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Abstract
AIM: To elucidate the molecular and cellular features re-
sponsible for the increase of regulatory T cells (Tregs) in 
gastric cancer. 

METHODS: The frequencies of CD4+Foxp3+ Tregs and 
the level of transforming growth factor-β1 (TGF-β1) 
were analyzed from 56 patients with gastric cancer by 

flow cytometry and enzyme-linked immunosorbent as-
say respectively. Foxp3 gene expression was analyzed by 
real-time polymerase chain reaction. The gastric cancer 
microenvironment was modeled by establishing the co-
culture of gastric cancer cell line, MGC-803, with sorting 
CD4+ T cells. The normal gastric mucosa cell line, GES-1, 
was used as the control. The production of TGF-β1 was 
detected in supernatant of MGC and GES-1. The car-
boxyfluorescein diacetatesuccinimidyl ester (CFSE) dilu-
tion assay was performed to evaluate the proliferation 
characteristics of induced Tregs. Neutralizing anti-TGF-β1 
antibody was added to the co-culture system for neutral-
ization experiments.

RESULTS: The level of serum TGF-β1 in gastric cancer 
patients (15.1 ± 5.5 ng/mL) was significantly higher than 
that of the gender- and age-matched healthy controls 
(10.3 ± 3.4 ng/mL) (P  < 0.05). Furthermore, the higher 
TGF-β1 level correlated with the increased population of 
CD4+Foxp3+ Tregs in advanced gastric cancer (r  = 0.576, 
P  < 0.05). A significant higher frequency of CD4+Foxp3+ 
Tregs was observed in PBMCs cultured with the superna-
tant of MGC than GES-1 (10.6% ± 0.6% vs 8.7% ± 0.7%, 
P  < 0.05). Moreover, using the purified CD4+CD25- T 
cells, we confirmed that the increased Tregs were mainly 
induced from the conversation of CD4+CD25- naive T 
cells, and induced Tregs were functional and able to 
suppress the proliferation of effector T cells. Finally, we 
demonstrated that gastric cancer cells induced the in-
creased CD4+Foxp3+ Tregs via  producing TGF-β1. Gastric 
cancer cells upregulated the production of TGF-β1 and 
blockade of TGF-β1 partly abrogated Tregs phenotype.

CONCLUSION: Gastric cancer cell can induce Tregs de-
velopment via  producing TGF-β1, by which the existence 
of cross-talk between the tumor and immune cells might 
regulate anti-tumor immune responses.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer (GC) is a common fatal malignancy from 
cancer worldwide[1,2]. Although the incidence of  GC is 
declining in most developed countries, it remains one 
of  the most common causes of  cancer-related death in 
many Asian countries, such as China, Japan, and Korea[3,4]. 
Certain tumors, including GC, have developed the capac-
ity to escape immune surveillance or to inhibit immune 
functions. Recently, emerging evidence suggests that CD4+ 
regulatory T cells (Tregs) play an important role in tumor 
escape from immunological control by suppressing the 
activation and proliferation of  T cells, B cells, and natural 
killer (NK) cells[5,6]. 

Our recent results have showed that the existence of  
Tregs maintained immune tolerance in gastric tumor micro-
environments[7]. In addition, we found increased expression 
of  Foxp3 protein per cell in tumor-infiltrating Tregs and 
Tregs can mediate immune suppression via COX-2 produc-
tion[8]. Interestingly, our and others data showed that after 
patients received curative resection for GC, the increased 
proportion of  Tregs was significantly restored to normal 
levels[7,9,10]. These results strongly suggest that gastric can-
cer-related factors induce and/or expand the accumulation 
of  Tregs. However, the detailed mechanism underlying the 
induction of  Tregs during GC progress remains undefined. 

Transforming growth factor-β1 (TGF-β1), as well as 
other mediators such as prostaglandin E2 and H-ferritin, 
has been reported to induce Treg cells[11]. In vitro, stud-
ies have shown that TGF-β1 can impose a regulatory 
phenotype on CD4+CD25- T cells through the induction 
of  Foxp3 expression[12,13]. In contrast, other studies have 
shown that the development and functional capacity of  
CD4+CD25+ Tregs is normal in TGF-β1 deficient mice[14], 
questioning a role for TGF-β1 in mediating Treg develop-
ment and function. Over the past few years, significant 
progress has been made in defining the cellular and mo-
lecular basis for these protumorigenic effects of  TGF-β1 
within tumor microenvironment[15]. The mechanism of  
TGF-β1 function in gastric cancer is believed to be medi-
ated primarily by increasing the deposition of  extracellular 

matrix and immunosuppression. However, the underlying 
mechanism of  TGF-β1 responsible for regulating gastric 
cancer immunosuppression has not been fully elucidated 
yet. 

In this study, we examined the serum level of  TGF-β1 
in gastric cancer patients and analyzed the correlation 
of  TGF-β1 with the prevalence of  Tregs. We confirmed 
that serum level of  TGF-β1 was elevated in GC and cor-
related with increased CD4+Foxp3+ Treg cells. By the co-
culture system in vitro, we evaluated the contribution of  
GC cell supernatant to CD4+ T cell dysfunction. Our 
results indicated that MGC supernatant can induce the 
increase of  Tregs, which especially from the conversation 
of  CD4+CD25- naive T cell and blockade of  TGF-β1 
production partly impaired the development of  Tregs. 
These results suggested that the gastric cancer cells played 
a pivotal role in impairing the antitumor T cell response by 
induction of  Tregs.

MATERIALS AND METHODS
Patients
Fifty six patients with gastric cancer, who underwent sur-
gery at Xinhua Hospital affiliated to Shanghai Jiaotong 
University School of  Medicine, China, were included in 
this study. Prior to the sample collection, appropriate per-
mission was granted from the research ethical committee 
of  Xinhua hospital, Shanghai Jiao Tong University School 
of  Medicine. Peripheral bloods were collected from each 
patient and from 20 healthy volunteers as previously 
described[7]. Sera were frozen at -80℃ immediately after 
centrifugation for later determination of  concentrations 
of  TGF-β1. Peripheral blood mononuclear cells (PBMCs) 
were isolated by Ficoll density gradient. All patients were 
diagnosed by pathological analyses based on the UICC 
(International Union Against Cancer) criteria. At the time 
of  sample collection, none of  the patients had suffered 
other cancer, acute and chronic infections, autoimmune 
diseases, inflammatory diseases and none were receiving 
concomitant mediations. The laboratory characteristics 
of  patients were as follow: WBC 4.2-10.6 × 109/L; RBC 
3.9-5.7 × 1012/L; platelets 181-350 × 109/L; neutrophils 
47.8%-73.9%; lymphocytes 15.2%-44.9%; monocytes 
2.9%-10.2%. The clinicopathologic characteristics of  the 
tumors are summarized in Table 1. 

Cell culture and supernatant collection
Human GC cell lines (MGC-803, SGC-7901) were ob-
tained from Shanghai Institute of  Cell Biology, Chinese 
Academy of  Sciences (Shanghai, China), and normal 
gastric mucosa cell line (GES-1), derived from a human 
fetal gastric mucosa epithelium, was obtained from Beijing 
Institute for Cancer Research. The cells were routinely cul-
tured in DMEM media (GIBCO, Invitrogen, USA) supple-
mented with 10% fetal calf  serum (FCS), 100 U/mL peni-
cillin and 100 μg/mL streptomycin (Gibco) in 5% CO2 at 
37℃. MGC, SGC and GES cells were washed twice with 
PBS when they grew to 60%-80% confluence and then 
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Table 1  Serum levels of transforming growth factor-β1 and 
the population of CD4+Foxp3+ Tregs in patients with gastric 
cancer according to clinicopathological findings

kept in serum-free culture medium for an additional 48 h. 
Supernatant was collected and debris was removed by cen-
trifugation at 1500 g for 10 min, and then passed through 
a 0.45 mm filter (BD, USA). 100 μL supernatants were 
stored at -80℃ for later determination of  concentrations 
of  TGF-β1. For co-culture assay, all the remaining super-
natants were further concentrated 20-fold with a Microcon 
Ultracel YM-10 filter (Millipore, USA) according to the 
manufacturer's instructions. In the induction experiments, 
different volumes of  supernatant protein concentrate from 
MGC or GES were added to sorted naive T cell culture 
system.

TGF-β1 measurement
The cell supernatants of  MGC, GES-1 and GC patients’ 
sera previously stored at -80℃ were thawed, and measured 
for TGF-β1 concentration by enzyme-linked immunosor-
bent assay using human TGF-β1 immunoassay kit (R&D, 
USA) in triplicate following the manufacturer’s protocol. 
The minimum detectable dose of  this assay is 30.0 pg/mL. 
The intra-assay coefficient of  variation (CV) was 5.7% and 
the interassay CV was 10.6%.

Treg cells analysis and sorting by FCM
Phenotype analysis of  regulatory T cells (Tregs) and cell 
sorting were performed by BD FACS Aria flow cytometer 
(BD, USA) as previously described[8]. Briefly, the cells were 
labeled with CD3-PC7, CD127-PE, CD4-APC, and CD25 
PerCP. Intracellular staining for Foxp3 was performed 
using Alexa Fluor® 488 anti-human Foxp3 Antibody and 
Foxp3 Fix/Perm Buffer Set (BioLegend, USA) following 
the manufacturer’s protocol. In the preliminary experi-
ments, we found that CD25 expression was nonspecific 
and was higher in CD4+ T cells after coculturing with GC 
cells. Therefore, for consistency, the gating strategy for 
Tregs was based on the expression of  CD4 and Foxp3. To 
analyze the prevalence of  Treg cells, CD4+Foxp3+ Treg 

cells were evaluated after gating on CD3+CD4+ T cells 
and expressed as a percentage of  the total CD4+ T cells. 
The FACS Aria was adjusted with Accudrop Fluorescent 
Beads (BD bioscience, USA) for optimum sorting condi-
tions which allowed CD4+CD25+CD127low/- T cells and 
CD4+CD25-CD127+ T cells to be sorted. The purity of  
the isolated T cells was greater than 95%.

Induction and neutralization experiments 
The purified CD4+CD25-CD127+ T cells (1 × 105) were 
cultured with conditioned medium described above in 
96-well plates at 37℃ and 5% CO2 in the presence or 
absence of  soluble anti-human CD3 (10 μg/mL; eBiosci-
ence) plus anti-CD28 (10 μg/mL; eBioscience) and IL-2 
(100 U/mL; Sigma, USA). After 72 h of  cultivation, the 
proportion of  CD4+Foxp3+ T cells was detected by FCM, 
and Foxp3 gene expression was analyzed by real-time PCR. 
For anti-TGF-β1 antibody neutralization experiments, 
neutralizing mouse anti-TGF-β1 antibody (500 μg/mL; 
Clone: 27235; R&D Systems, USA) and normal mouse 
IgG1 (500 μg/mL; Clone: 11711; R&D Systems, USA) 
were added to the culture medium with a final concentra-
tion of  0.1 μg/mL at the beginning of  the culture.

Real-time quantitative RT-PCR
Foxp3 mRNA expression was performed using the 
SYBR Premix Ex Taq™ (Takara) according to the 
manufacturer’s instructions. Amplification reactions 
were performed by primers specific for Foxp3 (forward, 
5'-CAGCACATTCCCAGAGTTCCTC-3'; reverse, 
5'-GCGTGTGAACCAGTGGTAGATC-3'). The rela-
tive quantity of  the Foxp3 mRNA was normalized to the 
level of  the internal control GAPDH mRNA level.

CFSE-based suppression assay in vitro 
For the proliferation inhibition assay, the carboxyfluo-
rescein diacetate succinimidyl ester (CFSE) dilution as-
say was performed per standard technique. Briefly, the 
sorted CD4+CD25-CD127+ T cells were co-cultured with 
MGC-803, GES-1 or medium only for 2 d. As suppres-
sor cells, equal numbers of  cells were removed and placed 
in co-culture with CFSE-labeled CD4+CD25- T cells at a 
ratio of  1:1 in the presence of  soluble 10 μg/mL mouse 
anti-human CD3 and 10 μg/mL mouse anti-human CD28 
antibodies (eBioscience, USA). After 4 d, the cells were 
harvested and proliferation was measured by loss of  CFSE 
dye with flow cytometry. Cell proliferation indices were 
calculated with Modfit software (Topsham, USA) based on 
the reduction of  CFSE positive cells.

Statistical analysis
Data were expressed as mean ± SD. The statistical sig-
nificance of  the difference between the two means was 
assessed using Student’s t-test, and the one-way ANOVA 
with Tukey’s post test was performed for multiple com-
parisons. Correlation between variables was evaluated by 
Pearman’s rank correlation coefficients. All the statistical 
analyses were performed using GraphPad Prism version 5.0 
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Variables n TGF-β1 (ng/mL) P Tregs (%) P

Gender > 0.05 > 0.05
Male 38 16.1 ± 6.8 8.0 ± 3.2
Female 18 14.0 ± 5.1 7.6 ± 2.5

Age > 0.05 > 0.05
< 55 25 14.1 ± 4.1 8.2 ± 4.1
> 55 31 15.9 ± 4.6 7.7 ± 3.5

TNM stage < 0.05 < 0.05
Early stage (Ⅰ/Ⅱ) 22 12.4 ± 5.0 6.3 ± 1.2
Advanced stage (Ⅲ/Ⅳ) 34 18.1 ± 7.8 8.8 ± 2.4

Histological type > 0.05 > 0.05
Well and Moderately 20 14.1 ± 4.9 7.0 ± 3.7
Poor 36 16.8 ± 7.9 8.6 ± 4.5

Lymph node metastasis < 0.05 < 0.05
Negative 18 11.2 ± 5.2 6.5 ± 2.4
Positive 38 17.4 ± 7.2 8.6 ± 2.9

TGF: Transforming growth factor; Tregs: Regulatory T cells.
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MGC

11.2%

for Windows (GraphPad Software, USA) and a significant 
difference was considered as P < 0.05.

RESULTS
Elevated serum level of TGF-β1 in gastric cancer 
correlated with increased CD4+Foxp3+ Treg cells
To determine whether serum TGF-β1 correlated with the 
clinicopathological findings, we summarized the mean val-
ues of  TGF-β1 in patients with GC according to clinical 
variables as shown in Table 1. The mean level of  serum 
TGF-β1 in GC patients (15.1 ± 5.5 ng/mL) was signifi-
cantly higher than that of  the gender- and age-matched 
healthy controls (10.3 ± 3.4 ng/mL) (P < 0.05), which was 
consistent with previous reports[16,17]. Furthermore, the 
serum TGF-β1 levels increased as GC stage progressed. 
Compared to those with early stage disease, patients with 
advanced stage disease had significantly elevated serum 
TGF-β1 (P < 0.05). As shown in Table 1, no significant dif-
ferences in serum TGF-β1 levels were found in GC patients 
with different age, genders, and histological types (P > 0.05). 
However, the serum concentration of  TGF-β1 was posi-
tively correlated with lymph node metastasis (P < 0.05). The 
results also showed that the population of  CD4+Foxp3+ 
Tregs in the peripheral blood of  advanced stage GC patients 

was significantly higher than that in healthy controls or early 
stage GC patients (P < 0.05) (Table 1). 

The consistency of  Tregs and serum TGF-β1 level in 
patients with GC encouraged us to perform a correlation 
study, and the results showed that the increased TGF-β1 
was correlated with the Treg cells (r = 0.576, P < 0.05) in 
advanced stage patients, but not in early stage patients (r = 
0.248, P < 0.05). The present results indirectly suggested 
the relationship of  TGF-β1 and Tregs in gastric cancer.

GC cell supernatant induces the increase in CD4+ Foxp3+ 
Treg cells
Based on the above results, we hypothesized that gastric 
cancer-derived stimulators may contribute to increased 
Tregs. To address this hypothesis, we established a co-
culture system with human GC cells and PBMCs from 
healthy donors to model the gastric cancer microenviron-
ment in vitro. After 3 d of  culture, our data showed that 
a higher frequency of  Tregs was observed in PBMCs 
cultured with the supernatant of  MGC. However, the 
frequency of  Tregs had almost no significant difference in 
PBMCs cultured with GES-1 cell supernatants and medi-
um control (Figure 1A and B). When cocultured with MGC 
cell culture supernatant, Foxp3 mRNA expression level was 
higher than that with GES-1 and medium (Figure 1C). 
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Figure 1  Gastric cancer cell supernatant induces the increased Tregs in coculture with peripheral blood mononuclear cells. A: Representative flow cytometry 
analysis of CD4+Foxp3+ Tregs frequency in CD4+ T cells population following peripheral blood mononuclear cells co-culture with medium, GES, or MGC supernatants. 
Rectangles show double positive gating and numbers reflect percentage of cells in that gate; B: Summarized data from all subjects showed that CD4+Foxp3+ Tregs 
increased in coculture with MGC supernatants (aP < 0.05); C: Relative quantity of Foxp3 mRNA was measured by real-time polymerase chain reaction before and after 
culture with medium, GES, or MGC supernatants.
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GC cell supernatants induce the conversion of CD4+CD25- 
naive T cells to CD4+ Foxp3+ Tregs 
To investigate whether the supernatant of  GC cell cul-
ture induced the increased Tregs from the conversion 
of  natural CD4+CD25- T cells, we performed co-culture 
experiments with the sorted natural CD4+CD25- T cells 
using our previous method[7]. Because naive CD4+ T 
cells were more susceptible to the induction of  Foxp3 by 
TGF-β1[18] and to minimize any potential contaminating 
CD25-Foxp3+ nTregs, we used the CD4+CD25+CD127low/- 

population for all of  our coculture experiments. To ensure 
consistency, the same cell culture supernatants were used 
for conversion experiments. Our results showed that 

MGC cell supernatant can induce a higher population of  
CD4+Foxp3+ Tregs than GES-1 and medium (P < 0.05) 
(Figure 2A and B) and, the CD4+CD25- cells decreased 
respectively in coculture system. More interesting is that 
the induced Tregs correlated with the TGF-β1 level in dif-
ferent repeated experiments (r = 0.635, P < 0.05). 

To further confirm that the supernatant of  GC cell 
culture could increase Tregs population and Foxp3 expres-
sion, the cell culture supernatant from another GC cell 
strain, SGC-7901, was collected. As observed in the culture 
with supernatant of  MGC cell culture, the supernatant 
of  SGC cell cultures also increased Foxp3 expression in 
naive T cells (Figure 2B). Collectively, our results suggested 
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that the GC supernatant can induce the increased Tregs, 
which was mainly because of  the conversion of  natural 
CD4+CD25- T cells.

Gastric cancer cell induced CD4+Foxp3+ Treg cells that 
can suppress T cell activation
In order to understand whether GC cell supernatant in-
duced CD4+Foxp3+ Tregs can inhibit effector T cells, we 
analyzed the suppressive function of  GC cell induced 
Tregs. To eliminate the influence of  cell culture related fac-
tors, the induced co-cultured supernatants were removed 
after coculture with MGC, GES-1, or medium. Then the 
CFSE dilution assay was used to evaluate the proliferation 
characteristics of  T cells. Compared with medium, a sig-
nificant decrease in the proliferative response of  responder 
CD4+CD25- T cells could be found with MGC after being 
cocultured (Figure 2C). These results demonstrated that 
GC cell induced Treg cells displayed the suppressive activ-
ity in vitro.

Gastric cancer cells induce conversion of naive T cells 
into Treg through TGF-β1
To further elucidate the possible mechanism of  the con-
version, we presumed that TGF-β1 from gastric cancer 
cells can serve as a key factor in the induction of  Foxp3 

expression of  natural CD4+CD25- T cells. To address this 
possibility, we firstly performed the inducing experiments 
for TGF-β1. Consistent with other studies, compared with 
control Ab, TGF-β1 can induce an increase in Tregs (Figure 
3A and B). MGC cells secreted significant higher TGF-β1 
into supernatant than that GES-1 and medium (Figure 3C). 

To test the role of  TGF-β1 in GC cell mediated in-
creasing Tregs, we compared the effects of  neutralizing 
monoclonal antibody with activity against TGF-β1 and iso-
typic control antibody. To some extent, blocking TGF-β1 
activity in MGC supernatant with anti-TGF-β1 mAb, in-
stead of  the isotypic control antibody, reduced the frequen-
cy of  induced CD4+FOXP3+ T cells. But our results also 
showed that this blocking effect was not complete because 
the converted numbers of  CD4+Foxp3+ T cells in MGC 
were still higher than that of  the control (Figure 3D). Our 
data indicated that gastric cancer-derived TGF-β1 played 
a certain role in the conversion of  natural CD4+CD25- T 
cells to CD4+Foxp3+ Treg cells.

DISCUSSION
In the current study, we showed that higher levels of  
TGF-β1 in gastric cancer patients have been correlated 
with the frequency of  CD4+Foxp3+ regulatory T cell. Nu-
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merous studies have respectively reported an increased 
frequency of  circulating Tregs and higher level of  TGF-β1 
during GC progression[7,9,16,19]. However, to date, there has 
been no report to directly demonstrate the relationship of  
higher TGF-β1 levels and increased frequency of  Tregs in 
GC. Given that TGF-β1 is a key factor for Foxp3 expres-
sion maintenance, regulatory function, and homeostasis 
in peripheral CD4+CD25+ Treg cells[20], tumor-derived 
TGF-β1 may contribute to the development of  Tregs dur-
ing GC progression. Indeed, our work supports this pos-
sibility by demonstrating a mechanism of  CD4+Foxp3+ 
Tregs development mediated through TGF-β1 production 
by GC cells. 

TGF-β1 is a tumor suppressor growth factor, anti-
inflammatory cytokine, and immunosuppressant. There-
fore, the levels of  TGF-β1 were different according to 
the carcinogenic process, the stage of  carcinogenesis, and 
organ. It has been reported that high levels of  TGF-β1 are 
produced by many types of  tumors, including melanomas 
and cancers of  the colon, stomach, liver, and prostate, 
as well as other malignancies[16,21,22]. Generally defective 
TGF-β1 signaling seems to be essential in the carcinogenic 
process, but the level of  TGF-β1 is increased in advanced 
cases or some types of  cancer. TGF-β1 levels were signifi-
cantly increased in gastric cancer tissue compared with ad-
jacent normal tissues[17]. In this study, our data confirmed 
the higher level of  serum TGF-β1 in patients with gastric 
cancer. Furthermore, compared to early stage patients, 
elevated serum TGF-β1 was observed in patients with 
advanced stages. However, the role of  TGF-β1 varied in 
different tumor stages, in which TGF-β1 seems to act as a 
tumor suppressor in early stages of  tumorigenesis and dur-
ing later stages of  tumorigenesis, TGF-β can foster tumor 
progression, and metastasis[23,24]. Our results showed that 
the serum concentration of  TGF-β1 was positively cor-
related with lymph node metastasis in GC. This study rein-
forced the role of  TGF-β1 in promoting GC progression. 
An increase in the Treg population has been observed 
in both the periphery and tumor microenvironment in 
patients with cancer[25]. We find a positive correlation be-
tween TGF-β1 and Tregs in advanced stage GC patients. 
To our knowledge, this is the first report to show the cor-
relation of  TGF-β1 level with increased Treg cells in GC. 

In this report, an in vitro co-culture system was used to 
understand the underlying mechanisms responsible for the 
upregulation of  Tregs observed in our clinical cohorts. Af-
ter co-culture with GC cell supernatants, an increased popu-
lation of  CD4+Foxp3+ T cells was found in PBMCs. Of  
note, upregulation of  Foxp3 mRNA expression supported 
that Tregs increased in the culture system. This increase was 
observed using a different GC cell line, suggesting that the 
induction of  Tregs is a feature common to GC cells. Mul-
tiple mechanisms have been involved in production of  in-
creased Treg cells in the tumor microenvironment including 
expansion, conversion and recruitment. Mizukami et al[26] 
found that CCL17 and CCL22 are related to the increased 
population of  Foxp3+ Tregs in early GC[26]. Using the op-
timized conditions for sorting effector and Treg cells, we 

provided evidence that the conditioned medium obtained 
from GC supernatant was capable of  inducing the conver-
sion of  CD4+CD25- T cells to CD4+Foxp3+ Tregs, which 
is different from the effects of  chemokines on Treg infiltra-
tion in GC microenvironment. Moreover, the induced Tregs 
were functional and inhibited the proliferative response of  
CD4+CD25- effector T cells. Although a prior study showed 
that increased Treg frequency was derived from natural Treg 
self  expansion by factors secreted by hepatocellular carci-
noma cell[27], our data clearly demonstrated that the conver-
sion of  natural CD4+CD25- T cells may be an important 
pathway of  Treg cell maintenance in GC. Of  course, we 
cannot discount the important role of  chemokines in induc-
ing Tregs migration to the microenvironment of  GC. 

Tumor cell supernatants include a complex protein 
component. Based on the fact that GC cells could pro-
duce a higher level of  TGF-β1 and TGF-β1 correlated 
with Tregs from our data, we questioned if  gastric cancer 
derived TGF-β1 induced Treg increases in the coculture 
system. Although TGF-β1 can promote the generation of  
Tregs in vitro, it has been controversial whether TGF-β1 
is involved in the generation or maintenance of  Tregs 
under pathologic conditions, especially in tumor environ-
ments[28]. Some studies showed that tumor-derived factors 
such as TGF-β1 may contribute to CD4+CD25+ Treg cell 
expansion[29], but also enhance their suppressor ability[27]. 
In contrast to them, Zhao et al[30] recently found that neu-
tralization of  TGF-β1 did not affect Foxp3 expression 
in ovarian carcinoma cells. The role of  TGF-β1 needs 
to be elucidated in GC. Our results demonstrated that a 
higher TGF-β1 level was found in GC cell supernatant 
and TGF-β1 can induce increased Treg cells. Surprisingly, 
although blocking TGF-β1 could decrease the conversion 
activity in our study, it was not completely abrogated. Ac-
cordingly, we could not rule out that a fraction of  convert-
ing Treg cells may be generated in the presence of  other 
unknown tumor-derived soluble factors besides TGF-β1. 
It is likely that multiple cytokines are involved in the induc-
tion of  Foxp3 expression[30]. TGF-β1, together with other 
factors, seemed to account for the induction of  Treg cells 
in the GC microenvironment. Further research is needed 
to elucidate the potential mechanism of  GC derived other 
factors for induction of  Tregs. Additionally, what should 
be noted is that TGF-β1 derived from GC can also ac-
count for immunosuppression of  other cell types, and 
besides GC cells, macrophages and stromal cell also can 
secrete TGF-β1 in tumor environments[31]. It is document-
ed that TGF-β1 is important for the inhibition of  CD8+ 
CTL and NK cells, which play a critical role in the preven-
tion and clearance of  tumors[32]. A better understanding of  
the mechanisms of  the Treg increase in GC may allow for 
future immunotherapeutic and diagnostic opportunities 
in this population. Recent reports have shown that func-
tional polarization of  Th subsets of  lymphocytes has been 
implicated in tumor promotion. Tumor derived TGF-β1 
in the tumor microenvironment could promote tumor 
eradication by influencing the polarization of  Th1/Th2 
and controlling Treg/Th17 cell polarization[33]. This study 
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only focuses on the specific role of  TGF-β1 in the induc-
tion of  Tregs. However, the polarization of  other Th cells 
in the tumor environment by TGF-β1 needs to be further 
elucidated. A complete understanding the role of  TGF-β1 
in controlling T cell polarization in tumors is crucial for 
dissecting the beneficial use of  TGF-β1 in future immu-
notherapies against gastric cancer.

In conclusion, we provide evidence that a higher 
TGF-β1 level is related to the increased population of  
CD4+Foxp3+ Tregs. GC cell supernatants can stimulate 
induction of  human CD4+Foxp3+ Treg cells. This study 
suggests that gastric cancer cell supernatants can induce 
the conversation of  Tregs from CD4+CD25- naive T cells 
partly via mechanisms involving TGF-β1. Our data sup-
port the existence of  intercellular cross-talk between the 
tumor cell and Tregs that might regulate anti-tumor im-
mune responses.
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Background
Regulatory T cells (Tregs) accumulate in the tumor environment and suppress 
tumor-specific T-cell responses. Previous studies have suggested that Tregs 
were elevated in gastric cancer and increased populations of Tregs impaired anti-
tumor immunity. However, the molecular and cellular features responsible for the 
increase and maintenance of Treg cell levels in gastric cancer remain elusive.
Research frontiers
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However, there are contradictory reports regarding the role of TGF-β1 in the 
induction of Tregs in cancer. The research aimed to explore whether or not gastric 
cancer cells producing this cytokine would account for the increased Treg and 
promote tumor progression.
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In this study, the data confirmed the higher level of serum TGF-β1 in patients with 
gastric cancer. Moreover, the higher TGF-β1 level correlated with the increased 
population of CD4+Foxp3+ Tregs in advanced gastric cancer. Gastric cancer cell 
induced the increase of functional CD4+Foxp3+ Tregs, mainly from the conversion 
of CD4+CD25- naive T cells. Furthermore, gastric cancer cells can induce Tregs 
development via production of TGF-β1.
Applications 
The results indicated that the gastric cancer cell played a pivotal role in impairing 
the antitumor T cell response by induction of Tregs. This study supports the 
existence of intercellular cross-talk between the tumor cell and Tregs that might 
regulate anti-tumor immune responses. A complete understanding of the role of 
TGF-β1 in tumors is crucial for dissecting the beneficial use of TGF-β1 in future 
immunotherapies against gastric cancer.
Terminology
Regulatory T cell (Treg cell) is functionally defined as a T cell that inhibits an 
immune response by influencing the activity of another cell type. Tregs are 
characterized by specific expression of the forkhead transcription factor Foxp3, 
and make up 5%-10% of the normal peripheral CD4+ T cell population. Treg 
cells within the tumor microenvironment are a crucial component of the tumor 
immunosuppressive network.
Peer review
The authors examined the level of serum TGF-β1, and found that it was higher in 

patients with gastric cancer than in healthy controls. In addition, they also found 
that gastric cancer cells induced the increased CD4+Foxp3+ Tregs via production 
of TGF-β1. Gastric cancer cells upregulated the production of TGF-β1 and 
blockage of TGF-β1 partly abrogated Tregs phenotype. These experiments are 
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