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miR-497 inhibits the proliferation and migration of A549
non-small-cell lung cancer cells by targeting FGFR1
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Abstract. Fibroblast growth factor receptor 1 (FGFRI1)
signaling has been reported to contribute to the carcinogenic
progression of various cancer types. Previous studies have
demonstrated that FGFR1 expression is increased in non-small
cell lung cancer (NSCLC) and promotes cancer cell metastasis.
However, the molecular mechanisms underlying increased
FGFRI expression in NSCLC remains largely unknown. In
the current study, microRNA (miR)-497 levels were observed
to be inversely correlated with FGFR1 expression in tumor
samples from patients with NSCLC. In the NSCLC cell line
A549, miR-497 overexpression inhibited cell proliferation and
migration. Increased expression of miR-497 led to a reduction
in FGFRI1 expression, at the mRNA and protein levels. In addi-
tion, transfection of miR-497 mimics inactivated the protein
kinase B (AKT) and c-Jun N-terminal kinase (JNK) signaling
pathways, as reduced matrix metallopeptidase 26 expression;
all of which are regulated by FGFR1. Using TargetScan soft-
ware, FGFR1 was also identified as a predicted target gene
of miR-497, and a dual luciferase reporter assay confirmed
that miR-497 directly regulated FGFR1. Transfection of a
recombinant FGFR1 overexpression vector reversed miR-497
mimic-induced arrest of cell growth and migration in A549
cells. In conclusion, the results of the present study identified
miR-497 as a potential tumor suppressor gene in NSCLC that
may function via repressing FGFR1 expression, and AKT and
JNK signaling.
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Introduction

Lung cancer is the most common cancer worldwide and is the
leading cause of cancer-associated mortality despite improve-
ments in diagnosis and therapy (1). More than 1 million
mortalities are attributable to lung cancer each year and <10%
of patients with the disease survive >5 years after diagnosis (2).
Lung cancer can be divided into two main groups: Small-cell
lung cancer (SCLC) and non-SCLC (NSCLC) (3). NSCLC
accounts for 75% of all lung cancers and, despite advances in
treatment, the prognosis of patients with NSCLC remains poor,
with a 5-year overall survival rate of only 15% (4). Therefore,
it is vital to investigate the molecular mechanisms involved in
lung carcinogenesis, and to identify diagnostic and prognostic
markers for the early detection and targeted treatment of lung
cancer.

Fibroblast growth factor receptor 1 (FGFRI1) is a member
of the FGFR receptor tyrosine kinase family, consisting of
FGFR1, 2, 3 and 4 (5). FGFR proteins interact with fibroblast
growth factor to initiate a cascade of downstream signaling
pathways that ultimately regulate cell proliferation, survival,
migration and differentiation (6). In particular, increased
expression and sustained activation of FGFR1 has been
reported in several human cancers, including oral and tongue
squamous cell carcinoma (7), esophageal squamous cell carci-
noma (8) and breast cancer (9). Increased expression of FGFR1
has been observed in 10-20% of patients with lung cancer,
and is correlated with the level of cigarette smoking and poor
clinical outcomes in patients with resected smoking-associated
squamous cell lung cancer (10). FGFR1 has been identified as
a promising molecular target for the treatment of NSCLC,
thus providing a novel therapeutic target for these tumors (11).
Recently, Pu er al (12) reported increased expression levels
of FGFRI1 are associated with a subgroup of NSCLCs, and
FGFR1 was identified as an independent prognostic factor
associated with poor prognosis, particularly in early stage
disease.

MicroRNAs (miRNAs/miRs) are a group of small,
noncoding, endogenous single-stranded RNAs that regulate
the expression of ~60% of human genes (13,14). miRNAs
reduce gene expression by binding to complementary regions
of target mRNA sequences and either inhibit their translation
or mediate their degradation via the RNA-induced silencing
complex (15). The aberrant expression of miRNAs leads to
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the altered expression of their target genes, which has been
demonstrated to contribute to cancer initiation and progres-
sion (16-18). In addition to gene amplification, several miRNAs
have been reported to directly or indirectly control the expres-
sion of FGFRs to mediate cancer development (19-21). In
NSCLC, next generation sequencing and microarray-based
analyses have revealed the role of several miRNAs in lung
carcinogenesis (22,23). However, how these differentially
expressed miRNAs promote cancer progression remains
elusive.

In the present study, miR-497 expression was observed
to be decreased in tumor tissues derived from patients with
NSCLC, and was negatively correlated with FGFR1 mRNA
levels. Overexpression of miR-497 led to a reduction in the
growth and migration of A549 cells, and reduction in FGFR1
at the mRNA and protein levels. FGFR1 was predicted and
validated to be a target gene of miR-497. Through regulation
of FGFR1, miR-497 inactivated the protein kinase B (AKT)
and c-Jun N-terminal kinase (JNK) signaling pathways and
repressed matrix metallopeptidase 26 (MMP26) expression.
Transfection of recombinant FGFRI1 reversed the miR-497
mimics-induced inhibition of A549 cell growth and migra-
tion. The results of the present study suggest that miR-497
may exert a tumor suppressive role in NSCLC by binding to
FGFR1 mRNA.

Materials and methods

Tissues. A total of 20 matched NSCLC tumor tissues and
normal lung tissues were collected from patients with NSCLC
(aged 62.65+£8.92 years old, male:female=13:7) admitted to
Jingzhou First People's Hospital (Jingzhou, China) between
February 2015 and May 2016. All participants provided written
consent prior to the study. The experiments were conducted
under the supervision of the Jingzhou First People's Hospital
Ethics Committee. Following surgery, the tissue samples were
immediately stored at -80°C prior to RNA extraction.

Cell lines. The 293 cell line, human BEAS-2B normal lung
epithelial cells and the human A549 NSCLC cell line were
purchased from the American Type Culture Collection
(Manassas, VA, USA), and used within 6 months of receipt.
293 cells were cultured in RPMI-1640 medium (Gibco;
Thermo Fisher Scientific, Inc, Waltham, MA, USA) and
A549 cells were cultured in Dulbecco's modified Eagle's
medium (Gibco; Thermo Fisher Scientific, Inc.). All of the
above cell culture media was supplemented with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.),
and cells were maintained in a humidified incubator at
37°C with 5% CO,. BEAS-2B normal lung epithelial cells
were cultured in LHC-8 medium (Gibco; Thermo Fisher
Scientific, Inc.) and maintained in a humidified incubator at
37°C with 5% CO,.

Cell proliferation assay. The growth rate of A549 cells
was analyzed using Cell Counting Kit-8 (CCK-8; Dojindo
Molecular Technologies, Inc., Kumamoto, Japan) according
to the manufacturer's protocol. Briefly, cells (1x10° cells/well)
were seeded in 96-well plates and transfected with 50 nM
miR-negative control (NC, 5-UAACCACUUUCACAU
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GGUCCUA-3") or miR-497 mimics (5'-CAGCAGCACACU
GUGGUUUGU-3") using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). At 0,24, 48 and 72 h following
transfection, 10 ul CCK-8 solution was added into the indi-
cated wells and the cells were incubated for a further 1 h. The
medium containing CCK-8 was then transferred to a fresh
96-well plate and the absorbance of each well was measured
using a microplate reader at 450 nm (Bio-Rad Laboratories,
Inc., Hercules, CA, USA) to determine the cell number.

Cell migration assay. The migration ability of A549 cells
was analyzed using a wound healing assay. Briefly, the cells
were cultured in a 6-well plate, transfected with miR-NC
or miR-497 mimics and cultured until 90% confluency was
reached. A 10 ul pipette was then used to scrape the surface
monolayer of cells. The cells were subsequently washed with
PBS, followed by the addition of medium containing 1% FBS.
Images were captured using a Nikon TE2000 microscope
(Nikon Corporation, Tokyo, Japan) at O and 30 h following
generation of the scratch-wound. The relative migration
area was determined using a light microscope (SZX16-3111;
Olympus Corporation, Tokyo, Japan).

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). At 24 h after
transfection, RNA from tissues and cells was extracted
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). For the detection of miRNA, RNA was first reverse
transcribed using the PrimeScript RT reagent kit (Takara
Biotechnology Co., Ltd.) at 37°C for 15 min followed by
incubation at 85°C for 5 sec. qPCR was then performed to
detect miR-497 levels in cells and tissues using the SYBR
Premix Ex Taq (Takara Biotechnology, Co., Ltd.). The ther-
mocycling conditions were: Initial denaturation at 95°C for
30 sec, followed by 40 cycles of 95°C for 5 sec and 60°C for
30 sec. U6 was used as an internal control for the normaliza-
tion of miRNA. The primer sequences used to detect U6 and
miR-497 were as listed: U6 forward: 5"TGCGGGTGCTCG
CTTCGCAGC-3; reverse: 5'-CCAGTGCAGGGTCCGAGG
T-3"; miR-497 forward: 5"TGGTGTGAATGATAGGTT
ATTTTATT-3"; reverse: 5-TCCATCTCTCTAAATCCC
TACAAAA-3'" For the detection of mRNA expression, RNA
was first reverse transcribed into first-strand cDNA using
the PrimeScript RT reagent Kit (Takara Biotechnology,
Co., Ltd.) at 37°C for 15 min followed by incubation at
85°C for 5 sec, followed by RT-PCR using SYBR Premix
Ex Taq (Takara Biotechnology, Co., Ltd.). The thermo-
cycling conditions were: Initial denaturation at 95°C for
30 sec, followed by 40 cycles of 95°C for 5 sec and 60°C
for 30 sec. Gene expression was quantified using the 2-44¢4
method (24). B-actin served as an internal control for mnRNA
expression. The primer sequences used to detect -actin and
FGFRI1 were: B-actin forward: 5'-CTCCATCCTGGCCTC
GCTGT-3"; reverse: 5'-GCTGTCACCTTCACCGTTCC-3
FGFR1 forward: 5'-GCTAGGTGCCGAGGGTGTT-3";
reverse: 5-"ACTGCAGGCTCCTTCAGAAC-3.

Western blotting. At 30 h after cell transfection, protein
lysates were prepared using radioimmunoprecipitation
assay lysis buffer (Sigma-Aldrich; Merck KGaA, Darmstadt,
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Germany) according to manufacturer's instructions. The
western blot was performed using standard procedures.
Firstly, protein concentration was quantified by the BCA
method. Proteins (15 pg/lane) were separated by 8-10%
SDS-PAGE, transferred to a polyvinylidene difluoride
membrane and then blocked with 5% non-fat milk at room
temperature for 2 h. The membranes were then incubated
with primary antibodies at 4°C overnight, washed with
PBS and then incubated with the appropriate secondary
antibodies at room temperature for 1 h. Antibodies against
FGFRI1 [rabbit monoclonal antibody (mAb); cat. no. 9740;
1:1,000], AKT (rabbit mAb; cat. no. 4691; 1:1,000), phos-
phorylated (p)-AKT (rabbit mAb; cat. no. 13038; 1:1,000),
JNK (rabbit mAb; cat. no. 9252; 1:1,000), p-JNK (rabbit
mAb; cat. no. 4668; 1:1,000) were purchased from Cell
Signaling Technology, Inc. (Danvers, MA, USA), while the
B-actin antibody (mouse mAb; cat. no. A1978; 1:2,000) was
purchased from Sigma-Aldrich (Merck KGaA). Secondary
antibodies against mouse (cat. no. sc2005; 1:500) and
rabbit (cat. no. sc2004; 1:500) were purchased from Santa
Cruz Biotechnology, Inc. (Dallas, TX, USA). Finally, the
membranes were developed using enhanced chemilumines-
cence western blot substrate (Vazyme, Piscataway, NJ, USA)
and images were captured using an ImageQuant 400 (GE
Healthcare, Chicago, IL, USA). Relative band intensity was
quantified with ImageJ software (version. 1.8.0; National
Institutes of Health).

Dual relative luciferase activity assay. The binding of
miR-497 to the 3'-untranslated region (UTR) of FGFR1 was
predicted by TargetScan release 7.1 (http://www.targetscan.
org/vert_71/) and validated using a dual luciferase reporter
assay. The 3'-UTR of FGFR1 mRNA was amplified from
cDNA obtained from 293 cells and BEAS-2B cells and
annealed into the pGL3-basic vector (Promega Corporation,
Madison, WI, USA) between Kpnl and Xhol restriction
enzyme sites. Two site mutations were introduced into
the pGL3-FGFR1 3'-UTR-wild-type (WT) sequence to
generate the pGL3-FGFR1 3'-UTR-Mutant using a Quick
Site-directed mutation kit (Agilent Technologies, Inc.,
Santa Clara, CA, USA). 293 cells (1x10%) and A549 cells
(1x10%) were seeded into 24-well plates, and co-transfected
with pGL3-FGFR1 3'-UTR-WT (0.4 mg) or pGL3-FGFRI1
3'UTR-Mutant (0.4 mg) together with miR-NC (20 nm)
or miR-497 mimics (20 nm) by Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.), respectively.
At 48 h after transfection, the relative luciferase activity of
each group was measured using a dual luciferase reporter
system kit normalized to Renilla luciferase activity
(Promega Corporation).

Overexpression of FGFRI. The full length open reading frame
of FGFR1 was amplified from 293 cell cDNA digested with
HindlIIT and Xhol (New England Biolabs, Inc.) and ligated into
the pcDNA3 plasmid (Invitrogen; Thermo Fisher Scientific,
Inc.). The primer sequences for FGFR1 were: Forward, 5-AAG
CTTATGTGGAGCTGGAAGTG-3'; reverse, 5'-CTCGAG
GGAGGGCGTGTGGGTG-3'. For FGFR1 overexpression,
2 ng pcDNA3-FGFR1 was mixed with Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) and added to the
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2x10° cells in cell culture medium. At 8 h after transfection,
the medium was replaced with fresh medium and the cells
were maintained for a further 48 h prior to western blotting
analysis.

Statistical analysis. Each experiment was repeated =3 times
in the present study. Statistical analysis was performed
using the GraphPad Prism 7.0 software program (GraphPad
Software, Inc., La Jolla, CA, USA). The Pearson correlation
test was performed to determine the association between
miR-497 and FGFR1 mRNA expression levels. Differences
between two groups were analyzed using the Student's t-test.
For comparisons among three groups, one-way analysis
of variance was performed followed by Newman-Keuls
test. All P-values obtained in this study were two-tailed.
P<0.05 was considered to indicate a statistically significant
difference.

Results

miR-497 is negatively correlated with FGFRI in NSCLC
tumor tissues. To investigate the expression of miR-497 in
NSCLC tumor tissues, RT-qPCR was performed to compare
miR-497 levels in tumor and matched normal tissues from 20
NSCLC patients. miR-497 expression was significantly down-
regulated in tumor tissues compared with matched normal
tissues (Fig. 1A). In addition, FGFR1 mRNA levels were
increased in tumor tissues compared with matched normal
tissues (Fig. 1B). A negative correlation between miR-497 and
FGFR1 mRNA levels was observed in NSCLC tumor tissues
(Fig. 1C).

Overexpression of miR-497 inhibits the proliferation and
migration of NSCLC cells. To investigate the function of
miR-497 in NSCLC cells, miR-497 was overexpressed in
AS549 cells via transfection of miR-497 mimics (Fig. 2A).
Overexpression of miR-497 inhibited the proliferative ability
of A549 cells (Fig. 2B). Additionally, miR-497 mimics
suppressed the migration of A549 cells (Fig. 2C and D).

miR-497 represses FGFRI expression and inactivates
FGFRI-regulated signaling pathways in A549 cells.
Subsequent experiments sought to investigate the mechanisms
underlying the observed effects of miR-497 overexpression in
NSCLC cells. RT-qPCR analysis demonstrated that miR-497
overexpression led to a significant reduction in FGFR1 mRNA
levels in A549 cells (Fig. 3A). In addition, western blot anal-
ysis revealed that FGFRI1 protein levels were downregulated
following miR-497 overexpression (Fig. 3B and C). It has been
previously reported that FGFR1 activates the phosphoinositide
3-kinase (PI3K)-AKT and JNK signaling pathways promote
NSCLC progression (25,26). In the present study, miR-497
mimics reduced p-AKT and p-JNK levels, but not those of
AKT or JNK, via regulation of FGFR1, which suggested
that PI3K-AKT and JNK signaling pathway activities were
repressed following miR-497 overexpression in A549 cells
(Fig. 3D and E). MMP26 is an oncogene and is tightly
controlled by FGFR1/INK signaling in NSCLC cells (27).
Overexpression of miR-497 in A549 cells decreased MMP26
protein expression in the current study (Fig. 3F and G).
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Therefore, these results indicate that miR-497 may function = miR-497 binds to the 3'-UTR of FGFRI mRNA. Using
as a tumor suppressor in NSCLC via regulation of FGFR1 and  TargetScan software, predicted complementary binding sites
the downstream targets of FGFRI. between miR-497 and the FGFR1 3'-UTR sequence were
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identified, indicating that miR-497 may bind to 3'-UTR of
FGFR1 mRNA (Fig. 4A). The subsequent dual luciferase
reporter assay analysis demonstrated that transfection with
miR-497 mimics repressed luciferase activity in 239 and A549
cells transfected with pGL3-FGFR1 3'-UTR-WT vector, but
not the pGL3-FGFR1-Mutant vector containing mutations in
two potential binding nucleotides (Fig. 4B and C).

FGFRI is involved in miR-497 mimic-induced arrest of cell
growth and migration in A549 cells. To elucidate the role of
FGFR1 in the miR-497-mediated inhibition of cancer progres-
sion, a pcDNA3-FGFRI1 plasmid was used to overexpress
FGFRI1 in A549 cells. As shown in Fig. 5A and B, transfec-
tion of pcDNA3-FGFRI1 elevated FGFR1 protein levels in
A549 cells. Overexpression of FGFRI1 significantly reversed
cell proliferation inhibition induced by miR-497 mimics in
A549 cells (Fig. 5C). Furthermore, miR-497 mimics-induced
inhibition of cell migration was rescued by transfection with

pcDNA3-FGFR1 (Fig. 5D and E). Collectively, these data
demonstrate that miR-497 inhibited NSCLC progression via
the regulation of FGFRI1.

Discussion

Overexpression of FGFRI1 is frequently observed in lung
cancer and is considered to be a biomarker of response to
FGFR-tyrosine kinase inhibitor (TKI) therapy in patients with
lung cancer (28,29). FGFR1 gene amplification is known to be an
underlying cause of increased FGFR1 expression in lung cancer,
and gene copy number (GCN) is used to predict patient response
to FGFR1-TKI in the clinic (30,31). However, a recent study
reported that FGFR1 mRNA levels may be an improved indicator
of patient response to FGFR-TKI therapy compared with GCN,
suggesting that gene amplification may sufficiently explain the
increased FGFRI1 expression levels in lung cancer (32). Indeed, a
subsequent study demonstrated that FGFR1 expression was also
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regulated by miR-198 in lung cancer (33). In the present study,
a negative correlation between miR-497 and FGFR1 mRNA
levels in NSCLC tumor tissues was observed. In A549 cells,
RT-gPCR and western blot analyses demonstrated that miR-497
repressed FGFR1 at the mRNA and protein expression levels.
In addition, the PI3K-AKT and JNK signaling pathways, which
are two downstream signaling pathways of FGFR1, were inacti-
vated following miR-497 overexpression. The expression of the
MMP26 oncogene was also negatively regulated by miR-497
in A549 cells. The present study also predicted and validated
FGFR1 as a target gene of miR-497 in A549 cells.

Previous studies have demonstrated that miR-497 expression
is downregulated in NSCLC, and that miR-497 targets multiple
oncogenes to promote NSCLC progression (34,35).In the present
study, overexpression of miR-497 inhibited the proliferation and
migration of NSCLC cells, which is consistent with previous
reports (36,37). Notably, overexpression of FGFR1 reversed the
miR-497 mimic-induced arrest of cell growth and migration in
A549 cells, suggesting that miR-497 may primarily rely on the
regulation of FGFR1 to inhibit NSCLC progression. In addition,
there are a number of studies on the function of miR-497 in lung
cancer by targeting other mRNA targets. For instance, miR-497
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was reported to inhibit the epithelial-mesenchymal transition of
NSCLC by targeting Metadherin (38), miR-497 was discovered
to inhibit the tumor growth of NSCLC by targeting YAP1 (34)
and miR-497 was found to inhibit cell growth and invasion of
NSCLC by targeting VEGF-A (36).

In conclusion, the results of the current study suggest
that miR-497 may function as a tumor suppressor in NSCLC
via regulation of FGFR1. In NSCLC cells, miR-497 binds
directly to the 3'-UTR of FGFR1 mRNA, leading to reduction
in FGFRI1 protein levels, inactivation of the PI3K-AKT and
JNK signaling pathways and the downregulation of MMP26
expression. These findings enrich the current understanding of
miR-497 and FGFR1 in mediating NSCLC progression, and
implicate miR-497 as a putative therapeutic target for patients
with NSCLC.
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