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Abstract

Background/Aims: There is little published data on the role of FOXP3 in gastric cancer.
Methods: FOXP3 expression and localization in gastric cancer tissues and cells were
examined by immunohistochemistry, RT-PCR, flow cytometry, western blot, and laser confocal
microscopy. CCK8, plate clone, wound healing, and transwell insert assays were performed for
gastric cancer cells. Potential molecules and signaling pathways were screened using high-
throughput transcriptome sequencing. Results: FOXP3 expression in gastric cancer tissues
was higher than that in para-carcinoma tissues. It was restricted to the cytoplasm of para-
carcinoma tissues, but was observed in the cytoplasm or/and nuclei of gastric cancer tissues.
FOXP3 expression was positively correlated with pathological grading, and was detected in
gastric cancer and GES-1 cells, where it was expressed in the cytoplasm alone, or in both the
cytoplasm and the nucleus. FOXP3 overexpression promoted cell proliferation, migration, and
invasion, while FOXP3 knockdown suppressed these effects. Furthermore, RT-PCR and ELISA
confirmed that FOXP3 upregulation resulted in increased TGF-P expression and secretion
in gastric cancer cells. Conclusion: FOXP3 expression was associated with degree of gastric
cancer differentiation. In addition, upregulated and ectopic tumoral FOXP3 can promote
gastric cancer proliferation, migration, and invasion, partly through the TGF-f pathway.

© 2017 The Author(s)
Published by S. Karger AG, Basel

Introduction

Gastric cancer (GC) is the fourth most common malignant disease and the third leading
cause of cancer-related deaths worldwide [1, 2]. Almost 50% of gastric cancer patients
are Chinese, many of whom are diagnosed with advanced stage cancer [3]. Over the past
few decades, many patients have died from cancer metastasis and recurrence despite
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comprehensive treatment strategies including surgery, postoperative chemotherapy,
adjuvant chemotherapy, and radiotherapy [4].

Forkhead box protein 3 (FOXP3) is a member of the forkhead/winged helix family of
transcription factors, and mutation in this gene is responsible for X-linked autoimmune
diseases in both mice (scurfy mice) and humans (immune dysregulation, polyendopathy,
enterophathy, X-linked, IPEX) [5-7]. Until a few years ago, FOXP3 expression was thought
to be restricted to lymphocytes. Research in immune cells indicated that FOXP3 is essential
for the development and function of CD4*CD25*regulatory T cells [8-11]. However, FOXP3
has also been found to be expressed in epithelial cells of human tissues under both normal
conditions and during aggressive cancers, including breast [12-14], ovarian [15], lung [16],
and prostate cancers [17]. In cancer tissues, FOXP3 can either be overexpressed or reduced
at both transcriptional and translational levels [12, 15, 17]. It is becoming clear that FOXP3
plays an important role in controlling the expression of numerous genes involved in cancer
development in the epithelium [17-20]. However, the effects of FOXP3 on cancer are very
controversial, such as its roles in breast, ovarian, esophageal, and cervical cancer [13, 15, 17,
21-24]. Zhang and Sun demonstrated that FOXP3 is able to significantly reduce the migration
and invasion capability of malignant ovarian cells [15]. Another study indicated that FOXP3
expression in pancreatic cancer cells allows tumor cells to evade the immune system, thus
promoting tumor growth [25]. However, the mechanisms underlying these inconsistent
results remain largely unknown.

The function of FOXP3 in gastric cancer is also controversial, and the underlying
mechanism behind its effects is not fully understood. Some studies showed that FOXP3
can inhibit cell proliferation and induce apoptosis of gastric cancer cells [26], and that high
FOXP3 expression is a predictor of survival [27, 28]. Hao et al. showed that FOXP3 acts as a
tumor suppressor in gastric cancer [29, 30]. On the other hand, Wang et al. demonstrated
that elevated FOXP3 expression is associated with increased lymph node metastasis [31].
Yoshii et al. also showed that FOXP3 expression is associated with lymph node metastasis in
signet ring cell carcinoma of the stomach [32]. In addition, the study by Guo on Wistar rats
indicated that FOXP3 may be important for gastric cancer development [33].

Inthis study, we examined the expressionandlocalization of FOXP3 inboth GC cellsand GC
tissues, and investigated the association between FOXP3 expression and clinicopathological
features of cancer, as well as its effects on malignant behaviors of GC cell lines. We observed
abnormal and ectopic FOXP3 expression in gastric cancer. FOXP3 was correlated with
degree of GC differentiation, and upregulated FOXP3 promoted cell proliferation, migration,
and invasion in GC. Furthermore, RNA-sequencing results indicated that several potential
molecules and signaling pathways may be involved in the process, including the TGF-3
pathway. RT-PCR and ELISA confirmed that FOXP3 upregulation increases the expression
and secretion of TGF-f8 in GC cells.

Materials and Methods

Tissue specimens and cell lines

In this study, GC and para-carcinoma tissues were freshly prepared, and were gifted to us by the
Outdo Biotech (Shanghai, CN). Human GC cell lines MGC803, BGC823, SGC7901, MKN45, AGS, HGC27, and
normal human gastric epithelial cell line (GES-1) were purchased from Cell Center of Shanghai Institutes for
Biological Sciences (Shanghai, CN). Cells were cultured in RPMI-1640 medium (Gibico, USA), supplemented
with 10% fetal bovine serum (FBS) (Hyclone, USA) and 1% penicillin/streptomycin (Gibico, USA) at 37°C
and 5% CO, in a humidified incubator.

Immunohistochemistry

Immunohistochemistry was performed as previously described [34]. Briefly, paraffin-embedded
sections were de-waxed in xylene, and were rehydrated in graded alcohols. Heat-activated antigen
retrieval was then performed with sodium citrate buffer (10 mM, pH 6.0). Tissue sections were heated via
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the microwave method for 20 min. Endogenous peroxidase activity was suppressed by exposure to 3%
hydrogen peroxide for 10 min. Slides were then blocked with 5% BSA (Boster Bioengineering, Wuhan, CN),
and were incubated with diluted (1:100) primary FOXP3 antibody (236A/E7, Abcam, USA) for 1 h at 37°C.
This was followed by 20 min incubation with diluted secondary antibody (1:2000) (Abcam, USA) at 37°C.
Slides were visualized with DAB, and were counterstained with hematoxylin for microscopic examination.
Staining intensity was given a score between 1 and 3 (1: no staining or light brown staining; 2: weak to
moderate brown staining; 3: moderate to intense brown staining). The percentage of positive cells was
calculated from 10 randomly selected fields. Both staining intensity and percentage of positive staining
were used to evaluate protein expression. Cases with = 10% positive cells, in addition to achieving a score >
2 were considered to be positive.

Real-time polymerase chain reaction (RT-PCR)

Total RNA was extracted from cells using the Trizol reagent (Applied Science, Germany) according to
manufacturer’s instructions. Purity and concentration of extracted RNA were assessed by NanoDrop ND-
2000 (NanoDrop Technologies, USA). cDNA was then synthesized using the PrimeScript RT Reagent Kit
(Takara, JPN) according to the manufacturer’s instructions. Real-time PCR was performed on the Applied
Biosystems 7500 Real-Time PCR System (ABI, USA) with SYBR Premix Ex Taq (Takara, JPN). Final reaction
volume was 20 pL, and included 2 pL cDNA, 10 pL SYBR Green Master Mix, 0.5 pL each of the forward and
reverse primers (10 pmol), and 7 pL nuclease-free water. Melting curve analysis was performed to validate
each PCR product. Relative expression level of target mRNAs were normalized to that of the endogenous
control (B-actin), and was calculated based on the 2724 comparative method, where ACT = (CT s CT i)
and 2-44CT=28(aCTobservation group-aCTeontrol group) PCR for each sample was performed in triplicates. All primers used
are listed in Table 1.

Flow cytometry

A total of 5 x 105 cells were harvested and washed with PBS. Cells were then resuspended in 1 mL
FOXP3 Fixation/Permeabilization working solution (eBioscience, USA), and were incubated for 60 min
at RT. Flow Cytometry Staining Buffer (2 mL, eBioscience, USA) was added to each tube, and cells were
centrifuged at 300-400 g for 5 min at RT. The supernatant was discarded, and cell pellets were resuspended
in 100 pL Flow Cytometry Staining Buffer. APC-conjugated anti-FOXP3 antibody (5 pL, eBioscience, USA)
was added to detect intracellular antigen via flow cytometry.

Western blot

Cells were collected and lysed in 400 pL cold radioimmunoprecipitation assay buffer containing
freshly added 0.01% protease inhibitor. Total protein was extracted from cell homogenates according to
manufacturer’s instructions. Protein concentration was determined by BCA. Approximately 25 pg extracted
protein in each group was denatured for 10 min at 95°C. Proteins were run on 10% SDS-PAGE, and were
transferred onto PVDF membranes (100 V, 60 min). Membranes were blocked with 5% non-fat milk at room
temperature (RT) for 1 h, and were incubated in FOXP3 mouse monoclonal antibody (236A/E7, Abcam, USA)
at a dilution of 1:200 at 4°C overnight. After the final wash, membranes were incubated with horseradish
peroxidase-conjugated secondary IgG antibody (Santa, USA) at 1:2000 dilution for 1 h at 37°C. Membranes
were developed using the Enhanced Chemiluminescence Detection Kit.

Table 1. Primer sequences used in this stud

Gene Primer (forward) Primer (reverse)

Foxp3  5-TACTTCAAGTTCCACAACATGCGACC-3" 5'- CGCACAAAGCACTTGTGCAGACTCAG-3'
TGF-p1  5'-CTAATGGTGGAAACCCACAACG-3’ 5 TATCGCCAGGAATTGTTGCTG-3'

B-actin  5’-CATGTACGTTGCTATCCAGGC-3’ 5'-CTCCTTAATGTCACGCACGAT-3’
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Enzyme linked immunosorbent assay (ELISA)

Cells (2 x 10°) were seeded in 6-cm culture dishes, and were cultured in RPMI-1640 supplemented
with 5% FBS. Media were replaced with serum-free RPMI-1640 when cells reached 80% confluence. Cell
supernatant was harvested after a 72-h culture. The level of TGF-f1 in the supernatant was detected using
the human TGF-$1 ELISA kit (Multisciences, Hangzhou, CN) according to manufacturer’s instructions. Briefly,
serially diluted standards and samples (stepwise 1:2 dilution) were added into the wells (100 puL/well),
and were incubated at RT for 2 h. Cells were washed three times with the washing buffer. HRP-conjugated
secondary antibody at a dilution of 1:1000 (100 pL/well) was added to the cells, which were incubated at
RT for 1 h. The plate was washed three times, and cells were then incubated with DAB solution for 10-20
min at RT. Reactions were terminated with the addition of 25 pL 2NH,S0,. 0D450 values were obtained, and
concentration of TGF-B1 was extrapolated from the standard curve.

FOXP3 localization by laser confocal microscopy

Cells (1 x 10°/well) were grown on glass slides in 6-well plates in triplicates. After 48 h, cells were
washed and fixed in 2% paraformaldehyde (1 mL/well) for 10 min at RT. Cells were then washed and
blocked with blocking buffer (1 mL/well) for 60 min at RT. Anti-FOXP3 antibody (236A/E7, Abcam, USA)
(1:100, 1 mL) was added into each well, and the plates were incubated at 4°C overnight. FITC-conjugated
secondary IgG antibody (eBioscience, USA)(1:500, 1 mL) was added to the cells, which were incubated for
30 min at RT. After the final wash, DAPI staining buffer was added. Cells were washed after a 10 s staining
period at RT. The expression and localization of FOXP3 were visualized by laser confocal microscopy (LSM5,
Carl Zeiss, Germany).

FOXP3 knockdown by transient RNA interference

HGC27 cells (1.5 x 10°) were seeded into 6-well plates, and were incubated for 24 h. Cells were
transiently transfected with three synthesized FOXP3 siRNAs (designated as siRNA-1259, siRNA-1355,
and siRNA-1896), or the negative control (NC) (Genpharma, Shanghai, China) using Lipofectamine 2000
(Invitrogen). Media were changed (RPMI-1640 with 10% FBS) 4-6 h later. Cells were harvested 48 h after
transfection, and RT-qPCR and flow cytometry were performed. The most efficient siRNA was chosen for
further experiments. The sequences of FOXP3 siRNAs used are listed in Table 2.

Establishment of stable FOXP3-overexpressing cell line

SGC7901 cells (1.5 x 10°) were seeded into six-well plates and incubated for 24 h. Cells were transfected
with FOXP3-expressing lentivirus or pEX-3 lentivirus vector as a negative control (Genpharma, Shanghai,
China) using Lipofectamine 2000 (Invitrogen). Media (RPMI-1640 with 10% FBS) were changed 4-6 h later.
After 48 h, G418 (Sigma, USA) was added into the wells at a final concentration of 100 pg/mL, and media
were changed every 2-3 days. After 10-14 days, stable FOXP3-expressing cell lines were established, which
were verified using RT-qPCR, flow cytometry, and laser confocal microscopy.

CCK8 assay
Cells (5 x 10%/well) were seeded into 96-well plates in triplicates, and were cultured in 100 pL. RPMI-
1640 containing 10% FBS for 5 days. The Cell Counting Kit-8 (CCK8) was used to evaluate cell proliferation.

Briefly, 10 pL CCK8 solution was added to each plate, and cells were incubated for 3 h at 37°C. Cell viability

was measured at 450 nm.
Table 2. Sequences of FOXP3 siRNA used in this study

Plate clone assay
Cells were seeded into 6-well siRNA
plates with 100 or 500 cells in

each well, and were cultured in  siRNA-1259 5'- GGACACUCAAUGAGAUCUATT.-3’
RPMI-1640 with 10% FBS. Upon
visualizing the colonies after 10-14  §jRNA1355 5'- GUCUGCACAAGUGCUUUGUTT -3’
days, the plates were washed with
PBS and stained with crystal violet  5iRNA-1896 5'- CUGCCUCAGUACACUCAAATT -3’
for 15 min. All experiments were
performed in triplicates. Negative control (NC)  5'- UUCUCCGAACGUGUCACGUTT -3’
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Matrigel invasion assay and cell migration assay Table 3. Summary of clinicopathological
Transwell insert assays were performed to assess the characteristics of 15 GC patients
invasive/migratory capacities of the cells. Transwell chambers
with PVDF filters (pore size 8.0 pm), were either uncoated
(migration assay) or coated (invasion assay) with 50 pL
Matrigel diluted 1:3 in serum-free RPMI-1640. Cells (10°/
well) were suspended in 200 puL serum-free RPMI-1640, and Age range (n/%)
were seeded into the upper chambers in triplicates. RPMI-
1640 containing 10% FBS (600 pL) was added to the lower =60 years 9/60.0
chamber as a chemotactic factor. Following a 24-h incubation

Characteristics

Mean age (year) 60.8+13.2

period at 37°C, the non-invading/migrating cells on the upper =60 years 6/40.0
surface of the filte-zr were carefully removed.with a cotton Gender (n/%)
swab. Cells that migrated through the 8-pum sized pores and
adhered to the lower surface of the filter were fixed with 4% 4k 10/66.7
paraformaldehyde, stained with 0.1% crystal violet, and were
imaged. Cells in five non-overlapped fields were counted under  Female 5/333
a microscope (Olympus, JPN), and the mean cell counts were
calculated. Tumor size (cm) 517
. Tumor size (n/%)

Wound healing assay

Cells (3 x 10°/well) were seeded and grown in 6-well  .51¢m 10/66.7
plates for 48 h until full confluence was reached. Wells were
then washed with PBS to remove non-adherent cells, and a  25.1cm 5/333

sterile 1000 pL pipette tip was used to make a uniform scratch at
the center of the well. After a 24-h incubation period in serum-
free RPMI-1640, the horizontal distance between the sides of

Lymph node metastasis (n/%)

Positive 6/40.0
the wound was measured; experiments were performed in
triplicates. Negative 9/60.0
High-throughput RNA-sequencing Pathological grading
High-throughput RNA-sequencing was conducted
(Vazyme Biotech, CN) to screen differentially expressed genes L 26040
between SGC7901 FOXP3 (FOXP3-overexpressing SGC7901 m 5/40.0
cells) and SGC7901 control cells (pEX-3 transfected SGC7901
cells). Clinical stage (n/%)
Statistical analysis I 9/60.0
Statistical analysis was performed using the SPSS 21.0
Il 5/40.0

statistical package. Quantitative data are presented as mean
+ SD, and were analyzed by ANOVA or two- tailed Student’s
t-tests. Categorical data were evaluated by the Chi-square test. P < 0.05 was considered to be statistically
significant.

Results

FOXP3 expression in GC tissues and its association with clinicopathological characteristics

The tissue microarray was comprised of 15 pairs of GC and para-carcinoma tissues,
which were collected from 15 gastric adenocarcinoma patients, including 10 men and 5
women. The mean age of the patients at the time of surgery was 60.8 + 13.2 years (ranging
from 38-81 years), and the average tumor size was 5.1 + 1.7 cm. Based on the post-surgery
pathology report, 9 (60%) samples were categorized as grade II (moderately differentiated),
and 6 (40%) samples were categorized as grade Il (poorly differentiated). Based on the
international TNM classification system, 9 (60.0 %) patients had stage [ and 6 (40%) patients
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Score 3 Score 3

Fig. 1. Expression and localization of FOXP3 in GC tissues. (A) and (B) are representative images of FOXP3
expression with an intensity score of 2. (C) and (D) are representative images of FOXP3 expression with an
intensity score of 3. FOXP3 was detected in GC tissues, and were expressed in the cytoplasm in most cases;
(A) 200X magnification, (B) 400X magnification. Local enlargement in the rectangular area is shown on the
right. In a few GC cases, FOXP3 expression was detected in both the cytoplasm and the nucleus; (C) 200X
magnification, (D) 400X magnification.

Score 1

Fig. 2. Expression and localization of FOXP3 in para-carcinoma tissues. (A) and (B) are representative
images of FOXP3 expression with an intensity score of 2. (C) and (D) are representative images of FOXP3
expression with an intensity score of 1. FOXP3 was detected in pare-cancerous tissues, and was expressed
in the cytoplasm of gastric mucosal cells on the basal side of the mucosal layer; (A) 100X magnification,
(B) 200X magnification. Local enlargement in the rectangular area is shown on the right. In pre-cancerous
tissues, FOXP3 was not detected on the basal side of the mucosal layer; (C) 100X magnification, (D) 200X
magnification.

had stage Il cancer. Among all the patients, 6 (40%) patients had lymph node metastases
(Table 3).

Immunohistochemistry results showed that FOXP3 can be detected in both GC and para-
carcinoma tissues. In GC tissues, FOXP3 was expressed mostly in the cytoplasm, with only a
few cases that exhibited FOXP3 expression in both the cytoplasm and the nucleus (Fig. 1). In
para-carcinoma tissues, FOXP3 expression was mostly restricted to the cytoplasm; FOXP3-
positive cells were centered only on the basal side of the mucosal layer (Fig. 2). Overall, FOXP3
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expression in GC tissues was higher
than that in para-carcinoma tissues.
We categorized GC tissues into a high
expression group (higher than median
expression level) and a low expression
group (lower than median expression
level) based on expression levels of
FOXP3. As shown in Table 4, there
were five (83.3%) patients in grade III
that showed strong FOXP3 expression.
On the other hand, only two (22.2%)
patients in grade II demonstrated
high FOXP3 expression. The difference
between the two groups was found to be
significant (P = 0.041), suggesting that
expression level of FOXP3 is correlated
with degree of GC differentiation.
However, no correlations were found
between FOXP3 expression and other
characteristics, such as lymph node
metastases and clinical staging.

FOXP3 expression in GC cells

We also measured expression
levels of FOXP3 in GC and GES-1 cells by
RT-qPCR, flow cytometry, and western
blot. It was shown that the expressional
level of FOXP3 was increased
in  undifferentiated and poorly
differentiated cell lines by comparison

Table 4. The association between FOXP3 expression and

clinicopathological characteristics

Characteristics FOXP3
High Low Total Pvalue
Total case 7 8 15
Age 1.000
>60 years 4 5
<60 years 3 3 6
Gender 0.608
Male 4 6 10
Female 3 2 5
Tumor size (n/%) 0.608
<5.1cm 4 6 10
z5.1em 3 2 5
Lymph node metﬂsfasis —
metametamemetasiststatus
Positive 4 2
Negative 3 6
Pathological grading 0.041
1l 2 7
Il 5 1
Clinical stage 0.315
I 3 6 9
1 i 2 6

=

Relative mRNA level
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Fig. 3. FOXP3 expression in gastric cancer cells. (A) FOXP3 mRNA was detected in both GC cells and the
normal gastric epithelial cell line (GES-1) by RT-PCR. Red arrows indicate expression of FOXP4 mRNA in
HGC27 and SGC7901 cells. (B) FOXP3 protein was detected in both GC cells and GES-1 by flow cytometry.
Expression of FOXP3 protein in HGC27 and SGC7901 cells are indicated by the red arrow. (C) FOXP3 protein
was detected in both GC cells and GES-1 by western blot.
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Fig. 4. Localization of FOXP3 in GC cells
and GES-1. Laser confocal microscopy
showed FOXP3 expression in HGC27,
SGC7901, and GES-1 cells (400X magnifi-
cation).

FOXP3 DAPI Merge

HGC27

SGCT7901

GES-1

A C e
£ : =
T i 3
£, g Z
E (o) o
B a o
5 b xr
[ -
- -55KDa
e
GAPDH E]-34KD:.
D roxprs DAPI Merge

HGC27 siRNA-NC

HGC27 siRNA-1896

Fig. 5. Inhibitory efficacy of FOXP3 specific siRNAs. (A) Inhibitory efficacy of three FOXP3 specific siRNAs
on FOXP3 expression at the mRNA level. siRNA-1896 is indicated by the red arrow. (B) Expression of FOXP3
protein in siRNA-1896 transfected HGC27 cells, as analyzed by flow cytometry *P < 0.05, compared with
HGC27 cells transfected with siRNA-1896. (C) Western blot of FOXP3 protein expression in HGC27 cells
following transfection with siRNA-1896. The predicted MW is 47 KDa for FOXP3 and 36 KDa for GAPDH (D)
Laser confocal microscopy showing cytoplasmic expression of FOXP3 in HGC27 cells, 400x magnification.

with that in GES-1, including HGC27, AGS, MKN45, BGC823. In addition, the expressional
level of FOXP3 was found to be decreased in moderately and well differentiated cell lines by
comparison with that in GES-1, including MGC803 and SGC7901. Among these cells, HGC27
expressed the highest level of FOXP3 at both the transcriptional and translational levels, and
SGC7901 expressed the lowest level of FOXP3 at both the transcriptional and translational
levels (Fig. 3). We also found that FOXP3 was expressed in both the cytoplasm and the
nucleus of GES-1 and SGC7901 cells, whereas it was mainly expressed in the cytoplasm of
HGC27 cells, as shown by laser confocal microscopy (Fig. 4).
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Fig. 6. FOXP3 knockdown
inhibited the proliferation, | A CCKS
migration, and invasion of *

B SIRNA-NC siRNA-1896

N

GC cells. (A) CCK8 assay - . I‘Zi'ﬁﬁi‘f@ﬁ
and (B) plate clone assay 8
showing the effect of FOXP3 -
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cells with FOXP3, * P < 0.05,
compared with HGC27
transfected siRNA-1896.

SIRNA-1896

E  GRNA-NC SsiRNA-189

Cell count

SIRNA-NC siRNA-1894

Proliferation, migration, and invasion

To explore the effects of FOXP3 on gastric cancer, HGC27 cells were chosen for FOXP3
knockdown, as it exhibited the highest expression level of FOXP3. As shown in Fig. 54,
among the three synthesized FOXP3-specific siRNAs, siRNA-1896 demonstrated the highest
efficacy in terms of inhibition of FOXP3 expression at the mRNA level. The inhibitory role of
siRNA-1896 on protein expression of FOXP3 was further confirmed by flow cytometry (Fig.
5B), western blot (Fig. 5C), and laser confocal microscopy (Fig. 5D). Therefore, siRNA-1896
was used for follow-up experiments. As shown in Fig. 6, knockdown of FOXP3 significantly
inhibited proliferation of HGC27 cells, as demonstrated by the CCK8 (Fig. 6A) and plate clone
assays (Fig. 6B). We further determined the role of FOXP3 in cell motility via transwell (Fig.
6C) and wound healing assays (Fig. 6D). Results showed that FOXP3 knockdown resulted
in significantly decreased numbers of migrating HGC27 cells, and reduced the migration
capacity of HGC27 cells. In addition, the number of invasive HGC27 cells was significantly
decreased as compared to that of control cells (Fig. 6E). Taken together, our data suggested
that FOXP3 knockdown can inhibit GC cell proliferation, migration, and invasion.

FOXP3 overexpression promoted GC cell proliferation, migration, and invasion

To further investigate the effects of FOXP3 on the malignant activities of GC cells, FOXP3
was overexpressed in SGC7901 cells, as it demonstrated the lowest FOXP3 expression.
Efficacy of the overexpression system was confirmed by a series of assays, including RT-PCR
(Fig. 7A), flow cytometry (Fig. 7B), western blot (Fig. 7C), and laser confocal microscopy (Fig.
7D). RNA interference assays using siRNA-1896 reduced the expression levels of FOXP3. In
addition, laser confocal microscopy indicated that FOXP3 was overexpressed mainly in the
nuclei of SGC7901 cells, and that RNA interference mainly retrieved the expression of FOXP3
in the nuclei. As shown in Fig. 8, CCK8 (Fig. 8A) and plate clone assays (Fig. 8B) indicated
that overexpression of FOXP3 promotes proliferation of SGC7901 cells. Transwell (Fig.
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Fig. 7. The overexpression of FOXP3 in [ 5
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lyzed via (A) RT-PCR, (B) flow cytometry,
and (C) western blot in SGC7901 FOXP3
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47 KDa for FOXP3 and 36 KDa for GAP-
DH. *P < 0.05, compared with SGC7901
control cells. **P < 0.05, compared with
SGC7901 FOXP3 cells. (D) Laser confocal
microscopy showing FOXP3 overexpres-
sioninthe nuclei of SGC7901 FOXP3 cells,
which can be reduced by siRNA-1896.
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8C) and wound healing assays (Fig. 8D) showed that FOXP3 overexpression results in an
increased number of migrating SGC7901 cells, and promotes migration of SGC7901 cells.
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green), and molecular function (bar in blue).
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The transwell assay (Fig. 8E) demonstrated that overexpression of FOXP3 can markedly
increase the number of invading SGC7901 cells. Additionally, RNA interference assays using
siRNA1896 further confirmed that knockdown of FOXP3 in FOXP3-overexpressing SGC7901
cells can partially inhibit the effects of FOXP3 on the proliferation, migration, and invasion
capacity of GC cells. Therefore, our data suggested that upregulation of FOXP3 can promote
proliferation, migration, and invasion of GC cells.

High-throughput RNA-sequencing revealed potential molecules and signaling pathways

associated with effects of tumoral FOXP3 on GC

The results discussed above indicated that tumoral FOXP3 plays an important role
on GC growth and metastasis. However, the underlying mechanisms behind the observed
phenomenon remain elusive. To further elucidate the mechanism underlying the effect of
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Fig. 11. Changes in the expression of TGF-B1 in SGC7901 after FOXP3 overexpression. RT-PCR and ELISA
results showing that elevated FOXP3 increases TGF-f1 expression and secretion in SGC7901 cells, *P < 0.05,
as compared with SGC7901 control cells.

FOXP3 on GC, we utilized high-throughput RNA-sequencing and computational analysis to
screen differentially expressed genes in SGC7901 FOXP3 (FOXP3-overexpressing SGC7901
cells) and SGC7901 control cells (pEX-3 transfected SGC7901 cells), as well as the potential
signaling pathways involved. Results showed that there were 562 differentially expressed
genes between these cells (P < 0.05), among which, 158 genes were upregulated (23
genes with 5-fold difference), and 404 genes were downregulated (48 genes with >5-fold
difference), in FOXP3-overexpressing SGC7901 cells. The most enriched GO results are listed
in Fig. 9. Based on these differentially expressed genes, potential pathways involved in the
process were proposed, including the TGF-f3 pathway. The top 10 enriched pathways are
listed in Fig. 10.

It is well known that the TGF- pathway participates in tumorigenesis and cancer
development. Therefore, we further examined TGF-1 expression and secretion via RT-PCR
and ELISA. As shown in Fig. 11, TGF-B1 expression was significantly upregulated in FOXP3
overexpressing SGC7901 cells at the transcriptional level as compared to that in control
cells (Fig. 11A). Furthermore, TGF-1 secretion was also increased in FOXP3 overexpressing
SGC7901 cells as compared to that in control cells (Fig. 11B).

Discussion

In this study, we found that both GC and normal gastric epithelial cells (GES-1) express
the FOXP3 protein. Moreover, FOXP3 was highly expressed in undifferentiated and poorly
differentiated GC cell lines, whereas relatively low expression was found in moderately and
well differentiated GC cell lines, suggesting that expression levels of FOXP3 may be associated
with the degree of GC differentiation. Interestingly, localization of FOXP3 was found to be
different across cell types; HGC 27 cells expressed FOXP3 mainly in the cytoplasm, whereas
SGC7901 and GES-1 cells expressed both cytoplasmic and nuclear FOXP3. We also observed
FOXP3 expression in both GC and para-carcinoma tissues. Expression of FOXP3 in GC
tissues was higher as compared to that in para-carcinoma tissues, which was consistent
with previous studies [31, 35]. Additionally, expression levels of FOXP3 was associated with
pathological grading of GC, which was also consistent with results from a previous study
by Jiang et al. [35]. This suggested that FOXP3 expression is associated with the degree of
GC differentiation, No correlation was found between FOXP3 expression and lymph node
metastasis in our study. However, Wang et al. found that elevated FOXP3 expression is
correlated with increased lymph node metastasis in gastric cancer [31]. The inconsistent
results may be due to the small sample size of our study, which may have introduced some
statistical bias. In addition, detection of FOXP3 was conducted in metastatic lymph node
tissues in the study by Wang et al.; therefore, it is worthwhile to examine FOXP3 expression
not only in cancer tissues but also in metastatic lymph node tissues to further clarify the
correlation between FOXP3 expression and lymph node metastasis.
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We found that in para-carcinoma tissues, FOXP3 expression was mostly restricted to the
cytoplasm. In GC tissues, however, FOXP3 can be detected in either the cytoplasm or both
the cytoplasm and the nucleus. The heterogeneous localization of FOXP3 protein in GC was
in accordance with previous studies in breast cancer [14, 36] and pancreatic cancer [25].
Ectopic expression of tumoral FOXP3 may be because of the different somatic mutations in
FOXP3 that are found in different tumor tissues and cell lines [12, 17]. Similar mutations
were also found in IPEX patients that exhibited altered FOXP3 localization and function [37].
Previous studies in breast cancer showed that reduced expression of nuclear FOXP3 may be
a predictive factor of breast cancer progression and metastasis. Another study by Merlo et
al. reported that cytoplasmic FOXP3 expression is associated with lymph node metastases,
distant relapse, and poor overall survival of breast cancer patients [14]. All these data above
indicated that changes in FOXP3 expression levels and localization may be associated with
its function and effects on malignant behaviors in cancer.

With respect to the effects of FOXP3 on tumor cells, published data show conflicting
results in different tumors types. Even in the same type of cancer, the results are inconsistent.
Ladoire et al. demonstrated that breast cancer patients with elevated FOXP3 expression had
significantly lower axillary lymph node involvement [38], and elevated FOXP3 expression was
associated with better relapse-free and overall survival in breast cancer patients treated with
neoadjuvant chemotherapy [36]. This suggested that FOXP3 plays a tumor-suppressing role
in breast cancer. On the contrary, the study by Merlo et al. suggested that FOXP3 expression
is significantly associated with lymph node positivity, and may be a poor prognostic factor
in breast cancers [14]. One difference in the methodology between the two studies was
that tumors analyzed by Ladoire et al. were all treated with neoadjuvant therapy, whereas
those examined by Merlo were untreated. Therefore, FOXP3 in breast cancer is likely to be
associated with poor prognosis as described by Merlo because neoadjuvant chemotherapy
is known to modify the immune system, and possibly its interaction with tumor cells. To
characterize the effects of FOXP3 on malignancy of gastric cancer, we conducted a series of
assays in vitro to measure the parameters of malignant behavior. The results of our study
showed that FOXP3 is indeed capable of promoting GC proliferation, migration, and invasion
in vitro. To our knowledge, our study is the first to report the demonstration of FOXP3 as
a stimulator for proliferation, migration, and invasion in GC, which was inconsistent with
results reported by Hao et al. and other studies [26, 39]. This may be because of the different
GC cell lines used in the studies. Furthermore, localization of FOXP3 in GC cell lines in these
studies has not been reported; ectopic localization of FOXP3 may be associated with its
functions in GC cells.

To date, the exact mechanisms underlying the effect of FOXP3 on malignant cells is not
very clear. Previous studies indicated that FOXP3 can reduce the migratory and invasive
capacity of malignant ovarian cells by downregulating MMP-2 and uPA, as well as mTOR
and NF-kB [15]. Another study in breast cancer showed that FOXP3 may regulate cancer
invasion and metastasis by regulating the expression of chemokine receptors, such as CXCR4
[40, 41]. A study in gastric cancer revealed that FOXP3 is a tumor-suppressor that inhibits
NFkB activity, and thereby inhibits COX2 expression [29]. Another study in gastric cancer
suggested that FOXP3 acts through the Hippo pathway [27]. These inconsistent results
may be due to differences in tumor type and FOXP3 localization. Therefore, in this study,
we utilized high-throughput RNA-sequencing and computational analysis to reveal the exact
mechanisms of FOXP3 function and its potential molecular targets. Results indicated that
several pathways may be associated with the effects of FOXP3 on malignant activities in
GC, including the TGF-f signaling pathway. Further studies by RT-PCR and ELISA confirmed
the increased TGF-1 expression and secretion in FOXP3 overexpressing cells, suggesting
that the TGF-$3 pathway may be an important mechanism by which FOXP3 regulates gastric
cancer development.

It was reported that TGF- not only participates in tumorigenesis and development of
cancer [42, 43], but also regulates the immune response as a key immune inhibitory cytokine
[44], resulting in immune escape within the tumor microenvironment. Treg cells were also
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shown to play a significant role in the suppression of local antitumor immune responses
through TGF-f3 secretion [45]. This may explain why an increased number of FOXP3* cells
within the tumor microenvironment have been associated with a high risk of recurrence
and poor overall survival. Although the role of Treg-derived TGF- on immune response is
well known, the exact role of tumor-derived TGF-f is not very clear. Xue and Jiang suggested
that FOXP3 expression may be an important mechanism of immune escape in gastric cancer
[35, 39]. Here we hypothesized that FOXP3 can increase TGF-3 expression and secretion,
which can further exhibit an inhibitory role on anti-tumor immune responses via the TGF-3
pathway; in-depth work is needed to verify our hypothesis.

There were several limitations in the current study. First, only in vitro assays were
conducted to examine the effects of FOXP3 on GC cells. In future studies, tumor-bearing mice
will be used to confirm the results of the current study. Second, the sample size of the gastric
cancer tissues was very small, which may have generated a bias during statistical analysis. In
addition, survival data and its correlation with FOXP3 expression have not been investigated
in this study, which will be the next step in our research. Third, results of high-throughput
RNA-sequencing were not evaluated and verified in depth; however, these results will narrow
down the scope of future mechanistic studies.

In conclusion, our study indicated that the expression level and localization of FOXP3
may be associated with its functions in cancer. In GC, FOXP3 expression was found to be
associated with the degree of GC differentiation, and was a stimulator of cell proliferation,
migration, and invasion. Additional research needs to be conducted to identify and validate
the potential molecules and signaling pathways involved, which will enable us to develop a
promising approach for gastric cancer therapy.
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