of tumor
cells [35-37]. Herein, we have seen an increase in A1 recep-
tor (A1R) expression in mononuclear cells from patients
with lung cancer in an advanced stage of the disease. In
addition, we have shown that ADA activity was decreased
in erythrocytes and lymphocytes.

Schiedel et al. (2013) have shown that A1R-selective
agonist (CPA) showed a clear anti-proliferative property in
peripheral blood lymphocytes [38]. It is known that adeno-
sine and 2'-deoxyadenosine accumulation, due to the lack
of ADA activity, in extracellular and intracellular is lym-
photoxic and promotes severe combined immunodeficiency
(SCID) [39, 40], which is characterized by a loss of function
and depletion of T and B lymphocytes [41]. In our study,
ADA activity was decreased in erythrocyte and lymphocyte
and this result may suggest that less adenosine is being con-
verted to inosine, leading to an accumulation of this nucleo-
side in tumor microenvironment and/or an increase in its
availability to lymphocytes.

CD73, an enzyme that catalyzes 5'-AMP to adenosine,
is found to be upregulated in various types of cancer [42,
43]. In hypoxemic tumors, adenosine accumulates and
initiates a range of tissue responses, including regulation
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of angiogenesis [44]. Angiogenic activation of blood ves-
sels observed in CD73-Knockout mice with melanoma
was shown to be mediated mainly through A1AR, despite
permissive role of A2R and A3R [45].

In addition, it is known that A1R activation by adeno-
sine promotes interleukin-6 (IL-6) synthesis [46], which
is secreted by lymphocytes and has tumorigenic action
[47]. IL-6 is one of the best-characterized pro-tumori-
genic cytokines [48]. Chen et al. [47] have shown that
immune cells invade tumor microenvironment in a pro-
cess mediated by pro-inflammatory cytokines. In the pre-
sent study, it has been shown that IL-6 serum levels were
increased in patients with lung cancer.

On the other hand, adenosine action on A2A receptors
remains controversial, since literature describes promot-
ing tumor functions as well as antitumor actions. In our
study, no changes were observed in the expression of A2A
receptors in lymphocytes from patients with lung cancer
compared to healthy patients. However, the hypoxic con-
dition generated by tumor environment increases aden-
osine as a consequence of high rate of ATP hydrolysis
and decreased activity of ADA [49]. This latter effect
was seen in our study as well. A2AR activation by a spe-
cific agonist (CGS) strongly reduces production of IL-2
and TNF-a from Tcl to Tc2 cells, but does not affect
IFN-vy secretion [50]. When given in vivo or in culture of
antigen presenting T cells, A2A agonists inhibit produc-
tion of IL-6 and enhance production of IL-10. Herein,
we have seen increased serum levels of TNF-a and IL-6
and decreased levels of IFN-y. Taken together, we might
hypothesize that adenosine accumulation in tumor micro-
environment is acting through A1R on different lympho-
cyte populations which may explain the cytokines levels
seen in our work.

About 60 carcinogenic substances have been identified
in tobacco smoke [25]. These substances may promote
damage to the DNA by activating pro-carcinogenic com-
pounds, inactivating tumor suppressor genes, as well as
promoting angiogenesis and significant pro-inflammatory
effects [51]. In this study, we have shown that lympho-
cytes from lung cancer patients exhibited a decrease in
adenosine removal through decreased ADA activity. In
addition, we have observed a remarkable increase in Al
receptor expression in those cells which is consistent
with the cytokines profile we have seen, i.e., increased
IL-6 and TNF-a and decreased IFN-y. It is known that
these serum cytokine concentrations are associated with
reduced lung cancer survival [52]. Therefore, understand-
ing the mechanism by which cytokines are regulated in
lung cancer, especially the role of purinergic system, may
offer new strategies that can be developed to prevent dis-
ease progression.
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Conclusions

For the first time, it has been demonstrated here that patients
with NSCLC at stage IV of disease exhibited an increase in
the density of Al receptor and a decrease in ADA in lym-
phocytes, which is related with IL-6 and TNF-a increase in
serum which may contribute to the inflammatory process
associated with tumorigenesis.
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