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Abstract. Forkhead box P3 (FOXP3), an X‑linked tumor
suppressor gene, plays an important role in breast cancer.
However, the biological functions of FOXP3 in breast cancer
apoptosis remain unclear. To investigate the underlying genes
and networks regulated by FOXP3 in breast cancer, RNA
sequencing was performed to compare FOXP3‑overexpressing
MDA‑MB‑231 cells and control MDA‑MB‑231 cells.
Differentially expressed genes were identified, and functional
enrichment analysis comparing the two groups was performed.
The differentially expressed genes were mainly enriched in
phagosomes, oxytocin, serotonergic synapses and the phospho‑
lipase D signaling pathway. Furthermore, gene set enrichment
analysis revealed the enrichment of a gene signature associated
with apoptosis in FOXP3‑overexpressing MDA‑MB‑231 cells
compared with wild‑type cells. Further analysis showed that
programmed cell death 4 (PDCD4), a key molecule involved
in apoptosis, was overexpressed in FOXP3‑MDA‑MB‑231
cells. Reverse transcription‑quantitative PCR and western
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blotting showed that FOXP3 upregulated the expression of
PDCD4 in breast cancer cells. Clinical sample analysis using
a public database showed that the expression level of PDCD4
was associated with breast cancer clinical stages. Overall, the
present study suggested that FOXP3 can promote the apop‑
tosis of breast cancer cells by upregulating the expression of
PDCD4, thus exerting a tumor suppressive function.
Introduction
Breast cancer is a type of malignant tumor originating from
breast epithelial tissue that accounts for one‑fourth of cancer
cases diagnosed in females in 2018 worldwide and that seri‑
ously endangers women's health (1). In recent years, with the
increase in early screening and the improvement of treatment,
the survival and prognosis of breast cancer have improved,
but the overall curative ratio is still not ideal (2‑4). Based on
statistics, there were ~1.7 million new cases of breast cancer
and 520,000 breast cancer‑associated deaths worldwide in
2012 (5), while by 2018, the number of new cases of breast
cancer increased to ~2.1 million, and the number of deaths
was ~630,000 (2). With the changes in lifestyle and reproduc‑
tive choices, the incidence and mortality rate of breast cancer
are increasing, and breast cancer is becoming a serious global
health burden (6).
The overactivation of oncogenes and the inactivation of
tumor suppressor genes are important causes of the occurrence
and development of breast cancer (7). Among these genes,
forkhead box P3 (FOXP3) plays an important suppressive role
in breast cancer. FOXP3 is a specific marker of regulatory
T cells, and this gene plays an important role in the differentia‑
tion, development and functional maintenance of T regulatory
cells (8‑11). A large number of studies have shown that FOXP3
is also expressed in normal breast epithelial cells and is an
important X‑linked breast cancer suppressor gene that plays
an important role in the metastatic spread of breast cancer by
regulating the expression of a series of tumor‑related genes,
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including BRCA1/2, HER2, c‑myc and SKP2 (12‑14). The dele‑
tion, mutation and change of the cellular localization of FOXP3
are important causes of the occurrence and development of
breast cancer (12). In our previous study, it was reported that
FOXP3 inhibits breast cancer angiogenesis by regulating the
expression of VEGF (15). However, it remains unclear whether
FOXP3 is involved in the regulation of breast cancer cell apop‑
tosis. The present study aimed to investigate the underlying
genes and networks regulated by FOXP3 in breast cancer.
Materials and methods
Cell lines and culture. The human breast cancer cell lines
MCF‑7 and MDA‑MB‑231 were obtained from The Cell
Bank of Type Culture Collection of the Chinese Academy of
Sciences. All cell lines were authenticated by the analysis of
short tandem repeat profiles and 100% matched the standard
cell lines in the DSMZ data bank. All cells were negative for
the cross‑contamination of other human cells and for myco‑
plasma contamination. The cells were cultured in DMEM
medium (Gibco; Thermo Fisher Scientific, Inc.) with 10%
estrogen‑deprived fetal bovine serum (HyClone; Cyvita) and
100 mg per ml ampicillin/streptomycin.
Generation of FOXP3‑MDA‑MB‑231 cells. FOXP3‑over‑
expresing lentivirus was constructed and purchased from
GeneChem, Inc. In total, 3x105 MDA‑MB‑231 cells were seeded
onto a six‑well culture plate, and the second‑generation lenti‑
virus‑containing control vector or a FOXP3 vector (MOI 10) was
added to the plate. After 12 h, the medium was replaced, and cells
were cultured in incubator of 37˚C for 96 h. Puromycin (2 µg/ml)
was used to select infected cells. MDA‑MB‑231 breast cancer
cells were infected with GFP‑labeled FOXP3‑overexpressing
adenovirus or control adenovirus, and the bright field and eGFP
expression patterns (representing cells that were effectively
infected with adenovirus) were examined using fluorescence
microscopy at x20 magnification.
Plasmid construction and RNA interference. XhoI and KpnI
flanked HFOXP3 were synthesized by TsingKe Biological
Technology, and digested HFOXP3 was subcloned into identi‑
cally digested pcDNA3.1+ to generated pcDNA3.1‑FOXP3
plasmid. The FOXP3 siRNA (sense 5'‑GCAG CGGACACU
CAAUGAGdTdT‑3'; antisense 5'‑CUCU UUGUGUGUCCG
CUGCdTdT‑3') (16) and the negative control (sense 5'‑GCA
GCGGACACUCAAUGAGdTdT‑3'; antisense 5'‑CUCU UU
GUGUGUCCGCUGCdTdT‑3') were purchased from Shanghai
GenePharma Co., Ltd. The pcDNA3.1‑FOXP3 plasmid and
FOXP3 siRNA were used to overexpress and knockdown
FOXP3 expression, respectively, in MDA‑MB‑231and MCF‑7
cells. The PDCD4 siRNA (sense, 5'‑GCUG CUU UGGAC
AAGG CUATT‑3'; antisense, 5'‑UAG  CCU  UGU CCA  A AG
CAGCTT‑3') and the negative control (sense, 5'‑GCUG CU
UTGGACA AGG CUATC‑3'; antisense, 5'‑UAGC CUAGU
CCAA AGCAGCAT‑3') sequences (17) were synthesized by
Shanghai GenePharma Co., Ltd.
Cell transfection. Breast cancer cells MDA‑MB‑231
and MCF‑7 were seeded in 6‑well plate at the density of
2x105 cells/well and cultured overnight at 37˚C. Once cell

density reached 70%, the culture medium was discarded and
OPTI‑MEM (Gibco; Thermo Fisher Scientific, Inc.) was added
for another 4 h; the pcDNA3.1‑FOXP3 plasmid (2.5 µg) and
siRNA (MOI 20, 5 µl) were transfected into MDA‑MB‑231
and MCF‑7 cells, respectively, using Lipofectamine 3000
(Invitrogen; Thermo Fisher Scientific, Inc.) following the
manufacturer's instructions. After 6 h incubation at 37˚C, the
medium was replaced and the cells were cultured in appro‑
priate DMEM medium (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% estrogen‑deprived fetal bovine serum
(HyClone; Cyvita) for various time periods. At the same time,
cells were transfected with control siRNA as control group.
Reverse transcription‑quantitative PCR. Total RNA was
isolated from cells with RNAIso Plus (Takara Biotechnology
Co., Ltd.), and RNA (100 ng) was reverse transcribed into
single stranded cDNA using a PrimeScript RT Reagent kit
(Takara Biotechnology Co., Ltd.) in 10 µl reaction at 37 C for
15 min, 85˚C for 5 min, 4˚C for hold. Then, 2 µl cDNA was used
for qPCR using a Prism 7500 real‑time thermocycler (Applied
Biosystems; Thermo Fisher Scientific, Inc.) using with SYBR
Green Ex Taq (Takara Biotechnology Co., Ltd.) according to
the manufacturer's instructions. The reaction protocol was as
follows: 30 sec at 95˚C, followed by 40 cycles of 5 sec at 95˚C
and 34 sec at 60˚C. Relative expression level of genes was
calculated using the 2‑∆∆Ct method (18). The sequences of the
primers were as follows: FOXP3, forward 5'‑CGAAGCT TA
TGCCCAACCCCAG GCCTG‑3', reverse 5'‑CGGGATCCT
CAG  G GG  C CA G GT GTAG GG T TG‑3'; PDCD4, forward
5'‑TGGATTA ACTGTG CCA ACCA‑3', reverse 5'‑TCTCAA
ATGCCCTTTCATCC‑3'; SQOR, forward 5'‑CACTGGTGG
CTGTGGTAT‑3', reverse 5'‑CACCCACTTTCCTCTTCAT‑3';
PGGHG, forward 5'‑GGT G GT C TC AGG AGG ATG  GA‑3,
reverse 5'‑GGTCGGGTCAGAAGGA AGC‑3'; and GAPDH,
forward 5'‑GTCA AGG CTGAGA ACG GGA A3' and reverse
5'‑AAATGAGCCCCAGCCTTCTC‑3'. Each reaction was set
up in triplicate. GAPDH was used as the internal control.
Western blot analysis. Cells (2x105 cells) were collected,
washed twice with pre‑cooled PBS and lysed using 100 µl of
pre‑cooled RIPA lysis buffer containing protease inhibitor
(Beyotime Institute of Biotechnology for 30 min on ice.
Protein concentration was estimated using BCA protein assay
kit (Pierce; Thermo Fisher Scientific, Inc.). Proteins (30 µg)
were separated by 10% SDS‑PAGE and were transferred
onto PVDF membranes. Membranes were blocked with 5%
skimmed milk in Tris‑buffered saline containing 1% Tween
20 (TBST; pH 7.4) at room temperature for 1 h. Membranes
were incubated with primary antibodies against GAPDH
(ProteinTech Group, Inc.; cat. no. 10494‑1‑AP; 1:4,000),
FOXP3 (Abcam; cat. no. ab22510; 1:500) and PDCD4
(ProteinTech Group, Inc.; cat. no. 12587‑1‑AP; 1:1,000) at 4˚C
overnight. Membranes were then incubated with horseradish
peroxidase‑conjugated IgG secondary antibody (ProteinTech
Group, Inc.; cat. no. SA00001‑2; 1.400) for 1 h at room
temperature. Enhanced chemiluminescence (Pierce; Thermo
Fisher Scientific, Inc.) was used for visualization of immu‑
noreactive proteins. ChemiDoc™ XRS+ System with Image
Lab™ Software 4.1 (Bio‑Rad Laboratories, Inc.) was used for
densitometry analysis using GAPDH as internal control.
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Flow cytometry. Apoptosis was evaluated by flow cytom‑
etry. Cells were harvested and resuspended in PBS. Cells
were stained with Annexin V‑FITC/PI apoptosis kit (cat.
no. BD 556547 Annexin V; BD Biosciences) according to the
manufacturers' instructions at room temperature for 15 min.
Apoptotic cells were detected using a FACS Calibur Flow
Cytometer (BD Biosciences) and analyzed using with FlowJo
10.0 software (FlowJo LLC).
RNA‑Seq analysis. Two cell samples, control MDA‑MB‑231
cells and FOXP3‑MDA‑MB‑231 cells, were prepared. Then,
total RNA was extracted using an RNA easy Mini kit, and an
on‑column DNase digestion in RNase‑Free DNase set (both
Qiagen GmbH) was used to avoid contamination by genomic
DNA. A sequencing library was built and sequenced using an
Illumina HiSeq 2000 by Gene Denovo Biotechnology.
Identification of differentially expressed genes (DEGs).
Differential expression analysis was performed using the
edgeR package in R between two samples (19). Genes with
false discovery rates (FDRs) <0.05 and absolute fold‑changes
≥2 were considered differentially expressed genes.
Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis. Genes usually interact to participate in
certain biological functions. Pathway‑based analysis helps
to further understand the biological functions of genes.
KEGG (https://www.genome.jp/kegg/) is a major public
pathway‑related database. Pathway enrichment analysis can
be used to identify significantly enriched metabolic pathways
or signal transduction pathways in DEGs compared with the
whole‑genome background (20). Here, N is the number of all
genes with a KEGG annotation, n is the number of DEGs in N,
M is the number of all genes annotated to specific pathways,
and m is the number of DEGs in M. The calculated P‑value
underwent an FDR correction, and FDR ≤0.05 was set as the
threshold. Pathways meeting this condition were defined as
significantly enriched pathways in DEGs.
Gene set enrichment analysis (GSEA). Enrichment analysis
was performed using GSEA and MSigDB software
(https://www.gsea‑msigdb.org/gsea/msigdb/index.jsp, v7.1) to
determine whether a set of genes in specific Gene Ontoloy term
(http://geneontology.org/) pathways showed significant differ‑
ences in two groups (21). Briefly, a gene expression matrix was
constructed and genes were ranked using the signal‑to‑noise
normalization method. Enrichment scores and P‑values were
calculated using the default parameters.
Kaplan‑Meier plotter analysis. Survival analysis based on
the mRNA expression levels of PDCD4 in breast cancer was
performed using the Kaplan‑Meier plotter website (www.
kmplot.com), an online database that can assess the effect of
54,675 genes on the prognosis of patients with breast, ovarian,
lung and gastric cancer. Briefly, the PDCD4 gene names were
uploaded into the database, and the breast cancer cases included
in the analysis were divided into two cohorts according the
expression level of PDCD4. Patients with PDCD4 expression
higher than the median were pooled into the group with high
expression, while the patients with PDCD4 expression lower

Figure 1. The generation of FOXP3‑overexpressing MDA‑MB‑231 cells.
(A) MDA‑MB‑231 breast cancer cells were infected with GFP‑labeled
FOXP3‑overexpressing adenovirus or control adenovirus, and the bright
field and eGFP expression patterns (representing cells that were effectively
infected with adenovirus) were examined using fluorescence microscopy.
Magnification, x20. Scale bar, 100 µm. (B) Evaluation of FOXP3 mRNA
expression in control and FOXP3‑overexpressing MDA‑MB‑231 cells using
reverse transcription‑quantitative PCR. n=3. (C) Evaluation of FOXP3
protein levels in control and FOXP3‑overexpressing MDA‑MB‑231 cells by
western blotting. ***P<0.001 vs. control. eGFP, enhanced green fluorescent
protein; FOXP3, forkhead box P3.

than the median were pooled into the group with low expres‑
sion. Hazard ratio (HR), 95% confidence intervals and log‑rank
P‑values were determined using the database.
Statistical analysis. Statistical analysis between two groups of
samples was performed using unpaired Student's t‑test by SPSS
version 16 software (SPSS Inc.) and expressed as mean ± SEM
from three independent replicates. A value of P<0.05 was
considered to indicate a statistically significant difference. The
statistical tests were two‑sided. The in vitro experiments were
repeated at least three times. Relapse‑free survival (RFS) and
overall survival (OS) rates of patients in different cohorts were
assessed by Kaplan Meier plots. The hazard ratio (HR) and
log‑rank P‑values were calculated using the aforementioned
databases. PDCD4 mRNA levels in different stages (according
to the Scarff‑Bloom‑Richardson SBR grading system) were
determined by Dunnett's or Tukey's post hoc test following
ANOVA. Pearson's correlation coefficient was used to calculate
the correlation between different genes. Correlation analysis of
FOXP3 expression and PDCD4 were performed by The Cancer
Genome Atlas dataset (TCGA; http://www.cancer.gov/).
Results
Generation of FOXP3‑overexpressing MDA‑MB‑231 cells.
To explore the function of FOXP3 in breast cancer cells,
MDA‑MB‑231 breast cancer cells were infected with green
fluorescent protein (GFP)‑labeled FOXP3‑overexpressing
adenovirus, and puromycin was used to select positive cells.
As shown in Fig. 1A, cells expressed GFP, which indicated
that these cells were successfully infected with adenovirus.
RT‑qPCR and western blotting was then conducted to further
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Figure 2. Identification of DEGs between FOXP3‑overexpressing MDA‑MB‑231 and control MDA‑MB‑231 cells. (A) Hierarchical cluster of the differential
expression levels between FOXP3‑overexpressing MDA‑MB‑231 cells and control MDA‑MB‑231 cells. The color scale represents the log10 expression values;
red indicates high expression levels, and blue indicates to low expression levels. (B) The scatter plot of DEGs. Each point represents a gene. Dark gray points
represent upregulated genes. Red points represent downregulated genes. Light gray points represent genes without differential expression. FC >2. FOXP3,
forkhead box P3; DEGs, differentially expressed genes; FC, fold‑change; FDR, false discovery rate; down, downregulated; no, no difference; up, upregulated.

Figure 3. KEGG analysis of DEGs. Top 20 significantly enriched KEGG pathways of FOXP3‑regulated DEGs. Each point represents a specific KEGG
signaling pathway, and the size of the point indicates the number of DEGs enriched in each pathway. Rich factor refers to the enrichment level of DEGs
enriched in the pathway. A Q value that is closer to zero indicates that the enrichment is more significant. KEGG, Kyoto Encyclopedia of Genes and Genomes;
FOXP3, forkhead box P3; DEGs, differentially expressed genes.
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Figure 4. FOXP3 is associated with breast cancer apoptosis. (A) Gene set enrichment analysis demonstrated the enrichment of gene sets related to apop‑
tosis in the ranked gene list of FOXP3‑overexpressing MDA‑MB‑231 cells vs. control cells. (B) Functional enrichment‑based clustering analysis between
FOXP3‑overexpressing MDA‑MB‑231 cells and wild‑type MDA‑MB‑231 cells. FOXP3, forkhead box P3. Differences in pathway activities scored per sample
using GSVA. Blue, downregulation pathway; Red, upregulation pathway.

verify the FOXP3 expression levels. The results demon‑
strated that FOXP3 mRNA levels in FOXP3‑overexpressing
MDA‑MB‑231 cells were significantly higher compared with
those in control cells (P<0.001; Fig. 1B). Moreover, western
blot assays showed that control MDA‑MB‑231 cells expressed
low levels of FOXP3, and FOXP3‑MDA‑MB‑231 cells exhib‑
ited higher FOXP3 expression (Fig. 1C). Collectively, these
results suggested that a FOXP3‑overexpressing MDA‑MB‑231
cell line was successfully constructed, and this cell line and
the control cells were used in the subsequent studies.
Identification of DEGs between FOXP3‑overexpressing
MDA‑MB‑231 and control MDA‑MB‑231 cells. To identify
genes regulated by FOXP3, total RNA was obtained from the
FOXP3‑overexpressing MDA‑MB‑231 cells and wild‑type

MDA‑MB‑231 cells and was subjected to RNA‑seq. Then,
global gene expression analysis was performed comparing
FOXP3‑MDA‑MB‑231 cells and wild‑type cells. A heat map
of DEGs was constructed, and expression changes in genes are
shown by hierarchical cluster analysis (Fig. 2A). The RT‑PCR
analysis showed the high expression of three differentially
expressed genes (PGGHG, SQOR and PDCD4 genes) in the
RNA‑seq analysis of FOXP3‑overexpressing MDA‑MB‑231
cells (Fig. S1). Furthermore, a volcano plot shows that 6,285
genes were upregulated and 6,013 genes were downregulated
in FOXP3‑MDA‑MB‑231 cells (Fig. 2B).
KEGG analysis of DEGs. To further specify the interactions of
the pathways and to clarify the biological functions of FOXP3,
KEGG database analysis, which can be used to find frequently and
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Figure 5. FOXP3 upregulates PDCD4. (A) Hierarchical cluster of the differential expression levels between FOXP3‑overexpressing MDA‑MB‑231 cells and
wild‑type MDA‑MB‑231 cells. PDCD4 was included in the upregulated genes. (B and C) MDA‑MB‑231 cells were transfected with pcDNA3.1‑FOXP3 or
a control vector, and RT‑qPCR and western blotting were conducted to detect the (B) mRNA and (C) protein levels of PDCD4. n=3. (D and E) MCF‑7 cells
were transfected with FOXP3 siRNA or scrambled RNA, and RT‑qPCR and western blotting were conducted to detect the (D) mRNA and (E) protein levels of
PDCD4. n=3. (F) Apoptosis was evaluated in FOXP3‑overexpressing cells transfected with PDCD4 siRNA or NC siRNA. *P<0.05. FOXP3, forkhead box P3;
PDCD4, programmed cell death 4; RT‑q, reverse transcription‑quantitative; si, small interfering; NC, negative control; FC, fold‑change; FDR, false discovery
rate; down, downregulated; no, no difference; up, upregulated.

significantly enriched pathways, was performed (22). The results
demonstrated that the DEGs were enriched in several signaling
pathways, and the main enriched terms were ‘phagosome’,
‘oxytocin signaling pathway’, ‘serolonergic synapse’,
‘phospholipase D signaling pathway’, ‘platelet activation’ and
‘drug metabolism‑cytochrome P450’ (Fig. 3).
FOXP3 is associated with breast cancer apoptosis. To
determine whether FOXP3 could regulate apoptosis‑related
genes, GSEA was conducted. The results revealed the
enrichment of a gene signature related to apoptosis in
FOXP3‑overexpressing MDA‑MB‑231 cells compared with
wild‑type cells (Fig. 4A). Functional enrichment‑based
clustering analysis was also conducted and it was demon‑
strated that, compared with wild‑type cells, the upregulated

genes in FOXP3‑overexpressing MDA‑MB‑231 cells were
also involved in apoptosis (Fig. 4B). Taken together, these
data suggested that FOXP3 is associated with breast cancer
apoptosis.
FOXP3 upregulates PDCD4. As aforementioned, FOXP3
expression levels were associated with apoptosis. To identify
the role of FOXP3 in breast cancer apoptosis, the DEGs in
FOXP3‑overexpressing MDA‑MB‑231 cells and wild‑type
cells were further analyzed. It was revealed that PDCD4,
a key mediator of apoptosis (23), was upregulated in
FOXP3‑overexpressing MDA‑MB‑231 cells (Fig. 5A). These
results indicated that FOXP3 might be a regulator of PDCD4
in breast cancer cells. To further investigate the regulatory role
of FOXP3 in PDCD4 expression in breast cancer cell lines,
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Figure 6. PDCD4 is associated with breast cancer progression. (A) Kaplan‑Meier survival curves for RFS in patients with high or low PDCD4. n=3,951.
HR=‑0.67; log‑rank P=P=1.4x10 ‑12 (B) Kaplan‑Meier survival curves for OS of patients with high and low PDCD4 expression. n=1,402. HR=0.61; log‑rank
P=8.3x10 ‑6. (C) PDCD4 mRNA levels in different stages of breast cancer from a public database. n=3,617 breast cancer patients. (D) The expression of FOXP3
was positively correlated with PDCD4 in The Cancer Genome Atlas dataset. Pearson's correlation coefficient, P= 0.0061, R= 0.26. ***P<0.0001. RFS, relapse‑free
survival; OS, overall survival; TPM, transcripts per million; SBR, Scarff‑Bloom‑Richardson; PDCD4, programmed cell death 4; HR, hazard ratio.

RT‑qPCR and western blotting were performed to analyze
PDCD4 expression in breast cancer cells that gained or lost
FOXP3 expression. It was reported that the ectopic expres‑
sion of FOXP3 in MDA‑MB‑231 cells upregulated PDCD4
expression and that silencing endogenous FOXP3 in MCF‑7
cells downregulated PDCD4 expression at both the mRNA
and protein levels (Fig. 5B‑E). Then, cell apoptosis was
evaluated in FOXP3‑overexpressing cells transfected with
PDCD4 siRNA or NC siRNA by flow cytometry analysis. The
results demonstrated that, compared with NC siRNA group,
knockdown of PDCD4 in FOXP3‑overexpressing cells could
decrease apoptosis (Fig. 5F). Taken together, these results
indicated that FOXP3 may promote PDCD4 expression in
breast cancer.

analyzed for breast cancer samples using Kaplan‑Meier plotter.
As shown in Fig. 6A and B, high PDCD4 expression was a
protective factor for breast cancer RFS (HR=0.67; log‑rank
P<0.001) and OS (HR=0.61; log‑rank P<0.001). In addition, by
analyzing the expression of PDCD4 in breast cancer at different
stages, it was demonstrated that PDCD4 was associated with
the breast cancer stage (Fig. 6C). Finally, it was reported
that the expression of FOXP3 was positively correlated with
PDCD4 in TCGA dataset (Fig. 6D). Collectively, these results
indicated that PDCD4 may have a suppressive role of breast
cancer progression and that FOXP3 might enhance breast
cancer apoptosis by upregulating PDCD4.

PDCD4 is negatively correlated with breast cancer progres‑
sion. To further identify the role of PDCD4 in breast cancer,
the associated between PDCD4 expression and survival was

Breast cancer is the most frequently diagnosed cancer in
women worldwide. Due to its high invasiveness and metas‑
tasis, breast cancer is the leading cause of cancer‑associated

Discussion
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death in women (24,25). In China, the breast cancer is also
the most common cancer in women, and it is occurring with
increasing frequency in younger women (26,27). Our previous
study has shown that FOXP3 is an important breast cancer
suppressor gene (28) and its loss of function or mutation is
closely associated with the development and prognosis of breast
cancer (12,15,29,30). As a transcription factor, FOXP3 mainly
exerts its anticancer function by regulating the expression of
its downstream target genes (31,32). FOXP3 can inhibit the
proliferation of breast cancer cells by inhibiting the expression
of oncogenes, such as HER2 and S‑phase kinase‑associated
protein 2 (14,33). FOXP3 can also inhibit the metastasis of
breast cancer by inhibiting the expression of CD44 and C‑X‑C
chemokine receptor type 4 (16,34). In addition, it has been
reported that FOXP3 can inhibit breast cancer angiogenesis
by downregulating VEGF (15). Therefore, the confirmation
and increased understanding of the target genes regulated
by FOXP3 in breast cancer is critical, as it will be helpful
to improve our understanding of the anticancer function of
FOXP3 and its clinical application.
To further investigate the role of FOXP3 in breast
cancer progression, the present study constructed a
FOXP3‑overexpressing MDA‑MB‑231 cell line. RNA‑seq
revealed that apoptosis‑related genes were significantly enriched
in FOXP3‑overexpressing MDA‑MB‑231 cells, which suggested
that FOXP3 may play a role in breast cancer cell apoptosis.
The balance of cell proliferation and death is the key to the
maintenance of homeostasis (35,36). Abnormal cell prolifera‑
tion and apoptosis are important causes of numerous diseases
such as Hirschsprung's disease and cancers (37). PDCD4 is
a key molecule in apoptosis, which can inhibit cell growth,
promoted by downregulating the expression of MAP4K1 (23)
or by inhibiting the interaction between eukaryotic initiation
factor 4A‑I (EIF)4A1 and EIF4G (38,39). Studies have revealed
that PDCD4 is a tumor suppressor gene that can inhibit tumor
progression by promoting apoptosis (40,41). Liu et al (42) first
reported that FOXP3 could promote breast cancer apoptosis by
inducing microRNA‑146 expression, which inhibited NF‑κ B
activation. The present study reported another molecular
mechanism by which FOXP3 induces apoptosis. Sequencing
analysis demonstrated that PDCD4 is highly expressed in
FOXP3‑overexpressing MDA‑MB‑231 cells, and that FOXP3
promotes breast cancer apoptosis by upregulating PDCD4
expression. The current study revealed that FOXP3 can promote
the expression of PDCD4; however, the specific mechanism by
which FOXP3 upregulates PDCD4 requires further study.
The limitation of the present study was that RNA‑seq data
was performed with one sample per group; however, PCR
was performed to further confirm the results of the existing
RNA‑seq analysis. The qPCR results confirmed that PDCD4
was upregulated in FOXP3‑overexpressing MDA‑MB‑231
cells. In addition, the overexpression and knockdown of
FOXP3 was not performed in a same breast cancer cell line.
However, our previously studies confirmed that MDA‑MB‑231
is a FOXP3 negative cell line, and MCF‑7 is FOXP3‑positive
cell line (14,16,33). Therefore, the present study overexpressed
FOXP3 in MDA‑MB‑231 and knocked down FOXP3 expres‑
sion in MCF‑7 cells to explore the effect of FOXP3 on PDCD4
expression. The results indicated that overexpressing FOXP3
in MDA‑MB‑231 cells resulted in the upregulation of PDCD4

at both the mRNA and protein levels, while siRNA‑mediated
silencing of endogenous FOXP3 in MCF‑7 cells resulted in the
downregulation of PDCD4, which indicated that FOXP3 can
promote PDCD4 expression in breast cancer cells.
In conclusion, DEGs were identified in FOXP3‑over‑
expressing MDA‑MB‑231 cells compared with wild‑type
MDA‑MB‑231 cells using RNA‑Seq analysis, and KEGG
pathway analysis was performed to examine the roles of
FOXP3 in breast cancer. Notably, it was demonstrated that
the expression level of FOXP3 is closely associated with
apoptosis using bioinformatics analysis. Furthermore, it
was confirmed that PDCD4 expression, a key molecule of
apoptosis (23), can be promoted by FOXP3. Therefore, the
present study provides insights into the roles of FOXP3 in
breast cancer, suggesting that FOXP3 can induce breast
cancer apoptosis by promoting the expression of PDCD4.
Ultimately, this provides novel insights into the anticancer
function of FOXP3.
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