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Abstract. Aberrant expression of microRNAs (miRNAs/miRs) 
plays a key role in the development of non‑small cell lung cancer 
(NSCLC). In the present study, lower miRNA (miR)‑491‑5p 
levels and a higher forkhead box P4 (FOXP4) mRNA level 
were observed in NSCLC tissues and cell lines, compared 
to adjacent tissues and the normal human lung epithelial 
cell line BEAS‑2B, respectively. A549 cell proliferation and 
migration were inhibited upon transfection of miR‑491‑5p 
mimics compared to miR‑negative control (NC) mimics. In 
addition, compared to miR‑NC mimics, overexpression of 
miR‑491‑5p decreased FOXP4 expression, while downregula‑
tion of miR‑491‑5p increased FOXP4 expression in A549 cells. 
The dual luciferase assay confirmed that the 3'untranslated 
region of FOXP4 was a target for miR‑491‑5p in A549 cells. 
Moreover, compared with the control short hairpin (sh)RNA, 
there was lower expression levels of TGF‑β and its down‑
stream targets (MMP‑2 and MMP‑9) in the FOXP4 shRNA 
group. Similarly, compared to miR‑NC mimics, overexpres‑
sion of miR‑491‑5p decreased MMP‑2 and MMP‑9 expression 
levels. In FOXP4‑knockdown A549 cells, overexpression of 
miR‑491‑5p showed little effect on cell proliferation/migration. 
In A549 cells, overexpression of FOXP4 partially reversed 
the miR‑491‑5p mimics‑induced inhibition on the cell prolif‑
eration and migration. These results may provide new insights 
into the role of miR‑491‑5p in NSCLC.

Introduction

Lung cancer is a major cancer type that threatens human life, 
with limited effective treatment approaches (1). Non‑small cell 
lung cancer (NSCLC) accounts for >80% of lung cancer cases 

and is relatively insensitive to chemotherapy or radiotherapy 
when compared with small cell lung cancer (2). Although much 
research has focused on the carcinogenesis behind and the 
development of anti‑cancer drugs for NSCLC, the prognosis 
of patients with NSCLC remains poor due to drug resistance, 
metastasis and recurrence (3,4). The current poor prognosis 
for patients with NSCLC emphasizes the urgent need for the 
discovery of new biomarkers and targets for the detection and 
treatment of the metastatic and NSCLC recurrence.

MicroRNAs (miRNAs/miRs) are 18‑25‑nucleotide 
long, non‑coding RNAs that negatively regulate target gene 
expression by binding to the 3' untranslated region (UTR) 
of target mRNAs (5). Deregulation of miRNAs is involved 
in both the initiation and development of various cancer 
types (6,7). A specific miRNA may function as an oncogene 
or a tumor suppressor depending on the target mRNAs in 
different cellular contexts (8). A number of miRNAs have 
been discovered to drive or inhibit the progression of NSCLC 
by targeting critical genes in cancer‑related pathways (9‑11). 
Among them, the expression of several miRNAs is considered 
to be a diagnostic or prognostic biomarker for patients with 
NSCLC (12,13). For example, miRNA‑7 serves as a tumor 
suppressor in NSCLC through inhibiting the expression of 
paired box 6 and protein tyrosine kinase 2 (14,15). Comparison 
of miR‑7 expression levels in patients with NSCLC indicates 
that the miR‑7 expression levels are a marker of the therapeutic 
effects of gefitinib (16). Bioinformatics analysis of NSCLC 
microarray data has revealed that miR‑491‑5p is a potential 
regulator of the development of NSCLC (17). However, the 
molecular mechanism of action behind how miR‑491‑5p regu‑
lates NSCLC is unknown.

Forkhead box (FOX)P4 is a member of the FOX transcrip‑
tion factor family (18). Overexpression of FOXP4 is observed 
in hepatocellular carcinoma and osteosarcoma, when 
compared with normal tissues (19,20). It has previously been 
shown that FOXP4 is a target of miR‑138 and that silencing 
FOXP4 reduces cell proliferation and cell invasion capacity in 
NSCLC cells (21).

The present study aimed to investigate the effects of 
miR‑491‑5p on proliferation and migration of A549 cells, 
and to determine whether miR‑491‑5p directly interacted 
with FOXP4. It was found that miR‑491‑5p was significantly 
downregulated in NSCLC tissue. miR‑491‑5p overexpression 

miR‑491‑5p inhibits the proliferation and 
migration of A549 cells by FOXP4

FUYONG WU1,  AIPING JI2,  ZHENKUN ZHANG1,  JINFANG LI1  and  PENGLONG LI3

1Third Department of Oncology and 2Second Department of Oncology, People's Hospital of 
Shouguang, Shouguang, Shandong 262700; 3Department of Oncology, 

Yantai Laiyang Central Hospital, Laiyang, Shandong 265200, P.R. China

Received July 15, 2018;  Accepted March 11, 2021

DOI: 10.3892/etm.2021.10054

Correspondence to: Dr Penglong Li, Department of Oncology, 
Yantai Laiyang Central Hospital, 111 Changshan Road, Laiyang, 
Shandong 265200, P.R. China
E‑mail: lipenglonglych@yeah.net

Key words: microRNA‑491‑5p, non‑small cell lung cancer, cell 
proliferation, cell migration, forkhead box P4



WU et al:  ROLE OF miR‑491‑5p IN A549 CELLS2

inhibited the cell proliferation/migration of NSCLC cells. 
Collectively, the present findings suggested a tumor suppressor 
role of miR‑491‑5p in NSCLC and may provide a potential 
target for the treatment of NSCLC.

Materials and methods

Clinical samples. Between January 2015 and June 2016, 
40 patients (25 males, 15 females; age, 45‑70 years) with 
NSCLC from Yantai Laiyang Central Hospital (Laiyang, 
China) were enrolled in the present study. Patients who had 
received preoperative anti‑tumor therapy were excluded 
from the present study. Written consent was received from 
all participants. Tumor tissues and paired adjacent normal 
tissues were collected and immediately stored at ‑80˚C for 
subsequent RNA extraction. All experiments were approved 
and conducted under the supervision of the ethics committee 
of Yantai Laiyang Central Hospital.

Cell culture. The human lung epithelial cell line BEAS‑2B, 
and human NSCLC cell lines including A549, H157 and 
H1650, were purchased from the American Type Culture 
Collection. All cell lines were cultured in DMEM (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS 
(HyClone; GE Healthcare Life Sciences) in a 37˚C incubator 
with 5% CO2.

Transfection of miRNA mimics and miRNA inhibitor. 
miR‑491‑5p mimics (5'‑AGU GGG GAA CCC UUC CCA UGA 
GG‑3'), miR‑NC mimics (5'‑AGA AGC UGU UCC AAG GUG 
GGC C‑3'), miR‑491‑5p inhibitor (5'‑CCU CAU GGA AGG 
GUU CCC CAC U‑3') and miR‑NC inhibitor (5'‑GAA CAU CCA 
GGG UCC CGU UCC U‑3') were purchased from Shanghai 
GenePharma Co., Ltd. For cell transfection, miRNA mimics 
and miRNA inhibitor were transfected into A549 cells using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. Briefly, 
the cells (8x105 cells/well) were seeded into 6‑well plates. 
50 nM miRNA mimics or miRNA inhibitor was mixed with 
Lipofectamine 2000 in Opti‑MEM (Invitrogen; Thermo 
Fisher Scientific, Inc.) and placed at room temperature for 
10 min. Subsequently, the mixture was added into each well. 
Following 6 h of transfection at 37˚C, the culture medium 
was replaced with fresh medium and cells were cultured for 
another 24 h at 37˚C before being subjected to the following 
experiments.

Cell proliferation assay. The cell proliferation of A549 cells 
was detected using a Cell Counting Kit‑8 (CCK‑8; Dojindo 
Molecular Technologies, Inc.) according to manufacturer's 
protocol. In brief, transfected cells were seeded in 96‑well 
plates at a density of 2x104 cells/well. At the various time 
points (0, 24, 48 and 72 h), 10 µl CCK‑8 solution was added into 
each well and cultured at 37˚C for another 2 h. Subsequently, 
the medium containing CCK‑8 was transferred into another 
96‑well plate and the absorbance at 450 nm was detected using 
a microplate reader (Bio‑Rad Laboratories, Inc.).

Cell migration assay. The migration of A549 cells was 
measured using wound healing assays. Cells (~5x105 cells/well) 

were grown in 6‑well plates and cultured to 100% conflu‑
ence. A wound area was made by scratching the central 
area of each well using a 10 µl pipette. The cells were 
cultured with serum‑free DMEM to avoid cell proliferation. 
IncuCyte ZOOM (Essen BioScience) was used to capture 
the images of cell migration with a confocal microscope 
(x200 magnification). The wound areas were analyzed using 
Image Pro Plus (version 6.0; Media Cybernetics, Inc.) and the 
wound closure percentage was calculated as a reflection of 
migratory ability. The following equation was used: Migration 
rate=(Wound30/Wound0) x100%.

Western blot analysis. Protein lysates of A549 cells were 
collected using RIPA lysis buffer (Sigma‑Aldrich; Merck 
KGaA) according to the manufacturer's protocol. Antibodies 
against TGF‑β (cat. no. 3711; 1:1,000), MMP‑2 (cat. no. 40994; 
1:1,000) and MMP‑9 (cat. no. 13667; 1:1,000) were purchased 
from Cell Signaling Technology, Inc. FOXP4 antibodies 
(cat. no. ab119404; 1:1,000) were purchased from Abcam. The 
GAPDH (cat. no. G8795; 1:10,000) antibody was purchased 
from Sigma‑Aldrich; Merck KGaA. HRP‑conjugated 
secondary antibodies against rabbit (cat. no. SA00001‑2; 
1:10,000) and mouse (cat. no. SA00001‑1; 1:10,000) were 
obtained from Proteintech Group, Inc. Proteins were quanti‑
fied using a BCA assay kit (Pierce; Thermo Fisher Scientific, 
Inc.). Lysates containing 20 µg protein were loaded and sepa‑
rated on an 8% SDS‑PAGE gel. The proteins were transferred 
onto a PVDF membrane and then blocked in 5% non‑fat milk 
at room temperature for 2 h. Subsequently, the membrane 
was incubated in the primary antibodies overnight at 4˚C, 
followed by incubation in the secondary antibody at room 
temperature for another 1 h. The membrane was developed 
using ECL Western Blot Substrate (Pierce; Thermo Fisher 
Scientific, Inc.). The intensity of the bands was analyzed using 
ImageJ version 1.8.0 (National Institutes of Health).

RNA extraction and reverse transcription‑quantitative 
PCR (RT‑qPCR). Total RNA was extracted from tissues 
and cells using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). For the detection of the expression levels of 
miR‑491‑5p, RNA was reverse transcribed using a Mir‑X 
miRNA First‑Strand Synthesis kit (Takara Bio, Inc.) according 
to the manufacturer's protocol. miR‑491‑5p expression was 
conducted using SYBR Premix Ex Taq II (Takara Bio, Inc.). 
U6 served as an internal control for miR‑491‑5p. For the detec‑
tion of mRNA levels of FOXP4, MMP‑2 and MMP‑9, RNA 
was reverse transcribed into cDNA using PrimeScript RT 
Master Mix (Takara Bio, Inc.). Gene expression was conducted 
using SYBR Premix Ex Taq II (Takara Bio, Inc.). GAPDH 
served as an internal control for the mRNA of FOXP4, 
MMP‑2 and MMP‑9. The thermocycling parameters were as 
follows: Initial denaturation at 95˚C for 2 min, 40 cycles of 
95˚C for 15 sec and 64˚C for 30 sec. The primer sequences 
were as follows: miR‑491‑5p forward, 5'‑GGA GTG GGG AAC 
CCT TCC ‑3' and reverse, 5'‑GTG CAG GGT CCG AGG T‑3'; U6 
forward, 5'‑GTG CTC GCT TCG GCA GCA CAT ‑3' and reverse, 
5'‑AAT ATG GAA CGC TTC ACG AAT ‑3'; FOXP4 forward, 
5'‑GAC AGC CTA CTG TGC TCA CAT ‑3' and reverse, 5'‑TTG 
CAC TCT CCG TGT CCG TA‑3'; MMP‑2 forward, 5'‑TAC AGG 
ATC ATT GGC TAC ACA CC‑3' and reverse, 5'‑GGT CAC ATC 
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GCT CCA GAC T‑3'; MMP‑9 forward, 5'‑TGT ACC GCT ATG 
GTT ACA CTC G‑3' and reverse, 5'‑GGC AGG GAC AGT TGC 
TTC T‑3'; and GAPDH forward, 5'‑GGA GCG AGA TCC CTC 
CAA AA‑3' and reverse, 5'‑GGC TGT TGT CAT ACT TCT CAT 
GG‑3'. The relative expression levels were calculated using the 
2‑ΔΔCq method (22).

Lentivirus system. The FOXP4 knockdown A549 cell 
line (A549‑FOXP4 shRNA) and control A549 cell line 
(A549‑control shRNA) were established using a lentivirus 
system. Briefly, shRNA sequences targeting FOXP4 or 
non‑specific sequences were synthesized and cloned into the 
pLKO.1 plasmid (Shaanxi YouBio Technology Co., Ltd.). 
The pLKO.1‑FOXP4 shRNA or pLKO.1‑control shRNA was 
co‑transfected with packaging plasmids into 293 cells to 
obtain the virus. The virus was collected 48 h later and trans‑
fected into target cells using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) at 37˚C for 48 h. The cells that 
were successfully infected with virus were screened by expo‑
sure to puromycin (10 µM; Sigma‑Aldrich; Thermo Fisher 
Scientific, Inc.) for 72 h.

Dual luciferase reporter assay. FOXP4 was predicted to be 
targeted by miR‑491‑5p using TargetScan (www.targetscan.
org). The 3'UTR of FOXP4 mRNA was amplified from cDNA 
of BEAS‑2B cells and ligated into the pGL3 plasmid. The ampli‑
fication of the FOXP4 3'UTR was achieved using PrimeSTAR 
Max DNA polymerase (Takara Bio, Inc.) with two primers. 
The primer sequences were: FOXP4 3'UTR forward, 5'‑GGG 
CCT GTA GTG ACC GGC AG‑3' and FOXP4 3'UTR reverse, 
5'‑AAT TGT TTT TAT TGC ATT GCA TTG T‑3'. Two site muta‑
tions were introduced into pGL3‑FOXP4 3'UTR‑wild‑type 
(WT) to construct the pGL3‑FOXP4 3'UTR‑mutant (Mut) 
using a QuickChange Site‑Directed Mutagenesis kit 
(Stratagene; Agilent Technologies, Inc.) following the manufac‑
turer's protocol. pGL3‑FOXP4 3'UTR‑WT and pGL3‑FOXP4 
3'UTR‑Mut were co‑transfected into A549 cells with miR‑NC 
mimics or miR‑491‑5p mimics using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). After 48 h, the 
luciferase activity of each well was calculated using a Dual 
Luciferase Reporter System (Promega Corporation). The firefly 
luciferase activity was normalized to Renilla luciferase activity.

Overexpression of FOXP4. Full‑length FOXP4 was 
amplified from A549 cDNA using PrimeSTAR Max DNA 
polymerase (Takara Bio, Inc.) and inserted into the pcDNA3.1 
plasmid (YouBio). The primer sequences were: FOXP4 
forward, 5'‑GCT TGG TAC CGA ATG ATG GTG GAA TCT 
GCC TCG‑3' and FOXP4 reverse, 5'‑CCG CTC GAG GGA CAG 
TTC TTC TCC CGG CA‑3'. For overexpression of FOXP4, 2 µg 
pcDNA3.1‑FOXP4 was mixed with Lipofectamine® 2000 in 
serum‑free DMEM for 15 min and then added into cultured 
cells (2x106 A549 cells/well in 6‑well plates) at room 
temperature. The cells were transfected for 48 h at 37˚C before 
being subjected to further experiments.

Statistical analysis. All data were analyzed using 
GraphPad Prism 6 (GraphPad Software, Inc.) and are 
presented as the mean ± SD deviation of 3 independent 
repeats. The results in Figs. 1A and B, and 2B and E were 

analyzed using paired Student's t‑test, while the results in 
Fig. 1C were analyzed using Pearson correlation analysis. The 
data from Fig. 2A were analyzed using a one‑way ANOVA and 
post‑hoc Tukey's tests. The comparisons between two groups 
in the remaining figures were conducted using unpaired 
Student's t‑tests. Differences among more than two groups 
were calculated using one‑way ANOVAs followed by post hoc 
Student‑Newman‑Keul's or Tukey's tests. P<0.05 was consid‑
ered to indicate a statistically significant difference.

Results

Lower miR‑491‑5p and higher FOXP4 expression is found 
in NSCLC tissues. RT‑qPCR was first used to detect the 
miR‑491‑5p expression levels and FOXP4 mRNA expres‑
sion levels in tumor tissues and matched normal tissues from 
40 patients with NSCLC. Compared with the normal tissues, 
there was significantly lower miR‑491‑5p levels and higher 
FOXP4 mRNA levels in the tumor tissues (Fig. 1A and B). 
Pearson correlation analysis confirmed that miR‑491‑5p levels 
were negatively associated with FOXP4 mRNA levels in 
NSCLC tumor tissues (Fig. 1C).

miR‑491‑5p mimics inhibits A549 cell proliferation/migration. 
RT‑qPCR was performed to detect the miR‑491‑5p expression 
levels in a normal lung cell line (BEAS‑2B) and NSCLC cell 
lines (A549, H157 and H1650). Compared with BEAS‑2B 
cells, there was significantly lower miR‑491‑5p expression in 
all NSCLC cell lines (Fig. 2A). A549 cells were used for the 
subsequent experiments as they had the lowest miR‑491‑5p 
expression levels among the three cell lines. To investigate 
the function of miR‑491‑5p in NSCLC, miR‑491‑5p mimics 
were transfected into A549 cells. Significantly increased 
miR‑491‑5p levels were observed in the miR‑491‑5p mimics 
group compared to the miR‑NC mimics group (Fig. 2B). In 
comparison with the miR‑NC mimics group, miR‑491‑5p 
mimics significantly decreased A549 cell proliferation 
(Fig. 2C). In addition, compared with the miR‑NC mimics 
group, miR‑491‑5p mimics reduced the wound closure areas 
in A549 cells, indicating that miR‑491‑5p inhibited the cell 
migratory ability of A549 cells (Fig. 2D and E).

miR‑491‑5p targets and decreases FOXP4 expression levels 
in A549 cells. To validate the regulatory effect of miR‑491‑5p 
on FOXP4 expression, miR‑491‑5p was overexpressed in 
A549 cells and the FOXP4 expression levels were analyzed. 
Consistent with their association in NSCLC tumor tissues, 
compared with the miR‑NC mimics group, miR‑491‑5p 
mimics significantly decreased FOXP4 at the mRNA and 
protein expression levels in A549 cells (Fig. 3A‑C). The 
expression levels of miR‑491‑5p significantly decreased 
in cells transfected with miR‑491‑5p inhibitor compared 
with the control transfection (Fig. S1). Downregulation of 
miR‑491‑5p increased FOXP4 mRNA and protein levels 
in A549 cells (Fig. 3D‑F). A putative binding site between 
miR‑491‑5p and the FOXP4 3'UTR sequence was predicted 
using TargetScan software (Fig. 3G). To determine whether 
FOXP4 was a direct target of miR‑491‑5p in NSCLC cells, a 
dual luciferase assay was used to investigate the binding sites 
between miR‑491‑5p and FOXP4 mRNA. Compared with 
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Figure 2. miR‑491‑5p inhibits A549 cell proliferation and migration. (A) Compared with BEAS‑2B cells, miR‑491‑5p expression levels were decreased in non‑small 
cell lung cancer cell lines (A549, H157 and H1650). (B) Compared with the miR‑NC mimics group, miR‑491‑5p mimics significantly increased miR‑491‑5p expres‑
sion levels in A549 cells. Compared with the miR‑NC mimics group, miR‑491‑5p mimics significantly inhibited (C) cell proliferative and (D and E) cell migratory 
abilities of A549 cells. **P<0.01 and ***P<0.001 vs. BEAS‑2B; ###P<0.001 vs. miR‑NC mimics. miR, microRNA; NC, negative control; OD, optical density. 

Figure 1. Aberrant expression of miR‑491‑5p and FOXP4 in NSCLC tissues. Compared with the adjacent normal tissues, (A) miR‑491‑5p expression levels 
were decreased and (B) FOXP4 mRNA was increased in tumor tissues from 40 patients with NSCLC. (C) Pearson correlation analysis showed a significant 
negative correlation between miR‑491‑5p expression levels and FOXP4 mRNA expression levels. ***P<0.001 vs. normal tissues. FOXP4, forkhead box P4; 
miR, microRNA; NSCLC, non‑small cell lung cancer. 
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the miR‑NC mimics group, miR‑491‑5p mimics significantly 
decreased the luciferase activity of A549 cells transfected with 
FOXP4 3'UTR‑WT but not FOXP4 3'UTR‑Mut, indicating a 
regulatory relationship between miR‑491‑5p and FOXP4 in 
A549 cells (Fig. 3H).

FOXP4 knockdown suppresses TGF‑β signaling in A549 
cells. FOXP4 regulates target gene expression through its 
interaction with FOXP1/FOXP2 (23). FOXP2 stimulates 
cancer cell migration by promoting TGF‑β expression (24). 
A FOXP4‑knockdown model was constructed in A549 cells 

using a lentivirus system to study the function of miR‑491‑5p. 
As shown in Fig. 4A and B, FOXP4 expression was greatly 
reduced in FOXP4‑knockdown A549 cells compared with 
control shRNA A549 cells. In FOXP4‑knockdown A549 cells, 
TGF‑β protein expression levels were significantly reduced 
compared with the control shRNA A549 cells (Fig. 4A and B). 
MMP‑2 and MMP‑9 are downstream target genes of 
TGF‑β (25). It was found that in the FOXP4‑knockdown 
group, there were significantly reduced mRNA and protein 
expression levels of MMP‑2 and MMP‑9 in comparison with 
the control shRNA group (Fig. 4C‑E). Notably, overexpression 

Figure 3. miR‑491‑5p binds to the 3'UTR of FOXP4 in A549 cells. Compared with miR‑NC mimics group, miR‑491‑5p mimics reduces FOXP4 (A) mRNA 
and (B and C) protein expression levels in A549 cells. (D) Compared with the miR‑NC inhibitor group, miR‑491‑5p inhibitor increases FOXP4 (D) mRNA and 
(E and F) protein expression levels in A549 cells. (G) The putative binding site between miR‑491‑5p and the FOXP4 3'UTR, as well as the constructed FOXP4 
3'UTR‑Mut are shown. (H) Compared with the miR‑NC mimics group, miR‑491‑5p mimics led to a reduction in luciferase activity of A549 cells transfected 
with pGL3‑FOXP4 3'UTR‑WT (H). **P<0.01, ***P<0.001 vs. miR‑NC mimics; ##P<0.01 and ###P<0.001 vs. miR‑NC inhibitor. FOXP4, forkhead box P4; 
miR, microRNA; Mut, mutant; NC, negative control; UTR, untranslated region; WT, wild‑type. 
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of miR‑491‑5p also significantly decreased MMP‑2 and 
MMP‑9 expression levels in A549 cells, in comparison with 
the miR‑NC mimics group (Fig. 4F‑H), suggesting the exis‑
tence of an miR‑491‑5p/FOXP4/TGF‑β axis in NSCLC cells.

miR‑491‑5p mimics do not affect cell proliferation/migration 
in FOXP4‑knockdown A549 cells. Subsequently, the present 
study sought to investigate whether FOXP4 was indispensable to 
miR‑491‑5p on its regulation of cell proliferation/migration. In 
FOXP4‑knockdown A549 cells, miR‑491‑5p mimics exerted a 
slight, but non‑significant effect on cell proliferation/migration 
compared to the miR‑NC mimics group (Fig. 5A‑C).

FOXP4 is pivotal for the function of miR‑491‑5p in NSCLC 
cells. The pcDNA3.1‑FOXP4 vector was constructed to 
overexpress FOXP4 in A549 cells, which was found to 
effectively increase FOXP4 protein expression levels 
(Fig. 6A and B). It was observed that the overexpression of 
FOXP4 reversed the inhibition of cell proliferation induced 
by miR‑491‑5p mimics in A549 cells (Fig. 6C). In addi‑
tion, FOXP4 elevation partially reversed the inhibition of 
cell migration induced by miR‑491‑5p mimics in A549 
cells (Fig. 6D and E). The data suggested that miR‑491‑5p 
partially relied on the regulation of FOXP4 to control 
NSCLC cell proliferation and migration.

Figure 4. Knockdown of FOXP4 inactivates the TGF‑β signaling pathway and reduces MMP‑2 and MMP‑9 expression levels in A549 cells. (A and B) Compared 
with the control shRNA group, lentivirus mediated knockdown of FOXP4 significantly reduced FOXP4 and TGF‑β protein expression levels in A549 cells. 
Compared with A549‑control shRNA, (C) mRNA and (D and E) protein expression levels of MMP‑2 and MMP‑9 were reduced in A549‑FOXP4 shRNA 
cells. Overexpression of miR‑491‑5p decreased (F) MMP‑2 and MMP‑9 mRNA and (G and H) protein expression levels in A549 cells. **P<0.01 vs. Control 
shRNA; #P<0.05, ##P<0.01 and ###P<0.001 vs. miR‑NC mimics. FOXP4, forkhead box P4; miR, microRNA; NC, negative control; shRNA, short hairpin RNA. 
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Discussion

Currently, the prognosis for patients with NSCLC is not satis‑
factory and attempts to improve the clinical outcome have 
largely relied on the discovery of novel targets and biomarkers. 
miRNAs have captured the attention of researchers in terms 
of their function during the initiation and development of 
NSCLC (2,6). The present study showed that miR‑491‑5p 
inhibited NSCLC cell proliferation/migration by targeting 
FOXP4.

Accumulating evidence suggests that miR‑491‑5p is a 
tumor suppressor in various types of cancer, including breast 
cancer, prostate cancer and gastric cancer (26‑28). The present 
study found that miR‑491‑5p levels were decreased in tumor 
tissues compared with matched normal tissues from patients 
with NSCLC. In addition, enhanced expression levels of 
miR‑491‑5p led to a reduction of cell proliferation/migration 
in A549 cells. These data are consistent with a recent study 
which showed that miR‑491‑5p is a tumor suppressor in 
NSCLC (29). miR‑491‑5p suppresses cancer progression by 
targeting various oncogenes according to the context within 
the type of cell (30,31).

FOXP4 promotes NSCLC progression by accelerating cell 
proliferation and enhancing the invasive ability of NSCLC 
cells (21). In the present study, miR‑491‑5p mimics led to a 
decrease in FOXP4 expression. miR‑491‑5p inhibitor, on the 
contrary, increased FOXP4 expression in A549 cells. FOXP4 
has been validated to be a target gene of miR‑491‑5p in human 

osteosarcoma (19). Using a dual luciferase reporter assay, the 
present study showed that miR‑491‑5p could directly bind to 
the 3'UTR of FOXP4 mRNA in A549 cells.

Previous studies have indicated that miR‑491‑5p targets 
MMP‑9 and insulin‑like growth factor 2 mRNA‑binding 
protein 1 to suppress cell proliferation and cell migration in 
non‑small cell lung cancer (29,32). MMP‑2 and MMP‑9 are 
key regulators of metastasis in cancer cells (33). The TGF‑β 
signaling pathway plays a critical role in mediating metas‑
tasis, partly by promoting the expression of MMP‑2 and 
MMP‑9 (34). In the current study, it was discovered that knock‑
down of FOXP4 reduced the TGF‑β protein expression levels 
and decreased the expression of MMP‑2 and MMP‑9 in A549 
cells. Meanwhile, in FOXP4‑knockdown A549 cells, transfec‑
tion of miR‑491‑5p mimics did not inhibit cell proliferation 
or cell migration. Additionally, overexpression of FOXP4 was 
able to partially reverse the miR‑491‑5p mimics‑induced inhi‑
bition of cell proliferation/migration in A549 cells. Thus, these 
data suggested that the inhibitory effect of miR‑491‑5p on cell 
proliferation and migration mainly relies on its regulation of 
FOXP4 in NSCLC cells.

In conclusion, the present study revealed a tumor 
suppressor role for miR‑491‑5p in NSCLC. Mechanistically, 
miR‑491‑5p may have inhibited the cell proliferation/migra‑
tion of A549 cells, as well as the activation of the TGF‑β 
signaling pathway by directly binding to the 3'UTR of 
FOXP4 mRNA. The present findings enhance the current 
understanding of the role of miR‑491‑5p in NSCLC, 

Figure 5. Overexpression of miR‑491‑5p does not inhibit cell proliferation or cell migration of A549‑FOXP4 shRNA cells. In A549‑FOXP4 shRNA cells, 
overexpression of miR‑491‑5p showed no obvious (A) anti‑proliferative effect or (B and C) anti‑migratory effect, compared with transfection of miR‑NC 
mimics (magnification, x200). miR, microRNA; NC, negative control; OD, optical density. 
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indicating miR‑491‑5p as a promising target for the treatment 
of patients with NSCLC.
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mimic induced inhibition on the proliferative ability of A549 cells. (D and E) Overexpression of FOXP4 partially reversed the miR‑491‑5p mimic induced inhi‑
bition of the cell migratory ability of A549 cells. **P<0.01, ***P<0.001. FOXP4, forkhead box P4; miR, microRNA; NC, negative control; OD, optical density. 
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