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Abstract. The aim of the present study was to investigate the 
expression and function of forkhead box protein 3 (FOXP3) 
in gastric cancer using a rat model. A total of 92 Wistar rats 
were divided into two groups: An experimental group (n=46) 
and a control group (n=46). In the experimental group, sarco-
sine ethyl ester hydrochloride and sodium nitrite carcinogens 
were administered for 6 months to induce gastric cancer, 
whereas the control group was administered saline. Reverse 
transcription‑polymerase chain reaction, immunoblotting, 
immunohistochemistry and western blotting were applied 
to analyze FOXP3 expression in gastric cancer and normal 
gastric tissue in the experimental and control groups, respec-
tively. The association between FOXP3 expression and gastric 
cancer pathogenesis was investigated. In the experimental 
group, 6/46  rats developed hyperplastic lesions (grade  I), 
8  rats developed precancerous lesions (grade  II), 18  rats 
developed early stage gastric cancer (grade III) and 14 rats 
developed gastrointestinal invasive carcinoma (grade IV). 
FOXP3 transcription and expression was observed in all 
gastric tissues of the experimental group. FOXP3 transcrip-
tion and expression levels were significantly higher in the 
experimental group than in the control group (P<0.05). 
Furthermore, in the experimental group, a higher lesion grade 
was associated with a higher level of FOXP3 transcription 
and expression (P<0.05). FOXP3 protein was predominantly 
distributed in the tumor nuclei of the gastric cancer tissues. 
In the 32 pathological slices of gastric cancer tissue obtained 
from the experimental group, 20 cases (62.50%) exhibited 
positive FOXP3 staining. In the hyperplastic (grade I) and 
precancerous gastric (grade II) tissues, 2 cases (33.33%) and 
4 cases (50.00%) exhibited positive FOXP3 staining, respec-
tively. However, no positive FOXP3 expression was identified 
in the 46 pathological gastric tissue slices obtained from 
the control group. In conclusion, the expression of FOXP3 

exhibits a positive correlation with gastric lesion grade. 
Therefore, FOXP3 may exhibit an important function in the 
occurrence and development of gastric cancer.

Introduction

Gastric cancer is the fourth most common type of cancer 
worldwide and the second leading cause of cancer-associated 
mortalities after lung cancer. The majority of patients with 
early gastric cancer have no obvious symptoms, being pain and 
weight loss the most common clinical symptoms of advanced 
gastric cancer patients. The diagnostic methods for gastric 
cancer include laboratory tests, endoscopy and pathological 
observation, while the treatment methods include surgery, 
chemotherapy and radiation therapy. The prognosis depends 
on the type of gastric cancer (1,2). 

Forkhead box protein  3 (FOXP3) is a member of the 
forkhead transcription factor family, which is considered 
as the molecular marker of regulatory T cells (3). Mutation 
of the FOXP3 gene can cause severe autoimmune diseases. 
Therefore, FOXP3 is considered critical for the regulation of 
immunological homeostasis (4,5). FOXP3, as a transcriptional 
regulatory factor, regulates the activity of regulatory T cells 
via the direct regulation of certain genes  (3). Regulatory 
T cells are a subset of T lymphocytes with a suppressive func-
tion, which are involved in the maintenance of immunological 
self‑tolerance (6,7). Regulatory T cells exhibit high expression 
of cluster of differentiation 25, and exhibit an immunosup-
pressive function via direct contact with cells or secretion of 
transforming growth factor‑β and interleukin‑10 (8). Regula-
tory T cells are important for immunological tolerance, tumor 
immunity and transplantation immunity  (9). Regulatory 
T cells effectively inhibit the antitumor immune response and 
are involved in the process of tumor immune escape (10). The 
number of regulatory T cells in the peripheral blood of patients 
with tumors is significantly increased, and thus their presence 
markedly inhibits the antitumor immune response  (11).A 
previous study has demonstrated that the number of regula-
tory T cells in the peripheral blood is closely associated with 
the survival and prognosis of gastric cancer patients  (12). 
Depletion of regulatory T cells improves the specific immune 
response of tumor bearing mice to tumors and dendritic cell 
vaccines to low antigenicity tumors (13). Recently, the associa-
tion between FOXP3 expression and gastric cancer has gained 
increasing attention (12,13); however, few studies have investi-
gated the correlation between FOXP3 expression and various 
gastric cancer lesion grades (14).
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In the present study, sarcosine ethyl ester hydrochloride 
and sodium nitrate were used to induce gastric cancer in a rat 
model to investigate the correlation between FOXP3 expres-
sion and different gastric cancer lesion types.

Materials and methods

Experimental animals. A total of 92 adult male Wistar rats 
(weight, 250‑3000 g; age, 8-12 weeks) were purchased from the 
Animal Experimental Center of Fudan University (Shanghai, 
China) and maintained in separate cages (n=4/cage) at the 
vivarium of Henan University Huaihe Hospital (Henan, China) 
on a 12 h light/dark cycle. The rats were then weighed after 
12 h of fasting and randomly divided into an experimental 
group (n=46) and a normal control group (n=46). The present 
study was performed in accordance with the Guide for the 
Care and Use of Laboratory Animals of the National Institutes 
of Health (Bethesda, MD, USA) (8th edition) (15). The animal 
use protocol in the present study was reviewed and approved 
by the Institutional Animal Care and Use Committee of Henan 
University Huaihe Hospital (Kaifeng, China).

Experimental method. To establish a gastric cancer model in 
rats, the experimental group was administered a mixture of 
sarcosine ethyl ester hydrochloride (2.5 mg/kg; Sigma‑Aldrich, 
St. Louis, MO, USA) and sodium nitrite (2.5 mg/kg; Sangon 
Biotech Co., Ltd., Shanghai, China) by lavage, daily for 
6 months. The rats of the control group were administered 
saline (2.5 mg/kg) by lavage, daily for 6 months. Anti‑FOXP3 
monoclonal antibody (catalogue number, SAB4700610; 
dilution, 1:100), anti‑β‑actin monoclonal antibody (cata-
logue number, A2228; dilution, 1:100) and anti‑FOXP3 
polyclonal antibody (catalogue number, AV32564; dilution, 
1:200) were purchased from Sigma‑Aldrich. PEF FOXP3 
eukaryotic expression vector, RPMI 1640 medium and the 
pSV2neo plasmid were purchased from Invitrogen (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). Lipofectamine 
2000, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide, immunohistochemical SP kits and 3,3'‑diaminoben-
zidine chromogenic reagent kit were purchased from OriGene 
Technologies, Inc. (Beijing, China).

The time period for establishing the gastric cancer model 
in rats was 6 months, and the model was evaluated via the 
grading of gastric lesions. Once the model was established, 
rats were sacrificed using anesthesia with chloral hydrate 
(Sangon Biotech Co., Ltd.). Serum was stored at ‑80˚C for use, 
while gastrointestinal tissues were weighed and observed. A 
section of gastrointestinal tissue was stored at ‑80˚C for use, 
while the other part of gastrointestinal tissue was fixed in 
4% formaldehyde solution, and the pieces (4‑mm thick tissue 
sections) were then embedded in paraffin wax. The expres-
sion of FOXP3 in gastrointestinal tissues was determined by 
immunohistochemistry with anti‑FOXP3 antibodies, which 
were incubated at room temperature for 30 min.

Grading of gastric lesions. The grades of gastrointestinal tissue 
lesions in the experimental group were classified as follows: 
Grade I, hyperplasia (simple hyperplasia and papillary hyper-
plasia); grade II, precancerous lesions (papilloma, endogenous 
epithelioma and dysplasia); grade III, early cancer (basal cell 

carcinoma, carcinoma in situ and early invasive carcinoma); 
grade IV, invasive carcinoma (12). Gastric cancer lesions in 
the experimental group rats were assessed according to the 
Borrmann classification (16): Type I (nodular); type II (circum-
scribed ulcerative type), tumor with larger ulcers, infiltrating 
into the surrounding tissues; type III (infiltrating ulcerative 
type) tumor with major ulcers, with evident edge uplift, unclear 
boundaries and evident infiltration into the surrounding tissues; 
and type IV (diffuse infiltration type), tumor with diffuse inva-
sive growth and unclear boundaries (13).

The intensity of FOXP3 expression was divided into 
four categories according to the number of positive cells in 
the gastrointestinal tract: negative (‑), <5% positive cells; weak 
positive (+), 5‑19% positive cells; positive (++), 20‑60% posi-
tive cells; and strong positive (+++), >60% positive cells (17).

Gene transfection. The experiment was divided into 
three groups as follows: Group A, PEF FOXP3 and pSV2neo 
co‑transfection; group B, no transfection; and group C, PEF 
and pSV2neo co‑transfection group. Groups B and C served as 
the control groups. Transfection was performed according to the 
manufacturer's protocol. The positive clone group was formed 
after 3 weeks, then amplified, cultured and reserved (18).

TriPure Isolation reagent (Roche Diagnostics, Basel, Swit-
zerland) was used to extract total RNA from the gastric cells 
obtained from the rats. A total of 3 µg total RNA was obtained 
from each group to perform reverse transcription‑polymerase 
chain reaction (RT‑PCR). A total of 8 µl RT product was then 
used to perform PCR. FOXP3 fragment specific primers (Da 
An Gene Co., Ltd., Guangzhou, China) were synthesized 
according to the FOXP3 gene RNA sequence, and β‑actin 
was used as the reference gene. The primer sequences were as 
follows: Forward, 5'‑CAC​AAC​ATG​CGA​CCC​CCT​TTC​ACC‑3' 
and reverse, 5'‑AGG​TTG​TGG​CGG​ATG​GCG​TTC​TTC‑3' 
for FOXP3 (synthetic product, 167 bp); forward, 5'‑GGC​ACC​
ACA​CCT​TCT​ACA‑3' and reverse, 5'‑AGG​AAG​GCT​GGA​
AGA​GTG‑3' for β‑actin (synthetic product, 540 bp). The PCR 
was conducted according to the following conditions: pre-
denaturation at 94℃ for 30 sec; 30 cycles of denaturation at 
94℃ for 30 sec, annealing at 63℃ for 30 sec and extension 
at 72℃ for 40 sec; and terminal extension at 72℃ for 3 min. 
FOXP3 expression levels were analyzed by 1.5% agarose gel 
electrophoresis. The results were analyzed by gel imaging and 
Quantity One version 4.6.2 software (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA).

Statistical analysis. All data was analyzed using SPSS 14.0 
software (SPSS Inc., Chicago, IL, USA). Categorical data 
were analyzed by t‑test, while continuous data were analyzed 
by analysis of variance. Results of immunohistochemistry 
and RT‑PCR were analyzed by χ2 test. The correlation 
between the expression of FOXP3 and the lesion classification 
of gastric tissue was analyzed by Cochran‑Mantel‑Haenszel 
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Modeling results and classification of gastrointestinal 
lesions. Of the 46  rats in the experimental group, 6  rats 
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developed hyperplastic lesions (grade I), 8 rats developed 
precancerous lesions (grade  II), 17  rats developed early 
gastric cancer (grade III) and 14 rats developed infiltrative 
gastric carcinoma (grade IV). In all gastric tissues obtained 
from the experimental group, the whole gastrointestinal 
tract exhibited ulcerative infiltration. Part of the marginal 
ulcer was infiltrated and destructed, the boundary of which 
became not clear, and a number of ulcer‑surrounding 
tissues were infiltrated. Microscopy revealed gastric 
carcinoma cancer cells of various sizes, arranged in nests, 
with decreased mesenchyme, hyperchromatic nuclei and 
increased mitotic activity, indicating that gastric cancer was 
successfully induced in the rat model by sarcosine ethyl 
ester hydrochloride and sodium nitrite.

FOXP3 transcription in gastric tissues of the experimental 
and control groups. RT‑PCR revealed that the transcription 
levels of FOXP3 were different in grade IV gastric lesions 
compared with the control group. The results revealed that, 
in the experimental group, FOXP3 transcription levels were 
positively correlated with gastric lesion grade. However, no 
FOXP3 expression was observed in the gastric mucosa of the 
control group (Figs. 1 and 2).

FOXP3 expression in gastric cancer cells. Western blot 
analysis revealed that FOXP3 protein expression levels were 
different in grade IV gastric lesions compared with the control 
group. Furthermore, in the experimental group, FOXP3 
protein levels were positively correlated with gastric lesion 
grade. However, no FOXP3 protein expression was identified 
in gastric mucosa of the control group (P<0.05) (Figs. 2 and 3).

FOXP3 protein distribution and immunohistochemical 
staining in gastric cancer lesions of the experimental group. 
In the experimental group, FOXP3 protein expression was 
identified in the gastric tissues, which was mainly distrib-
uted in the nuclei of gastric cancer cells. Infiltrative cancer 
(grade III and IV lesions) exhibited strong FOXP3 staining, 
whereas early cancer and precancerous lesions (grades  I 
and II) exhibited weak FOXP3 staining (Fig. 4).

Of the 32 gastric cancer pathological sections obtained 
(which included grade III, early cancer and grade IV, inva-
sive carcinoma.), 20 cases (62.5%) exhibited positive FOXP3 
staining, of which, 4  cases exhibited positive nuclear and 
cytoplasmic staining and 16 cases exhibited positive nuclear 
staining. Of the 8  precancerous lesion sections, 4  cases 
(50.00%) exhibited positive FOXP3 staining. Of the 6 prolif-
erative lesion sections, 2 cases (33.33%) exhibited positive 
FOXP3 staining. No positive FOXP3 staining was observed 

Figure 4. Immunohistochemistry staining revealing FOXP3 protein expres-
sion in gastric lesion tissues. (A) Nuclear FOXP3 staining in (A) invasive 
carcinoma, (B) early invasive carcinoma and (C) carcinoma in situ tissues 
(stain, HE; magnification, x200). (D) Nuclear FOXP3 staining in early inva-
sive carcinoma (arrow) (stain, HE; magnification, x100). FOXP3, forkhead 
box protein 3; HE, hematoxylin and eosin.

Figure 3. The transcription and expression rates of forkhead box protein 3 
increased with the severity of disease, as indicated by the gastric lesion 
grade. FOXP3, forkhead box protein 3.

Figure 1. Reverse transcription‑polymerase chain reaction analysis of FOXP3 
gene transcription revealed high levels of FOXP3 in advanced gastric cancer. 
Lane M, DL2000 DNA marker; lane 1, FOXP3 expression plasmid (control 
group); lane 2, control group; lane 3, experimental group (grade I); lane 4, 
experimental group (grade II); lane 5, experimental group (grade III); lane 6, 
experimental group (grade  IV). Sizes: β-actin, 540 bp; FOXP3, 167 bp. 
FOXP3, forkhead box protein 3. 

Figure 2. FOXP3 protein expression in the experimental and control groups 
was analyzed by western blot analysis. The results demonstrated high expres-
sion levels of FOXP3 in advanced gastric cancer. Lane 1, control group; 
lane 2, experimental group (grade I); lane 3, experimental group (grade II); 
lane 4, experimental group (grade III); lane 5, experimental group (grade IV). 
FOXP3, forkhead box protein 3.
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in any of the 46 control tissue sections. In the experimental 
group, FOXP3 was predominantly distributed in the nuclei of 
gastric cancer cells, and the expression of FOXP3 positively 
correlated with the gastric lesion grade. These results indi-
cated that FOXP3 may exhibit an important function in the 
formation and development of gastric cancer.

Discussion

The incidence rate of gastric cancer continues to be the highest 
among all malignancies of the digestive system, despite having 
decreased in recent years (19). The prognosis of gastric cancer 
is closely associated with cancer stage and treatment, and 
>90% of patients with early gastric cancer survive for >5 years 
and may be cured following adequate treatment (20). However, 
the 5‑year survival rate of advanced gastric cancer patients is 
<5% following treatment (21). Therefore, early diagnosis is 
critical to improve patient prognosis and increase the survival 
rate. Gastric cancer patients usually present with symptoms 
at a late stage, and the incidence and mortality rates of the 
disease in China are two‑fold higher than the global incidence 
(15.86/100,000) and mortality rates (7.20/100,000) (22). There-
fore, constructing animal models of gastric cancer to simulate 
the pathological state and pathophysiological processes of 
gastric cancer patients represents a useful approach to 
investigate the underlying mechanism and to identify novel 
treatments for the disease (23,24).

It has been previously demonstrated that the level and 
function of regulatory T  cells in the majority of gastric 
cancer patients may be useful to predict patient survival 
and prognosis (25). FOXP3 is an important protein marker 
of regulatory T cells, which exhibits important functions in 
development and maturation of regulatory T cells (3). In recent 
years, FOXP3 expression in gastric cancer tissue has become a 
research focus (26). However, few studies have investigated the 
association between FOXP3 expression and different types of 
gastric cancer lesions, and the potential underlying mechanism 
remains unknown (27,28).

In the present study, a gastric cancer rat model was estab-
lished using sarcosine ethyl ester hydrochloride and sodium 
nitrite. FOXP3 expression and localization was investigated 
using RT‑PCR, western blot analysis and immunohistochem-
istry. The transcription levels of FOXP3 were different in 
grade IV gastric cancer lesions compared with the control group. 
The levels of FOXP3 transcription were positively correlated 
with gastric cancer stage. The transcription level of FOXP3 in 
normal gastric tissue was not significantly different from that 
in gastric cancer. Notably, the level of FOXP3 expression was 
closely associated with the gastric cancer lesion grade. Previous 
studies have revealed that FOXP3 expression was localized 
to the nucleus and cytoplasm in pancreatic and colon cancer 
cells (29,30), which is consistent with the results of the present 
study, which demonstrated that FOXP3 expression in gastric 
cancer tissues was mainly localized to the nuclei and cytoplasm. 
However, in the present study, no FOXP3 expression was identi-
fied in normal gastric tissue by immunohistochemical analysis. 
In addition, the expression level of FOXP3 was positively 
correlated with gastric lesion grade. Of the 32 gastric cancer 
tissue sections, 20 cases (62.50%) exhibited positive FOXP3 
protein expression, including 4 cases with positive nuclear and 

cytoplasmic FOXP3 staining and 16 cases with positive nuclear 
staining. Of the 8 precancerous gastric tissues, 4 cases (50.00%) 
exhibited positive FOXP3 protein expression. Of the 6 prolifera-
tive lesion tissue sections, 2 cases (33.33%) exhibited positive 
FOXP3 protein expression. These results indicated that FOXP3 
may exhibit a modulatory function in the formation and devel-
opment of gastric carcinoma.

A previous study has reported that gastric cancer cells 
with increased FOXP3 expression demonstrate increased drug 
resistance, indicating that FOXP3 may be involved in the signal 
transduction pathways that are associated with drug resistance, 
and may interact with and key molecules of these pathways (31). 
The combined application of various chemotherapeutic drugs 
was commonly used as a method to inhibit the growth of tumor 
cells in the clinic. However, gastric cancer, as one of the most 
common tumors in China, exhibits obvious characteristics 
of drug resistance, and the recurrence rate of gastric cancer 
following surgical resection is high (32). Therefore, detailed 
investigation regarding the generation and development of 
gastric carcinoma resistance may improve chemotherapy and 
immunotherapy of gastric cancer. The factors that influence 
the development and prognosis of gastric cancer are complex, 
including tumor growth pattern, tumor types, cancer gene 
expression, clinical stage and lymph node metastasis  (20). 
Advances in molecular biology and immunohistochemistry 
have increased the understanding of the close association 
between gastric cancer, pathology and immunology (33).

In conclusion, in the present study, FOXP3 expression 
was identified in gastric cancer cell lines and tissues by estab-
lishing a gastric cancer rat model, and performing RT‑PCR, 
western blot analysis and immunohistochemistry. In addition, 
the results revealed that the expression of FOXP3 was associ-
ated with gastric lesion grade, indicating that the expression of 
FOXP3 may exhibit an important function in the formation, 
development and prognosis of gastric cancer. In present study, 
the mechanism responsible for the effect of FOXP3 on gastric 
cancer has not been completely clarified due to certain limita-
tions on the experimental conditions. Therefore, the functions 
and detailed mechanism of FOXP3 in gastric carcinoma 
requires further investigation.
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