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Abstract. Peripheral blood lymphocyte subsets have been
reported to be useful as prognostic and/or diagnostic markers
for patients with cancer. However, the clinical value of
peripheral blood lymphocyte subsets in gastric cancer (GC)
has remained elusive. In the present study, peripheral CD3*,
CD4* and CD8* T lymphocytes, B cells (CD19%), regulatory
T cells (Tregs; CD4*CD25*CD127) and natural killer (NK)
cells (CD3 CDI6*CD56") were detected by flow cytometry in
122 patients with GC, 80 healthy donors (HDs) and 80 patients
with gastric ulcer (GU). NK cells (CD56%) were detected by
immunohistochemical (IHC) analysis in 20 GC and three GU
tissue samples. A receiver-operating characteristic (ROC)
curve was used to determine the threshold of the peripheral
NK cell level and survival analysis was performed to assess
its prognostic value in patients with GC. The results indicated
that the peripheral NK cell proportion in patients with GC
(18.77%) was significantly higher than that in the HD (12.19%)
and GU (12.74%) groups. IHC analysis suggested that the
NK level in GC tumor samples was correlated with that in
paired serum samples. ROC curve analysis indicated that the
peripheral NK cell level (15.16%) was able to effectively iden-
tify patients with GC, a diagnostic sensitivity of 75.41% and a
specificity of 77.45% were determined. Multivariate logistic
regression analysis revealed that the peripheral NK cell level
was independently associated with the T stage and survival
analysis demonstrated that high levels of peripheral NK cells
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were associated with poor prognosis of patients with GC. In
conclusion, the peripheral NK cell level may be a diagnostic
and prognostic marker for patients with GC.

Introduction

Gastric cancer (GC) is the fourth leading cause of cancer-asso-
ciated mortality among the most common malignancies, with
nearly 760,000 deaths resulting from GC each year (1,2). GC
has no specific manifestation at the early stage and >80%
of patients with GC present with advanced or late-stage GC
upon diagnosis (3). Thus, early diagnosis of GC is particularly
important and more effective non-invasive diagnostic markers
for early GC are urgently required.

Peripheral lymphocyte subsets are important cells in the
immune system (4,5). Peripheral blood lymphocyte subsets
mainly include T lymphocytes, B lymphocytes (CD19%) and
natural killer (NK) cells (CD3-CDI16*CD56%). According to
the presence of different cell surface markers, T lymphocytes
may be divided into various phenotypic and functional groups,
including CD3*, CD4* and CD8* T cells, and regulatory T cells
(Tregs; CD4*CD25*CD127). T cells and NK cells are mainly
involved in cellular immunity, while B cells are involved in
humoral immunity (5-8).

Changes in the peripheral lymphocyte subsets of tumor
patients not only reflect the state of immune functions but are
also closely linked to the clinical phenotype of tumors (9). Low
levels of CD3* T cells in peripheral blood are associated with
the poor prognosis of patients with colon, endometrial or lung
cancer (10-12), while low levels of CD4* and CD8* T cells are
associated with the poor prognosis of patients with breast (13),
colorectal (14) and cervical cancer (15). Certain studies have
indicated that the proportion of CD4* and CD8* T cells tends
to be stable, fluctuating between 1.3 and 2.0% in healthy indi-
viduals and may also be a good prognostic marker for lung
and cervical cancer (16,17). CD19is able to specifically reflect
changes in B lymphocytes and CD19* B cells were proven to
be a prognostic marker for nasopharyngeal carcinoma (18).
Tregs are a group of lymphocytes that negatively regulate the
immune response and have an important role in maintaining
self-tolerance and avoiding excessive immune damage to the
body. Studies have suggested that high levels of Tregs lead
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to poor prognosis in patients with colorectal or esophageal
cancer (19,20). NK cells are a group of lymphocytes with
innate immune function. Low levels of NK cells have been
indicated to be associated with a favorable prognosis in
patients with esophageal or pancreatic cancer (21,22). In spite
of the increase of clinical research on lymphocyte subsets in
peripheral blood, only a few systematic studies have reported
on the distribution of lymphocyte subsets in the peripheral
blood of patients with GC (23).

In the present study, the distribution of peripheral lympho-
cyte subsets in healthy donors (HDs), patients with gastric
ulcer (GU) and patients with GC was explored and the value
of NK cells as a diagnostic and prognostic marker for GC was
revealed.

Materials and methods

Patients. To determine the minimum sample size in the HD,
GU and GC groups for inclusion in the present study, the
following formula was used to calculate the sample capacity:
n,=Z,’Sen(1-Sen)/A*, n,=Z;*Spe(1-Spe)/A*, where n, is the
case sample capacity, n, the control sample capacity, Sen is
the sensitivity, Spe is the specificity, Z,=Z;=95% CI=1.96 and
A=0.1. The minimum sample capacity was determined to be
72 for GC and 68 for GU and HD. Peripheral blood samples
were collected from 122 patients with GC prior to radical D2
surgery for GC at the Affiliated Hospital of Nantong University
(Nantong, China) from January 2013 to December 2013.
Informed consent was obtained from all included participants.
A total of 122 patients with primary GC scheduled for radical
D2 surgery for GC were selected according to the following
criteria: i) Patients were not older than 80 years; ii) patients did
not receive any chemotherapy drugs prior to or after surgery;
iii) patients had no known infectious diseases within 1 month
prior to surgery; iv) patients had no obvious symptoms of
fever; v) no blood transfusion was performed during surgery
and within 1 month after surgery or 3 months prior to surgery;
vi no infection or other complications occurred after surgery;
and vii) tumors were TNM stage I, II or III. A uniform
follow-up procedure was performed based on the clinical
guidelines of the Japanese GC Association Classification of
Gastric Carcinoma, 13th edition (24). The present study was
approved by the Ethics Committee of the Affiliated Hospital
of Nantong University (Nantong, China) in accordance with
the tenets of the Declaration of Helsinki.

Blood sample collection and flow cytometry. Fasting
venous blood samples were collected in heparin anti-
coagulant tubes and the samples were incubated with
four-color monoclonal antibodies at room temperature for
15 min as follows: A CD3-FITC/CDS8-PE/CD45-peridinin
chlorophyll (PerCP)/CD4-allophycocyanin (APC)
four-color kit (Mindray Medical International Co., Ltd.; cat.
no. 340443; 1:1) and a CD3-FITC/CD16+56-phycoerythrin
(PE)/CD45-PerCP/CD19-APC four-colorkit (Mindray Medical
International Co.,Ltd.; cat.no.652834, 1:1) were used to identify
CD3*,CD4*,CD8*and CD19* T cells and NK cells, respectively,
while a CD45-PerCP/CD4-APC/CD25-PE/CDI127-FITC
four-color kit (BD Biosciences; cat. no. 6029623, 1:1) was used
to identify Tregs. After 15 min, flow cytolytic lysing agent
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(Mindray Medical International Co., Ltd.; cat. no. 2018110601)
was added. The aforementioned kits were used according the
manufacturers' protocols and all of the prepared samples were
assayed using a BriCyte E6 flow cytometer (Mindray) and a
minimum of 3x10° cells were recorded. A particular uniform
protocol was followed that was published previously (9).

Immunohistochemical (IHC) analysis. In brief, GC or GU
tissues were paraffin-embedded and cut into sections (4 ym
thick). The sections were dewaxed in xylene and then rehy-
drated using a graded ethanol series. After three washes with
PBS, the sections were incubated overnight at 4°C with the
anti-CD56 antibody (Fuzhou Maixin Biotech Co., Ltd.; cat.
no. Kit-0028, 1:100), an NK cell marker. After three washes
with PBS, the sections were incubated with a horseradish
peroxidase-conjugated secondary antibody (Dako, Agilent
Technologies, Inc.; cat. no. S0809; 1:150) for 2 h at room
temperature. Finally, hematoxylin and xylene were used to
counterstain the sections. The staining intensity was scored
manually in the microscope by two independent experienced
pathologists. Brown-stained lymphocytes were defined as
positively stained cells. The final IHC score was calculated
using the average proportion of positively stained cells among
lymphocyte cells in five random fields.

Statistical analysis. Statistical analysis was performed using
SPSS version 17.0 statistical software (SPSS Inc.). The results
are expressed as mean * standard deviation (SD). One-way
analysis of variance followed by the Student-Neumann-Keuls
post hoc test was used for comparison among the GC, GU
and HD groups. The Student's t-test was used for comparing
the NK cell ratio between cancer associated death and
those who were still alive after 5 years. The correlation
of NK cell levels between serum and paired tumor tissue
samples was analyzed by Spearman correlation analysis.
The sensitivity and specificity to identify GC and HD based
on the peripheral NK cell level were analyzed and the best
cutoff was determined by receiver-operating characteristic
(ROC) curve analysis. The y* test was used to determine
the association between the level of peripheral NK cells and
clinicopathological features. Clinical and pathological data
at the time of resection were analyzed to identify factors
that influenced the prognosis via the Cox proportional
hazards model. Multivariate analysis was performed by the
Cox proportional hazards regression model. Kaplan-Meier
analysis with a log-rank test was performed to determine the
overall survival (OS) of patients with GC based on the level
of peripheral NK cells. P<0.05 was considered to indicate
statistical significance.

Results

Distribution of lymphocyte subsets in patients with gastric
diseases. Flow cytometry was used to detect the distribu-
tion of peripheral blood lymphocyte subsets in 80 HDs (age,
59.77+12.06 years; 50 male, 30 female), 80 cases of GU (age,
60.26+11.23 years; 42 male, 38 female) and 122 cases of GC
(age, 56.41+£11.92 years;37 male, 85 female) (Fig. 1). CD3",
CD4* and CD8* T cells, as well as CD19* B cells, were lower
in patients with GC than in HDs and GU cases but with no
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Figure 1. Distribution of peripheral lymphocyte subsets in different gastric diseases. Distribution of peripheral (A) CD3* T cells, (B) CD4* T cells, (C) CD8*
T cells, (D) CD19* T cells, (E) Tregs cells and (F) NK cells in HDs, GU cases and GC cases, respectively. One-way analysis of variance was used for
comparisons between groups. “P<0.01, ""P<0.001. NS, no significance (P>0.05); HD, healthy donor; GU, gastric ulcer; GC, gastric cancer; Treg, T-regulatory;

NK, natural killer.

statistical significance (P>0.05; Fig. 1A-D). Tregs levels were
higher in patients with GC than in HDs or cases of GU, but
there was no significant difference (P>0.05; Fig. 1E). Of note,
the level of NK cells in patients with GC was significantly
higher than that in HDs (P<0.001; 95% CI=7.51-12.51) and
patients with GU (P<0.001; 95% CI=8.31-13.67; Fig. 1E).

NK cell levels are correlated between paired serum and
tumor samples from patients with GC. Next, IHC analysis
of NK cells (CD56) was performed in samples from patients
with GC (n=20) and ulcer tissue samples from patients with
GU (n=3), revealing that the NK cell level in GC tissues was
notably higher compared with in GU tissues (Fig. 2A). Further
comparison revealed a strong positive correlation between the
NK cell levels of paired tumor serum and tissue samples from
patients with GC (Spearman R=0.898; P<0.001, Fig. 2B).

Peripheral NK cell levels are able to effectively distinguish
patients with GC from HDs. The median proportion of NK
cells among lymphocytes in patients with GC (n=122) was
18.77% and the interquartile range (IQR) was 13.54-31.18%.
However, in HDs (n=80) and patients with GU (n=80),
the median proportion of NK cells was 12.19% (IQR,
10.32-14.77%) and 12.74% (IQR, 11.42-16.01%), respectively.
In addition, the one-way analysis of variance revealed that
the level of peripheral NK cells was increased in the GU
group as compared with that in the HD group, and in the GC
group as compared with that in the GU group (P=0.026 and
P<0.001, respectively), indicating that the level of NK cells
increased with the progression of the disease. An ROC curve
was generated and demonstrated that the peripheral NK cell
levels were able to effectively identify patients with GC and
HD (Fig. 3). The area under the curve was 0.846 (95% CI:
0.789-0.893; P<0.001), while the best cut-off diagnostic
threshold of NK cells for GC was 15.16%. For this critical

value, a diagnostic sensitivity of 75.41% and a specificity of
77.45% were determined. The false-positive rate was 24.59%
and the false-negative rate was 22.55%. At the critical value of
15.16%, the proportion of patients with high levels of NK cells
in the GC, HD and GU groups were 75.41% (92/122), 22.55%
(18/80) and 26.25% (21/80), respectively.

Peripheral NK cell levels in patients with GC are associated
with clinicopathological features. To determine the clinical
importance of peripheral NK cell levels in patients with GC,
the association of the peripheral levels of NK cells with various
clinicopathological features in 122 patients with GC was deter-
mined. High NK cell levels were defined as >15.16% and low
NK cell levels as <15.16% based on the previously determined
NK cell level cutoff in patients with GC. y” test indicated that
high levels of peripheral NK cells were associated with the
N stage, T stage and TNM stage (Table I). However, multivar-
iate analysis suggested that high levels of peripheral NK cells
were only independently associated with the T stage [P=0.031;
hazard ratio (HR)=3.278; 95% CI: 1.113-9.656].

High levels of NK cells in patients with GC are linked to poor
survival. Kaplan-Meier survival curves were drawn to deter-
mine the association of the levels of peripheral NK cells with
OS. The results indicated that patients with high peripheral NK
cell levels had a shorter OS than those with low levels of NK
cells (P=0.004; Fig. 4A). In addition, at the 5-year follow-up,
69 patients had died, while 53 patients remained alive, with a
5-year mortality rate of 56.6%. The median proportion of NK
cells was significantly higher in patients who had deceased
(20.77%; 1QR, 16.38-34.38%) than in those who were still alive
after 5 years (17.50%; IQR, 12.80-20.82%; P=0.002; Fig. 4B).
Next, multivariate analysis suggested that the level of periph-
eral NK cells were independent predictors of OS in patients
with GC (P=0.018; HR=2.637; 95% CI: 1.305-5.328; Table II).
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Figure 2. NK cell levels are correlated between paired serum and tumor samples from patients with GC. (A) Representative immunostaining images of NK
cells (CD56) in 20 GC and 3 GU tissues. Blue stains the nucleus, while brown stains CD56 (scale bar, 100 #m). (B) A scatter plot illustrates the correlation of
the NK cell levels between paired serum and tumor tissues from patients with GC (Spearman's R=0.898; P<0.001). GU, gastric ulcer; GC, gastric cancer; NK,

natural killer.
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Figure 3. ROC curve illustrating the sensitivity and specificity of periph-
eral natural killer cell levels at the best cutoff in diagnosing gastric cancer
(P<0.001; 95% CI=0.789-0.893). The dotted curves indicate the upper and
lower end of the 95% CI. ROC, receiver operating characteristic; AUC, area
under the curve.

Discussion

The present study aimed to investigate the diagnostic and
prognostic value of peripheral lymphocyte subsets in GC.
The levels of peripheral CD3*, CD4* and CD8* T cells,
CD19* B cells and Tregs in patients with GC were not
significantly different from those in HDs, but the propor-
tion of peripheral NK cells in patients with GC (18.77%)
was significantly higher than that in HDs (10.85%, P<0.001)
and cases of GU (11.89%, P<0.001). ROC curve analysis
suggested that the peripheral NK cell levels may be used
as a diagnostic marker for patients with GC. In addition to
CEA, CA19-9 and CA72-4 serum markers are widely used
for the early diagnosis of GC (25-27). Recent studies have
indicated that non-coding RNAs, including Homo sapiens
circular RNA 0000467, as well as epigenetic changes such
as RAS association domain family member 10 (RASSF10)
hypermethylation, Helicobacter pylori infection, T stage
and other molecular markers (28), may also act as diagnostic
markers for GC (29-32). In a previous study, the sensitivity
and specificity of CA19-9 were determined to be 0.605 and
0.559, respectively, while those for CEA were 0.686 and 0.593,
respectively, and those for CA72-4 were 0.667 and 0.592,
respectively (29). In the present study, an ROC curve was
generated and the sensitivity and specificity of NK cells
were determined to be 75.41 and 77.45%, respectively, which
were significantly higher than those for CEA, CA19-9 and

CAT72-4. These results suggested that the peripheral NK cell
levels may be used as a marker for the early diagnosis of GC.

The peripheral NK cell level is associated with various
clinicopathological factors. It has been indicated that the level
of peripheral NK cells is associated with lymph node metas-
tasis in esophageal cancer (21). The present study determined
that the level of peripheral NK cells in patients with GC was
associated with the T stage, suggesting that it may be used to
assess tumor progression in patients with GC. However, this
requires further validation in future studies with larger sample
sizes.

Numerous factors affect the prognosis of GC, with the most
widely used factor being the TNM stage (33,34). However,
according to our clinical experience, it appears that patients
with GC and the same TNM stage have different prognoses,
and patients with the same TNM stage may have different
molecular phenotypes. Molecular typing of GC also has an
important role in the prognosis of patients (35). In recent years,
an increasing number of studies have reported that certain
factors, including high co-overexpression of epidermal growth
factor receptor and receptor tyrosine kinase 3, low levels of
microRNA-214 and high methylation of RASSF10, are associ-
ated with poor prognosis in patients with GC (30,36,37). In the
present study, the peripheral NK cell levels were determined
to be an independent prognostic factor in patients with GC
and patients who died within 5 years had a higher level of
peripheral NK cells. Furthermore, the detection of NK cells
only requires peripheral blood extraction, which is convenient
to test and associated with low cost for patients. In the present
study, the specificity and sensitivity of the NK cell ratio were
slightly better than those for established prognostic markers
for GC, including CEA and CA19-9. The present study deter-
mined that the NK cell ratio in the serum exhibited a positive
correlation with that in matched GC tumor tissue samples. In
the future, the NK cell ratio may be implemented in routine
diagnostic/prognostic procedures for GC. However, the present
study was limited by the sample size of patients with GC and
HDs. In addition, only common peripheral blood lymphocytes
were examined and the role of the proportion of NK cells in
the prognosis and diagnosis of GC patients was demonstrated.
However, there may be other lymphocyte clusters that warrant
exploration.

In conclusion, the present study indicated that the
peripheral NK cell levels may be used to identify patients
with GC and are associated with certain clinicopathological
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Table I. Association between the characteristics of patients with gastric cancer and NK cell ratios in peripheral blood.

NK cell level
Clinicopathological feature Low (n=30) (%) High (n=92) (%) Total (n) (%) y>-value P-value
Sex 0.756 0.384
Male 11 (9.0) 26 (21.3) 37 (30.3)
Female 19 (15.6) 66 (54.1) 85 (69.7)
Age (years) 0.005 0.941
<60 20 (16.4) 62 (50.8) 82 (67.2)
>60 10 (8.2) 30 (24.6) 40 (32.8)
Tumor diameter (cm) 3.138 0.076
=4 7.7 38 (31.1) 45 (36.8)
>4 23 (18.9) 54 (44.3) 77 (63.2)
Tumor location 1.508 0.470
Upper 5@4.1) 10 (8.2) 15 (12.3)
Middle 9(7.3) 38 (31.1) 47 (38.5)
Lower 16 (13.1) 44 (36.1) 60 (49.2)
Tumor differentiation 0.394 0.530
High 18 (14.8) 61 (50.0) 79 (64.8)
Low 12 (9.8) 31 (25.4) 43 (35.2)
CA19-9 (U/ml) 0.689 0.406
<37 25 (20.5) 70 (57.4) 95 (77.9)
>37 5(@4.1) 22 (18.0) 27 (22.1)
CEA level (ng/ml) 1.710 0.191
<5 21 (17.2) 52 (42.6) 73 (59.8)
>5 9(7.4) 40 (32.8) 49 (40.2)
HP infection 0.265 0.607
- 17 (13.9) 57 (46.7) 74 (60.6)
+ 13 (10.7) 35 (28.7) 48 (39.4)
TNM stage 14.407 0.001
I 18 (14.8) 21 (17.2) 39 (32.0)
II 7.7 39 (32.0) 46 (37.7)
III 5(4.1) 32 (26.2) 37 (30.3)
T stage 16.505 0.001
1 20 (16.4) 24 (20.0) 44 (36.1)
2 5@4.1) 26 (21.3) 31 (25.4)
3 3(24) 28 (23.0) 31(25.4)
4 2(1.6) 14 (11.5) 16 (13.1)
N stage 9.749 0.021
0 18 (14.8) 28 (23.0) 46 (37.8)
1 6(4.9) 22 (18.0) 28 (22.9)
2 2(1.6) 23 (18.9) 25 (20.5)
3 4(3.2) 19 (15.6) 23 (18.8)

NK, natural killer; HP, Helicobacter pylori.
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Table II. Univariate and multivariate analyses of prognostic factors for overall survival in patients with gastric cancer.

Univariate analysis Multivariate analysis

Variable P-value HR 95% CI P-value
Sex [male (n=85) vs. female (n=37)] 0.328 1.303 0.767-2.214 NS
Age [years; <60 (n=82) vs.>60 (n=40)] 0.574 0.864 0.519-1.438 NS
Tumor diameter 0.155 0.702 0.431-1.144 NS
[cm; <4 (n=45) vs. >4 (n=77)]
Tumor location [upper/middle (n=39) vs. lower (n=73)] 0.597 1.136 0.708-1.823 NS
Tumor differentiation [high (n=79) vs. low (n=43)] 0.209 0.828 0.616-1.112 NS
CA19-9 level 0.362 1.316 0.729-2.375 NS
[U/ml; <37 (n=95) vs. >37 (n=27)]
CEA level 0.483 1.199 0.722-1.993 NS
[ng/ml; <5 (n=73) vs.>5 (n=49)]
HP infection [-(n=74) vs. + (n=48)] 0.096 1.505 0.930-2.435 NS
T stage [I, IT (n=75) vs. III, IV (n=47)] 0.037 1.671 1.033-2.704 NS
N stage [0, 1 (n=74) vs. 2,3 (n=48)] 0.015 1.820 1.124-2.949 0.064
NK cells [high (n=92) vs. low (n=30)] 0.007 2.637 1.305-5.328 0.018
NK, natural killer; HP, Helicobacter pylori; NS, not significant.
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Figure 4. Association between peripheral NK cell levels and survival of patients with gastric cancer. (A) Kaplan-Meier plot depicting the association between
peripheral NK cell levels (low or high) and overall survival (P=0.004; 95% CI=1.27-3.71). (B) Boxplot illustrating peripheral NK cell levels according to patients'
survival status after 5 years (P=0.019; 95% CI=1.158-4.804). The NK levels of all patients in theses groups were tested before surgery. NK, natural killer.
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