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Abstract. Circulating follicular helper T (cTfh) cells are a 
novel subset of cluster of differentiation (CD)4+ helper T cells. 
Interleukin (IL)-21 and C-X-C motif chemokine ligand 
(CXCL)13 are the principal effectors and chemotactic regula-
tory factors of Tfh. However, the roles of IL-21 and CXCL13 in 
gastric cancer have not yet been completely elucidated. The aim 
of the present study was to investigate the distribution of cTfh 
cells, and the expression of IL-21 and CXCL13 in patients with 
gastric cancer was evaluated in order to ascertain the signifi-
cance and potential mechanisms of these effectors in gastric 
cancer. A total of 50 patients with gastric cancer were enrolled 
as the study subjects, with 30 healthy individuals selected as 
controls. The percentage of cTfh cells (cTfh%) in the peripheral 
blood was calculated using flow cytometry. They are identi-
fied in the present study as CD4+ chemokine C‑X‑C receptor 
(CXCR)5+ inducible T cell co-stimulator (ICOS)+ cells. The 
serum levels of IL-21 and CXCL13 were determined by ELISA. 
The cTfh% in the peripheral blood and the concentration of 
IL‑21 and CXCL13 in the serum were significantly higher in 
patients with gastric cancer compared with the control group. 
cTfh% was significantly higher in patients with lymph node 
metastasis, Tumor-Node-Metastasis (TNM) stage III-IV and 
low differentiation. The concentrations of IL-21 and CXCL13 
in patients with lymph node metastasis and/or TNM III-IV 
were significantly higher than in those without lymph node 
metastasis or with TNM I-II. There was a positive correlation 
between cTfh%/CXCL13 and IL-21/CXCL13, while there was 
no correlation between cTfh%/IL-21. cTfh cells and associated 
factors (IL-21/CXCL13) may be involved in the development 

and progression of gastric cancer. There may be mutual regu-
lation among cTfh cells, IL-21 and CXCL13.

Introduction

Gastric cancer is a common malignant tumor of the gastro-
intestinal tract (1). Recent statistics from China reported the 
incidence of gastric cancer to be the second highest of all 
malignancies in 2015, while the mortality rate of gastric cancer 
increased from the third to the second highest in China (2). 
Chronic inflammation contributes to the pathogenesis of gastric 
cancer. A number of immune cells and cytokines causing 
chronic inflammation, such as Th1 cells, Th2 cells, Th17 cells, 
regulatory T cells and interleukin (IL)-17, have been reported to 
be involved in the pathogenesis of gastric cancer (3-5).

Follicular helper T (Tfh) cells, were identified in human 
tonsils by Schaerli et al (6) and belong to a class of T cells with 
B cell helper functions. The characteristic cell phenotype of 
Tfh cells is cluster of differentiation (CD)4+ chemokine C-X-C 
receptor (CXCR)5+ inducible T cell co-stimulator (ICOS)+ (7). 
Tfh cells interact with B cells through the ICOS and CD40 
ligand on the surface of the cell, which not only results in Tfh 
cell differentiation into effector Tfh cells, but also promotes the 
proliferation and differentiation of B cells into plasma cells (8). 
Circulating Tfh (cTfh) cells exist in human peripheral blood and 
have the same approximate cellular phenotype as Tfh cells (9). 
Unlike Tfh cells in follicles, CD69, ICOS and programmed 
cell death 1 (PD-1) exhibit a low expression on the surfaces of 
cTfh cells, suggesting that cTfh cells may function as resting 
or memory Tfh cells (10). cTfh cells also share functional 
properties with Tfh cells in secondary lymphoid organs (11). 
The percentage of cTfh cells is increased in infectious diseases, 
including chronic hepatitis C infection, autoimmune diseases, 
such as Sjögren's syndrome and systemic lupus erythematosus, 
and certain malignancies, including non-small cell lung cancer, 
and was associated with the severity of disease, indicating 
that cTfh cells may serve a role in the progression of these 
diseases (12-14). However, the role of cTfh cells in gastric 
cancer has not, to the best of our knowledge, been reported.

IL-21 is the major effector of cTfh cells that is critical for 
plasma cell generation and normal immunoglobulin produc-
tion (15,16). C-X-C motif chemokine ligand (CXCL) 13 may 
be one of the most important factors in the homing, migration 
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and accumulation of B lymphocytes by specifically binding to 
CXCR5 (17). The CXCL13/CXCR5 interaction also promotes 
the homing of Tfh cells to lymphoid follicles, facilitating 
contact between Tfh cells and B cells (18). IL-21 and/or 
CXCL13 also serve a role as biomarker of progression and 
prognosis in various types of cancer, including breast cancer, 
cervical cancer and colon cancer (19-21); however, few studies 
have been performed examining their effect on gastric cancer.

The aim of the present study was to investigate the distri-
bution of cTfh cells and serum concentrations of associated 
cytokines (IL-21 and CXCL13) in patients with gastric cancer. 
Correlations between the percentage of cTfh cells, IL-21 and 
CXCL13 were also investigated. The results of the present study 
attempted to elucidate the effects of these cells and molecules 
in gastric cancer and their probable mechanisms of action.

Materials and methods

Patients. The study group included 50 patients with gastric 
cancer recruited from Qingdao Municipal Hospital (Qingdao, 
China) from January 2013 to December 2013. The patients, 
including 32 males and 18 females, were aged between 
40 to 78 years with a median age of 62 years. Diagnosis was 
confirmed by two independent pathologists blinded to the data 
from Qingdao Municipal Hospital based on histological criteria 
by samples from endoscopic biopsy and/or surgery resection. 
None of the patients had undergone surgery, chemotherapy or 
radiotherapy prior to enrollment in the present study. A total of 
30 healthy controls were enrolled during the aforementioned 
period. The controls were aged between 45 to 74 years with a 
median age of 60 years. No obvious inflammatory or ulcerative 
lesions were identified by gastroscopy or biopsy histology. All 
controls were matched with patients in terms of age and sex 
(Table I). Tumor-Node-Metastasis (TNM) staging system by 
American Joint Committee on Cancer was used to evaluate 
the tumor stage (22). Informed consent was obtained from all 
study participants according to the Declaration of Helsinki. 
The present study was approved by the ethics committee of 
Qingdao Municipal Hospital (Qingdao, China).

Isolation of peripheral blood mononuclear cells (PBMCs). 
PBMCs were obtained by Ficoll-Hypaque (Sigma-Aldrich; 
Merck KGaA, Darmstadt, Germany) according to the manu-
facturer's protocol following centrifugation at 800 x g at 25˚C 
for 10 min of heparinized blood. PBMCs were then resus-
pended in RPMI-1640 tissue culture medium (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA).

Flowcytometry. Human PBMCs were incubated with Fc 
receptor blocking reagent (1:5; cat no. 14-9161-73; eBiosci-
ence; Thermo Fisher Scientific, Inc.) for 20 min at 25˚C and 
then stained with antibody of phycoerythrin (PE)-conjugated 
anti-human CXCR5 (1:40; cat no. 12-9185-42; eBio-
science; Thermo Fisher Scientific, Inc.), f luorescein 
isothiocyanate-conjugated anti-human ICOS (1:5; cat 
no. 11‑9948‑42; eBioscience; Thermo Fisher Scientific, Inc.), 
PE-Texas Red (ECD)-conjugated anti- human CD4 (1:100; 
cat no. 6604727; Beckman Coulter, Inc., Brea, CA, USA) 
or isotype-matched IgG1, including PE-conjugated IgG1 
(cat no. 12-4714-82; Invitrogen; Thermo Fisher Scientific, 

Inc.), FITC-conjugated IgG1 (cat no. 11-4714-42; Invitrogen; 
Thermo Fisher Scientific, Inc.) and ECD‑conjugated IgG1 (cat 
no. A07797; Beckman Coulter, Inc.) as the control at 25˚C 
away from light for 15 min. These antibodies were used for 
both groups. Following washing with 1X PBS twice, the cells 
were then subjected to analysis using a CytoFLEX cytometer 
and CytExpert software version 2.0 (Beckman Coulter, Inc.). 
The cells were gated on the forward scatter of living cells and 
then centered on CD4+CXCR5+ICOS+ T cells.

ELISA. Following fasting for 8 h, 3 ml blood was taken 
from the subjects and then centrifuged at 1,600 x g at 25˚C 
for 10 min. Serum was collected and stored at ‑20˚C for 
further examination. ELISA kits were used for detecting 
IL-21 (cat no. CHE0056; 4A Biotec Co., Ltd, Beijing, China) 
and CXCL13 (cat no. A0336; Westang Bio‑TECH Co., Ltd, 
Shanghai, China). The procedures were performed in strict 
accordance with the manufacturer's protocol.

Statistical analysis. SPSS17.0 software (SPSS, Inc., Chicago, 
IL, USA) was used for data processing. The measurement 
data are expressed as the mean ± standard error. Comparisons 
between 2 groups were made by unpaired Student's t-test and 
between ≥3 groups by one‑way analysis of variance followed 
by a Least-Significance-Difference post-hoc test. Linear 
correlation analysis was performed to calculate the Pearson's 
correlation coefficient. Categorical data were compared by χ2 

test. P<0.05 was considered to indicate a statistically significant 
difference.

Results

Distribution of cTfh cells in patients with gastric cancer and 
its association with the examined clinicopathological features. 
cTfh cells were identified as CXCR5+ ICOS+ T cells within 
the CD4+ T cell population by flow cytometry (Fig. 1A and B). 
The percentage of cTfh cells (cTfh%) was quantified by calcu-
lating the proportion of cells in the right upper quadrant as 
depicted in Fig. 1C and D. The cTfh% represented by density of 
the point in the right upper quadrant was higher in the gastric 

Table I. Patient characteristics.

 Gastric cancer Controls 
Characteristics (n=50) (n=30) P-value

Age, years 62.8±1.3 59.8±1.5 0.137
Sex    0.721
  Male  32 18 
  Female 18 12 
TNM stage   
  I 11  
  II 9  
  III 21  
  IV 9  

TNM, tumor-node-metastasis.
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cancer group (Fig. 1D) than in the control group (Fig. 1C). The 
cTfh% in patients with gastric cancer and in the control group 
were 11.00±0.62 and 3.03±0.29, respectively. The comparison 
of the mean cTfh% between different groups is depicted in 
Fig. 1E. The cTfh% in patients with lymph node metastasis, 
TNM III‑IV and low differentiation were significantly higher 
than in those without lymph node metastasis, TNM I-II and 
well differentiated tumors (P<0.01). There were no significant 
differences in cTfh% between individuals of different age, sex, 
tumor location or tumor size (Fig. 1E).

Association between the concentration of IL‑21 and clini‑
copathological features in patients with gastric cancer. The 
serum levels of IL-21 in patients with gastric cancer were 
significantly higher than those in the control group, and 
the serum concentrations of IL-21 in the two groups were 
114.95±13.51 and 55.66±3.39 ng/l, respectively (P<0.01). The 
concentration of IL-21 in patients with lymph node metas-
tasis was higher than in those without lymph node metastasis 
(P<0.01). There were no significant differences in serum 
IL-21 levels among individuals of different age, sex, tumor 

Figure 2. Association between the concentration of IL-21 and clinicopathological features in patients with gastric cancer. *P<0.01. IL-21, interleukin 21; TNM, 
Tumor-Node-Metastasis.

Figure 1. Distribution of cTfh in the peripheral blood of patients with gastric cancer and its association with clinicopathological features. cTfh cells were identified 
as CXCR5+ ICOS+ T cells within the CD4+ T cell population by flow cytometry. As presented in representative dotplots, CD4+ cells were distinguished by setting 
the gate in (A) controls and in (B) the patients. Then cTfh cells were recognized as CXCR5+ ICOS+ cells shown in the right upper quadrant in (C) the controls and 
in (D) the patients. The percentage of cTfh cells was compared in patients with gastric cancer and controls as well as in patients with different clinicopathological 
characteristics including age, sex, location, TNM stage, lymph node metastasis, tumor size, and degree of differentiation (E). *P<0.01; **P<0.001. cTfh, circulating 
follicular helper T cells; TNM, Tumor-Node-Metastasis; CXCR5, Chemokine C-X-C receptor 5; ICOS, inducible T cell co-stimulator; SS, side scatter.
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location, TNM stage, histological differentiation and tumor 
size (Fig. 2).

Association between the concentration of CXCL13 and clini‑
copathological features in patients with gastric cancer. The 
concentration of serum CXCL13 in patients with gastric cancer 
was significantly higher than in the control group (P<0.01), 
and the concentrations of CXCL13 in the two groups were 
89.41±6.00 and 18.91±1.99 pg/ml, respectively. The concentra-
tion of CXCL13 in patients with lymph node metastasis and 
TNM III‑IV was significantly higher than those without lymph 
node metastasis and TNM I‑II (P<0.01). There were no signifi-
cant differences in concentration of CXCL13 among patients 
of different age, sex, tumor location, histological differentia-
tion and tumor size (Fig. 3).

Correlation between cTfh%, IL‑21 and CXCL13 in patients 
with gastric cancer. The results of linear correlation analysis 
demonstrated that cTfh% had no correlation with the concentra-
tion of IL-21 in patients with gastric cancer (r=0.217, P=0.130), 
while a significant correlation was observed between cTfh% 
and CXCL13 (r=0.368, P=0.008), as well as between IL-21 
and CXCL13 (r=0.748, P=0.000; Fig. 4).

Discussion

In the present study, the distribution of cTfh cells and the 
concentrations of IL-21 and CXCL13 in the peripheral blood 

of patients with gastric cancer were investigated. Compared 
with the control group, the cTfh% in the peripheral blood and 
the concentration of IL-21 and CXCL13 in the serum were 
significantly higher in patients with gastric cancer. A higher 
cTfh% and a higher concentration of IL-21 and CXCL13 were 
also associated with the characteristics of tumor progression, 
including the late tumor stage, lymph node metastasis and 
poor differentiation.

cTfh may serve a role in the pathogenesis and progres-
sion of various types of malignancies. A study undertaken 
by Cha et al (16), reported that in primary diffuse large 
B cell lymphoma (DLBCL), CD4+ CXCR5+ cells in the 
peripheral blood promoted the proliferation and inhibited 
the apoptosis of DLBCL cells. Additionally, a study under-
taken by Shi et al (14) demonstrated the percentage of cTfh 
to be significantly higher in non-small cell lung cancer 
(NSCLC) and in advanced-stage cases. An additional study 
reported that when Crohn's disease was accompanied by 
colorectal cancer, the number of cTfh cells was increased 
1.59-fold (23). To the best of our knowledge, at present, there 
are no reports on the role of cTfh in gastric cancer. The 
results of the present study demonstrated that the percentage 
of cTfh in patients with gastric cancer was significantly 
higher than in the control group, and was associated with 
lymph node metastasis, advanced stages of cancer and a low 
degree of differentiation. Therefore, cTfh may be consid-
ered as an indicator of diagnosis/prognosis in patients with 
gastric cancer.

Figure 3. Association between the concentration of CXCL13 and clinicopathological features in patients with gastric cancer. *P<0.01. CXCL13, C-X-C motif 
chemokine ligand 13; TNM, Tumor-Node-Metastasis.

Figure 4. Correlation between cTfh%, IL-21 and CXCL13 in patients with gastric cancer. The association between (A) cTfh% and IL-21, (B) cTfh% and 
CXCL13, and (C) IL-21 and CXCL13 are shown. cTfh, circulating follicular helper T cells; IL-21, interleukin 21; CXCL13, C-X-C motif chemokine ligand 13.
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The leading studies of IL-21 in tumors have focused on 
its inhibitory effect on tumor growth, and consequently IL-21 
has become a target for immunotherapy (24-26). However, in 
breast cancer, the IL-21 gene polymorphism may be an impor-
tant index for assessing the prognosis of disease (27). While 
the role of IL-21 in gastric cancer has rarely been reported, 
a previous study reported that the concentration of IL-21 in 
gastric cancer tissues has been increased (28). The serum 
concentration of IL-21 in patients with gastric cancer was 
demonstrated to be significantly higher when compared with 
the control group. By comparing the levels of IL-21 expression 
between different clinicopathological features, it was identified 
that the serum concentration of IL-21 in patients with lymph 
node metastasis was significantly higher than in those without 
lymph node metastasis. This suggested that IL-21 may serve a 
role in the development and progression of gastric cancer.

The impact of CXCL13/CXCR5 on various types of 
cancer, including breast cancer, colorectal cancer and prostate 
cancer has been the focus of a number of studies (29-31). 
CXCL13 and CXCR5 may be associated with unfavorable 
clinical characteristics in tumors, including invasive patho-
logical type, positive lymph node, metastasis and the relapse 
of cancer at an advanced stage of disease. The results of the 
present study demonstrated that the concentration of CXCL13 
in the peripheral blood of patients with gastric cancer was 
significantly higher, when compared with the control group, 
and the concentration of CXCL13 in patients with lymph node 
metastasis and TNM III-IV was higher than in those without 
lymph node metastasis and TNM I-II. These results suggested 
that the increased concentration of CXCL13 may be associated 
with the progression of gastric cancer.

IL-21 is a well-established effector of Tfh cells, and 
can also bind with IL-21R on the surface of Tfh cells to 
promote the expression of CXCR5 and ICOS through the 
autocrine signaling pathway, thereby inducing further 
differentiation in Tfh cells (32). As the principal ligand of 
CXCR5, CXCL13 can induce the homing and migration of 
Tfh cells by combining with CXCR5 (33). In this way, there 
may be a correlation between Tfh, IL-21 and CXCL13. In the 
present study, the correlations between these three param-
eters were examined. A study undertaken by An et al (34), 
reported that the proportion of Tfh cells in the peripheral 
blood was positively associated with the concentration of 
IL-21 in patients with unexplained infertility. In the present 
study, no correlation was determined between the percentage 
of cTfh and the concentration of IL-21 in serum of patients 
with gastric cancer. The result of no correlation between 
cTfh and IL-21 in peripheral blood may be associated with 
the multiple sources of IL-21 in the serum. In addition to 
Tfh cells, Th17 cells and natural killer T cells are capable of 
secreting a small amount of IL-21 (35,36). Th17 cells in the 
peripheral blood appeared to be notably amplified in gastric 
cancer (29). Whether this affects the synthesis and secretion 
of IL-21 remains to be established. The association between 
Tfh cells and CXCL13, as well as CXCL13 and IL-21, has not, 
to the best of our knowledge, been reported previously. The 
results of the present study demonstrated a positive associa-
tion between cTfh% and CXCL13, and a positive correlation 
between CXCL13 and IL-21. CXCL13 and IL-21 are the key 
factors in the survival of the Tfh/B cell axis. CXCL13 can 

direct Tfh cell migration into B cell follicles through binding 
to CXCR5 on the surface of Tfh (37). Tfh cells located in 
lymphoid follicles express ICOS, PD-1 and IL-21, which 
not only provide markers for identification of Tfh cells but 
also serve important functions in their interactions with B 
cells (18,38,39). The association between cTfh, CXCL13 
and IL‑21 was determined in peripheral blood. Whether this 
association can indirectly reflect the interaction between 
these three parameters in lymphoid follicles remains to be 
studied.

To conclude, the findings of the present study demonstrated 
that an increased percentage of cTfh cells, IL-21 and CXCL13 
were observed in patients with gastric cancer, and that all three 
factors may be involved in the development and progression of 
cancer. Furthermore, there may be mutual regulation among 
cTfh cells, IL-21 and CXCL13; however, the direct association 
between cTfh cells and associated factors was not reflected 
in the present study. In the future, the direct associations 
between them may be analyzed through intervention experi-
ments in vitro in order to fully elucidate their effects on gastric 
cancer.
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