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Abstract. Forkhead box P3 (FOXP3) is a specific marker of 
regulatory T cells (Tregs) that is also expressed in tumour 
cells. Previous studies have revealed that FOXP3 can promote 
metastasis in several types of cancer, including non‑small cell 
lung cancer (NSCLC); however, the underlying mechanism 
of FOXP3 remains unclear. The aim of the present study was 
to investigate the effect of FOXP3 on vascular endothelial 
growth factor (VEGF), epithelial‑to‑mesenchymal transi‑
tion (EMT) and the Notch1/Hes1 pathway in NSCLC. After 
FOXP3 small interfering RNA (siRNAs) were transfected 
into A549 cells, the expression of FOXP3 mRNA and protein 
was determined by reverse transcription‑quantitative PCR and 
western blotting. Cell migration and invasion were analyzed 
by Transwell assays. The concentrations of matrix metallopro‑
teinase (MMP)‑2, MMP‑9 and VEGF in the cell supernatant 
were evaluated by ELISA. The expression of relevant proteins 
involved in EMT and Notch1/Hes1 pathway were assessed via 
western blotting. Additionally, the expression of FOXP3, CD31 

and E‑cadherin was detected by immunohistochemical (IHC) 
staining of 55 human NSCLC tissue samples. The results 
demonstrated that FOXP3 knockdown significantly inhibited 
the cell migratory and invasive abilities, decreased the concen‑
trations of MMP‑2, MMP‑9 and VEGF, downregulated the 
protein expression of vimentin, N‑cadherin, Notch1 and Hes 
family BHLH transcription factor 1 (Hes1), and upregulated 
the protein expression of E‑cadherin. Furthermore, FOXP3 
expression was positively associated with CD31+ vascular 
endothelial cells and negatively correlated with E‑cadherin 
in NSCLC tissues. In addition, the Notch1/Hes1 pathway 
inhibitor DAPT significantly downregulated the expression 
of FOXP3 in a dose‑dependent manner. Taken together, these 
findings demonstrated that FOXP3 may facilitate the inva‑
sive and migratory abilities of NSCLC cells via regulating 
the angiogenic factor VEGF, the EMT and the Notch1/Hes1 
pathway.

Introduction

Lung cancer is the most frequent cause of cancer‑mortality 
worldwide (1) and the 5‑year survival rate is <17% (2). Every 
year, 1.8 million people are diagnosed with lung cancer and 
1.6 million people die of the disease (3). Non‑small cell lung 
cancer (NSCLC) is the most common type of lung cancer 
and accounts for ~85% of all cases (4). Despite advances and 
improvements in surgical treatment for early‑stage NSCLC, 
recurrence and metastasis are still the main factors affecting 
prognosis (5). The underlying mechanisms of NSCLC metas‑
tasis remain poorly understood. It is therefore essential to 
better characterize the molecular mechanisms associated with 
NSCLC metastasis, which may contribute to the identification 
of novel biomarkers and therapeutic targets in NSCLC.

Forkhead box P3 (FOXP3) is a well‑known specific marker 
of regulatory T cells (Tregs) that has been reported to promote 
tumour progression due to its immunosuppressive function (6). 
Previous studies have demonstrated that FOXP3 is expressed in 
numerous types of cancer cell and has dual roles in carcinogen‑
esis (7‑15). Increased expression of FOXP3 in tumour cells is 
reported to play a protumour role in pancreatic carcinoma (8), 
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colorectal cancer  (9), thyroid carcinoma  (10) and cervical 
cancer (11), while FOXP3 decreased expression and antitumour 
role are observed in breast cancer (12), prostate cancer (13), 
ovarian cancer (14) and T cell acute lymphoblastic leukaemia 
(T‑ALL) (15). Our previous studies have demonstrated that 
FOXP3 is highly expressed in NSCLC tissues and that its 
increased expression is associated with lymph node metastasis 
and advanced Tumor‑Node‑Metastasis (TNM) stage (16,17). 
Furthermore, FOXP3 can promote cell proliferation and reduce 
cell chemosensitivity to anticancer drugs in NSCLC (17,18). 
Another study in NSCLC has reported that FOXP3 promotes 
tumour growth and metastasis by upregulating the expression 
levels of cyclin D1, transforming growth factor β1, interleukin 35 
and heme oxygenase‑1 (19). A recent study reported that FOXP3 
can activate the Wnt signaling pathway to promote cell prolifera‑
tion and invasion and the induction of epithelial‑mesenchymal 
transition (EMT) by physically interacting with β‑catenin and 
transcription factor 4 (TCF4) in NSCLC (20). Although the 
protumour effect of FOXP3 has been demonstrated in NSCLC, 
the underlying mechanisms remain to be elucidated.

Tumour cell metastasis is a multistep process involving 
several crucial events, such as local extracellular matrix (ECM) 
invasion, tumour angiogenesis, EMT and abnormal activation 
of signal transduction pathways (21). The Notch1 pathway is a 
highly conserved signalling pathway that is involved in multiple 
aspects of cancer biology, including cancer stem cells, angio‑
genesis and antitumour immunity (22,23). Aberrant activation 
of this pathway has been reported in many types of cancer and 
is associated with tumour growth, invasion and metastasis (24). 
Hes family BHLH transcription factor 1 (Hes1) is the most 
well‑characterized target gene of Notch1, and high levels 
of Notch1 and Hes1 are associated with a poor prognosis in 
patients with NSCLC (25,26). However, the correlation between 
the Notch1/Hes1 pathway and FOXP3 in NSCLC is unclear.

The present study aimed to elucidate the potential mecha‑
nisms involving FOXP3 in regulating the metastatic process 
of NSCLC. The effects of FOXP3 on cell migratory and 
invasive abilities, vascular endothelial growth factor (VEGF) 
expression and EMT in NSCLC were explored. The associa‑
tion between FOXP3 and the Notch1/Hes1 pathway was also 
investigated. The findings from the present study may provide 
a novel potential therapeutic target in NSCLC.

Materials and methods

Cell culture. The human NSCLC cell line A549 was obtained 
from the American Type Culture Collection. Cells were cultured 
in complete Dulbecco's modified Eagle's medium (DMEM; 
HyClone; GE Healthcare Life Sciences) supplemented with 
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and placed 
at 37˚C in a humidified incubator containing 5% CO2.

FOXP3 siRNA transfection. Small interfering (si)RNA oligo‑
nucleotides specific to FOXP3 (si‑FOXP3‑1 and si‑FOXP3‑2) 
and a negative control siRNA (si‑NC) were synthesized by 
Guangzhou RiboBio Co., Ltd. The sequences of the siRNAs 
were as follows: si‑FOXP3‑1, 5'‑CAU​GGA​CUA​CUU​CAA​
GUU​CdT​dT‑3'; si‑FOXP3‑2, 5'‑GAG​AGA​UGG​UAC​AGU​
CUC​UdT​dT‑3'; and si‑NC, 5'‑UUC​UCC​GAA​CGU​GUC​
ACG​UdT​dT‑3'. A549 cells (2.5x105) were transfected with 

si‑NC or si‑FOXP3‑1 or 2 (10 nM final concentration) using 
Lipofectamine™ 2000 (cat. no. 11668019; Invitrogen; Thermo 
Fisher Scientific, Inc.) following the manufacturers' protocol. 
After 6 h, the transfection medium was replaced with DMEM 
containing 10% FBS. Transfected cells were eventually 
harvested at 48 h for reverse transcription quantitative (RT‑q) 
PCR or at 72 h for western blotting.

RT‑qPCR. Total RNA was isolated from cells using the RNAiso 
Plus Kit (Takara Bio, Inc.) and cDNA was synthesized using the 
PrimeScript™ RT Reagent Kit (Takara Bio, Inc.) according to 
the manufacturers' instructions. Gene expression was detected 
using SYBR Premix Ex Taq™ II (Takara Bio, Inc.) according 
to the manufacturers' protocol on a Piko‑Real 24 Real‑Time 
PCR system (Thermo Fisher Scientific, Inc.). The primers 
for FOXP3, VEGF and GAPDH were synthesized by Sangon 
Biotech Co., Ltd. The sequences of the primers are shown 
in Table I. The reaction were performed as follows: 95˚C for 
15 min and 40 cycles of 95˚C for 10 sec and 60˚C for 10 sec. 
The relative gene expression was normalized to endogenous 
control and expressed as 2‑ΔΔCq (27).

Western blotting. Cells were washed with ice‑cold PBS, lysed 
with RIPA buffer (Beyotime Institute of Biotechnology) 
containing a 1 mM protease inhibitor PMSF (Beyotime Institute 
of Biotechnology) on ice for 30 min and centrifuged at 15,000 x g 
for 15 min at 4˚C. Proteins (30 µg) were separated by 10% 
SDS‑PAGE and transferred onto PVDF membranes. Membranes 
were blocked with 5% bovine serum albumin (Sigma‑Aldrich; 
Merck KGaA) for 1 h at room temperature (RT) and incubated 
with primary antibodies (1:1,000) against FOXP3 (cat. no. 4852; 
Boster Biological Technology), Notch1 (cat. no. 4126; Boster 
Biological Technology), E‑cadherin (cat. no. 0138; Beyotime 
Institute of Biotechnology), vimentin (cat. no. 0318; Beyotime 
Institute of Biotechnology), N‑cadherin (cat. no. 0243; Beyotime 
Institute of Biotechnology), Hes1 (cat.  no.  2167; Beyotime 
Institute of Biotechnology) and GAPDH (cat. no. 0006; Beyotime 
Institute of Biotechnology) overnight at 4˚C. The membranes 
were then incubated with appropriate horseradish peroxidase 
(HRP)‑conjugated secondary antibodies (1:2,000; cat.  no. 
A0208; cat. no. A0216; Beyotime Institute of Biotechnology) 
for 1 h at RT. Enhanced chemiluminescence reagent (BeyoECL 
Star Kit; Beyotime Institute of Biotechnology) was used to detect 
the signal on the membrane. The data were analyzed via densi‑
tometry using VisionWorksLS 7.1 software (UVP, LLC) and 
normalized to expression of the internal control GAPDH.

Transwell assay. Cell migratory and invasive abilities 
were assessed in 24‑well Transwell chambers containing 
inserts of 8.0 µm pore size (Corning Inc.). For the invasion 
assay, the inserts were precoated with 80 µl Matrigel (1:8; 
BD Biosciences). Cells (5x104) were suspended in 100 µl 
serum‑free DMEM and seeded in the upper chamber of 
the chamber, whereas 500 µl medium containing 10% FBS 
was added to the lower chamber to act as a chemoattractant. 
Following 20 h incubation, cells on the upper membrane 
surface were removed and cells that have migrated through 
the membrane were fixed in 4% paraformaldehyde for 15 min 
at RT and stained with haematoxylin for 5 min at RT. The 
number of invaded and migrated cells was counted in five 
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random fields using a light microscope (BX43F; Olympus 
Corporation) at x400 magnification.

ELISA. Following cell transfection with siRNAs for 72 h, the 
culture supernatant of A549 cells was harvested and centri‑
fuged at 2,000 x g for 10 min at RT. The concentrations of 
matrix metalloproteinase‑2 (MMP‑2), MMP‑9 and VEGF 
in the culture supernatant were detected using ELISA kits 
(cat. no. EK0459; cat. no. EK0465; cat. no. EK0539; Boster 
Biological Technology) according to the manufacturers' 
protocol. Absorbance was read at 450 nm on a microplate 
reader (Tecan Group, Ltd.). The concentrations of detected 
proteins were calculated according to a standard curve.

Clinical samples. Formalin‑fixed paraffin‑embedded tissue 
samples were obtained from 55  patients with NSCLC 
(average age, 60.5±9.4 years; 34 men and 21 women) who 
received treatment at the General Hospital of China National 
Petroleum Corporation (CNPC) in Jilin between January 2009 
and December 2013. Regarding the histological subtype, 35 
samples were squamous cell carcinomas and 20 were adeno‑
carcinomas. A total of 24 samples originated from patients 
who had lymph node metastasis whereas 31 samples were free 
of metastasis. According to the TNM classification, 27 samples 
were in stage I, 18 samples were in stage II and 10 samples were 
in stage III. The inclusion criteria included a clear pathological 
diagnosis of NSCLC and no prior radiotherapy or chemo‑
therapy. The exclusion criteria included diagnosis with other 
types of cancer type and a lack of clinicopathological data. 
This study was approved by the Medical Ethics Committee 
of CNPC and all patients provided written informed consent.

Immunohistochemical (IHC) staining. Tissue sections were 
deparaffinized in xylene and rehydrated in a decreasing 
gradient series of ethanol solutions. Following antigen 
retrieval and blocking with 3% hydrogen peroxide for 10 min 
at room temperature, sections were incubated with primary 
antibodies against FOXP3 (1:100; cat. no. 20034; Abcam), 
CD31 (1:50; cat. no. 53411; Santa) and E‑cadherin (ready to 
use, cat. no. 0092; ZSGB-Bio Co.,Ltd.) overnight at 4˚C. After 
incubation with an HRP‑conjugated secondary antibody 
(cat.  no.  PV9000; ZSGB-Bio Co.,Ltd.) for 20  min at RT, 
3,3'‑diaminobenzidine was used for chromogen detection. 

All sections were evaluated using a double‑blinded method. 
A total of five fields were observed under light microscopy 
(magnification, x400) and 100 tumour cells were counted in 
each section. FOXP3 and E‑cadherin expression was assessed 
as previously described  (16). CD31‑stained sections were 
evaluated to determine the microvascular density (MVD) and 
assessed as previously described (28).

Treatment with signalling pathway inhibitors. N‑(N‑ 
(3,5‑Difluorophenacetyl)‑L‑alanyl)‑S‑phenylglycine t‑butyl ester 
(DAPT; cat. no. SF4139; Beyotime Institute of Biotechnology) 
was used to inhibit the activity of the Notch1/Hes1 pathway 
in A549 cells. Briefly, cells (5x105 cells per well) in six‑well 
plates were incubated overnight at 37˚C and treated with or 
without DAPT (10 or 20 µM) for 48 h. Cells were subsequently 
collected and used for western blotting.

Statistical analysis. Statistical analysis was conducted using 
SPSS 17.0 (SPSS Inc.). Data were presented as the means ± stan‑
dard deviation. All experiments were performed ≥ three times. 
Differences between groups were analysed using one‑way 
ANOVA followed by Tukey's post hoc test. Pearson correla‑
tion analysis was performed to assess the correlation between 
FOXP3, CD31 and E‑cadherin in NSCLC tissues. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Efficiency of FOXP3 knockdown in NSCLC cells. Our previous 
studies have reported that FOXP3 is highly expressed in 
NSCLC cells (16,17). To investigate the potential function and 
underlying mechanism of FOXP3 in NSCLC metastasis, two 
FOXP3‑targeted siRNAs (si‑FOXP3‑1 and si‑FOXP3‑2) were 
transfected into A549 cells, and the knockdown efficiency of 
FOXP3 was measured by RT‑qPCR and western blotting. The 
results demonstrated that the mRNA and protein expression 
of FOXP3 in the FOXP3‑knockdown group was significantly 
downregulated (P<0.01), showing an knockdown efficiency of 
~60% (Fig. 1A and B).

FOXP3 knockdown inhibits the migratory and invasive abili‑
ties of NSCLC cells. To explore the effects of FOXP3 on the 
migratory and invasive abilities of NSCLC cells, Transwell 

Table I. Sequences of the primers used for reverse transcription quantitative PCR.

Gene	 Primer sequence (5'‑3')	 Genbank accession no.	 bp

FOXP3		  NM_014009.3	 167
  Forward	 5'‑CACAACATGCGACCCCTTTCACC‑3'		
  Reverse	 5'‑AGGTTGTGGCGGATGGCGTTCTTC‑3'		
VEGF		  NM_001025368.3	 158
  Forward	 5'‑GTGCCCACTGAGGAGTCCAACATC‑3'		
  Reverse	 5'‑GAGCAAGGCCCACAGGGATTTT‑3'		
GAPDH		  NM_002046.3.	 107
  Forward	 5'‑ATGGGGAAGGTGAAGGTCG‑3'		
  Reverse	 5'‑GGGTCATTGATGGCAACAATATC‑3'	

https://www.spandidos-publications.com/10.3892/etm.2021.10390
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assays were performed following FOXP3 knockdown in 
A549 cells. The results demonstrated that the numbers 
of migrated and invaded cells in the FOXP3‑knockdown 
group were significantly decreased compared with the 
si‑NC group (P<0.01; Fig. 1C), indicating that FOXP3 may 
enhance the migratory and invasive abilities of NSCLC cells. 
Subsequently, the expression of MMP‑2 and MMP‑9, which 
are two key molecules involved in cell migration and inva‑
sion, was examined. The results from ELISA demonstrated 
that the concentrations of MMP‑2 and MMP‑9 in the culture 
supernatant of FOXP3‑knockdown group were significantly 
decreased compared with those in the culture supernatant of 
the si‑NC group (P<0.01; Fig. 1D and E). These data indicated 
that FOXP3 may promote the migratory and invasive abilities 
of NSCLC cells by increasing MMP‑2 and MMP‑9 secretion.

FOXP3 regulates the expression of the angiogenic factor 
VEGF in NSCLC. To determine the correlation between 
FOXP3 expression and MVD, the expression of FOXP3 

and the endothelial cell marker CD31 was detected by IHC 
staining in 55 NSCLC tissue samples. The results demon‑
strated that increased expression of FOXP3 was mostly 
observed in samples with a higher MVD‑CD31 rather than 
a lower MVD‑CD31 (Fig. 2A). Pearson's correlation analysis 
showed a positive correlation between FOXP3 expression and 
MVD‑CD31 (r=0.326; P=0.015; Table  II), suggesting that 
FOXP3 may play a role in blood vessel formation in NSCLC 
tissues. Because VEGF is one of the most important angio‑
genic factors, we further examined the expression of VEGF by 
RT‑qPCR and ELISA following FOXP3 knockdown in A549 
cells. The expression of VEGF at the mRNA and protein levels 
was significantly decreased in the FOXP3‑knockdown groups 
compared with the si‑NC group (P<0.01; Fig.  2B and C), 
demonstrating that FOXP3 may regulate the expression of the 
angiogenic factor VEGF in NSCLC cells.

FOXP3 induces EMT in NSCLC. EMT is a key process in 
NSCLC invasion and metastasis. To investigate whether 

Figure 1. FOXP3 promotes the migratory and invasive abilities of A549 cells. (A) Reverse transcription quantitative PCR assessing the efficacy of FOXP3 
knockdown using specific siRNAs in A549 cells. (B) Western blotting assessing the efficacy of FOXP3 knockdown using specific siRNAs in A549 cells. 
(C) Transwell assays assessing the cell migratory and invasive abilities of A549 following FOXP3 knockdown. (D and E) ELISA detection of MMP‑2 and 
MMP‑9 secretion from A549 cells 72 h following FOXP3 knockdown. **P<0.01. FOXP3, forkhead box P3; MMP‑2, matrix metalloproteinase‑2; MMP‑9, 
matrix metalloproteinase‑9; si, small interfering; NC, negative control.
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FOXP3‑mediated metastasis is associated with EMT process, 
the epithelial marker E‑cadherin was detected in NSCLC tissue 
samples, and the correlation between FOXP3 and E‑cadherin 
expression was analysed. The results from IHC staining demon‑
strated that FOXP3 expression was significantly increased, while 
E‑cadherin expression was significantly decreased in NSCLC 
tissues (Fig. 3A). A negative correlation was reported between 
FOXP3 and E‑cadherin expression in the NSCLC tissue samples 
(r=‑0.297; P=0.028; Table III), suggesting that FOXP3‑mediated 
metastasis may involve EMT process. To confirm the relationship 
between FOXP3 and EMT, the expression of the EMT‑related 
proteins vimentin, N‑cadherin and E‑cadherin was assessed by 
western blotting following FOXP3 knockdown in A549 cells. 
The results demonstrated that FOXP3 knockdown significantly 
decreased the expression of vimentin and N‑cadherin but signifi‑
cantly decreased that of E‑cadherin (P<0.01; Fig. 3B), indicating 
that FOXP3 knockdown may reverse EMT in NSCLC cells.

Link between FOXP3 and the Notch1/Hes1 pathway in NSCLC 
cells. The Notch1/Hes1 pathway is a vital signalling pathway in 
cancer pathogenesis. To investigate whether the promotion of 

NSCLC metastasis by FOXP3 might involve the Notch1/Hes1 
pathway, the expression of Notch1 and Hes1 was determined 
by western blotting following FOXP3 knockdown in A549 
cells. The results demonstrated that the expression of Notch1 
and Hes1 in the FOXP3‑knockdown group was significantly 
decreased compared with that in the si‑NC group (P<0.01; 
Fig. 4A). Subsequently, the effects of Notch1/Hes1 pathway 
blockade on the expression of FOXP3 in A549 cells were 
detected by western blotting. Following treatment with the 
Notch1 pathway inhibitor DAPT (0, 10 or 20 µM), the expres‑
sion of Notch1, Hes1 and FOXP3 was significantly decreased 
in a dose‑dependent manner (P<0.01; Fig. 4B). These findings 
suggested that the pro‑metastatic effect of FOXP3 may be 
closely linked to the Notch1/Hes1 pathway in NSCLC cells.

Discussion

Previous studies from our laboratory investigated the 
expression of FOXP3 in clinical NSCLC tissue samples and 
its association with clinicopathological characteristics of 
patients with NSCLC (16,17). The results demonstrated that 

Figure 2. Expression of FOXP3 and CD31 in NSCLC tissues and regulation of VEGF expression by FOXP3 in A549 cells. (A) FOXP3 expression was 
positively associated with CD31+ vascular endothelial cells in individual NSCLC tissue samples according to immunohistochemistry staining (magnification, 
x400). a and c show positive expression of FOXP3 and CD31; b and d show negative expression of FOXP3 and CD31. (B) Expression levels of VEGF were 
detected by reverse transcription quantitative PCR 48 h following FOXP3 knockdown in A549 cells. (C) Expression levels of VEGF were detected by ELISA 
assay 72 h following FOXP3 knockdown in A549 cells. **P<0.01. FOXP3, forkhead box P3; VEGF, vascular endothelial growth factor; NSCLC, non‑small cell 
lung cancer; si, small interfering; NC, negative control.
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FOXP3 expression is elevated in squamous cell carcinoma 
and adenocarcinoma compared with normal lung tissues and 
positively correlated with lymph node metastasis and TNM 
stage in patients with NSCLC patients, indicating that FOXP3 
may serve crucial roles in NSCLC metastasis and progres‑
sion (16,17). In the present study, the molecular mechanisms 
by which FOXP3 can promote metastasis in NSCLC tissues 
and cells were investigated.

Tumour metastasis is characterized by tumour cells 
acquiring the ability to migrate and invade from the primary 
tumour to distant organs. In the present study, the migratory 
and invasive abilities of A549 cells were significantly inhibited 
following FOXP3 knockdown according to Transwell assays. 
Combined with our previous studies (16,17), the results from 
the present study further demonstrated that NSCLC cells with 
high FOXP3 expression may have a relatively high metastatic 

Table II. Correlation analysis between FOXP3 and MVD‑CD31 in non‑small cell lung cancer tissues.

	 FOXP3 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
MVD‑CD31 expression	 Positive	 Negative	 Total	 r	 P‑value

High	 24	 7	 31	 0.326	 0.015a

Low	 11	 13	 24		
Total	 35	 20	 55		

aP<0.05. FOXP3, forkhead box P3; MVD, microvascular density.

Figure 3. FOXP3 induces epithelial‑to‑mesenchymal transition in NSCLC tissues and cells. (A) FOXP3 expression was inversely associated with E‑cadherin 
expression in NSCLC tissue samples according to immunohistochemistry staining (magnification, x200). (a and c) show positive expression of FOXP3 and 
negative expression of E‑cadherin; (b and d) show negative expression of FOXP3 and positive expression of E‑cadherin. (B) Expression of vimentin, N‑cadherin 
and E‑cadherin was examined by western blotting 72 h after FOXP3 knockdown in A549 cells. **P<0.01. FOXP3, forkhead box P3; NSCLC, non‑small cell 
lung cancer; si, small interfering; NC, negative control.
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potential. The degradation of the ECM by MMPs is an essen‑
tial initial step in tumour invasion and metastasis (29). MMP‑2 
and MMP‑9, which are both type IV collagenases, have been 
shown to play important roles in cell migration, invasion, 
angiogenesis and metastasis of malignant tumours (30,31). 
A previous study reported that FOXP3 upregulation could 
decrease cell migration, invasion and MMP‑2 expression in 
epithelial ovarian cancer (14). In the present study, FOXP3 
knockdown significantly inhibited the secretion of MMP‑2 
and MMP‑9 by A549 cells, which suggested that FOXP3 may 
promote the motility of NSCLC cells by increasing MMP‑2 
and MMP‑9 secretion.

High MVD and increased expression of angiogenic factors 
may increase tumour invasive and metastatic abilities (32). In 
the present study, MVD was assessed using CD31‑positive 
vascular endothelial cells. The results demonstrated that 
NSCLC tissue samples with high FOXP3 expression had a 
higher MVD‑CD31 than those with low FOXP3 expression, 
and statistical analysis showed a strong correlation between 
FOXP3 and MVD‑CD31, indicating that FOXP3 may play a 
role in blood vessel formation in NSCLC tissues. VEGF is one 
of the most important angiogenic factors that can stimulate the 

proliferation of vascular endothelial cells, and increasing the 
permeability of the vessels and blocking the VEGF pathway 
can suppress tumour angiogenesis and metastasis  (33). A 
previous study reported that FOXP3 expression is positively 
correlated with VEGF‑C which is a specific regulatory factor 
of endothelial cells of blood and lymphatic vessels in cervical 
cancer tissues (34). Conversely, a study reported that FOXP3 
could inhibit angiogenesis by downregulating VEGF in breast 
cancer  (35). However, whether FOXP3 regulates VEGF 
in NSCLC remains unclear. In the present study, FOXP3 
knockdown significantly decreased VEGF mRNA and protein 
expression in A549 cells, which indicated that FOXP3 may 
upregulate VEGF expression and subsequently facilitate the 
invasion and metastasis of NSCLC cells.

EMT is a key event in local invasion and distant metastasis 
in human cancers, and this transformation is characterized by 
epithelial cells losing epithelial cell markers, such as the cell 
adhesion molecule E‑cadherin, and acquiring a mesenchymal 
phenotype, characterized by vimentin and N‑cadherin expres‑
sion (36). Previous studies demonstrated that cancer cells with 
EMT phenotype might exhibit highly invasive and metastatic 
abilities that lead to an elevated rate of distant metastases and 

Table III. Correlation analysis between FOXP3 and E‑cadherin in non‑small cell lung cancer tissues.

	 FOXP3 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
E‑cadherin expression	 Positive	 Negative	 Total	 r	 P‑value

Positive	 12	 13	 25	 ‑0.297	 0.028a

Negative	 23	 7	 30		
Total	 35	 20	 55		

aP<0.05. FOXP3, forkhead box P3.

Figure 4. Association between FOXP3 and Notch1/Hes1 pathway in A549 cells. (A) Expression Notch1 and Hes1 was examined by western blotting assay 72 h 
after FOXP3 knockdown in A549 cells. (B) Expression of FOXP3 was examined by western blotting analysis 48 h after treatment with DAPT at 10 and 20 µM. 
**P<0.01. FOXP3, forkhead box P3; Hes1, Hes family bHLH transcription factor 1; DAPT, N‑(N‑(3,5‑difluorophenacetyl)‑L‑alanyl)‑S‑phenylglycine t‑butyl 
ester; si, small interfering; NC, negative control.
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a worse prognosis in patients with cancer, including breast, 
colorectal and lung cancer (37‑39). Loss or downregulation 
of E‑cadherin expression is a major hallmark of EMT, which 
results in reduced cell‑cell connections and enhanced cellular 
mobility. In the present study, the correlation between the 
expression of FOXP3 and E‑cadherin in NSCLC tissues was 
analysed. The results revealed a negative correlation between the 
two proteins, indicating that FOXP3‑mediated metastases may 
involve EMT process in NSCLC. This hypothesis was further 
confirmed by results showing that FOXP3 knockdown reversed 
the EMT phenotype in A549 cells. This finding was supported 
by a previous study from Yang et al (20) who demonstrated that 
FOXP3 could enhance the function of β‑catenin and TCF4 in 
order to activate EMT‑related molecules, such as snail and slug, 
leading to the induction of EMT in human NSCLC cell lines. 
The results on NSCLC tissues and cells from the present study 
further confirmed that FOXP3 might facilitate the invasion and 
metastasis of NSCLC cells via EMT induction.

The Notch1/Hes1 pathway plays a critical role in tumori‑
genesis and promotes angiogenesis and EMT in many types of 
malignant tumour, including NSCLC (24,40,41). It has been 
reported that blocking the Notch1 pathway can downregulate 
FOXP3 expression in T‑ALL and melanoma cells  (15,42). 
Combined with the aforementioned results and the pro‑meta‑
static effect of FOXP3 demonstrated in the present study, we 
hypothesized that FOXP3 and the Notch1/Hes1 pathway may 
be closely related in NSCLC. This hypothesis was confirmed 
by results showing that FOXP3 knockdown significantly 
decreased the activity of the Notch1/Hes1 pathway and that 
Notch1/Hes1 pathway blockade significantly downregulated 
the expression of FOXP3 in a dose‑dependent manner. These 
findings therefore suggested a possible interaction between 
FOXP3 and the Notch1/Hes1 pathway and revealed that 
the pro‑metastatic effect of FOXP3 may be linked to the 
Notch1/Hes1 pathway in NSCLC cells.

This study presented some limitations. Firstly, this 
study was performed using only one cell line. Secondly, the 
molecular mechanism underlying the interaction between 
FOXP3 and the Notch1 pathway in NSCLC progression was 
not determined and requires further investigation.

In summary, the results from the present study demon‑
strated that FOXP3 may facilitate the invasion and metastasis of 
NSCLC cells via regulating VEGF, EMT and the Notch1/Hes1 
pathway. This study provided novel mechanistic insights into 
the role of FOXP3 in NSCLC metastasis and suggested that 
FOXP3 may be considered as a promising therapeutic target 
in NSCLC.
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