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Abstract: The P2X7 receptor (P2X7R) is an exclusive member of the purinergic receptor family that plays a key role 
in tumor progression, including colorectal cancer (CRC). P2X7R supports the tumor cells to resist unfavorable condi-
tions by stimulating GLUT-1 expression. GLUT1 is the major glucose transporter in CRC cells and is indicated to be 
a poor prognostic indicator in patients with CRC. Recently, P2X7R and GLUT-1 are being investigated as prognostic 
biomarkers in the development of new treatment options. In this study, we aimed to investigate the prognostic 
value of P2X7R and GLUT-1 expression in CRC. We examined P2X7R and GLUT-1 expression in specimens of 196 
CRC patients, immunohistochemically. P2X7R expression was higher in patients with poorly differentiated tumors 
than in those with well differentiated ones (P = 0.001). P2X7R and GLUT-1 overexpression were correlated to TILs 
(P<0.001; P = 0.028, respectively), depth of invasion (P<0.001; P = 014, repectively), distant metastasis (P<0.001), 
and advanced TNM stage (P<0.001). Moreover, multivariate Cox regression analysis showed that P2X7R overex-
pression clearly correlated with worsened overall survival (HR 4.69; 95% CI 1.77-12.41; P = 0.002). Similarly, pa-
tients with GLUT-1 overexpression showed shorter overall and disease-free survival than those with low expression. 
Our data support that P2X7R and GLUT-1 may be used as an independent prognostic markers and may present new 
options in terms of targeted therapies for CRC patients.
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Introduction

Colorectal cancer (CRC), a common malignant 
tumor in the gastrointestinal tract, is the third 
most common malignant neoplasm around the 
world and the second cause of cancer-related 
deaths [1-3]. The incidence of CRC is increasing 
day by day. Such that, while 1.4 million new 
cases were reported in 2012, this number 
increased to 1.8 million in 2018 [4]. Many 
advanced methods have been used to defeat 
the aggressive biologic features of CRC, includ-
ing surgical approaches, chemotherapy, and 
targeted therapies, but the results are still 
unsatisfactory [3, 5, 6]. The prognosis of CRC is 
based on traditional histopathological exami-
nation, particularly evaluating the depth of 
tumor invasion (pT) and the status of lymph 
node metastasis (pN) [5]. However, the cause 
of different biological tumor behavior and the 
details of the molecular mechanisms underly-
ing the pathogenesis of CRC are not fully under-
stood [5, 6]. For this reason, new biomarkers 

are needed to obtain more information about 
the pathogenesis of CRCs as well as to de- 
termine more reliable prognostic parameters 
and perhaps to establish new treatment 
modalities. 

P2X7R is a member of the purinergic receptor 
family, which has attracted attention in recent 
years in relation to various malignant neo-
plasms [7, 8]. P2X7R plays an important role in 
regulating inflammatory events. This exclusive 
molecule that contributes both adaptive and 
innate immunity is expressed from almost all 
inflammatory cell types, including lymphocytes, 
macrophages, dendritic cells, monocytes, neu-
trophils, basophils, eosinophils, and mast cells 
[8-10]. In addition, the P2X7 receptor has key 
regulatory abilities on aerobic glycolysis. The 
cells that express P2X7R upregulate glucose 
transporter 1 (GLUT-1) and various glycolytic 
enzymes. Moreover, expression of P2X7R inhib-
its pyruvate dehydrogenase activity, whereas 
increases hypoxia inducible factor 1α (HIF-1α) 
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expression, and augments intracellular glyco-
gen stores. These data demonstrate that the 
P2X7R has an unique ability to reorganize cell 
metabolism to compensate for the needs 
caused by adverse environmental conditions 
[11]. P2X7R is considered to be an important 
mediator for tumor invasion and metastasis as 
well as its role in inflammation and aerobic gly-
colysis [12]. In a few recent studies, it is claimed 
that P2X7R is associated with aggressive clini-
cal features and poor prognosis in patients with 
CRC [5, 6]. A recent study revealed that P2X7R 
was significantly associated with tumor pro-
gression, migration, and invasion [7]. In anoth-
er study, it was reported that P2X7R regulate 
the cell survival and cell migration in ductal 
pancreatic adenocarcinoma cells and P2X7R 
allosteric inhibitor reduced cell proliferation 
[13]. Therefore, P2X7R may be a new biomark-
er for various cancers and a new option for tar-
geted therapies [7, 12, 13].

Tumor cells have enhanced glucose uptake 
compared to healthy cells, thanks to a number 
of facilitating glucose transporter molecules 
located in the cytoplasmic membrane. GLUT-1 
is one of these molecules that is facilitating glu-
cose up-take [14]. It is a key molecule that plays 
an important role in the transport and metabo-
lism of glucose in cancer cells as well as in nor-
mal cells [15]. GLUT-1 expression increases in 
hypoxic conditions due to reduced oxidative 
phosphorylation and HIF-1 induction [16]. 
Recent studies suggest that increased GLUT-1 
expression in various types of cancer [17, 18] 
can be observed. Therefore, it is assumed that 
high GLUT1 expression in human cancer cells 
may be an indicator of increased metabolic 
activity, increased energy usage, and aggres-
sive biological behavior [15]. 

There are very few studies on the prognostic 
significance of P2X7R expression in CRC [5, 6]. 
In this study, we aimed to investigate the prog-
nostic significance of P2X7R and GLUT-1 
expression in patients with CRC. In addition, we 
tried to analyze the effect of P2X7R expression 
on GLUT-1 overexpression and the role of these 
two molecules in the aggressive biological 
behavior of CRC.

Materials and methods

Patients and pathological materials

Present study was approved by the Ethical 
Committee of Fırat University on 17 September 

2019 with the approval number 13-08. The 
study population consisted of 196 patients 
with CRC treated by surgical resection between 
2009-2013 at a single institution. Patients 
were defined retrospectively by review of a 
pathological database. The cases that under-
went preoperative chemotherapy and radio-
therapy were not included to this study. The 
general clinical and pathological data were 
acquired from hospital medical archives and 
pathologic reports. The pathological materials 
of these patients were evaluated retrospective-
ly by two pathologists (Calik I and Türken G) at 
different times. Histological tumor types were 
determined according to the criteria of the 
World Health Organisation (WHO) classification 
system. The TNM stages of the cases were 
specified according to the American Joint 
Committee on Cancer (AJCC), 7th edition. 
Survival data of the patients were collected 
from hospital medical data-processing record. 
Overall survival (OS) was determined as the 
interval between the dates of surgery and 
death.

Tissue microarray and immunohistochemistry

Immunohistochemistry (IHC) was performed 
using 5-µm thick histological tissue microarray 
slides. The following antibodies were used: 
anti-P2X7R (ab48871, ABCAM, Cambridge CB2 
0AX, UK), anti-GLUT-1 (Ep141, ZETA, Arcadia 
CA91006, USA) and anti-CD8 (SP57, Ventana, 
Arizona, USA). The sections were stained using 
the Ventana Bench Mark Ultra autostainer 
(Ventana, Tucson, AZ-85755, USA) and the 
ultraView Universal DAB kit (Ventana, Tucson, 
AZ-85755, USA), following the manufacturer’s 
instructions. P2X7R and GLUT-1 expressions in 
tumor cells were evaluated by IHC. In addition, 
tumor infiltrating lymphocytes (TILs) were as- 
sessed by staining CD8. The immunostaining of 
each sample was examined by two objective 
researchers unaware of the clinical features, 
survival data, and pathological characteristics 
of the patients.

Evaluating of TILs

TILs density was evaluated using CD8 staining 
immunohistochemically and was scored as fol-
lows: Score 0, absent; score 1, weak, rare lym-
phocytes; score 2, moderate focal lymphocytic 
infiltration; and score 3, severe diffuse lympho-
cytic infiltration. Cases with scores of 0 and 1 
were defined as low-TILs, and those with scores 
of 2 and 3 were defined as high-TILs [19].
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P2X7 receptor expression scoring

The expression of P2X7R was evaluated by 
H-score (histochemistry score) which is ob- 
tained multiplying the staining intensity (0: neg-
ative, 1: weak staining, 2: medium staining, 3: 
strong staining) by the extent of staining (0, 
<10%; 1, 10%-25%; 2, 25%-70%; 3, >70%). 
H-score ranged from 0 to 9. The median value 
of the H score was accepted as the cut-off crite-
rion. The cases with H-score below this value 
were considered as low-P2X7R group and those 
above were characterized as high-P2X7R 
group. These criteria had previously been vali-
dated in various studies [5, 6].

GLUT-1 expression scoring

GLUT-1 expression in tumor cells was evaluated 
using a semi-quantitative scoring method vali-
dated in previous studies: score 0 = no stain-
ing; score 1 = 1-10% of cells stained; score 2 = 
10-50% of cells stained; and score 3 = more 
than 50% of the cells stained. Cases were divid-
ed into two groups as low-GLUT-1 (score 0-2) 
and high-GLUT-1 (score 3). When scoring, 
bleeding sites, containing abundant erythro-
cytes and ulcerated-necrotic areas were 
excluded [14, 16].

Statistical analysis

The data were analyzed statistically using SPSS 
v.20 software (IBM Corporation, Armonk, NY, 
USA) and were expressed as percentages, 
means, and standard deviations. The normal 
distribution of the data was evaluated with the 
Shapiro-Wilk test. P values >0.05 were accept-
ed as indicating a normal distribution. Kurtosis 
and skewness values between -2 and +2 were 
also considered to indicate a normal distribu-
tion. While independent sample t-test and 
ANOVA were used to determine the differences 
between the normally distributed groups, 
Mann-Whitney U and Kruskal-Wallis H tests 
were used to determine the differences 
between data that were not normally distribut-
ed. The relationships between survival times 
and prognostic parameters were evaluated 
using the Kaplan-Meier method (log-rank test). 
Cox regression analysis was applied to esti-
mate the hazard ratio (HR) and 95% confidence 
interval (CI) for univariate and multivariate 
models. The P<0.05 threshold was considered 
statistically significant for all data.

Results

Some classical clinical and pathological pa-
rameters are closely related to overall survival

Of patients, 89 were women and 107 were 
men. The range of age was 19-90 years. The 
median patient age was 60.0±13.84 years, 
and the mean follow-up time was 51.67±0.98 
months. The tumor was localized in the right 
colon of 74 (37.8%) patients and in the left 
colon those of 122 (62.2%). Sixty five (33.7%) of 
the cases included in the study were TNM stage 
I, 21 (10.7%) were stage II, 48 (24.5%) were 
stage III and 62 (31.6%) were stage IV. The com-
prehensive clinic and pathologic features are 
showed in Table 1. The univariate Cox regres-
sion analysis showed that age, tumor site, his-
tological grade, tumor infiltrating lymphocytes 
(TILs), depth of invasion (pT), lymph node 
metastasis (pN), and high TNM stage were sig-
nificantly correlated with poor prognosis (Table 
1). Among these, tumor site (P<0.001), TILs 
(P<0.001), and TNM stage (P<0.001) were 
determined to be more associated with surviv-
al. The mean OS in cases with TNM stage II was 
56.00±10.65 months, whereas it was signifi-
cantly lower in those with stage IV (38.27±14.54 
months). Similarly, the mean OS of patients 
with low-TILs density (Figure 1A) was signifi-
cantly lower than those with high density of TILs 
(Figure 1B) (40.69±15.92; 58.67±6.19, respec-
tively). According to our data, there were no cor-
relation between disease-free survival (DFS) 
and sex, tumor size, histopathologic tumor type, 
and vascular invasion (Table 1).

High P2X7R expression is associated with ag-
gressive clinical and pathological features

P2X7R expression was not seen in non-tumoral 
colonic mucosa (Figure 2A). In contrast, 77 
(39.3%) of the cases had overexpression of 
P2X7R. We specified the interrelationship 
between P2X7R expression and various classic 
pathological parameters of patients with CRC. 
According to the H-scores, we divided all cases 
with CRC (n = 196) into low-P2X7R expression 
group (Figure 2B) (n = 119, 60.7%) and high-
P2X7R expression group (Figure 2C) (n = 77, 
39.3%). As indicated in Table 2, high-P2X7R 
expression was significantly related with 
advanced age (P<0.001), right site (P<0.001), 
high grade (P = 0.001), low-TILs density 
(P<0.001) (Figure 3A), high-pT (P<0.001) 
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Table 1. The correlation of clinicopathologic characteristics with overall and disease-free survival (n = 
196)

Parameters n (%)
OS DFS

HR (95% CI) P value HR (95% CI) P value
Gender
    Male 107 (54.6) 0.91 (0.54-1.55) 0.754 0.93 (0.58-1.50) 0.784
    Female 89 (45.4)
Age 
    19-44 21 (10.7) 1.23 (0.34-4.42) 0.010 0.63 (0.26-1.48) 0.291
    45-54 65 (33.2)
    ≥55 110 (56.1)
Tumour site
    Right site 74 (39.7) 3.19 (1.86-5.47) <0.001 0.40 (0.24-0.64) <0.001
    Left site 122 (60.3)
Tumour size
    <5 cm 80 (40.8) 1.11 (0.64-1.89) 0.702 1.39 (0.84-2.30) 0.188
    ≥5 cm 116 (59.2)
Histopatologic type
    Adenocarcinoma 126 (64.3) 0.56 (0.25-1.29) 0.177 2.00 (0.97-4.15) 0.060
    Mucinous 51 (26.0)
    Signet-ring 19 (9.7)
Histologic grade
    Well 29 (14.8) 0.38 (0.21-0.69) 0.001 2.79 (1.26-6.19) 0.003
    Moderate 134 (68.4)
    Poor 33 (16.8)
Vascular invasion
    Absent 59 (30.1) 0.83 (0.46-1.50) 0.545 1.52 (0.86-2.66) 0.143
    Present 137 (69.9)
TILs
    Low 153 (78.1) 0.11 (0.02-0.45) 0.002 0.09 (0.05-0.16) 0.001
    High 43 (21.9)
Depth of invasion
    pT1 31 (15.8) 0.43 (0.24-0.77) 0.005 6.45 (2.31-17.97) <0.001
    pT2 75 (38.3)
    pT3 90 (45.9)
Lymph node status
    Absent 97 (49.5) 3.39 (1.64-6.99) 0.001 3.30 (1.82-5.92) <0.001
    1-3 52 (56.5)
    ≥4 47 (24.0)
Distant Metastasis
    Absent 132 (67.3) 0.49 (0.02-0.14) <0.001 16.97 (9.37-30.75) 0.042
    Present 64 (32.7)
TNM staging
    Stage I 65 (33.7) 0.12 (0.03-0.38) <0.001 3.73 (1.14-12.13) <0.001
    Stage II 21 (10.7)
    Stage III 48 (24.5)
    Stage IV 62 (31.6)
OS: overal survival; DFS: disease-free survival; HR: Hazard ratio; CI: confidence interval.
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(Figure 3B), high-pN (P = 0.001) (Figure 3C), 
and advanced TNM stage (P<0.001) (Figure 
3D), but not with other classic pathological 
parameters such as gender, tumor size, histo-
logical type, and vascular invasion. On the 
other hand, we found a significant relationship 
between P2X7R expression and GLUT-1 expres-
sion (P<0.001). Patients with P2X7R overex-
pression also had GLUT-1 up-regulation (Figure 
4).

Patients with high-P2X7R expression are cor-
related with low survival rates

Kaplan-Meier survival analysis was performed 
to compare the relationship between P2X7R 
expression and OS/DFS in patients with CRC 
(Figure 5A and 5B). By this means, we deter-
mined that the cases with high-P2X7R expres-
sion displayed clearly low mean survival time 
(41.51±0.71 months) than those with low-

Figure 1. Representative images showing density of CD8+ tumor infiltrating lymphocytes (TILs) (A), low density of 
CD8+ TILs (arrows) (B), high density of CD-8+ TILs (arrow) in colorectal cancer (×200).

Figure 2. Representative examples of P2X7R expression in CRC specimens: (A) No staining (normal mucosa adja-
cent to tumor) (×200); (B) Low-P2X7R expression (arrows) (×400) in a patient with early stage; (C) High-expression 
of P2X7R (arrows) (×400) in a patient with advanced TNM stage. A tissue microarray containing 196 primary CRC 
and adjacent non-tumoral colonic mucosa were exposed to immunohistochemical evaluation using an anti-P2X7R 
antibody. Cytoplasmic positivity in tumor cells was considered. Histochemical score was determined by considering 
the intensity of cytoplasmic staining in the cells and distributions.
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Table 2. The relationship between P2X7R and GLUT-1 expressions and classical clinicopathological 
parameters

Parameters
P2X7R expression GLUT-1 expression

Low n (%) High n (%) P value Low n (%) High n (%) P value
Gender
    Male 65 (54.6) 42 (54.5) 0.992‡ 87 (55.1) 20 (52.6) 0.787‡
    Female 54 (45.4) 35 (45.5) 71 (44.9) 18 (47.4)
Age 
    19-44 16 (13.4) 5 (6.5) <0.001† 19 (12.0) 2 (5.3) 0.002†
    45-54 50 (42.0) 15 (19.5) 60 (38.0) 5 (13.2)
    ≥55 53 (44.5) 57 (74.0) 79 (50.0) 31 (81.6)
Tumour site
    Right site 33 (27.7) 41 (53.2) <0.001‡ 56 (35.4) 18 (47.4) 0.174‡
    Left site 86 (72.3) 36 (46.8) 102 (64.6) 20 (52.6)
Tumour size
    <5 cm 53 (44.5) 27 (35.1) 0.189‡ 68 (43.0) 12 (31.8) 0.198‡
    ≥5 cm 66 (55.5) 50 (64.9) 90 (57.0) 26 (68.4)
Histopatologic type
    Adenocarcinoma 80 (67.2) 46 (59.7) 0.081† 105 (66.5) 21 (55.3) 0.423†
    Mucinous 32 (26.9) 19 (24.7) 39 (24.7) 12 (31.6)
    Signet-ring 7 (5.9) 12 (15.6) 14 (8.9) 5 (13.2)
Histologic grade
    Well 21 (17.6) 8 (10.4) 0.001† 24 (15.2) 5 (13.2) 0.223†
    Moderate 87 (73.1) 47 (61.0) 111 (70.3) 23 (60.5)
    Poor 11 (9.2) 22 (28.6) 23 (14.6) 10 (26.3)
Vascular invasion
    Absent 38 (31.9) 21 (27.3) 0.488‡ 44 (27.8) 15 (39.5) 0.162‡
    Present 81 (68.1) 56 (72.7) 114 (72.2) 23 (60.5)
TILs density
    Low 85 (71.4) 68 (88.3) <0.001‡ 121 (76.6) 32 (84.2) 0.028‡
    High 34 (28.6) 9 (11.7) 37 (23.4) 6 (15.8)
Depth of invasion
    pT1 26 (21.8) 5 (6.5) <0.001† 29 (18.4) 2 (5.3) 0.014†
    pT2 54 (45.4) 21 (27.3) 64 (40.5) 11 (28.9)
    pT3 39 (32.8) 51 (66.2) 65 (41.1) 25 (65.8)
Lymph node status
    Absent 72 (60.5) 25 (32.5) <0.001† 82 (51.9) 15 (39.5) 0.224†
    1-3 27 (22.7) 25 (32.5) 42 (26.6) 10 (26.3)
    ≥4 20 (16.8) 27 (35.1) 34 (21.5) 13 (34.2)
Distant Metastasis
    Absent 106 (89.1) 26 (33.8) <0.001‡ 118 (74.7) 14 (36.8) <0.001‡
    Present 13 (10.9) 51 (66.2) 40 (25.3) 24 (63.2)
TNM staging
    Stage I 57 (47.9) 8 (10.4) <0.001† 59 (37.3) 6 (15.8) <0.001†
    Stage II 15 (12.6) 6 (7.8) 15 (9.5) 6 (15.8)
    Stage III 34 (28.6) 14 (18.2) 45 (28.5) 3 (7.9)
    Stage IV 13 (10.9) 49 (63.6) 39 (24.7) 23 (60.5)
†: ANOVA, ‡: Mann-Vitney U.



P2X7R effect on CRC prognosis

113 Int J Clin Exp Pathol 2020;13(2):107-121

P2X7R expression (58.25±41.51 months). In 
addition, univariate and multivariate Cox 
regression analyzes were carried out to deter-
mine whether P2X7R expression and other 
pathological parameters could be used as inde-
pendent prognostic indicators of CRC patients. 
As shown in Table 3, P2X7R expression togeth-
er with TILs and TNM stage can be used as an 
independent indicator of poor prognosis in 
patients with CRC. In addition, when the cases 
were evaluated for DFS, both univariate and 
multivariate Cox regression analysis showed a 
significant correlation between high P2X7R 
expression and DFS (univariate: HR 9.98, 95% 
CI 5.89-17.82, P<0.001; multivariate: HR 3.85, 
95% CI 1.93-7.65, P<0.001) (Table 4).

GLUT-1 overexpression is significantly corre-
lated with aggressive pathological features

GLUT-1 expression was not observed in the 
non-tumoral colonic mucosa adjacent to the 

tumor (Figure 6A). The low expression of GLUT-
1 was observed in 158 (80.6%) of all cases 
(Figure 6B). When compared to adjacent nor-
mal colonic epithelium, tumoral sites from only 
38 (19.4%) patients showed an over-expression 
of the GLUT-1 (Figure 6C). The changing of clinic 
and pathologic parameters according to GLUT-
1 expression is shown in Table 2. There was no 
correlation between the GLUT-1 expression and 
gender, tumor site, tumor size, histopathologic 
type, grade, vascular invasion, and pN. However, 
GLUT-1 expression was closely related to TILs 
(P = 0.001, Mann-Whitney U). TILs were signifi-
cantly lower in cases with high GLUT-1 expres-
sion. Likewise, there was a significant differ-
ence between patients with low and high GLUT-
1 expression in terms of distant metastasis 
and TNM stage (P<0.001; P<0.001, respective-
ly, ANOVA). Distant metastasis rates were high-
er in patients with high GLUT-1 expression than 
in low ones (Figure 7). Again, patients with high 
GLUT-1 expression had a more advanced TNM 

Figure 3. Interrelation of P2X7R expression to classical clinicopathological parameters: the patients with high 
P2X7R expression showed low TILs density (A), advanced depth of tumor invasion (B), great number of lymph node 
metastasis (C), and advanced TNM stage (D).
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stage than those with low expression (Figure 
7).

Patients with GLUT-1 overexpression are asso-
ciated with short survival time

According to the Kaplan-Meier method, it was 
clear that patients with GLUT-1 overexpression 
had shorter OS and DFS times than patients 
with low GLUT-1 expression (Figure 8A and 8B). 
This indicates that patients with high GLUT-1 
expression have worse prognosis. Moreover, 
Cox multivariate analysis was performed to 
clarify the role of the GLUT-1 expression status 
in the survival times. As shown in Tables 3 and 
4, high GLUT-1 expression can be used as an 
independent prognostic parameter for both OS 
(multivariate: HR 1.84 95% CI 1.05-3.22, P = 
0.032) and DFS (multivariate: HR 1.52 95% 
0.96-2.01, P = 0.043).

Discussion

P2X7R, a cell membrane-associated purinergic 
receptor for ATP, is largely expressed in various 
inflammatory cells and plays an essential role 
in the development of rapidly occurring allergic 
inflammatory responses by allowing the release 
of important cytokines that regulate inflamma-

brilliant blue G (BBG) weakened inflammatory 
activity in TIM, leading to a decrease in tumor 
growth [24]. These data suggest that the 
effects of P2X7R on tumor progression may be 
mediated by tumor-associated inflammatory 
processes [5].

Surprisingly, activation of P2X7R may reveal 
contrary effects in cancer cells according to dif-
ferent environmental conditions and various 
factors. It may show a pro-tumoral effect in 
some conditions and an anti-tumoral effect in 
others [25, 26]. Among the purinergic recep-
tors, P2X7R is the most associated with cell 
proliferation. Basal activation of P2X7R stimu-
lates oxidative phosphorylation. It also contrib-
utes to tumor progression as it leads to 
increased intracellular ATP content. According 
to this view, tumor cells obtain an obvious pro-
liferative advantage when compared to nor- 
mal cells by activation of several intracellular 
pathways such as nuclear factor of activated  
T cells 1 (NFACTc1), extracellular signal-regulat-
ed kinase (ERK), phosphoinositide 3-kinase 
(PI3K)/protein kinase B (PKB) and HIF-1α. 
Coherent with the information aforemention- 
ed, many pharmaceutical molecules used as 
P2X7R blockers have been tested in preclinical 
animal models, including BBG for ovarian can-

Figure 4. Representative diagram of the relationship between P2X7R and 
GLUT-1 expression: there was a positive correlation between the expression 
of both molecules. The cases with high P2X7R expression showed GLUT-1 
overexpression.

tory events [5, 7, 9]. In addi-
tion to the expression of 
P2X7R mainly by various 
inflammatory cells, recent 
studies have reported the 
presence of P2X7R overex-
pression in various cancers 
[20-22]. Prolonged activation 
of P2X7R may promote tumor 
inflammatory microenviron-
ment (TIM) and cancer pro-
gression by facilitating chron-
ic inflammation. Tafani et al. 
stated that transcription fac-
tors such as HIF 1α and 
nuclear factor-kappa B (NF-
κB) stimulate P2X7R expres-
sion in cancer cells and then 
activated P2X7R stimulate 
aggressive biological behav-
ior and tumor invasion by trig-
gering NF-kB activation [23]. 
In addition, Ryu et al. report-
ed that in vivo inhibition of 
P2X7R via P2X7R antagonist 
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cer [27], AZ10606120 for pancreatic ductal 
adenocarcinoma [28], and A740003 for neuro-
blastoma [29]. In their study by transfecting 
mouse-P2X7R into mouse colon cancer cell 
line CT26, Adinolfi et al. showed that tumors 
expressing P2X7R have been shown to have a 
faster growth rate and to form a larger tumor 
mass. Subsequently, significant reduction in 
both growth rate and tumor size was observed 
with the injection of P2X7 blocker oxidized-ATP 
(oATP). Furthermore, it was found that tumors 
expressing mouse-P2X7 receptor in the CT26 
cell line had a thicker vascular network and 
showed intense positive staining with VEGF 

[30]. However, in a recent study supporting the 
anti-tumoral effect of P2X7R, P2X7R has been 
shown to have anti-angiogenic effects on both 
tumor endothelial cells (TEC) and tumor endo-
thelial progenitor cells (TEPC) [31]. In their 
study, Avanzato et al. reported that benzoyl ATP 
(BzATP), is a P2X7R agonist, has shown to sup-
press the migration of TECs in human breast 
cancer and thus slow down angiogenesis [31]. 
The anti-tumor effect of P2X7R can be prevent-
ed in vivo by reducing P2X7R functionality via 
adverse effects of conditions such as acidosis 
and hypoxia that are frequently found in some 
solid tumors. Furthermore, elevated ATP levels 

Figure 5. Representative Kaplan-Meier survival curves according to P2X7R expression. Patients with high-P2X7R 
expression had a worsened (A) overall and (B) disease-free survival rates than those with low-P2X7R expression.

Table 3. Univariate and multivariate Cox regression analysis of P2X7R and GLUT-1 expression for cor-
relation with overall survival

Parameters
Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value
Sex (male/female) 0.91 (0.54-1.55) 0.754 0.71 (0.40-1.26) 0.245
Age (19-44/45-54/≥55) 1.23 (0.34-4.42) 0.010 1.24 (0.78-1.97) 0.361
Location (right/left) 3.19 (1.86-5.47) <0.001 0.75 (0.41-1.38) 0.362
TILs (low/high) 0.18 (0.10-0.32) <0.001 0.48 (0.29-0.78) 0.003
pT (T1/T2/T3) 0.43 (0.24-0.77) 0.005 0.76 (0.45-1.29) 0.316
pN (absent/1-3/≥4) 3.39 (1.64-6.99) 0.001 1.14 (0.77-1.67) 0.498
TNM stage (I/II/III/IV) 0.12 (0.03-0.38) <0.001 2.56 (1.53-4.29) <0.001
P2X7R expression (low/high) 8.86 (6.05-14.14) <0.001 4.69 (1.77-12.41) 0.002
GLUT-1 expression (low/high) 5.03 (2.96-8.53) <0.001 1.84 (1.05-3.22) 0.032
HR: hazard ratio, CI: confidence interval.
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typically found in tumor stroma over-stimulate 
P2X7R to induce tumor cell death by increasing 
pro-apoptotic pores. This has been excitingly 
stated in various types of cancer. However, clin-
ical researches have been far from validating 
the anti-cancer effect of extracellular ATP stim-
ulation [25].

Despite many studies in various types of can-
cer, there are very few studies investigating the 
prognostic significance of P2X7R expression in 
CRCs. Qian et al. [5] in their study including 116 
cases, investigated the P2X7R expression pro-
file in CRC tissues. They found that P2X7R was 

significantly upregulated in human CRC tissues. 
Compared to peritumoral colorectal tissues, 
there was marked overexpression especially in 
highly malignant tumors. According to Qian et 
al. there was a statistical significance associ-
ated between high P2X7R expression and 
tumor size and lymph node metastasis in 
patients with CRC. Their results also stated that 
P2X7R overexpression was associated with 
higher tumor grade and advanced metastasis 
in CRC [5]. Morever, these findings may have 
implied that P2X7R ease the activation of the 
Akt/NF-κB signaling pathways in order to trig-
ger the expression of Cyclin D1 and thus play 

Table 4. Univariate and multivariate Cox regression analysis of P2X7R and GLUT-1 expression for cor-
relation with disease-free survival

Parameters
Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value
Sex (male/female) 1.06 (0.66-1.72) 0.784 0.71 (0.40-1.26) 0.245
Age (19-44/45-54/≥55) 1.58 (0.67-3.73) 0.291 1.24 (0.78-1.97) 0.361
Tumor site (right/left) 0.40 (0.24-0.64) <0.001 0.75 (0.41-1.38) 0.362
Grade (well/modarete/poor) 2.79 (1.26-6.19) 0.011 1.15 (0.73-1.81) 0.529
V.I. (absent/present) 1.52 (0.86-2.66) 0.143 0.77 (0.41-1.44) 0.442
TILs (low/high) 0.18 (0.10-0.32) <0.001 0.15 (0.08-0.27) <0.001
pT (T1/T2/T3) 6.45 (2.31-17.97) 0.001 0.91 (0.58-1.43) 0.707
pN (absent/1-3/≥4) 3.96 (2.14-7.31) <0.001 0.96 (0.67-1.36) 0.830
TNM stage (I/II/III/IV) 3.73 (1.14-12.13) 0.029 2.56 (1.52-3.20) <0.001
P2X7R expression (low/high) 9.98 (5.89-17.82) <0.001 3.85 (1.93-7.65) <0.001
GLUT-1 expression (low/high) 3.89 (2.36-6.42) <0.001 1.52 (0.96-2.01) 0.043
HR: hazard ratio; CI: confidence interval; V.I.: vascular invasion.

Figure 6. Representative images of GLUT-1 expression in tissues of patients with CRC: (A) No staining in non-tumoral 
mucosa (×200); (B) Low-GLUT-1 expression (arows) (×400); (C) High-expression of GLUT-1 (arrows) (×400). Samples 
of 196 patients were immunohistochemically stained with anti-GLUT-1 antibody. Cytoplasmic positivity in the cells 
was evaluated. During the examination, staining in the areas adjacent to the ulcer containing dense erythrocytes 
was excluded.
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an important role in advancing CRC cell 
proliferation.

P2X7R, an ATP receptor, was stated to contrib-
ute to tumor cell invasiveness. In prostate can-

cer cells, PI3K/AKT and ERK1/2 pathways were 
enhanced by the activation of P2X7R after ATP 
addition, with the downriver invasiveness-asso-
ciated genes Claudin-1, E-cadherin, IL-8, and 
MMP-3 which is intended as further inductors 

Figure 7. The correlation between GLUT-1 expression and classical clinicopathological parameters: the patients with 
GLUT-1 overexpression showed high-distant metastasis rates and advanced TNM stage.

Figure 8. Kaplan-Meier curves of (A) overall and (B) disease-free survival according to GLUT-1 expression. The pati-
ents with low GLUT-1 expression had significantly longer survival time than those with high expression.
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[32]. In addition, MMP-3-dependent tumor cell 
invasion was also showed in mouse-CRC [33]. 
These data implied that an overexpression of 
P2X7R may also induce MMP-3-dependent 
tumor cell invasion in CRC. In another study 
investigating the effect of P2X7R on metasta-
sis and prognosis in CRC, Zhang et al. reported 
that there was more prominent expression of 
P2X7R in patients with metastasis than in 
those without [6]. They determined that P2X7R 
expression was up-regulated in metastatic can-
cer cells and cell lines. In addition, Zhang et al. 
[6] reported that the survival time in CRC 
patients with P2X7R expression was signifi-
cantly shorter than in those with low expres-
sion. Similar to previous studies, in our study, 
more intense expression of P2X7R was seen in 
tumoral areas compared to non-tumoral sites. 
The expression of P2X7R was associated with 
classical clinic and pathological parameters 
such as age, localization, and histologic grade. 
P2X7R overexpression was closely correlated 
with aggressive pathological features including 
advanced-pT, increased number of metastatic 
lymph nodes, high distant metastasis rates, 
and advanced TNM stage. In addition, there 
also were interrelationship TILs and P2X7R 
expression. Interestingly, the tumors with 
P2X7R overexpression had low TILs density. 
When all these data are evaluated together, it 
can be said that P2X7R overexpression in CRC 
is closely related with tumor progression, inva-
siveness, and ability of distant metastasis. 
Furthermore, the low density of TILs in cases 
with P2X7R overexpression suggests that 
P2X7R promotes the inflammatory events at 
the early period of tumor, but significantly sup-
presses the host inflammatory response to the 
tumor as the process progresses. Additionally, 
in our study, P2X7R overexpression was shown 
to be associated with poor prognosis and low 
survival rates according to both univariate and 
multivariate Cox regression analysis. Moreover, 
according to our data, some classical prognos-
tic parameters, especially TILs density, pT, pN, 
and TNM stage, were closely related to both OS 
and DFS in univariate analysis. However, multi-
variate analysis showed that only TNM stage 
could be used as an independent prognostic 
marker.

P2X7R has also considerable effects on energy 
metabolism as well as other effects including 
inflammatory events and tumor progression. 

Basal expression of P2X7R promotes oxidative 
phosphorylation by moderately increasing cyto-
plasmic and mitochondrial Ca2+, but Ca2+ con-
centrations are kept below toxic levels [34]. In 
addition to stimulating oxidative phosphoryla-
tion, P2X7R also increases glucose uptake by 
stimulating GLUT-1 expression and supports 
aerobic glycolysis, thereby playing an important 
role in meeting the energy requirements of 
tumor cells [6, 11]. Therefore, P2X7R overex-
pression in CRC cells may positively affect 
tumor metabolism by stimulating GLUT-1 and 
may serve as a supportive factor for CRC tumor 
proliferation and metastasis [6]. GLUT-1, the 
first identified glucose transporter molecule, 
provide the necessary glucose uptake for ener-
gy metabolism by mediating the transport of 
basal glucose in tumor cells [35]. Many studies 
centering the GLUT-1 molecule have shown 
increased GLUT1 expression in various types of 
cancer [15, 17, 18, 36, 37]. This suggests that 
it may be a marker for malignant transforma-
tion [15]. Most of these studies showed that 
GLUT-1 overexpression could be a prognostic 
indicator in CRCs. Recently, Chung et al. [38] 
analyzed GLUT1 mRNA in the peripheral blood 
of 100 patients with CRC and found out high 
levels in patients with stage II and III CRC com-
pared with stage I; but, they did not further 
investigate whether GLUT1 is a prognostic fac-
tor in these patients. Earlier researches have 
demonstrated an interrelationship between 
Glut-1 overexpression and OS in CRC [36] and 
lung cancer [39], and DFS in ovarian cancer 
[40]. In addition, according to Airley et al., there 
was a significant correlation between increased 
Glut-1 expression and metastasis-free survival 
in patients with cervical carcinoma. However, it 
has been claimed that there is no significant 
relationship between P2X7R overexpression 
and DFS or local relapse [41]. In a later study 
Cooper et al. stated that the strong expression 
of Glut-1 was a significant prognostic factor for 
OS in rectal cancer patients independent of 
tumor stage and tumor size according to multi-
variate analysis. They also observed a signifi-
cant association with local recurrence-free sur-
vival, but no significant correlation was found 
between GLUT-1 expression and metastasis-
free survival [14]. Consistent with many previ-
ous studies, in our study, univariate and multi-
variate Cox regression analyzes clearly showed 
that GLUT-1 overexpression could be used as 
an independent poor prognostic marker for 
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both OS and DFS in patients with CRC. The 
expression of GLUT-1 was stronger in advanced 
stage patients than in low ones and these 
patients showed lower survival rates. The cor-
relation between GLUT-1 expression and lymph 
node metastasis has been previously reported 
in CRC [36, 42]. In contrast to previous studies, 
in this study, there was no statistically signifi-
cant relationship between GLUT-1 overexpres-
sion and pN. In addition, there also was no cor-
relation between GLUT-1 expression and sex, 
tumor site, histologic grade, and vascular inva-
sion in our data. In contrast, GLUT-1 overex-
pression was closely associated with advanced 
tumor depth of invasion, high TILs density, high 
distant metastasis rate, and advanced TNM 
stage. Based on these findings, it might be 
expressed that GLUT1 overexpression plays an 
important role of tumor growth and progression 
and is a potential biomarker for prognosis in 
patients with CRC.

We also investigated whether there was a cor-
relation between P2X7R expression and GLUT-
1 expression. According to our data, the expres-
sion intensities of both molecules, which were 
determined immunohistochemically, were sta-
tistically correlated with each other. In patients 
with P2X7R overexpression, GLUT-1 upregula-
tion was also determined at the same time. 
This data supporting the hypotheses men-
tioned in previous studies [6, 11] has shown 
that P2X7R facilitates glucose uptake in tumor 
cells by increasing GLUT-1 expression and 
thereby enable tumor cells to easily adapt  
to unfavorable microenvironment conditions. 
Moreover, it can be claimed that P2X7R and 
GLUT-1 exhibit complementary effects, leading 
to tumor progression and aggressive biological 
behavior.

As a summary, we determined that P2X7R over-
expression was significantly correlated with 
aggressive clinical and pathological features. 
Furthermore, the patients with P2X7R overex-
pression showed poor OS and DFS. Similarly, it 
was shown that GLUT-1 overexpression is a 
poor prognostic indicator and can be used as 
an independent prognostic parameter in 
patients with CRC. Thus, it may be considered 
that P2X7R and GLUT-1 may serve as a valu-
able biomarker in predicting prognosis for 
patients with CRC in the future and may be a 
potential therapeutic target.
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