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INTRODUCTION

Gastric cancer (GC), caused roughly 780,000 deaths in 
2018, is one of the most common cancers in developed coun-
tries and is the second cause of cancer-related mortality in 
addition to lung cancer [1-3]. GCs are histologically highly het-
erogeneous tumors. There are several classification systems 
such as Lauren’s and World Health Organization (WHO) 
classifications for this cancer [4-6]. GCs are classified into 
three main histological groups as intestinal, diffuse, and inde-
terminate types according to Lauren’s design [5]. Intestinal 
type predominantly affects men and occurs in older ages. 
Distal (non-cardiac) involvement and intestinal metaplasia are 
common in this type. However, diffuse GC occurs in younger 
patients, prefers proximal localization, and is associated with 
unfavorable prognosis [4]. Surgical modalities are the most 
appropriate treatment option for patients with GC who want 

long-term survival. However, the prognosis is very poor, as the 
majority of patients are diagnosed at advanced stages char-
acterized by invasion or metastasis rather than asymptom-
atic early stage [7]. Therefore, new biomarkers are needed to 
predict prognosis in patients with GC and to discover target 
treatment options.

The P2X receptors (P2XR) identified as seven subunits 
(P2X1-7) are ATP-gated calcium-permeable cationic chan-
nels. Of these, in particular, the P2X7R is of increasing atten-
tion as a possible therapeutic target for the treatment of 
some diseases, including certain cancers [8-11]. P2X7R plays 
an important role in regulating inflammatory events. This 
exclusive molecule that is contribute both adaptive and innate 
immunity is expressed from almost all inflammatory cell types, 
including lymphocytes, macrophages, dendritic cells, mono-
cytes, neutrophils, basophils, eosinophils, and mast cells [12]. 
In addition, the P2X7R has a key regulatory ability on aero-
bic glycolysis. The cells expressing P2X7R upregulate glucose 
transporter 1 as well as various glycolytic enzymes [13]. P2X7R 
localized to the cytoplasmic membrane is considered to be 
an important mediator for tumor invasion and metastasis as 
well as its role in inflammation and aerobic glycolysis [12]. 
In a few recent studies, it is claimed that P2X7R expression 
in tumor cells associated with aggressive clinical features 
and poor prognosis in patients with colorectal cancer (CRC) 
[14,15]. In another study, it was reported that P2X7R regulates 
the cell survival and cell migration in ductal pancreatic ade-
nocarcinoma cells, and P2X7R allosteric inhibitor reduced cell 
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ABSTRACT

Gastric cancer (GC) is one of the foremost causes of cancer-related death around the world. The P2X7 receptor (P2X7R), a member of the 
P2X7R subfamily of P2 receptors, is a unique molecule that has been shown to affect tumor growth and progression as well as various inflam-
matory processes, including proliferation of T lymphocytes, release of cytokines, and production of free oxygen radicals. P2X7R has been estab-
lished as a prognostic parameter in some cancers, and recently, it has been investigated in the development of new targeted therapies. In the 
present study, we aimed to investigate the prognostic value of P2X7R expression in GC. The expression profile of P2X7R was evaluated immu-
nohistochemically in 156 paraffin-embedded human GC specimens. P2X7R expression was higher in patients with lymph node metastasis than 
in those without (p < 0.001). P2X7R overexpression was closely related with tumor-infiltrating lymphocytes (TILs) (p = 0.001), vascular invasion 
(p = 0.006), depth of invasion (p < 0.001), distant metastasis (p < 0.001), and advanced tumor, node, metastasis stage (p < 0.001). Moreover, 
univariate (hazard ratio [HR] 3.98; 95% confidence interval (CI) 1.89-11.82; p < 0.001) and multivariate (HR 2.24; 95% CI 3.53-12.50; p < 0.001) Cox 
regression analysis showed that upregulated P2X7R expression clearly correlated with worsened overall survival. In summary, our data revealed 
that P2X7R may serve as a reliable prognostic parameter and promising therapeutic target for GC.
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proliferation [16]. Therefore, P2X7R may be a new biomarker 
for various cancers and a new option for targeted therapies. 
To the best of our knowledge, however, there is no large-scale 
clinical study investigating the association of P2X7R expres-
sion with GC prognosis. In our opinion, this study is the first 
clinical research to this issue.

In this study, we aimed mainly to investigate whether 
P2X7R expression adversely effects on overall and disease-free 
survival of patients with GC. We also aimed to evaluate the 
effects of classical clinical and pathological parameters such 
as tumor localization, Goseki histological grade, and CD8+ 
tumor-infiltrating lymphocytes (TILs) on prognosis.

MATERIALS AND METHODS

Patients and pathological review

This study included 156 patients who underwent surgery 
for GC in Fırat University Faculty of Medicine between 2010 
and 2015. Patients who received adjuvant chemotherapy were 
excluded from the study. Clinical information of patients 
was obtained from the electronic data center of our hospital. 
Pathological materials of the cases were reevaluated by two 
pathologists in terms of tumor localization, histopathological 
type, histological grade, Goseki grade, lymphovascular inva-
sion, perineural invasion, TILs, depth of invasion (pT), lymph 
node metastasis (pN), and tumor, node, metastasis (TNM) 
stage. Histological tumor types were specified according to 
the criteria of the WHO classification system and the Lauren’s 
classification. Patients were divided into four groups accord-
ing to Goseki histological grading system. The TNM stages of 
the cases were determined according to the American Joint 
Committee on Cancer, 7th edition [17]. The patients have been 
subdivided into four groups according to the pT category: T1 
(tumor invades lamina propria, muscularis mucosa, or sub-
mucosa), T2 (tumor invades muscularis propria), T3 (tumor 
penetrates subserosal connective tissue without invasion of 
visceral peritoneum or adjacent structures), and T4 (tumor 
invades serosa or adjacent structures). While evaluating vas-
cular invasion, tumor embolus was investigated in lymphatic 
and blood vessels in tumor areas in routine preparations with 
hematoxylin-eosin staining. The cases were divided into two 
groups with and without vascular invasion. Survival data of 
the patients were collected from the hospital medical data 
processing record. Overall survival (OS) was determined as 
the interval between the dates of surgery and death.

Immunohistochemistry (IHC)

For immunohistochemical examination, 5-µm thick 
sections from paraffinized tumor tissues were used. In the 
immunophenotypic staining process, the following antibodies 

were applied: Anti-P2X7R (ab48871, ABCAM, Cambridge 
CB2  0AX, UK) and anti-CD8 (SP57, Ventana, Arizona, 
USA). The prepared paraffinized sections were stained using 
the Ventana BenchMark ULTRA coater (Ventana, Tucson, 
AZ-85755, USA) and the ultraView Universal DAB kit 
(Ventana, Tucson, AZ-85755, USA) following the manufac-
turer’s instructions. The intensity and distribution of P2X7R 
expression in cancer cells were evaluated immunohistochem-
ically. In addition, the TILs density was assessed by CD8 stain-
ing. Immunostaining of each sample was examined by two 
objective investigators unaware of the clinical features, sur-
vival data, and pathological features of the patients.

Scoring of P2X7R expression

The expression of P2X7R in tumor cells was evaluated by 
IHC-score which is obtained multiplying the staining intensity 
(cytoplasmic and membranous) (0: Negative, 1: Weak stain-
ing, 2: Medium staining, and 3: Strong staining) by the extent 
of staining (0: <10%; 1:  10% −25%; 2:  25% −70%; and 3: >70%.). 
IHC-score ranged from 0 to 9. The median value of the IHC 
score (2.89±3.32) was accepted as the cutoff criterion. The 
cases with IHC-score below this value were considered as a 
low-P2X7R group and those above were characterized as a 
high-P2X7R group. These criteria had previously been vali-
dated in various studies [14,15].

Evaluating of CD8+ TILs density

The density of CD8 + TILs was evaluated considering 
previous studies [18,19]. Shortly, five fields with the intense 
infiltration of GC were selected from each slide and the per-
centages of CD8+ TILs were calculated. The average of five 
fields was used as the density of CD8+ TILs. First, a semi-quan-
titative staining score was determined according to the follow-
ing scale: 1 (<1% cells); 2 (1-10% cells); 3 (11-33% cells); 4 (34-66% 
cells); and 5 (67-100% cells). The cells with positive immunore-
activity were described as those showing partial or complete 
positivity in the cytoplasm and/or plasma membrane. Second, 
staining density was scored as follows: 0 (absent), 1+ (slight), 
2+ (moderate), and 3+ (intense). Finally, scores (ranging from 1 
to 8) were calculated by adding the percentage staining scores 
and the density scores for each slide. The cases were divided 
into two groups as a low and high density of CD8 + TILs using 
median value (2.37±2.12).

Statistical analysis

All of the data were analyzed statistically using SPSS v.26 
software (IBM Corporation, Armonk, NY, USA). Results 
were expressed as percentages, means, and standard devia-
tions. Normality was checked using the Shapiro-Wilk test. 
Furthermore, the kurtosis and skewness values between 
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−0.5 and +1.5 were considered to indicate normality. While 
independent samples t test and ANOVA were used to deter-
mine the differences between the groups showing normal dis-
tribution, Mann–Whitney U test was used to determine the 
differences between groups without normal distribution. The 
relationship between survival and prognostic parameters was 
evaluated using the Kaplan–Meier method (log-rank test). 
For univariate and multivariate models, Cox regression anal-
ysis was performed to estimate the hazard ratio (HR) and 95% 
confidence interval (CI). p < 0.05 was considered statistically 
significant for all data.

RESULTS

Many basic pathological parameters were closely 
related to overall and disease-free survival

Of the patients included in this study, 95  (60.9%) were 
male and 61  (39.1%) were female. The minimum and maxi-
mum ages were 25 and 86, respectively. The mean age was 
63.92±1.08  years. Since most patients were diagnosed at an 
advanced stage, the mean survival time was 37.98±1.15 months 
and the 5-year survival rate was only 21.8%, unfortunately. The 
majority of our cases consisted of Stage III (n=58; 37.2%) and 
Stage IV (n = 49; 31.4%) patients. Other clinical and patholog-
ical data are shown in Table 1 in detail. According to univari-
ate Cox regression analysis, tumor site, histopathologic tumor 
type, histological grade, Goseki grade, vascular invasion, depth 
of invasion (pT), lymph node metastasis (pN), and advanced 
TNM stage were found to be significantly correlated with 
poor prognosis (Table  1). Among these, pN (p < 0.001) and 
TNM stage (p < 0.001) was found to be more closely related to 
survival. While the mean OS was 49.14±1.09 month and DFS 
was 42.23±2.16  month in TNM Stage II patients, they were 
significantly lower in Stage IV patients (24.77±1.04  month 
and 16.67±1.04  month, respectively) (Figure  1A and B). 
Similarly, the mean OS and DFS (56.83±1.34  month and 
51.83±2.01 month, respectively) in cases without lymph node 
metastasis were significantly higher than in patients with 
metastases to more than 7 lymph nodes (30.0±1.37 month and 
22.27±1.40 month, respectively). According to our data, other 
clinicopathological parameters such as gender, age, tumor size, 
and perineural invasion did not have a statistically significant 
effect on OS (Table 1).

High expression of P2X7R was correlated with 
aggressive clinical and pathobiological behavior

P2X7R expression was not determined in non-tumoral 
colonic mucosa, immunohistochemically (Figure  2A). We 
specified the interrelationship between P2X7R expression 
and various classic pathological parameters of patients with 

CRC. In accordance with the IHC scores, 156 patients with 
GC were split into two groups as low-P2X7R expressing 
(n = 96, 61.5%) (Figure 2B) and high-P2X7R expressing (n = 
60, 38.5%) (Figure  2C) ones. As indicated in Table 2, high-
P2X7R expression was significantly related with vascular 
invasion (p  <  0.001; Figure 3A and B), low TILs-density 
(p < 0.001), high-pT (p < 0.001; Figure 3C and D), high-pN 
(p  =  0.001; Figure 3E), distant metastasis (Figure 3F), and 

TABLE 1. The effect of classical clinical and pathological 
parameters of gastric cancer on disease-free survival (n=156)

Parameters n (%)
DFS

p value
HR (95% CI)

Tumor site
Proximal 43 (27.6) 1.89 (1.12-3.19) 0.017
Middle 34 (21.8)
Distal 57 (36.5)
Diffuse 22 (14.1)

Histopathologic type
Adenocarcinoma 94 (60.3) 1.36 (1.13-1.65) 0.002
Mucinous 25 (16.0)
Signet ring 37 (23.7)

Histologic grade
Well 16 (10.3) 1.29 (1.01-1.65) 0.042
Moderate 68 (43.6)
Poor 72 (46.2)

Goseki grade
I 63 (40.4) 1.16 (1.01-1.32) 0.021
II 12 (7.7)
III 34 (21.8)
IV 47 (30.1)

Vascular invasion
Absent 34 (21.8) 1.74 (1.16-2.61) 0.007
Present 122 (78.2)

Perineural invasion
Absent 57 (36.5) 1.14 (0.81-1.61) 0.439
Present 99 (63.5)

TILs
Low 124 (79.5) 2.23 (1.45-3.43) 0.002
High 32 (20.5)

Depth of invasion
pT1 9 (5.8) 2.01 (1.58-2.53) 0.006
pT2 17 (10.9)
pT3 92 (59.0)
pT4 38 (24.4)

Lymph node status
Absent 18 (11.5) 1.83 (1.53-2.17) <0.001
1-2 32 (20.5)
3-6 47 (30.1)
≥7 59 (37.8)

Distant metastasis
Absent 98 (62.8) 5.68 (3.86-8.37) <0.001
Present 58 (37.2)

TNM staging
Stage I 15 (9.6) 2.76 (2.21-3.44) <0.001
Stage II 34 (21.8)
Stage III 58 (37.2)
Stage IV 49 (31.4)

DFS: Disease-free survival; HR: Hazard ratio; CI: Confidence interval; 
TILs: Tumor-infiltrating lymphocytes
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advanced TNM stage (p < 0.001), but not with other clini-
copathological parameters such as gender, age, tumor size, 
tumor site, histological type, histological grading, and Goseki 
grade.

Low survival rates were observed in patients with 
high P2X7R expression

The Kaplan–Meier survival analysis was used to assess the 
relationship between P2X7R expression and survival times 
in patients with GC (Figure  4A and B). The group express-
ing high P2X7R showed a clearly lower mean survival time 
(23.83±0.63  months) than those with low P2X7R expression 
(46.83±1.10  months). In addition, univariate and multivari-
ate Cox regression analyses were carried out to determine 
whether P2X7R expression and other pathological param-
eters could be used as independent prognostic indicators of 
GC patients. When evaluated in terms of OS, it was deter-
mined that P2X7R expression together with pN and TNM 
stage could be used as an independent predictor of poor 
prognosis in patients with GC (Table 3). In addition, when the 
cases were reviewed for DFS, both univariate and multivar-
iate Cox regression analysis showed a significant correlation 
between high P2X7R expression and DFS (univariate: HR 
4.37, 95% CI 4.13-12.02, p < 0.001 and multivariate: HR 2.51, 
95 % CI 6.84-12.90, p < 0.001).

Low CD8+ TILs density had a negative effect on 
prognosis in GC patients

The patients were divided into two groups as the low 
(n = 124, 79.5%) (Figure 5A) and high (n = 32, 20.5%) (Figure 5B) 
TILs density group according to CD8+ TILs density. Low TILs 
density was observed more in patients with diffuse-type tumor 
than in intestinal ones. In addition, low CD8+ TILs density 
was correlated with lymph node metastasis (p < 0.001), distant 
metastasis (p = 0.045), and advanced TNM stage (p < 0.001). 
Moreover, Kaplan–Meier survival curves showed that the OS 
periods of the low CD8+ TILs density group were significantly 
shorter than the high-density group (Figure  6A). However, 
multivariate cox regression analysis showed no significant dif-
ference between low CD8+ TILs density group with high ones 
(HR 1.72, 95% CI 0.89-3.32, p = 0.105). On the other hand, there 
was an inverse correlation between TILs density and P2X7R 
expression. Obviously, P2X7R overexpression was observed in 
cases with low TILs density, whereas the group with high TILs 
density showed low P2X7R expression (Figure 6B).

DISCUSSION

Various studies supporting each other have asserted that 
chronic inflammation is an important factor caused to can-
cer progression [14]. P2X7R, a purinergic receptor for ATP, is 

FIGURE 1. Overall and disease-free survival times of patients according to the tumor, node, metastasis (TNM) stage. (A) In 
advanced TNM stage patients, survival times were significantly lower than TNM Stage I ones (p < 0.001, Log Rank). (B) Likewise, 
disease-free survival time was significantly shorter in patients with TNM Stage IV than those in Stage I (p < 0.001, Log Rank). 
Quantitative data were expressed as mean ± standard deviation.

A B

FIGURE 2. Representative examples of P2X7 receptor (P2X7R) expression in gastric cancer specimens: (A) No staining (nor-
mal mucosa adjacent to tumor) (×200); (B) low-P2X7R expression of tumor cells (arrows) in a patient with early-stage (×400); 
(C) high-expression of P2X7R (×400) in a patient with advanced tumor, node, metastasis (TNM) stage. The high expression group 
showed intense cytoplasmic and membranous staining.

A CB
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mainly expressed in various inflammatory cells and plays an 
essential role in the development of rapidly occurring allergic 
inflammatory responses by allowing the release of import-
ant cytokines that regulate inflammatory events [14,15,20]. 
In the present study, we first examined the expression profile 
of P2X7R in GC samples immunohistochemically and found 
that P2X7R was significantly upregulated in human GC tis-
sues compared to peritumoral gastric mucosa. We revealed 
that high P2X7R expression was importantly correlated with 
vascular invasion, pT, pN, distant metastasis, and advanced 
TNM stage in GC patients. Particularly, both univariate and 

multivariate Cox regression analysis revealed that P2X7R 
could serve as an independent predictor of poor prognosis 
in GC patients. These findings implied that P2X7R plays an 
important role in GC progression and might be important in 
determining the prognosis of patients with GC.

Recently, various researches have reported that the pres-
ence of P2X7R overexpression in some cancer types [15,21-23]. 
Liu et al. reported that high P2X7R expression induces worse 
clinical outcomes in patients with clear cell renal cell carci-
noma, including cancer-specific survival and advanced TNM 
stage [24]. Prolonged activation of P2X7R, which plays a key 
role in various inflammatory events, may promote tumor 
inflammatory microenvironment (TIM) and cancer pro-
gression by facilitating chronic inflammation [14]. Tafani 
et al. reported that transcription factors such as HIF 1α and 
nuclear factor-kappa B (NF-κB) stimulate P2X7R expression 
in cancer cells, and then activated P2X7R stimulate aggressive 
biological behavior and tumor invasion by triggering NF-κB 
activation [25]. In addition, Ryu et al. stated that in vivo inhi-
bition of P2X7R through P2X7R antagonist brilliant blue G 
weakened inflammatory activity in TIM, leading to a decrease 
in tumor growth [26]. These data suggested that the effects of 
P2X7R on tumor progression might be mediated by tumor-as-
sociated inflammatory processes. In an interesting study, 
Jelassi et al. reported that P2X7R is over-expressed in highly 
aggressive breast cancer cells and contributes greatly to tumor 
invasiveness [27]. In another study, including 116  cases with 
CRC, investigated the P2X7R expression profile in CRC tis-
sues [14]. Qian et al. found that P2X7R was significantly upreg-
ulated in human CRC tissues. Moreover, they found out that 
P2X7R might facilitate the activation of Akt and NF-κB sig-
naling pathways to trigger the expression of cyclin D1. And so, 
they implied that P2X7R plays an important role in promoting 
CRC cell proliferation. These data suggest that P2X7R may 
establish a link between chronic inflammation and tumor pro-
gression through activation of classical oncogenic pathways.

In a recent study, Qiu et al. claimed that P2X7R contributes 
to tumor cell invasiveness [28]. In prostate cancer cells, PI3K/
AKT and ERK1/2 pathways were enhanced by the activation 
of P2X7R after ATP addition, with the downriver invasive-
ness-associated genes Claudin-1, E-cadherin, interleukin-8, 
and matrix metalloproteinase-3 (MMP-3) which is attend as 
further inductors [28]. In addition, MMP-3-dependent tumor 
cell invasion was also showed in mouse-CRC [29]. These data 
implied that an overexpression of P2X7R may also induce 
MMP-3-dependent tumor cell invasion in cancer. In another 
study, Zhang et al. reported that P2X7R expression was higher 
in CRC patients with metastatic disease than non-metastatic 
ones [15]. They revealed that P2X7R expression was upreg-
ulated in metastatic cancer cells and cell lines. In addition, 
Zhang et al. stated that the survival time in CRC patients with 

TABLE 2. The interrelationship between P2X7R expression 
and clinicopathological parameters

Parameters
P2X7R expression

Low n (%) High n (%) p value
Lauren’s

Intestinal 67 (69.8) 26 (43.3) 0.068‡
Diffuse 24 (25.0) 28 (46.7)
Indeterminate 5 (5.2) 6 (10.0)

Histopathologic type
Adenocarcinoma 67 (69.8) 27 (45.0) 0.115‡
Mucinous 14 (14.6) 11 (18.3)
Signet ring 15 (15.6) 22 (36.7)

Histologic grade
Well 14 (14.6) 2 (3.3) 0.064‡
Moderate 42 (43.7) 27 (45.0)
Poor 40 (41.7) 31 (51.7)

Goseki grade
I 46 (47.9) 17 (28.3) 0.586‡
II 6 (6.3) 6 (10)
III 22 (22.9) 12 (20)
IV 22 (22.9) 25 (41.7)

Vascular invasion
Absent 27 (28.1) 7 (11.7) 0.006†
Present 69 (71.9) 53 (88.3)

TILs density
Low 31 (32.3) 1 (1.7) 0.001†
High 65 (67.7) 59 (98.3)

Depth of invasion
pT1 9 (9.4) 0 (0) <0.001††
pT2 15 (15.6) 2 (3.3)
pT3 62 (64.6) 30 (50.0)
pT4 10 (10.4) 28 (46.7)

Lymph node status
Absent 18 (18.8) 0 (0) <0.001††
1-2 27 (28.1) 5 (8.3)
3-6 27 (28.1) 20 (33.3)
≥7 24 (25.0) 35 (58.4)

Distant metastasis
Absent 80 (83.3) 18 (30.0) 0.002†
Present 16 (16.7) 42 (70.0)

TNM staging
Stage I 15 (15.6) 0 (0) <0.001†
Stage II 32 (33.3) 2 (3.3)
Stage III 39 (40.6) 19 (31.7)
Stage IV 10 (10.5) 39 (65.0)

†: t-test; ‡: Mann–Whitney U test; ††: ANOVA; TILs: Tumor-infiltrating 
lymphocytes; P2X7R: P2X7 receptor; TNM: Tumor, node, metastasis
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P2X7R expression was significantly shorter than in those with 
low expression. Similar to the previous studies on the other 
cancers, our study showed more intense P2X7R expression in 

tumoral sites compared to non-tumoral regions. In this study, 
maybe the first study investigating the effect of P2X7R expres-
sion on the prognosis of GC, P2X7R overexpression was 

FIGURE 4. Representative Kaplan–Meier survival curves are seen according to P2X7 receptor (P2X7R) expression. (A) Patients 
with high-P2X7R expression had a worsened overall survival (p < 0.001, Log Rank). (B) Disease-free survival times were signifi-
cantly higher in cases with downregulated P2X7R expression (p < 0.001, Log Rank).

A B

FIGURE 3. Representative images showing the relationship between P2X7 receptor (P2X7R) expression and classical prognostic 
parameters such as vascular invasion, depth of tumor invasion, lymph node metastasis, and distant metastasis. (A) Vascular 
invasions (arrows) are seen in areas adjacent to the tumor (hematoxylin and eosin ×200). (B) Higher expression of P2X7R was 
observed in patients with vascular invasion (p = 0.006, t-test). (C) The malign glands invading mus cularis propria are clearly 
seen in a case with pathologic Stage 2 (hematoxylin and eosin ×200). (D) As tumor invasion depth increased, P2X7R expression 
increased (p < 0.001, ANOVA). (E) Expression of P2X7R was significantly upregulated in patients with lymph node metastasis 
(p < 0.001, ANOVA). (F) High P2X7R expression was significantly associated with an increased distant metastasis rate (p = 0.002, 
t-test). Quantitative data were expressed as mean ± standard deviation.

BA

C D

FE
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TABLE 3. Relationship between P2X7R expression and overall survival in univariate and multivariate Cox regression analysis

Parameters
Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value
Gender (male/female) 1.01 (0.70-1.45) 0.938 0.89 (0.57-1.37) 0.600
Age (19-44/45-54/≥55) 1.08 (0.74-1.56) 0.667 1.28 (0.84-1.95) 0.238
Site (proximal/middle/distal/diffuse) 0.49 (0.28-0.86) 0.014 0.82 (0.67-1.01) 0.058
Lauren (intestinal/diffuse/mixed) 1.94 (1.33-2.83) 0.067 0.60 (0.32-1.14) 0.122
Grade (well/moderate/poor) 1.80 (0.88-3.66) 0.103 1.52 (0.82-2.79) 0.177
Goseki grade (I/II/III/IV) 1.92 (1.25-2.93) 0.003 0.87 (0.58-1.31) 0.515
Vascular invasion (absent/present) 2.20 (1.35-3.56) 0.001 1.08 (0.61-1.90) 0.790
TILs (low/high) 2.84 (1.69-4.76) 0.002 1.72 (0.89-3.32) 0.105
pT (T1/T2/T3/T4) 2.49 (1.88-3.29) 0.009 0.86 (0.59-1.25) 0.440
pN (absent/1-2/3-6/≥7) 2.09 (1.71-2.56) <0.001 1.54 (1.14-2.08) 0.004
TNM stage (I/II/III/IV) 3.73 (1.14-12.13) <0.001 1.64 (1.01-2.65) 0.003
P2X7R expression (low/high) 3.98 (1.89-11.82) <0.001 2.24 (3.53-12.50) <0.001

HR: Hazard ratio; CI: Confidence interval; TILs: Tumor-infiltrating lymphocytes; pT: Depth of tumor invasion/pathologic tumor stage; pN: Lymph 
node metastasis; P2X7R: P2X7 receptor; TNM: Tumor, node, metastasis

closely related with aggressive pathological features, includ-
ing advanced-pT, increased number of metastatic lymph 
nodes, high distant metastasis rates, and advanced TNM 
stage. In addition, there was an interrelation between P2X7R 
expression and TILs density. Interestingly, the cases with 
P2X7R overexpression had low TILs density. Moreover, in 
our study, P2X7R overexpression was shown to be associated 

with low survival times (OS and DFS) according to both uni-
variate and multivariate Cox regression analysis. When all 
these data are evaluated together, it can be said that P2X7R 
overexpression in GC is closely related to tumor progression, 
invasiveness, and ability of distant metastasis. Furthermore, 
the low density of TILs in cases with P2X7R overexpression 
can suggest that P2X7R promotes the inflammatory events at 

FIGURE 5. Representative images showing density of CD8+ tumor-infiltrating lymphocytes (TILs) in gastric cancer (×200). (A) Low 
density of CD8+ TILs. (B) High density of CD8+ TILs.

A B

FIGURE 6. (A) Kaplan–Meier curves of overall survival according to tumor infiltrating lymphocytes (TILs) density. The patients with 
high TILs density had significantly longer survival time than those with high expression (p < 0.001, Log Rank). (B) The overexpres-
sion of P2X7 receptor (P2X7R) appears to reduce the inflammatory reaction to the tumor. TILs density was significantly lower in 
patients with high P2X7R expression (p < 0.001, t-test).
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the early period of tumor, but significantly suppresses the host 
inflammatory response to the tumor as the process progresses. 
On the other hand, it is considered that inhibition of P2XR7 
may be a good strategy for the treatment of various cancers, 
including GC. Although perhaps too early for human use, a 
P2X7R inhibitor has recently been tested on pancreatic cancer 
cells and reported to have anticancer activity [10]. In two dif-
ferent studies supporting this, Blockade of P2X7R decreased 
growth and metastases of implanted tumors, such as hepato-
cellular carcinoma and breast cancer [30,31].

Gastric TIM contains a wide range of immunoinflamma-
tory cells that significantly affect cancer development and pro-
gression. These cells are involved in the regulation of immune 
reactions associated with cancer biology and therefore have 
been a major focus of interest in cancer-related research today. 
Recent series have investigated the association between TILs 
density and GC survival. However, in most of these studies, 
incompatible results were obtained [32,33]. For instance, 
Fukuda et al. found no significant difference in terms of sur-
vival times between groups with low and high TILs density 
[32]. On the contrary, Lee et al. stated that OS time of GC 
patients with high CD8+ TILs density tended to be longer than 
those with low TILs intensity, although they were in the same 
TNM stage [33]. In a meta-analysis, Yu et al. stated that TILs 
are prognostic markers for OS in patients with GC. Moreover, 
they revealed that intratumoral CD8+ and CD3+ lymphocyte 
density were associated with good prognosis in GC, whereas 
CD4+ and FOXP3+ lymphocyte density had no significant 
effect on survival outcomes [34]. In the present study, both OS 
and DFS times were significantly higher in patients with high 
CD8+ TILs density than those with low TILs density. These 
conflicting results in the literature may be caused by differ-
ences in the methods used to determine the density of TILs. 
Furthermore, it should be noted that the function of CD8+ T 
lymphocytes in TIM is linked to other immune cells, such as 
macrophages. Therefore, to obtain more reliable results, stud-
ies investigating the effect of multiple inflammatory cell types 
on prognosis should be performed.

CONCLUSION

Consequently, this present study 1st-time revealed that 
P2X7R overexpression was an independent poor prognos-
tic indicator in patients with GC. The up-regulated P2X7R 
expression was related to advanced TNM stage and metasta-
sis in GC patients. In addition, CD8 TILs density had a con-
siderable effect on the survival of patients with GC. Especially, 
patients with high TILs density had higher survival times than 
those with low. Again, the inverse correlation between P2X7R 
expression and TILs density revealed that P2X7R is important 
in regulating the cancer microenvironment. These findings 

support that P2X7R expression might be an ideal prognostic 
predictor and biomolecular target for GC.
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