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Abstract: CD39/ectonucleoside triphosphate diphosphohydrolase-1 (ENTPD1) is a cell surface-located, rate-limiting
enzyme in the generation of adenosine, and plays a crucial role in tumor development. We examined co-expression
of CD39 and CD8in gastric cancer (GC) and showed that the expression of CD39 and CDS8 increased significantly
in tumor tissues compared to paired peritumor tissues. The expression of tumoral CD39 (tCD39), but not tumoral
CD8 (tCD8), was related to overall survival. Furthermore, the CD39*/CD8* ratio was associated with poor prognosis
in resected GC patients. Taken together, our data indicate that highCD39 expression and high tCD39*/CD8* ratio in
GC is a predictor of poor prognosis for GC patients after radical resection. Moreover, CD39 could serve as a potential

target for cancer immunotherapy.
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Introduction

Gastric cancer (GC) is the fourth most common
cancer in the world [1]. Because of improved
diagnosis and treatment strategies, such as
resection-based surgery and chemotherapy re-
gimens, the overall survival rate has markedly
improved in GC patients. However, GCstill cause-
s millions of death worldwide, especially in Chi-
na, which accounts for 42% of cases globally
[2]. Thus, itisurgentto explore the molecular me-
chanisms regulating gastric tumorigenesis and
discover new diagnostic and prognostic mark-
ers.

The immune system plays a crucial role in con-
trolling tumor immunogenicity. Immune cells of-
ten infiltrate tumors and the infiltration is fre-
quently considered to be the result of interplay
between host immune reactions and tumor cell-
s [3]. Tumor-infiltrating lymphocytes (TILs) have
been reported to be a significant prognostic
factor in various tumors such as esophageal
cancer, renal cell carcinoma, ovarian cancer, en-
dometrial carcinoma and colorectal cancer [4-
8], indicating a crucial role for immunological
factors in evaluating the prognosis of patients.

Regulatory T cells (Tregs) are classified within
the CD4 T lymphocyte, an important subset of
TILs. Functionally, Tregs regulate T-cell immuni-
ty, block host antitumor responses by inhibiting
natural killer (NK) lymphocytes or effector T cell-
s in a tumor setting and are commonly believed
to be the main obstacle in immunotherapy.
Tregs express various surface antigens, includ-
ing CD25, CD103 and CTLA-4, which are com-
monly used as Treg markers in immunology [9].
Recently, nucleoside triphosphate diphospho-
hydrolase-1 (ENTPD1, CD39), the rate-limiting
enzyme in the generation of adenosine, was
shown to be expressed by Tregs and is believed
to be a novel surface marker of Tregs [10].

CD39, expressed on the cell surface of leuko-
cytes and endothelial cells, hydrolyzes extracel-
lular adenosine triphosphate (ATP) and adenos-
ine diphosphate (ADP) into adenosine mono-
phosphate (AMP), which is further processed
into adenosine [11-13]. CD39 plays a crucial
role in immune suppression in part because it
serves as an integral component of the sup-
pressive machinery of Tregs which inactivates
and converts extracellular ATP into adenosine.
Along with CD73, CD39 was used to efficiently
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Table 1. Univariate analysis of clinicopathologi-
cal characteristics in gastric cancer

(n=84)
0S
Variables Univariate
P-value
TMA assays
Age, year (<60 vs. >60) 0.1247
Gender (male vs. female) 0.9995
Location (U/M/D) 0.4691
Tumor size, cm (<3 vs. >3) 0.1546
Histology (good/poor) 0.7321
Lauren score (intestinal/diffuse) 0.2331
Tumor differentiation (I/11/111/) 0.6166
T(1/2/3/4) 0.0004
N (no/yes) <0.0001
M (no/yes) <0.0001
TNM stage (O/I1/11/111/1V) <0.0001
Mean expression or counts (low vs. high)
t-density-meanCD39 0.0316
p-density-meanCD39 0.4313
t-CD8 0.1931

distinguish Treg from other activated T cells in
mice and humans [14]. In CD39-null mice, the
differentiation of CD4-naive T cells into Th1 lin-
eages was abolished, resulting in the sponta-
neous development of autoimmune diseases
[15]. Moreover, CD39 dysregulation has been
associated with many human cancer types,
including leukemia, colon cancer, and pancre-
atic cancer [16-18].

The balance between CD8* cytotoxic effector
cells (CTLs) and Tregs has been shown to be
important in tumor progression and prognosis.
Tumor-infiltrating CD8* T lymphocytes play im-
portant roles in anti-tumor immune responses
and have prognostic value in various cancer
types. Sato et al. found that intraepithelial CD8*
tumor-infiltrating lymphocytes and a high CD8*/
Treg cell ratio were associated with a favorable
prognosis in ovarian cancer [19]. In a study by
Shen et al., greater intratumoral infiltration by
Treg cells positive for the forkhead box (Fox)
transcription factor Foxp3 and a higher Foxp3*/
CD8* ratio were associated with poor prognosis
in resectable gastric cancer [20].

In the present study, we examined the expres-
sion of CD39 and CD8 in 82 GC patients. Higher
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expression of CD39 was found in gastric tumor
tissues compared to paired adjacent tissue.
Moreover, increased CD39 expression and a
higher tumor CD39*/CD8* (tCD39*/CD8") ratio
were associated with poor prognosis in resect-
ed GC patients. Our findings suggest that com-
bination therapy downregulating CD39 expres-
sion while stimulating CD8* effector T cells
could be a potential therapeutic strategy for re-
sected GC immunotherapy.

Materials and methods
Patients

For this study, a total of 84 radical resection GC
patients were collected in the Department of
General Surgery, Zhongshan Hospital (Shang-
hai, China) between 2006 and 2010. No pa-
tients received any chemotherapy or radiation
therapy before or after surgery as part of an
adjuvant program. The resected specimens
were evaluated according to the guidelines of
the Chinese Anti-Cancer Association/Gastric
Cancer Association. Stage classification was
determined according to the TNM classification
for gastric cancer. Formalin-fixed, paraffin-em-
bedded specimens with complete clinicopatho-
logic and follow-up data were selected. Written
informed consent was obtained after approval
by the institutional ethics committee of Zhong-
shan Hospital.

The final follow-up visits were completed by
December 31, 2014. A minimum of 9 months
follow-up was required with a median of 64.6
months (range 36-104 months). The interval
between surgery and death or between surgery
and the last observation of surviving patients
was considered to be overall survival. Overall
survival was censored at the final follow-up
visit.

Immunohistochemistry

Tissue samples were fixed in formalin and
embedded in paraffin. Sections (5 ym) were
mountedon3-amino-propyltriethoxysilane-coat-
ed slides. IHC was performed by the streptavi-
din-biotin method. Briefly, sections were depar-
affinized in xylene (3 x 10 min) and dehydrated
through graded alcohols (100% x 2, 95% x 2,
80% and 70%) to water. Antigen retrieval was
performed by boiling the sections in citrate buf-
fer for 10 min after blockade of endogenous
peroxidase activity in 0.3% H,0,. The primary
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Table 2. Multivariate analysis demonstrating the independent risk
factor for the cancer-specific death of the patients with gastric

cancer (n = 84)

ed the median intratumoral
CD39* cell count as the cutoff
for definition of possible risk

The correlation between clinicopathologic characteristics and CD39

factors. Chi-squared and pair-
ed t-tests were carried out as

expression
o tCD39 pCD39 appropriate. The overall surviv-
Characteristios low high Pvalue low high Pvalue @l Wwas calculated bythe Kaplan-
Age <60 9 33 1000 18 24 1000  Meier method and analyzed
60 9 33 17 25 by Iog—rank_ test. Cox multivari-
Gender male 15 39 0.094 19 35 0.114 .ate analysis VYaS used to ?d_
just for potentially confounding
female 3 27 16 14 variables and to determine
Tumor size <3cm 10 39 0.794 24 25 0.122 independent prognostic fac-
>3em 8 27 11 24 tors. P<0.05 was considered
Histology good 9 28 0601 14 23 0.656 to be statistically significant.
poor 9 38 21 26 All analyses were performed
Lanren intestinal 14 45 0565 22 37 0.234 using SPSS statistical software
diffuse 4 21 13 12 (SPSS version 13.0 for Win-
Tumor differentiation I O 2 049 0 2 0.285 dows; SPSS Inc., Chicago, IL,
Il 8 23 12 19 USA).
11l 10 41 23 28
Survival yes 17 45 0032 24 38 0431  Results
no 1 21 11 11

antibodies used were rabbit anti-human CD39
(1:200; Sigma-Aldrich, St Louis, MO, USA) and
mouse anti-human CD8 (1:200; Sigma-Aldrich).
After secondary antibody incubation, 3,3-diami-
nobenzidine (DAB) was used for color develop-
ment and sections were counterstained in
hematoxylin. Negative controls without the pri-
mary antibodies were included in all assays.

Quantification methods

For each immunolabeled slide, 10 images were
randomly selected and scored by two experi-
enced pathologists without any prior informa-
tion on the clinical history of the patients.
Positive staining of CD39 was evaluated by
mean optical density in two computerized 200
x microscopic fields. The total number of CD8*
cells was determined in a 1.5 mm-diameter cyl-
inder of 10 digital images using image analysis
software and then averaged to calculate the
final value for one computerized 400 x micro-
scopic field. Slides were examined without
knowledge of the corresponding clinicopatho-
logic data.

Statistical analysis

Because we had no accepted standard cutoff
points to determine clinical outcome, we select-
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Patient clinical profiles

A total of 84 patients were included in the anal-
ysis. The average age of the patients was 60
years (range, 32-80 years; SD = 10.25 years).
Of the 84 patients, 2 patients (2.38%) were
diagnosed at stage |, 31 patients (36.90%) at
stage Il, and 51 patients (60.71%) at stage lIl.
By the final follow-up visit on December 31,
2014, 22 patients (26.19%) had died of their
disease, while 62 (73.81%) were still alive.
Overall survival was 69 months (range 5-121
months, SD = 14.13 months). The mean follow-
up period was 5.38 years (range 0.69-10.06
years, SD = 3.8 years).

Correlation between CD39 expression and
clinicopathological factors

Among the various clinicopathological factors,
age, gender, location, histology, and Lauren
score were not significantly associated with
CD39 expression in univariate analysis. More-
over, tumor size (risk ratio 4.2; 95% confidence
interval 0.3-9.0; P = 0.1546)and tumor differ-
entiation (I-1ll; P = 0.6166) were significantly un-
favorable factors (Table 1).

We explored the correlation between clinico-
pathologic characteristics and tumor CD39
(tCD39) as well as peritumoral CD39 (pCD39)
expression using the “minimum P-value”
approach. As shown in Table 2, tCD39 expres-
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Figure 1. CD39 expression and overall survival analyses based on tumoral and peritumoral CD39 expression. (A)
CD39 expression in tumor tissue was higher than in paired peritumor tissue. (B and C) Kaplan-Meier analysis of
overall survival in relationship to tumoral CD39 (tCD39) expression (B) and peritumoral CD39 (pCD39) expression

(C). Original magnification 200x.

sion was significantly associated with poor
overall survival in GC patients.

CD39 expression and patient prognosis

The expression level of CD39 in tumor tissue
was significantly higher than that in peritumor
tissue (Figure 1A). We divided the 84 tissue
samples into two groups according to the ex-
pression level of tCD39 or pCD39. In tumor tis-
sue, the proportion of tCD39 high vs. low
expression was 78.57% (66/84) vs. 21.43%
(18/84), respectively. In peritumor tissue, the
proportion of pCD39 high vs. low expression
was 58.33% (49/84) vs. 41.67% (35/84),
respectively.

Kaplan-Meier curves and log-rank tests
showed that the overall survival of patients
with high tCD39 expression was significantly
lower than those with low expression (overall
survival rate, low expression = 94.44% survival
(17/18) vs. high expression = 68.18% survival
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(45/66), P =0.032; Figure 1B and Table 2). The
mean overall survival periods in tCD39 low vs.
high groups were 79.22 months vs. 65.71
months.

The overall survival in patients with high pCD39
expression was better than in those with low
pCD39expression (overall survival rate, low vs.
high: 68.57% (24/35) vs. 77.55% (38/49), P =
0.431; Figure 1C and Table 2), but the differ-
ence was not statistically significant. The mean
overall survival period of patients in the low vs.
high pCD39 groups was 66.51 months vs.
70.10 months.

The overall survival rate of the tCD39 high ex-
pression group was less than that of the tCD39
low expression group. Theseresults demonstrat-
e that tCD39 expression was inversely correlat-
ed with prognosis of the patients with GC, indi-
cating that tCD39 was an independent prog-
nostic factor for poor overall survival in GC.
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Figure 2. CD8 expression and overall survival analyses based on tumoral CD8 expression. A. Representative IHC
staining of CD8 in tumor and peritumor tissues. Original magnification 200x, left panels; 600x, rightpanels. B.
Mean number of CD8 positive cells in tumor and peritumor tissues. C. Kaplan-Meier analysis of overall survival in
relationship to tumor CD8 expression.
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Figure 3. Overall survival analyses based on tCD39*/CD8* and pCD39*/CD8" ratios. (A and B) Kaplan-Meier analy-
sis of overall survival in relationship to the tCD39*/CD8* ratio (A) and pCD39*/CD8* ratio (B).

CD8 T lymphocytes and prognosis high expression group (low vs. high, 64.22mon-
ths vs. 87.25 months), the difference between
CD8 expression was detected by immunohisto- groups was not significant. These results thus
chemistry. As shown in Figure 2A, tumor tis- indicated that tCD8 expression was not signifi-
sues had significantly higher CD8" T cell densi- cantly related to overall survival of GC patients.
ties compared to paired peritumor tissues,
summarized in Figure 2B. Although Kaplan- Prognostic significance of tCD39*/CD8"* ratios
Meier curve analysis and log rank tests (Figure in GC
2C) showed longer survival of patients with
high tCD8 expression, these results did not The prognostic role of tCD39*/CD8* and pCD-
achieve statistical significance (overall survival 39*/CD8" ratios was also evaluated. As shown
rate, low vs. high: 70.59% (48/68) vs. 87.50% in Figure 3A, overall survival in patients with a
(14/16), P = 0.1931). Similarly, while the mean high tCD39*/CD8* ratio was significantly lower
overall survival period was longer in the tCD8 than in patients with a low ratio (overall survival
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rate, low vs. high: 84.00% (42/50) vs. 58.82%
(20/34), P = 0.0081; Figure 3A). In contrast,
overall survival in patients with high pCD39*/
CD8* ratios did not significantly differ from
patients with a low pCD39*/CD8* ratio (overall
survival rate, low vs. high: 75.00% (42/56) vs.
71.43% (20/28; Figure 3B). These results
demonstrate that the tCD39*/CD8" ratio was
a significant prognostic indicator for poor over-
all survival in GC.

Discussion

GC is one of the most common human cancers,
and generally has a poor clinical outcome. The
molecular mechanisms regulating GC tumori-
genesis and progression remain poorly under-
stood. Recent studies have shown that CD39,
one member of the ecto-nucleoside triphos-
phate diphospohydrolase (E-NTPDase) family,
plays a crucial role regulating cancer progres-
sion in many human cancers. In the present stu-
dy, we examined expression of CD39 and CD8in
tumor and peritumor tissues of GC patients.
Tumor tissue had greater expression of CD39
and CD8 and a higher tCD39*/CD8" ratio com-
pared to paired peritumor tissues. High CD39
expression and tCD39*/CD8" ratios were asso-
ciated with poor prognosis in resected GC
patients.

CD39 has been reported to be present on the
surface of lymphocytes, endothelial cells, regu-
latory T cells [21, 22], activated NK and T cells
[11, 23]. Dysregulation of CD39 was reported
in various cancers, but few studies have been
performed on theCD39 expression pattern in
GC. In this study, we examined CD39 expres-
sion in GC using IHC and found that expression
was upregulated in tumor tissues compared to
paired peritumor tissues, suggesting a role for-
CD39in GC.

CD39 plays a crucial role in hydrolyzing extra-
cellular ATP and ADP to AMP, which is involved
in multiple proinflammatory effects [24]. CD39
expression on FoxP3* Treg cells is genetically
driven and is increased at inflammation sites,
where it plays an important role in mediating
immune suppression [25]. In mice, the expres-
sion level of CD39 on CD4*CD25* Treg cells is
significantly enhanced by T-cell receptor (TCR)
ligation, but its expression in humans is con-
fined to Foxp3* Treg cells [26]. Aided by co-
expression of surface CD73, CD4*CD39* Treg
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cells in humans produce adenosine, which is
important in immunosuppressive reactions [2-
7]. The tissue FoxP3* Treg cells expressing CD-
39/CD73 were suggested to be potential thera-
peutic targets in patients with psoriasis [28]. In
our study, we found high CD39 expression was
related to poor prognosis in resected GC.

In patients with follicular lymphoma, CD39*
infiltrating T cells were greatly increased com-
pared to healthy subjects and contributed to T
cell hyporesponsiveness mediated by adenos-
ine [29]. The ratio of CD39*FoxP3* to FoxP3*
Treg cells in peripheral blood mononuclear cells
(PBMC) of patients with head and neck cancer
was significantly higher than in normal subjects
[30]. Wang and colleagues showed that sepsis
patients had a higher percentage and increased
mean fluorescence intensity of circulating CD-
39" Treg cells in PBMC when compared with
healthy subjects. Moreover, the number of
CD39" Treg cells was positively correlated with
the severity of sepsis and survival of sepsis
patients, revealing a prognostic role for CD39
in sepsis [31]. Our study confirmed the impor-
tance of tCD39, but not pCD39, as a prognostic
factor in GC.

Previous studies have shown that intratumoral
CDS8* T lymphocytes could serve as prognostic
factors in various cancers. Hamanishi et al.
found that greater frequency of tumor-infiltrat-
ing CD8* T lymphocytes predicted good overall
survival and progression-free survival in ovari-
an cancer [6]. In prostate cancer, infiltration of
CD8* T lymphocytes has been used as an inde-
pendent prognostic factor for biochemical fail-
ure-free survival [32]. Moreover, the prognostic
role of tumor-infiltrating CD8* T lymphocytes
was also demonstrated in breast cancer, renal
cell carcinoma and esophageal carcinomas [4,
33]. Inthe present study, we found that patients
with greater numbers of tumor-infiltrating CD8*
T lymphocytes had better overall survival, but
the effect was not significant, possibly because
of an insufficient number of cases. However,
our results suggested that the tCD39*/CD8*
ratio could serve as an independent prognostic
factor in GC patients. To our knowledge, this is
the first report that demonstrates the prognos-
tic value of the tCD39*/CD8* ratio in GC.

Taken together, our data demonstrate that CD-
39 is highly expressed in GC. CD39 expression
and the tCD39*/CD8" ratio maybe useful bio-
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markers for predicting the outcome of GC. Final-
ly, CD39 may be a potential therapeutic target
for GC.
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