
ORIGINAL ARTICLE

Overexpression of NTPDase2 in gliomas promotes
systemic inflammation and pulmonary injury
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Abstract Gliomas are the most common and devastating
type of primary brain tumor. Many non-neoplastic cells,
including immune cells, comprise the tumor microenviron-
ment where they create a milieu that appears to dictate
cancer development. ATP and the phosphohydrolytic
products ADP and adenosine by activating P2 and P1
receptors may participate in these interactions among
malignant and immune cells. Purinergic receptor-mediated
cell communication is closely regulated by ectonucleoti-
dases, such as by members of the ectonucleoside triphos-
phate diphosphohydrolase (E-NTPDase) family, which
hydrolyze extracellular nucleotides. We have shown that
gliomas, unlike astrocytes, exhibit low NTPDase activity.

Furthermore, ATP induces glioma cell proliferation and the
co-administration of apyrase decreases progression of
injected cells in vivo. We have previously shown that
NTPDase2 reconstitution dramatically increases tumor
growth in vivo. Here we evaluated whether NTPDase2
reconstitution to gliomas modulates systemic inflammatory
responses. We observed that NTPDase2 overexpression
modulated pro-inflammatory cytokine production and
platelet reactivity. Additionally, pathological alterations in
the lungs were observed in rats bearing these tumors. Our
results suggest that disruption of purinergic signaling via
ADP accumulation creates an inflammatory state that may
promote tumor spread and dictate clinical progression.
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Introduction

Glioblastoma multiforme (GBM) is the most common and
devastating type of primary brain tumor, characterized by
diffuse infiltration of the brain parenchyma, recurrent local
growth, vascular compromise, and dismal prognosis [1].
Recent studies have shown that immune cells and secretory
products create a growth factor-rich environment linked to
tumor maintenance and growth [2]. The progression of
GBM is also associated with inflammatory changes in the
tumor microenvironment [3].

Cytokines, chemokines, and their receptors might regulate
cross-talk among cancer cells, immune cells, and vascular
endothelium [4]. Purinergic signaling, involving ATP released
from neural and immune cells and the respective breakdown
or hydrolytic products such as ADP and adenosine activate
their own responses and modulate cross-talk with chemokines
[5]. ATP modulates cytokine gene expression within the
nervous and immune system [6] and also controls the
secretion of pro-inflammatory cytokines, such as IL-1β, IL-
6, and TNF-α [7, 8]. Platelet activation by ADP has also been
implicated in inflammation. Platelets are essential in the
initiation of an inflammatory response [9] and adhesive
interactions between platelets, leukocytes, and cancer cells
play an important role in tumor progression and metastasis
[10, 11]. Adenosine, a product of extracellular nucleotide
hydrolysis may accumulate in the tumor interstitium [12]
where it modulates cell proliferation, angiogenesis, and
suppresses anticancer immune responses [13, 14].
Nucleotide/nucleoside receptor-mediated cell communication
is controlled by ectonucleotidases, such as members of the
ectonucleoside triphosphate diphosphohydrolases (E-
NTPDases), ectonucleotide pyrophosphatase phosphodies-
terases (E-NPPs), and ecto-5′-nucleotidase (ecto-5′-NT or
CD73), which efficiently hydrolyze ATP, ADP, and AMP to
adenosine [15–17].

Extracellular degradation of ATP in C6 glioma cells
proceeds by a cascade of cell-surface-bound enzymes that, in
addition to E-NTPDases, also includes the E-NPPs. The
functional role of these enzyme families in the different
biological systems is related to substrate availability and
physio/pathological situation [15–17]. Grobben and col-
leagues [18] demonstrated that NPP1 is one of the main
ATP-hydrolyzing enzymes associated with the plasma mem-
brane of C6 at physiological ATP concentrations. However,
in pathological situations such as cancer, the nucleotide
release promoted by cell death, and infiltrating inflammatory
cells results in ATP accumulation in the tumor interstitium at
hundreds micromolar range, while it is undetectable in

healthy tissues [19]. In this context, NTPDases become
important regulators of P2 receptor activation.

We have previously demonstrated that different glioma
cell lines exhibit low levels of NTPDase activity/expres-
sion, which might favor a disruption in P2 receptor
activation and tumor progression [20–23]. As NTPDase2
is the major ectonucleotidase present in astrocytes in
culture, we analyzed whether the overexpression of a
preferential ecto-ATPase would affect the in vivo glioma
growth. Surprisingly, NTPDase2 overexpression dramati-
cally increased tumor malignity [24]. In the present study,
we evaluated whether NTPDase2 reconstitution to gliomas
could modulate the systemic inflammatory response. Our
results show that NTPDase2 overexpression modulates the
pro-inflammatory cytokine production and platelet function
in vivo. Additionally, pathological alterations in the lungs
were observed in rats bearing these tumors. These data
support the notion that disruption of purinergic signaling
creates an inflammatory microenvironment that modulates
tumor cell progression and local invasiveness.

Material and methods

Cell culture and transient transfection The C6 rat glioma
cell line was obtained from the ATCC (Rockville,
Maryland, USA). Cells were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 5%
(v/v) fetal bovine serum (FBS; Cultilab, Brazil) and kept at
a temperature of 37°C, humidity of 95%/5% CO2 in air.
Enhanced yellow fluorescent protein (EYFP)-NTPDase2
was constructed by inserting NTPDase2 into the PBS-SKII
plasmid (Stratagene, La Jolla, CA, USA), and then inserting
it into pEYFP-C1 (Clontech Laboratories Inc., Palo Alto,
CA, USA). C6 cells at 80% confluence were transfected
with lipofectamine 2000 (Life Technologies, Invitrogen
Co., Carlsbad, CA, USA) according to the manufacturer’s
instructions with 1 μg/well of pEYFP/NTPDase2 (C6NT2),
or pEYFP empty vector (C6EYFP). Cell transfection and
the evaluation of plasmid functionality were performed
72 h post-transfection, as previously described [24].
NTPDase2 expression was confirmed by Western blot
using a mouse monoclonal anti-human NTPDase2 antibody
[25] and by evaluating the ATPase/ADPase activities in C6
glioma-transfected cells.

Glioma implantation The glioma implantation was made as
described by Braganhol et al. [24]. Briefly, C6, C6EYFP, or
C6NT2 glioma cells 72 h post-transfection (1×106 cells)
were injected in the striatum of male Wistar rats (250–270 g,
8 weeks old) anesthetized by intraperitoneal administration
of ketamine/xilazine. The negative control group (naive) was
carried out via the same procedure and received an injection
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of 3 μL of DMEM/5% FBS in the right striatum. All
procedures used in the present study followed the “Principles
of Laboratory Animal Care” from National Institutes of
Health (NIH) and were approved by the Ethical Committee
of the Hospital de Clínicas de Porto Alegre.

Pathological analysis Twenty days after glioma implanta-
tion, rats were decapitated and the liver, kidney, and lungs
were removed, sectioned, and fixed in 4% PFA in PBS
(pH 7.4). The fixed tissue sections were then stained with
hematoxylin and eosin and pathological analysis of the
slides was performed by a pathologist in a blinded manner.

Immunohistochemical staining Cryostat sections (5 μm)
from lung tissue were fixed in acetone, blocked in 1% albumin
solution, and incubated overnight (4°C) with the following
antibodies: rabbit anti-rat pAb P-selectin (1:500; BD
Pharmingen, USA) and rabbit anti-rat mAb nestin (1:200;
Chemicon, USA and Canada). Next, tissue sections were
incubated with biotinylated secondary antibody and streptavi-
din–avidin–biotin (kit Lsab, Dako, CA, USA). The peroxidase
reaction was performed using 3, 3′diaminobenzidine tetrahy-
drochloride, according to the manufacturer’s specifications.
Sections were counterstained with Harris hematoxylin. The
IHC slides were analyzed by a pathologist in a blinded manner.

Determination of cytokine levels in blood serum Twenty
days after glioma implantation, the blood samples of
animals of the naive, C6, C6EYFP, and C6NT2 groups
were collected by cardiac puncture. The blood samples
were centrifuged at 1,300×g at 4°C for 10 min. The
supernatant was rapidly frozen and stored at −80°C for the
later measurement of TNF-α, IL-1β, IL-6, and IL-10 levels
using specific enzyme-linked immunosorbent assay
(ELISA) kits, according to the recommendations of the
supplier (R&D Systems).

Platelet count The blood used for platelets count was
collected by cardiac puncture from anesthetized ketamin/
xilazin control and glioma-implanted rats into vacutainer
plastic tube containing 120 mM sodium citrate. Blood
samples were analyzed in a Coulter JT counter. The data are
expressed as the number of platelets×103/μL.

Isolation of platelets Platelet suspensions were prepared in
accordance to the method of Lunkes and colaborators [26],
with minor modifications. Total blood was collected by
cardiac puncture into a flask containing 120 mM sodium
citrate as anticoagulant. The total blood citrate system was
centrifuged at 160×g during 15 min in order to obtain the
platelet-rich plasma (PRP). The PRP was centrifuged at
1,400×g for 20 min and washed twice by centrifugation at
1,400×g for 10 min with 3.5 mM HEPES isosmolar buffer

pH 7.5 containing 142 mM NaCl, 2.5 mM KCl, and
5.5 mM glucose. The washed platelets were suspended in
HEPES buffer for subsequent assays.

Platelet aggregation The blood samples for platelet aggre-
gation assays were collected by cardiac puncture and then
centrifuged at 160×g for 15 min at room temperature to
achieve PRP suspensions. Platelet aggregation assays were
performed on a SpectraMax microplate reader (Molecular
Devices, USA). Briefly, platelet agonists 10 μM ADP,
2.0 mM CaCl2, and Tyrode/BSA buffer were mixed in 96-
well flat-bottom plates. Aggregation was triggered by the
addition of 100 μL of platelet suspension in a final reaction
volume of 150 μL. The plate was incubated for 2 min at
37°C before the beginning of stirring. Readings were
followed at 650 nm every 20 s for 20 min. Changes in
turbidity were measured in absorbance units and the results
were obtained as area under the aggregation curves.

Assay of ectonucleotide pyrophosphatase/phosphodiester-
ase activity The artificial substrate for E-NPPs, p-nitro-
phenyl 5′-thymidine monophosphate (p-Nph-5′-TMP), was
used as a substrate to evaluate the enzymatic activity in
C6EYFP and C6NT2 glioma cells [27]. The enzyme
reaction was started by the addition of p-Nph-5′-TMP to a
final concentration of 0.5 mM in a mixture medium
containing 2 mM CaCl2, 120 mM NaCl, 5 mM KCl,
10 mM glucose, 20 mM HEPES (pH 7.4), or 50 mM Tris–
HCl buffer (pH 8.9) in a final volume of 200 μL. After
60 min of incubation, the reaction was stopped by the
addition of 200 μL 0.2 N NaOH and the samples were
chilled on ice. Incubation times and substrate concentration
were chosen to ensure the linearity of the reaction. All
assays were carried out in triplicate. The amount of p-
nitrophenol released from the substrate hydrolysis was
measured at 400 nm using p-nitrophenol as standard.
Specific activity was expressed as picomoles of p-nitro-
phenol released per minute per milligram of protein.

Fig. 1 Biochemical characterization of NTPDase2 overexpression in
C6 glioma cell. NTPDase2 protein expression in transfected glioma
cells as evaluated by Western blot. COS-7 cells, transiently transfected
with NTPDase2 cDNA construct were used as a positive control (C+).
A specific band is detected at the expected molecular weight (66 kDa)
only in the protein samples from NTPDase2 transfected glioma cells
(C6NT2)
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Assay of ectonucleoside triphosphate diphosphohydrolase
activity The analysis of platelet nucleotide hydrolysis was
performed as described by Zanin and colleagues [28]. The
enzyme reaction was started by the addition of ATP, ADP,
or AMP as substrates (1.0 mM) in a reaction mixture
containing washed platelets (20 μg of protein), 50 mM

Tris–HCl (pH 7.4), 120 mM NaCl, 5 mM KCl, 6 mM
glucose, 5 mM CaCl2, for ATP and ADP, or 5 mM MgCl2
for AMP, pH 7.4, in a final volume of 200 μL. The
incubation was stopped by adding 200 μL trichloroacetic
acid (5%, final concentration). The release of inorganic
phosphate (Pi) was measured by the malachite green

Fig. 2 NTPDase2 overexpression in gliomas promoted histological
changes in the pulmonary tissue. To perform the histological analysis
in peripheral organs, equal amounts of C6EYFP or C6NT2 cells (1×
106 cells) were implanted in the right striatum of Wistar rat brains by
stereotaxical surgery. The animals were killed 20 days later and the
liver, kidney, and lung were dissected, processed for hematoxilin/eosin
standard stain and the histological analysis was performed by a

pathologist in a blinded manner. Representative sections of liver,
kidney, and lung are shown. Histological characteristics exhibited by
lung tissue from C6NT2 glioma-implanted rats indicate the presence
of pathological alterations: extensive immune cell infiltrate (IC) and
hemorrhage (H) (magnification ×20). The analyses were performed in
five animals per group. The complete histological evaluation is
presented in Table 1
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method [29] using KH2PO4 as Pi standard. The protein
concentration was measured by the Coomassie Blue
method [30] using bovine serum albumin as standard.
Specific activity was expressed as nanomoles of Pi released
per minute per milligram of protein.

Statistical analysis Data were expressed as mean±SD of
at least three independent experiments and were sub-
jected to one-way analysis of variance (ANOVA)
followed by Tukey–Kramer post-hoc test (for multiple
comparisons) or t student test, when necessary.
Differences between mean values were considered signif-
icant when P<0.05.

Results

Biochemical characterization of NTPDase2 overexpression
in C6 glioma cell The C6 glioma transfection resulted in
NTPDase2 protein expression as evaluated by Western
blot (Fig. 1); green fluorescence at the C6 glioma cell
surface 72 h post-transfection (data not shown) and in

high ATPase activity, with an ATP/ADPase ratio of around
20 (170±24 and 8.8±0.7 nmol Pi/min/mg of protein for
ATP and ADP, respectively), as expected for this enzyme.
The influence of NTPDase2 overexpression on the whole
pattern of nucleotide metabolism, especially on NPPs
activity was also evaluated. The analysis was performed
using the p-nitrophenyl 5′-thymidine monophosphate an
artificial substrate for NPP1-3 [27]. The NTPDase2 over-
expression did not alter the NPPase activity in C6 glioma
cells (0.56±0.25 vs 0.87±0.51 pmol p-nitrophenol/min/
mg of protein for C6EYFP and C6NT2, respectively at
pH 7.4; 3.79±1.08 vs 4.7±1.51 pmol p-nitrophenol/min/
mg of protein for C6EYFP and C6NT2, respectively, at
pH 8.9).

NTPDase2 expression in implanted gliomas promoted
pulmonary histological alterations in vivo We have previ-
ously shown that the NTPDase2 restoration to C6 glioma
promoted a dramatic tumor growth in vivo [24]. Here, we
investigated whether NTPDase2 overexpression in gliomas
could also impacts systemic responses. Twenty days after
glioma implantation, the major sites for cancer metastasis

Table 1 Histological characteristics of lungs from rats implanted with gliomas

Histology C6 (n=5) C6-EYFP (n=5) C6NT2 (n=5)

Focal hemorrhage 1/5 2/5 5/5

Lymphocytic infiltration 1/5 0/5 4/5

High cellularity 0/5 0/5 5/5

Twenty days following glioma implantation, lungs from rats implanted with C6, C6-EYFP, or C6-EYFP/NTPDase2 (C6NT2) were processed for
hematoxylin and eosin differential staining. The histological analysis was performed by a pathologist in a blinded manner. The histological
variables (focal hemorrhage, lymphocytic infiltration, and high cellularity) were scored as present or absent. The results are expressed as the
number of animals positive for the pathological characteristic in relation to the total number of animals per group

Fig. 3 NTPDase2 overexpression promoted the presence of nestin-
positive cells in lung tissue. The presence of glioma cells on lung tissue
was assessed by immunohistochemical analysis of nestin-positive cells, a
glioblastoma multiform marker. Arrows indicate nestin-positive cells
around blood vessels and inflammatory infiltrate in the lung tissue from

C6NT2 glioma-implanted rats (magnification ×40). The C6EYFP and
C6NT2 inserts represent the isotype control Ab for nestin and higher
magnification (×100) of nestin-positive cells, respectively. Experiments
were performed in five animals per group
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and vascular injury, including lung, kidney, and liver, were
excised and processed for histological analysis (Fig. 2).
While no histological changes were observed in the liver
and kidney, important alterations, such as focal hemor-
rhage, extensive lymphocytic infiltration and hypercellular-
ity were observed in the vasculature of lungs from
NTPDase2 glioma-implanted rats (Fig. 2 and Table 1). In
addition, the expression of nestin, a marker of immature
cells with high proliferative potential was evaluated by IHC
(Fig. 3). Interestingly, lung tissues from NTPDase2 glioma-
implanted rats exhibited the presence of nestin-positive
cells.

NTPDase2 overexpression in implanted gliomas induced an
increase in pro-inflammatory cytokine levels Taking in
consideration that nestin-positive cells in lung tissues were
localized within the inflammatory infiltrate and around blood
vessels (Fig. 3), we tested whether cytokines could be
involved in the mediation of the alterations observed in the

lung. Figure 4 shows that blood serum samples from rats
implanted with C6NT2-glioma had two times more of the
pro-inflammatory cytokine IL-1β (1,040±204 vs 2,345±
676 pg/mL), TNF-α (680±7 vs 1,500±500 pg/mL) and IL-6
(327±161 vs 698±163 pg/mL) when compared to C6EYFP
glioma-implanted rats. In contrast, the serum level of the
anti-inflammatory cytokine IL-10 remained unchanged
(Fig. 4). This is consistent with our previous study that
reports the increased malignant potential of NTPDase2-
derived gliomas [24], and suggests that the regulation of
inflammatory process by purinergic signals could be in-
volved in the peripheral effects caused by NTPDase2
overexpression in gliomas.

Inflammatory cytokines modulated platelet activation in
C6NT2 implanted gliomas Cytokines produced during
inflammatory responses coupled with low levels of ADP
can serve as strong stimuli for activating platelet function
[31]. Therefore, ectonucleotidase activities, important mod-

Fig. 4 NTPDase2 overexpression in gliomas promoted an increase in
the serum cytokine levels of glioma-implanted rats. Following 20 days
of C6EYFP or C6NT2 glioma implantation, the rats were anesthetized
with ketamin/xilazin and the blood was obtained by cardiac puncture.
The A IL-1β, B TNF-α, C IL-6, and D IL-10 serum levels (picograms
per milliliter) were evaluated by ELISA following the manufacturer’s

instructions. Animals not submitted to the surgery (Control) or
animals injected with DMEM/5% FBS in absence of tumor cells
(Naive) were taken as controls. The values represent the means±SD of
five animals per group. Data were analyzed by ANOVA followed by
post-hoc comparisons (Tukey’s test). *P<0.05, **P<0.01, and ***P<
0.001, significantly different from all groups
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ulators of P2-mediated platelet activation, were evaluated.
Figure 5 shows that ATP hydrolysis was increased in
platelets derived from C6EYFP and C6NT2 glioma-
implanted rats, when compared to control rats. However,
the ADP hydrolysis was significantly decreased only in
platelets from C6NT2 glioma-implanted rats. In addition, a
significant increase on AMP hydrolysis was observed in
platelets from these rats. Platelet number and platelet
aggregation have shown a significant increase in C6NT2
glioma-implanted rats (35% and 25%, respectively) when
compared to control group (Fig. 5B, C). Finally, lung
cryostat sections from rat-implanted gliomas were immu-
nostained with a P-selectin antibody which revealed
increased platelet sequestration in the lung tissue from
C6NT2 glioma-implanted rats (Fig. 5D).

Discussion

The data presented herein, allied to previous work
showing that NTPDase2 overexpression is involved in
increased glioma growth in vivo [24] suggest that this

enzyme may play a general role on process related to
tumor progress, including modulation of inflammatory
response. An important finding of the present study is that
C6NT2-gliomas-implanted rats exhibited histological
alterations in the pulmonary tissue, including nestin
immunopositivity. Nestin is a member of intermediate
filaments expressed by bone-marrow-derived cells, devel-
oping arteries from rat embryos and by neural stem cells,
being widely used as a glioma marker [32–36].
Considering that nestin expression was virtually absent
in lung tissue from adult rats [35], the immunopositivity
for this marker in the lungs of C6NT2 glioma-implanted
rats suggest a lung inflammatory response and a progres-
sion of vascular remodeling uncommon in adult animals
[36]. Although these processes are also related to an initial
malignant process, additional cell markers are required to
confirm this hypothesis.

Next, we hypothesized that NTPDase2 overexpression in
C6 glioma cells induced changes in the glioma–environ-
ment interaction, leading to cytokine production and
circulating platelet activation. The latter processes are
thought to drive the tumor cell epithelial–mesenchymal

Fig. 5 NTPDase2 overexpression-induced alterations in platelet
reactivity. A The ATPase, ADPase, and AMPase activities in platelets
from control (animals not submitted to surgery), C6EYFP or C6NT2
glioma-implanted rats. B Platelet aggregation from C6EYFP or
C6NT2 glioma-implanted rats. The platelet aggregation results are
expressed as the percentage in relation to control (animals not
submitted to surgery). C Platelet count from C6EYFP or C6NT2
glioma-implanted rats; C6EYFP was taken as control (platelet

reference value for Wistar rats 700×103 μL). D The presence of
platelet activation and recruitment to lung tissue was assessed by
immunohistochemical analysis of P-selectin positive cells, a platelet
activation marker. Arrows indicate P-selectin-positive platelets (mag-
nification ×40). The values represent the mean±SD of at least three
independent experiments performed in triplicate. Data were analyzed
by ANOVA followed by post-hoc comparisons (Tukey–Kramer test).
*P<0.05 and ***P<0.001, significantly different from controls
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transition, an important mechanism of tumor invasion [37,
38]. In agreement, C6NT2 glioma-implanted rats showed
an important increase of IL-1β, TNF-α, and IL-6 pro-
inflammatory cytokine serum levels when compared to
control. The inflammatory cytokines detected in the
serum may have multiple sources. They could be
produced by endothelial cells as well as circulating and
tumor-associated immune cells. However, the participa-
tion of tumor cells in the cytokine release, which is
known to have important role in leukocyte/macrophage
infiltration into the tumors and in organ-specific metas-
tasis [39], cannot be excluded. For example, IL-1β affects
the pattern of tumor–host interactions [40], and genetic
ablation in mice results in absence of metastatic tumors in
vivo [41]. Additionally, TNF-α up-regulates selectin
overexpression on endothelial cells, which promotes
tumor cell adhesion and migration [42, 43]. Finally, IL-6
accelerates tumorigenesis and its administration during
tumor initiation resulted in increased malignant potential
of the tumor [44].

In addition, we also demonstrate that C6NT2-gliomas
implanted rats exhibited an increase in platelet count,
activation, and sequestration to lungs. While the increase
in the ATP hydrolysis was similar in both groups of glioma-
implanted rats, the platelets from C6NT2 glioma-implanted
rats exhibited a decrease in ADP and an increase in AMP
hydrolysis. Data from the literature indicate that the
NTPDase1 is the main enzyme responsible for ATP and
ADP hydrolysis in platelets [45]. However, the presence of
other NTPDases cannot be excluded, since the modulation
of ATPase/ADPase activities in platelets from C6NT2
glioma-implanted rats was not parallel. Although the
presence of ectonucleotidases is critical for maintaining
the vascular homeostasis, little is known about its expres-
sion regulation at the molecular level. Modulated expres-
sion of NTPDase1 and ecto-5′-NT/CD73 has been closely
associated with inflammatory cytokines, oxidative stress,
and hypoxia [46–49]. Therefore, the pro-inflammatory
environment present in C6NT2 glioma-implanted rats may
modulate the ectonucleotidase expression in platelets. In
addition, considering that inflammatory cytokines and ADP
have a synergical effect on platelet activation [31], we
suggest that the alterations in the nucleotide metabolism by
platelets would modulate its aggregation and recruitment
properties. Although it remains to be elucidated whether the
platelet recruitment and inflammatory response is a cause or
consequence of larger C6NT2-gliomas, results from our
group showing that both apyrase/NTPDase1 treatment
(unpublished data) and NTPDase2 overexpression did not
affect the in vitro C6 glioma proliferation [24] suggest that
something other than the proliferative rate of C6 co-injected
with apyrase and C6NT2-derived gliomas accounts for the
difference in growth potential in vivo [23, 24]. These

results indicate that the effects of anti- or pro-tumor
mediated by P2R activation are related to the modulation
of extracellular nucleotide level in the in vivo tumor
environment.

In summary, the data presented in this work reinforce
previous data from our laboratory and points to a new role
of purinergic signaling in the glioma biology. Furthermore,
our findings reveal an important function of extracellular
nucleotides, probably ADP, in modulating cancer-related
inflammation events at distant sites.
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