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Abstract: Background: CD8+ central memory T cells (CD8+ Tcm) have superior antitumor potential. The purpose of 
this study was to evaluate the percentage of CD8+ Tcm cells in peripheral blood of patients with advanced gastric 
cancer and analyze its prognostic significance in operable and advanced gastric cancer. Methods: A total of 274 pa-
tients with primary gastric cancer underwent curative operation were enrolled in this study. The percentage of CD8+ 
Tcm in peripheral blood of patients was analyzed using flow cytometry, comparing with 102 healthy donors. The cor-
relation between CD8+ Tcm and survival outcome was analyzed by the Kaplan-Meier with Log-Rank test and Cox’s 
regression methods, respectively. Results: Percentage of CD8+ Tcm from gastric cancer was lower than healthy con-
trol (6.2%±3.8% VS 13.7%±6.2%; P<0.01), which also had associated to the lymph node involvement. Patients with 
high CD8+ Tcm had a significantly higher median survival than those with low CD8+ Tcm (45.32 months VS 23.52 
months, P=0.02). Percentage of CD8+ Tcm also was confirmed as an independent prognostic factor for gastric can-
cer in multivariate analysis. Conclusions: Percentage of CD8+ Tcm can be considered as an independent prognostic 
factor for operable and advanced gastric cancer, which also associated with the lymph nodes metastasis.  

Keywords: Central memory T cells, survival, gastric cancer

Introduction

Gastric cancer accounted for fourth most prev-
alent cancer worldwide, which also considered 
as the second most common cancer and the 
third leading cause of cancer-related deaths in 
China [1, 2]. Despite improvements in compre-
hensive treatments, prognosis of gastric can-
cer is far from satisfying [3, 4]. Surgery is 
regarded as only curative treatment approach 
for localized and operable gastric cancer [5]. 
However, high rates of metastasis and relapse 
are major obstacles to improving long-term sur-
vival after a curative resection, 50%-90% 
patients with gastric cancer die of cancer due 
to local or distant recurrent [6-8]. There are 
several risk factors associated with outcome of 
gastric cancer, such as lymph node status, 
resection margins, tumor differentiation, and 
adjuvant treatment [9-11]. Despite important 
role of the immune system in controlling cancer 
development, there was no study focusing on 

relationship of immunity and the prognosis of 
gastric cancer.

T cells, an important component of immune 
system, responses for direct recognition and 
killing of tumor cells and immunologic surveil-
lance [12]. Memory T cells are a subset of T 
cells participating in cell-mediated immunity 
responses, characterized by keeping survive for 
a long period until reencounter antigen and rap-
idly proliferating again eliminated, play effector 
functions and release various cytokines [13, 
14]. CD8+ central memory T (CD8+ Tcm), as 
cytotoxic memory T cells, present as CD8+ 
CD45RO+CD62L+, which not only survive lon-
ger, but also can eradicate tumor cells in set-
ting of the second recognition of tumor-associ-
ated antigen (TAA) [15]. Several studies have 
showed that memory T cells associated with 
the prognosis of malignancies including colorec-
tal cancer, pancreatic and esophageal adeno-
carcinoma [16-19]. However, there was no 
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Patients with preoperative acute and severe 
comorbidity and adjuvant treatments were 
excluded, such as systemic infection, autoim-
mune diseases or inflammation and preopera-
tive chemotherapy. Clinical and histopathologi-
cal features of all patients were collected from 
the clinical records by one surgeon and check 
by another surgeon, including gender, age, 
tumor site, tumor size, T stage, lymph node sta-
tus, TNM and pathological differentiation. 
Histopathological and clinic staging were evalu-
ated though postoperative histopathological 
examination and clinical assessment according 
to the UICC TNM classification, respectively. 

5 ml EDTA-treated blood samples of all patients 
were obtained on the day before operation to 
detect the percentage of CD8+ Tcm within 8 h. 
The blood samples of 102 healthy volunteers 
were collected to study the percentage of CD8+ 
Tcm, sever as control. 

This study was approved by the Ethics 
Committee of the Second Xiangya Hospital of 
Central South University. Written informed con-
sent was obtained from individual patients. 

Flow cytometry analysis

PBMCs were isolated from 5 ml blood sample 
though Ficoll-Hypaque (Haoyang Biological 
Manufacture, Tianjin, China) gradient centrifu-
gation, then stained with antibodies labeled 
with CD8-FITC, CD62L-PE, CD4-PerCP and 
CD45RO-APC, incubated with antibodies for 30 
min on 4°C in dark. Then, the cells were washed 
twice with PBS, analyzed using a FACSCalibur 
flow cytometer (BD, United States). The cells 
with phenotype of CD8+CD45RO+CD62L+ 
were considered as CD8+ Tcm. The percentage 
of CD8+ Tcm was analyzed in the plot of flow 
cytometer with CellQuest Software (BD, United 
States).

Follow-up

All Patients were followed up in regular inter-
vals through outpatient visit including physical 
examination, laboratory examinations and 
imaging studies including blood routine test, 
biochemistry and tumor markers every 3 
months for the first 2 years, every 6 months for 
the next 3 years, and once annually thereafter. 
Enhanced abdominal CT or MRI scans were 

study concerning the relationship of memory T 
cells with gastric cancer, especial for CD8+ 
central memory T cells.

In this study, we try to study the percentage of 
CD8+ central memory T cells in peripheral 
blood of patients with gastric cancer and ana-
lyzed its prognostic significance in operable 
and advanced gastric cancer.

Materials and methods

Patients

A total of 274 patient undergone curative resec-
tion for histologically confirmed stage III gastric 
cancer at the Department of General Surgery in 
the Second Xiangya Hospital of Central South 
University between June 1, 2010 and June 1, 
2015 were enrolled in this retrospective study. 
Inclusion criteria were histologically confirmed 
stage III gastric cancer, more than 18 years of 
age and life expectancy more than 6 months. 

Table 1. Correlation between the percentage of 
CD8+ Tcm and clinicopathologic characteristics

Characteristic
CD8+ Tcm

P<6.2% 
(n=198)

≥6.2% 
(n=76)

Age (years) 0.810
    ≥60 97 36
    <60 101 40
Gender 0.162
    Male 134 58
    Female 64 18
Tumor site 0.798
    Gastric cardia 52 23
    Gastric body 92 33
    Gastric antrum 54 20
Tumor size (cm) 0.646
    ≥5 63 22
    <5 135 54
Tumor invasion depth 0.992
    T1+T2 65 25
    T3+T4 133 51
Lymph node involvement 0.000
    N0 103 22
    N1 95 54
Pathological differentiation 0.917
    Well/Moderate 116 44
    Poor 82 32
CD8+ Tcm, C8+ central memory T cells.
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T2 tumor, and 184 patients with T3 or T4 tumor 
according to the TNM staging. In pathology, 
160 patients presented as well/moderately  
differentiation adenocarcinoma while 114 pa- 
tients had poor differentiation tumor. Moreover, 
there was no statistical significant association 
between the percentage of CD8+ Tcm and clini-
copathologic characteristics including age and 
gender of patients, tumor size, histological dif-
ferentiation type and T stage, except lymph 
node status (Table 1).

CD8+ Tcm in peripheral blood of gastric can-
cer

In peripheral blood, the mean percentage of 
CD8+ Tcm from 274 patients with gastric can-
cer was 6.2%±3.8%, which was significantly 
statistically lower than that of healthy control 
(n=102; 13.7%±6.2%; P<0.01), see in Figure 1. 
The median percentage of CD8+ Tcm from 
patients with gastric cancer was 6.2% (range 
0.8%-36.4%), which was considered as cutoff 
values. All 274 patients with gastric cancer 
were divided into high CD8+ Tcm (≥6.2%) group 
and low CD8+ Tcm (<6.2%) group. 

Prognostic significance of CD8+ Tcm for gas-
tric cancer  

The median follow-up time was 21.4 months 
(6.1-79.57 months). At the end of this study, 
184 (67.15%) of the 274 patients studied had 

obtained generally every 12 months. Clinical 
follow-up lasted from the date of surgery to 
either the time of death or July 2015. 

Statistical analysis

Analyses were performed with SPSS 20.0  
(IBM, USA). P<0.05 (two sided) was considered 
statistically significant. Overall survival was 
defined as the duration from date of surgery to 
death, which accurately identified by hospital 
records and follow-up results. The χ2 test or 
Fisher’s exact test was used to compare differ-
ent of qualitative variables between two groups 
while quantitative values were analyzed by 
independent student’s t test. The overall sur-
vival and survival curve was studied in Kaplan-
Meier analyses by using the log-rank test. The 
Cox regression model was used to assess the 
hazard ratio and multivariate analysis.

Results

Patients 

Baseline clinicopathologic characteristics of 
274 patient undergone curative resection for 
histologically confirmed stage III gastric cancer 
are shown in Table 1. There were 192 males 
and 82 females, with 61±3.2 years average 
age. The most frequently site involved by tumor 
was the stomach body, accounted for 125 of 
274 patients. There were 90 patients with T1 or 

Figure 1. Evaluation of CD8+ Tcm in peripheral blood by flow cytometry. A. Showed the results of the analyzing dif-
ference of CD8+ Tcm between patients with gastric cancer (n=274) and healthy control (n=102) (mean percentage 
of CD8+ Tcm in gastric cancer, 6.2%±3.8%; in healthy subjects, 13.7%±6.2%, P<0.01). B. Showed the plots of flow 
cytometry data of Tm and its subsets in peripheral blood of gastric cancer. 
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T cells had prognostic predictive power superi-
or to standard staging systems [19, 20].

In our study, the percentages of CD8+ Tcm in 
peripheral blood from gastric cancer patients 
were statistically lower than those of healthy 
control, which was consistent with prior studies 
showed that percentage of memory T cells  
was lower in patients with gastric cancer [25]. It 
was suggested tumor associated antigen can 
induce naive T cells differentiate into memory T 
cells. However, in advanced cancer, high tumor 
loading, immunosuppression and immunologic 
tolerance in tumor microenvironments may 
decrease the percentage memory T cells, espe-
cially for CD8+ Tcm [26, 27]. Otherwise, we also 
found there was significant association bet- 
ween peripheral CD8+ Tcm and nodal involve-
ment. It has been confirmed that CD8+ Tcm 
have high proliferative potential due to expres-
sion of CD62L, which is necessary for migration 
to lymph nodes [28]. Continuing releasing of 
tumor antigens from lymph node metastasis 
prompts the migration of Tcm to peripheral 
lymph zones [29]. 

Furthermore, we respectively analyzed the 
prognosis of 274 patients underwent curative 

died. In purpose of evaluating the prognostic 
significance of preoperative CD8+ Tcm for oper-
able gastric cancer, we found that patients in 
high CD8+ Tcm group in peripheral blood had a 
statistically significantly better postoperative 
prognosis than those with low CD8+ Tcm in 
overall median survival (45.32 months VS 
23.52 months, P=0.02), (Table 2; Figure 2). 

A multivariate analysis enrolled sex and gender 
of patients, tumor size, histological differentia-
tion type, T stage, the percentage of CD8+ Tcm 
and lymph node status into the COX regression 
model to identify independent prognostic fac-
tors for operable gastric cancer. The result 
showed that the percentage of CD8+ Tcm 
(Hazard ratio, 0.468; 95% CI, 0.279-0.762; 
P<0.01) and lymph node status (Hazard ratio, 
1.033; 95% CI, 0.651-1.314; P<0.05) and path-
ological differentiation (Hazard ratio, 1.257; 
95% CI, 0.832-2.025; P<0.01) were the inde-
pendent prognostic factors (Table 2).

Discussion

Antitumor immunity was considered as the first 
line of defense to control tumor growth [20]. 
However, patients with cancer always present 

Figure 2. Prognostic significance of CD8+ Tcm for gastric cancer. Panel 
showed patients with high CD8+ Tcm had a significantly higher median 
survival than those with low CD8+ Tcm (45.32 months VS 23.52 months, 
P=0.02).

as immunosuppression sta-
tus, especially in advanced 
diseases [21]. It has been 
revealed that the peripheral 
or infiltrating T cells associat-
ed with clinical stage and 
prognosis of tumor [14, 15]. 
Memory T cell, as the major T 
lymphocyte subset in malig-
nancy, which can be divided 
into effector memory (Tem) 
and central memory (Tcm) T 
cells distinguished partly by 
phenotype, homing, and fun- 
ction [12, 13, 22, 23]. CD8+ 
Tcm, with phenotype of CD8+ 
CD45RO+CD62L+, can sur-
vive long term after antigen 
elimination and present supe-
rior anti-tumor reactivity thro- 
ugh promoting migration into 
lymph nodes and proliferate 
rapidly in the second res- 
ponse to tumor antigen [24]. 
Prior studies showed memory 
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Table 2. Prognostic characteristics of patients underwent radical opera-
tion for gastric cancer

Univariate Multivariate

n MS  
(months) P HR 95% CI P

Age (years) 0.938
    ≥60 133 25.40
    <60 141 26.67
Gender 0.938
    Male 192 24.70
    Female 82 31.07
Tumor site 0.854
    Gastric cardia 75 24.70
    Gastric body 125 26.80
    Gastric antrum 74 31.07
Tumor size (cm) 0.182
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    <5 189 28.50
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but the percentage of 
CD8+ Tcm though flow 
cytometry due to tech-
nology limitation and 
equipment lacking. We 
will cooperate with other 
study teams to furtherly 
confirmed the results in 
next program.

In conclusion, our study 
confirmed that patients 
with advanced gastric 
cancer have lower per-
centage of CD8+ Tcm in 
peripheral blood, which 
was correlated with ly- 
mph nodes metastasis. 
More important, we fo- 
und that the percentage 
CD8+ Tcm was an inde-
pendent prognostic fac-
tor for operable and 
advanced gastric can- 
cer. 
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