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Abstract. The aim of the present study was to evaluate the 
expression of microRNA-497 (miR-497) in non-small cell 
lung cancer (NSCLC) tissues and cell lines, and to inves-
tigate possible mechanisms associated with its regulatory 
role on cell behaviors. The expression level of miR-497 was 
evaluated in 15 cases of NSCLC tissues and 8 adjacent normal 
tissues, and in 8 NSCLC cell lines, including H1975, A549, 
H358, H1650, H460, Calu-1, H1299 and H292, by reverse 
transcription-quantitative polymerase chain reaction. Effects 
of miR-497 overexpression on cell proliferation, invasion, 
apoptosis and radiosensitivity were examined with a Cell 
Counting Kit‑8 assay, Matrigel assay, flow cytometry and a 
clone formation assay in vitro, respectively, and in an in vivo 
ectopic tumor nude mice model. A dual luciferase reporter 
assay was employed for interaction between miR-497 and its 
target gene kinase insert domain receptor (KDR). A signifi-
cantly decreased level of miR-497 was determined in NSCLC 
tissues, compared with adjacent normal tissues, and Calu-1 and 
H1975 exhibited the lowest miR-497 expression among the 8 
NSCLC cell lines. miR-497 overexpression could inhibit cell 
proliferation and invasion, promote cancer cell apoptosis and 
decrease cell clone formation following radiation treatment 
in vitro, and decrease tumor growth in vivo. Furthermore, a 
dual luciferase reporter assay revealed that KDR as the target 
gene for miR-497. It was demonstrated that miR-497 was 
downregulated in NSCLC specimens. Additionally, miR-497 
directly targeted and downregulated KDR expression, and 
inhibited malignant behaviors of NSCLC cells. These data 

indicated that miR-497 could serve as a tumor suppressor gene 
involved in NSCLC pathogenesis.

Introduction

Lung cancer, which possesses the highest incidence of malig-
nant cancer in males, is the most common type of cancer and 
cause of cancer-associated mortalities in China and globally 
according to cancer statistics data in 2012 (1). Non-small cell 
lung cancer (NSCLC) accounts for almost 80% of lung cancer 
cases in globally in 2012 (2). Although surveillance and clinical 
treatment strategies have been improved, the 5-year survival of 
patients with NSCLC following curative resection is reported 
to be 30-60% in globally in 2012 (3). Therefore, elucidating the 
potential mechanism that mediates the initiation and progres-
sion of NSCLC is necessary and of great interest.

MicroRNAs (miRNAs) are a class of small non-coding 
RNAs with a length of 19-25 bp, which serve an important role 
in post-transcriptional regulation via target 3'untranslated region 
(3'-UTR) (4,5). A single miRNA can target hundreds of mRNAs, 
and a single mRNA can be coordinately regulated by multiple 
miRNAs (4,5). Recently, accumulating evidences indicated that 
miRNAs serve diverse roles in tumorigenesis and cancer progres-
sion (4,5). Additionally, miRNAs have received great attention in 
NSCLC research. A number of deregulated miRNAs in NSCLC, 
including miR-221, miR-222, miR-449a, miR-21, miR-205, 
miR-10b, miR-143 and miR-181a, have been demonstrated to 
regulate cell growth, apoptosis, migration, invasion, angiogenesis, 
and radiotherapy or chemotherapy resistance (6-8). These obser-
vations indicate that deregulation of miRNA expression may be 
associated with tumorigenesis of NSCLC.

miR-497, a highly conserved miRNA encoded by the 
first intron of the MIR497HG (Gene ID: 100506755) gene 
on human chromosome 17p13.1 (9), is a member of the 
miR-15/16/195/424/497 gene cluster and has been demon-
strated as a tumor suppressor in multiple cancer types, 
including breast cancer, gastric cancer, colorectal cancer, 
hepatocellular carcinoma, pancreatic cancer, adrenocortical 
carcinoma, bladder cancer, melanoma, ovarian cancer, and 
cervical cancer and other solid tumors (10-13). Zhao et al (14) 
demonstrated that downregulated miR-497 in NSCLCs could 
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result in increased tumor growth and angiogenesis by targeting 
hepatoma-derived growth factor. However, its role and associ-
ated mechanism in NSCLC has not been fully investigated 
yet. The vascular endothelial growth factor (VEGF) family, an 
important regulator of angiogenesis, have been demonstrated 
to serve a critical role in NSCLCs (15,16). However, whether 
there is an association between miR-497 and molecules in the 
VEGF family has not been determined.

In the present study, the aim was to evaluate the expression 
of miR-497 in NSCLC tissues and cell lines, and investigate 
possible mechanisms associated with its regulatory role on cell 
behavior.

Materials and methods

Clinical samples. A total of 15 cases of paraffin‑embedded 
NSCLC tissue (including 8 cases of squamous carcinoma and 
7 cases adenocarcinoma; mean age, 58.7 years; age range, 
33‑75 years; 10 cases ≥60 years old and 5 cases <60 years old; 
9 males and 6 females) and 8 cases non-cancerous normal 
tissue confirmed by a lung needle biopsy were collected 
from patients without previous radiotherapy or chemotherapy 
between January 2016 and December 2016 who underwent 
treatment in the Department of Oncology of the First People's 
Hospital of Lianyungang (Lianyungang, China). The exclusion 
criteria included: Patients who had received chest radiotherapy 
or systemic chemotherapy prior to sampling; previous history 
of oncology; participation in other drug clinical trials and 
anti-tumor treatments; pregnant and lactating women; and 
known history drug abuse (except alcohol abuse). All the 
samples were from human lung biopsy tissue and confirmed 
by experienced pathologists who were blinded to the study. 
The present study was approved by the ethics committee of 
the First People's Hospital of Lianyungang. Written informed 
consent was obtained from the participating individuals.

Cell culture. The human NSCLC cancer cell line Calu-1 
(human squamous cell carcinoma) (17), H358 (human lung 
adenocarcinoma, #SCSP-583) (18), H460 (human lung large-cell 
carcinoma) (19), H292 (human lung mucoepidermoid carci-
noma-lymph node metastatic strain) (20), H1650 (human lung 
adenocarcinoma) (21), A549 (human lung adenocarcinoma) (22), 
H1975 (human lung adenocarcinoma) (21), and H1299 (human 
lung adenocarcinoma lymph node metastatic strain) (23) were 
obtained from the Cell Bank of Shanghai Institute of Biological 
Science, Chinese Academy of Science (Shanghai, China). Among 
these cell lines, Calu-1 was cultured with McCoy's 5A medium 
containing 10% (v/v) fetal bovine serum and 1% antibiotics, while 
other cell lines were maintained as monolayers when cultured in 
cell culture flasks with RPMI‑1640 medium containing 10% (v/v) 
fetal bovine serum and 1% antibiotics. Cells were cultured at 
37˚C in a humidified atmosphere containing 5% CO2. All the cell 
culture medium and additives were purchased from Invitrogen 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA). All 8 
cell lines were used for expression analysis miR-497 by reverse 
transcription-quantitative polymerase chain reaction (RT-qPCR), 
whereas Calu-1 and H1975 cells were further employed for the 
cell proliferation, cell migration, cell apoptosis, cell radiosensi-
tivity, miR-497 and KDR interaction analysis, and the in vivo 
tumor formation experiment.

Cell transfection. miR-497 mimic and miR-NC were obtained 
from the Sangon Biotech Co., Ltd. (Shanghai, China) and the 
detailed information regarding the sequence were from previous 
description (24). Cells were grown to a confluence of ~40% and 
transfected with 50 nM miR-mimic and miR-NC encapsulated 
with Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) in Gibco Opti-MEM™ I Reduced Serum medium 
(cat. no. 31985‑062; Gibco; Thermo Fisher Scientific, Inc.) for 
48 h. All the experiments were repeated for at least 3 times.

RT‑qPCR. Total NSCLC tissue RNA or cellular RNA of 
human NSCLC cancer cell lines were extracted using TRIzol® 

reagent (Invitrogen; Thermo Fisher Scientific, Inc.). RT‑qPCR 
for kinase insert domain receptor (KDR) was conducted using 
an One Step SYBR® PrimeScript™ RT-PCR kit (Takara 
Biotechnology Co., Ltd., Dalian, China) and an iQ5 Real-time 
PCR Detection system (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA). The PCR conditions were 1 cycle for 30 sec at 
95˚C, 40 cycles of 5 sec at 95˚C and 34 sec at 60˚C, followed 
by 1 cycle for 15 sec at 95˚C and 60 sec at 60˚C. Expression of 
the GAPDH gene was assessed simultaneously in all samples 
as an internal control. For miRNA RT-qPCR, Taqman® 
MicroRNA Reverse Transcription and Taqman MicroRNA 
Assay (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
kits were employed for experiments. The expression of U6 
was used as the internal control. Relative gene expression 
was determined with the 2-ΔΔCq method (25). Oligonucleotide 
primers specific for KDR and GAPDH were obtained from 
Sangon Biotech Co., Ltd. The sequences of the PCR primers 
used are as follows: KDR, 5'-CCG TCA AGG GAA AGA CTA 
CG-3' (forward) and 5'-AGA TGC TCC AAG GTC AGG AA-3' 
(reverse); miR-497, 5'-GTG CAG GGT CCG AGG T-3' (forward), 
and 5'-TAG CCT GCA GCA CAC TGT GGT-3' (reverse); and 
U6, 5'-GCT TCG GCA CAT ATA CTA AAA-3' (forward), and 
5'-CGC TTC ACG AAT TTG CGT GTC AT-3' (reverse).

Cell proliferation. Human NSCLC cancer cell lines Calu-1 and 
H1975 (3x103 cells) were seeded in 96-well plates in complete 
medium [Calu-1 cells were cultured with McCoy's 5A medium 
containing 10% (v/v) fetal bovine serum and 1% antibiotics, 
H1975 cells were maintained as monolayers when cultured in 
cell culture flasks with RPMI‑1640 medium containing 10% 
(v/v) fetal bovine serum and 1% antibiotics] and transfected 
with miR-497 mimic and miR-NC, as aforementioned. After 
2 days at 37˚C, 5% CO2., cell proliferation during a time period 
of consecutive 4 days was evaluated by Cell Counting Kit-8 
method (Dojindo Molecular Technologies, Inc., Kumamoto, 
Japan), according to the manufacturer's protocols, using a 
microplate reader (Molecular Devices LLC, Sunnyvale, CA, 
USA) to measure the absorbance.

Cell apoptosis. Human NSCLC cancer cell lines Calu-1 and 
H1975 (800 cells) were seeded in 6-well plates in complete 
medium [Calu-1 cells were cultured with McCoy's 5A medium 
containing 10% (v/v) fetal bovine serum and 1% antibiotics, 
H1975 cells were maintained as monolayers when cultured in 
cell culture flasks with RPMI‑1640 medium containing 10% 
(v/v) fetal bovine serum and 1% antibiotics] and transfected 
with miR-497 mimic and miR-NC, as aforementioned. After 
medium replacement [Calu-1 cells were cultured with McCoy's 
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5A medium containing 10% (v/v) fetal bovine serum and 
1% antibiotics, H1975 cells were maintained as monolayers 
when cultured in cell culture flasks with RPMI‑1640 medium 
containing 10% (v/v) fetal bovine serum and 1% antibiotics] at 
48 h post-transfection, the cells were irradiated with 2 Gy X ray 
to efficiently induce apoptosis within 48 h, and then harvested 
and suspended for the assay. Subsequently, ~1x107 cells were 
washed in PBS, resuspended in Annexin V and propidium 
iodide (PI) staining solution containing 5 µl Annexin V, 10 µl 
PI and 195 µl binding buffer (Annexin V-FITC/PI Double 
Dyeing Cell Apoptosis Test kit; Nanjing KeyGen Biotech Co., 
Ltd., Nanjing, China) and incubated at room temperature for 
20 min under the dark condition, and then analyzed immedi-
ately with a flow cytometer (BD FACS Aria) by BD FACSDiva 
software version 4.0 (BD Biosciences; Becton, Dickinson and 
Company, Franklin Lakes, NJ, USA).

Clone formation. Human NSCLC cancer cell lines Calu-1 and 
H1975 (800 cells) were seeded in 6-well plates in complete 
medium [Calu-1 cells were cultured with McCoy's 5A medium 
containing 10% (v/v) fetal bovine serum and 1% antibiotics, 
while other cell lines were maintained as monolayers when 
cultured in cell culture flasks with RPMI-1640 medium 
containing 10% (v/v) fetal bovine serum and 1% antibiotics] and 
transfected with miR-497 mimic and miR-NC, as aforemen-
tioned. After medium replacement [Calu-1 cells were cultured 
with McCoy's 5A medium containing 10% (v/v) fetal bovine 
serum and 1% antibiotics, H1975 cells were maintained as 
monolayers when cultured in cell culture flasks with RPMI‑1640 
medium containing 10% (v/v) fetal bovine serum and 1% anti-
biotics] at 48 h post-transfection, the cells were irradiated with 
a series dose of 0‑8 Gy X‑rays and maintained at 37˚C in a 
humidified atmosphere containing 5% CO2 for 12 days, when 
they were stained with crystal violet at room temperature for 
1 h. The colony survival (a colony was defined as ≥50 cells) was 
counted under a light microscope (x40; ECLIPSETs2; Nikon 
Corporation, Tokyo, Japan). The whole process was performed 
three times to obtain the mean number of colony formations.

Cell invasion. A Transwell system was employed to perform the 
cell invasion assay. Briefly, resuspended Calu‑1 and H1975 cells 
[Calu-1 cells were cultured with McCoy's 5A medium containing 
10% (v/v) fetal bovine serum and 1% antibiotics, H1975 cells 
were maintained as monolayers when cultured in cell culture 
flasks with RPMI-1640 medium containing 10% (v/v) fetal 
bovine serum and 1% antibiotics] (2x105 cells) transfected with 
miR-497 mimic and miR-NC, as aforementioned, were seeded 
into the upper chamber prefilled with Matrigel, and the lower 
chamber was added with RPMI-1640 medium supplemented 
with 20% FBS. After the transwell plate was maintained in a 
routine cell culture incubator for a specific period of time of 
48 h, the upper chamber was retained and the membranes were 
obtained for hematoxylin staining at room temperature for 1 
min. The cell number of each membrane was determined in 
3 randomly picked fields (x200 magnification) under a light 
microscope. All the experiments were performed in triplicate.

Western blotting. Cells obtained from the aforementioned treat-
ment (routine cell culture or after transfection with miR-497 
mimic and miR-NC) were lysed in radioimmunoprecipitation 

buffer (Beyotime Institute of Biotechnology, Beijing, China), 
followed by high-speed centrifugation (15,000 x g for 5 min at 
4˚C) and protein quantification using a bicinchoninic acid assay. 
Cellular proteins (20 µg) were separated by 10% SDS-PAGE 
and transferred onto polyvinylidene difluoride membranes. 
Following blocking in 5% non-fat milk containing PBS at 
room temperature for 2 h, the membranes were incubated 
with anti-VEGF receptor 2 (VEGFR2) monoclonal primary 
antibodies (1:1,000 dilution; Cell Signaling Technology, Inc. 
Danvers, MA, USA; #9698) at room temperature for 1 h. 
GAPDH (1:1,000 dilution; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA; #sc-32233) was used at room tempera-
ture for 1 h as the loading control. Appropriate horseradish 
peroxidase-conjugated secondary antibodies (anti-rabbit 
IgG, HRP-conjugated antibody; 1:2,000 dilution; incubated 
at room temperature for 1 h; Cell Signaling Technology, 
Inc.; cat. no. 7074) were applied to detect labeled proteins. 
The protein bands were developed with a SuperSignal 
Ultra Chemiluminescent Substrate (Pierce; Thermo Fisher 
Scientific, Inc.) on X‑ray films (Kodak, Rochester, NY, USA).

Dual luciferase reporter assay. The possible miR-497 
binding sites in KDR gene 3'-UTR were predicted using 
bioinformatics software (Targetscan version 7.1; http://www.
targetscan.org/vert_71/). The predicted and mutated sequences 
targeting on KDR 3'-UTR were amplified and cloned into a 
pMIR-REPORT Dual-Luciferase miRNA Target Expression 
Vector (Promega Corporation, Madison, WI, USA; named 
pMIR-REPORT-KDR-WT and pMIR-REPORT-KDR-MUT, 
respectively). Subsequently, Calu-1 and H1975 cells were 
co-transfected with 0.5 µg pMIR-REPORT-KDR-WT or 
pMIR-REPORT-KDR-MUT vectors, and 100 nM negative 
control (NC) miRNA or miRNA-mimics (Shanghai GenePharma 
Co., Ltd., Shanghai, China) using Lipofectamine 2000. The lucif-
erase activities were measured using a Dual-Luciferase Reporter 
Assay kit (Promega Corporation) 48 h after transfection. A 
control reporter was co-transfected to provide an internal control 
for normalizing the activity of the experimental reporter.

Lentivirus mediated miR‑497 knockdown. Recombinant lenti-
viral particles expressing miR-497 (5'-CAG CAG CAC ACU 
GUG GUU UGU A-3') or scramble control siRNA (5'-UUC UCC 
GAA CGU GUC ACG UTT-3') were obtained from Shanghai 
GenePharma Co., Ltd. Cells were grown to 40% confluence and 
transduced with complete medium [Calu-1 cells were cultured 
with McCoy's 5A medium containing 10% (v/v) fetal bovine 
serum and 1% antibiotics, and H1975 cells were maintained as 
monolayers when cultured in cell culture flasks with RPMI‑1640 
medium containing 10% (v/v) fetal bovine serum and 1% anti-
biotics] containing lentiviral particles expressing miR-497 or 
scramble control siRNA at concentrations of 1x108 transducing 
units/ml [multiplicity of infection (MOI) of 20] (18) at 37˚C 
for 48 h. Polybrene (cat. no. H9268; Sigma-Aldrich; Merck 
KGaA, Darmstadt, Germany) at a concentration of 8 µg/ml 
was added simultaneously to increase infection efficiency. No 
adverse effects were observed on the cell viability by siRNA 
or Polybrene (data not shown). The siRNAs had no off-target 
effects, and did not affect cell adherence, shape and viability at 
the MOI of 20, according to manufacturer's protocol and treat-
ment duration. The cells were used at 48 h after infection.
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Nude mice model of ectopic tumor. Athymic nude (nu/nu) mice 
(male:female, 1:1 ratio; total 8 mice) at 6 weeks old (20-22 g) 
were purchased from Shanghai SLAC Laboratory Animal Co., 
Ltd. (Shanghai, China), housed in an air-conditioned room at 
22˚C with a 12/12 h light/dark cycle and 40-60% humidity and 
free access to food and water. The tumors were generated by 
subcutaneous injection of 2x106 miR-497 or scramble control 
siRNA lentivirus particles infected Calu-1 cell suspended in 
50 µl PBS into the dorsal region near the thigh. Mice were 
then weighed and assessed for tumor size every three day by 
measuring tumor length and tumor width. Furthermore, the 
body weight of the mice was also determined every 5 days. 
At week 4 post-treatment, all the mice were sacrificed by 
cervical dislocation and the tumors were excised, weighed and 
imaged. The study protocol was approved by the Institutional 
Animal Care and Use Committee of the First People's Hospital 
of Lianyungang, which is adherent to the generally accepted 
international guidelines for animal experimentation (26).

Statistical analysis. All statistical analyses were conducted 
using SPSS v18 (SPSS, Inc., Chicago, IL, USA) and GraphPad 
Prism 7.0 (GraphPad Software Inc., San Diego, CA, USA). 

Data are presented as the mean ± standard deviation. The 
unpaired Student's t-test or one-way analysis of variance 
followed by Tukey's post hoc test was used to examine differ-
ences between groups. Dose-response cell survival curves 
were fitted to a multitarget model, S=1‑(1‑e‑D/D0)N. S, ratio 
of survival tumor cells at a given dose; D, a given dose; D0, 
the dose increment that reduces the cell survival to 37% of 
the initial value depicted on the exponential portion of the 
curve; N, back extrapolation of the exponential portion of the 
survival curve to zero dose. P<0.05 was considered to indicate 
a statistically significant difference.

Results

Expression of miR‑497 in NSCLC tissues and cell lines. 
In order to investigate the role of miR-497 in NSCLC, the 
expression level of miR-497 was examined in 15 NSCLC 
tissues and 8 non-cancerous adjacent normal tissues, and the 
results demonstrated that significantly decreased levels of 
miR-497 expression in NSCLC, compared with normal tissues 
(0.47±0.27 vs. 1.03±0.27; P<0.05; Fig. 1A). Furthermore, the 
expression of miR-497 and KDR in 8 NSCLC cancer cell 

Figure 1. Reverse transcription-quantitative polymerase chain reaction evaluation of the expression level of miR-497 in NSCLC tissues and cell lines. (A) A 
total of 15 paraffin‑embedded NSCLC tissues and 8 non‑cancerous adjacent normal tissues were collected for miR‑497 level evaluation. Significantly decreased 
miR-497 level was determined in NSCLC tissues, compared with the control tissues. (B) A total of 8 NSCLC cell lines, including H1975, A549, H358, H1650, 
H460, Calu‑1, H1299 and H292, were collected for miR‑497 level evaluation. Calu‑1 and H1975 cells were confirmed as having the lowest two expression 
levels of miR-497 among the 8 cell lines. *P<0.05, compared with the other cell lines. **P<0.01. NSCLC, non‑small cell lung cancer; miR, microRNA; KDR, 
kinase insert domain receptor.
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lines was also examined, and the results demonstrated that 
KDR and miR‑497 were significantly decreased in H1299 and 
H1975 cells, compared with in other cell lines, respectively 
(Fig. 1B; P<0.05). Additionally, H1975 and Calu‑1 cell lines 
with reduced expression of miR-497 were further employed 
for the following experiments.

miR‑497 overexpression decreases cell proliferation and 
migration in Calu‑1 and H1975 cells. In order to observe the 
effects of miR-497 on the cell behavior of Calu-1 and H1975 
cells, miR-497 overexpression was performed on Calu-1 and 
H1975 cells. As depicted in Fig. 2A, a 6.7 and 5.9 times expres-
sion level increase was exhibited in miR-497-mimic transfected 
Calu-1 and H1975 cells, compared with mimic-NC-transfected 
cells, respectively. For cell proliferation, a significantly 
decreased cell proliferation was observed on days 3 and 4 
in miR-497-mimic-transfected Calu-1 and H1975 cells, 
compared with mimic-NC transfected cells (Fig. 2B and C). 
Furthermore, a significantly decreased cell invasion was also 
observed in miR-497-mimic-transfected Calu-1 (50±3.5 vs. 
157±3.7; P<0.001) and H1975 (48±2.4 vs. 153±4.2; P<0.001) 
cells, compared with mimic-NC-transfected cells (Fig. 2D). 
These results indicated that miR-497 overexpression decreases 
cell proliferation and migration in Calu-1 and H1975 cells.

miR‑497 overexpression increases cell apoptosis and radio‑
sensitivity in Calu‑1 and H1975 cells. The effects of miR-497 
overexpression on the cell apoptosis and radiosensitivity in Calu-1 
and H1975 cells was further evaluated. The results demonstrated 
that there was significantly increased cell apoptosis following 
2 Gy radiation in miR-497-mimic-transfected Calu-1 and H1975 
cells, compared with mimic-NC-transfected cells (Fig. 3A; 
P<0.001). Furthermore, the clone formation was consistently 
decreased after 2, 4, 6 and 8 Gy radiation, and the sensitization 
enhancement ratio in Calu-1 and H1975 were 1.48 and 1.58, 
respectively (Fig. 3B and C), and miR‑497 significantly increased 
the radiosensitivity of these cells. These results indicated the 
enhanced radiosensitivity following miR-497 transfection.

miR‑497 affects the cell behavior of Calu‑1 and H1975 via 
targeting KDR. In order to investigate the mechanism of 
miR-497 in NSCLC cell lines Calu-1 and H1975, TargetScan 
was searched and it was determined that KDR may be the 
potential target gene of miR-497 (Fig. 4A). Subsequently the 
KDR wild-type and mutated plasmids were constructed, and 
a luciferase assay was performed to confirm its interaction 
with miR-497. The results demonstrated that miR-497-mimic 
transfection significantly decreases luciferase activity in KDR 
wild-type, compared with mimic-NC transfected cells, while 

Figure 2. miR-497 overexpression decreases cell proliferation and migration in Calu-1 and H1975 cells. (A) Successful transfection of miR-497 mimic was 
confirmed by reverse transcription‑quantitative polymerase chain reaction. (B) Cell proliferation of Calu‑1 cells. (C) Cell proliferation of H1975 cells. (D) Cell 
migration images and quantitative histogram of Calu‑1 and H1975 cells (x200 magnification). **P<0.01, compared with mimic‑NC. NC, negative control; 
miR, microRNA.
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no difference was determined on the cells transfected with 
KDR mutated plasmid following miR-497-mimic or mimic-NC 
transfection (Fig. 4B). Furthermore, it was determined 
that there is significantly decreased expression of KDR in 
miR-497-mimic-transfected Calu-1 and H1975 cells, compared 
with mimic-NC-transfected cells (Fig. 4C). Additionally, it 
was also observed that there is a significantly decreased level 
of VEGFR2 in miR-497-mimic-transfected Calu-1 and H1975 
cells, compared with mimic-NC-transfected cells (Fig. 4D).

miR‑497 decreases tumor growth in vivo. Due the 
tumor-promoting effects of miR-497 observed in vitro, ectopic 

tumor nude mice models were established to test the effects of 
miR-497 in vivo. As depicted in Fig. 5, miR-497 knockdown 
human lung squamous carcinoma cell line Calu-1 exhibited a 
decreased level of tumor growth in vivo according to the tumor 
size and weight. These results indicated that miR‑497 acts as a 
negative regulator on tumor growth in vivo.

Discussion

In the present study, it was demonstrated that miR-497 was 
downregulated in NSCLC specimens, compared with the adja-
cent normal tissues. Furthermore, an in vitro assay also verified 

Figure 3. miR-497 overexpression increases cell apoptosis and radiosensitivity in Calu-1 and H1975 cells. (A) Flow cytometry analysis of apoptosis of lung 
cancer cells stained by Annexin V and Propidium Iodide. An increased cell apoptosis ratio, as depicted through the percentage number, was determined in 
the right upper and right lower quadrant in miR-497-overexpressed cells, compared with mimic-NC treated control cells. (B) Clone formation of Calu-1 cells. 
(C) Clone formation of H1975 cells. miR, microRNA; NC, negative control; RT, radiotherapy.
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that miR-497 overexpression could inhibit cell proliferation 
and invasion, and promote cell apoptosis and radiosensitivity. 
Additionally, KDR was also confirmed as the direct target 
gene of miR-497. Based on our previous study (24,27), the data 
in the present study indicated the regulatory role of miR-497 
on malignant behavior of lung cancer growth and metastasis 
via targeting KDR, which may serve as a malignant phenotype 
prediction molecule in NSCLC.

miR-497 is a common exhibited miRNA in all human 
organs and tissues, including breast, lung, liver and 
blood (28,29). Dysregulated levels of miR‑497 were firstly 
observed in miRNA expression profile results of human 

breast cancer, and significantly downregulated miR‑497 level 
was then confirmed in breast cancer tissues (30). Further 
studies also confirmed downregulated levels of miR‑497 in 
multiple malignant types of cancer, including gastrointestinal 
cancer types, thoracic cancer, reproduction cancer, and head 
and neck cancer types (31-33), and miR-497 served as an 
inhibitory regulator in the development and progression of 
cancer (31-33). In the present study, by collecting NSCLC 
tissues, it was determined that there is significantly down-
regulated miR-497 expression in NSCLC tissues, compared 
with normal tissues, indicating the possible role of miR-497 
in NSCLC.

Figure 4. miR‑497 affects the cell behavior of Calu‑1 and H1975 via targeting KDR. (A) Schematic figure regarding the interaction between miR‑497 and 
KDR, which was confirmed by the TargetScan tool. A mutated KDR was also exhibited for mutated luciferase plasmid construction. (B) Luciferase reporter 
gene analysis the interaction between miR-497 and KDR in Calu-1 cells. (C) Luciferase reporter gene analysis the interaction between miR-497 and KDR in 
H1975 cells. (D) Western-blotting examination of the VEGFR2 level in Calu-1 and H1975 cells. *P<0.05; and **P<0.01, compared with mimic‑NC. NC, negative 
control; miR, microRNA; UTR, untranslated region; WT, wild type; MUT, mutated; KDR, kinase insert domain receptor; VEGFR2, vascular endothelial 
growth factor receptor 2.
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According to previous studies, abnormal expression levels 
of miR-497 are involved in cancer progression, including 
proliferation, invasion, cell cycle regulation, apoptosis and 
angiogenesis (34,35). Furthermore, multiple studies supported 
the observation of miR-497 as a tumor suppressor. For 
example, miR-497 overexpression in breast cancer could 
suppress tumor proliferation and invasion via target gene 
downregulation (36). The in vivo and in vitro system of liver 
cancer also confirmed that the upregulation of miR‑497 could 
inhibit angiogenesis and metastasis of liver cancer (37). In 
contrast, miR-497 inhibitor transfection could result in tumor 
growth and proliferation promotion effects in cancer (38). 
Xu et al (39) determined that the expression levels of miR-497 
were reduced in chemotherapy-resistant ovarian cancer cells 
and tumor tissues due to hypermethylation of the miR-497 
promoter. However, Lan et al (40) determined that miR-497 
is overexpressed in glioma and that hypoxia can induce 
the expression of miR-497 at the transcriptional level by 
binding with the hypoxia response element in the promoter. 
They also indicated that ectopic overexpression of miR-497 
promotes chemotherapy resistance in glioma cells by targeting 
programmed cell death 4, a tumor suppressor that is involved 
in apoptosis (40). Discrepancies regarding the role of miR-497 
in cancer may result from the heterogeneous of miR-497 
expression and different tumor microenvironment. In NSCLC, 
miR-497 was demonstrated to exhibit a previously unappreci-
ated role in the suppression of VEGF-A-mediated NSCLC 
cancer cell growth and invasion (31). Consistent with previous 
study, in the present study, it was demonstrated that miR-497 

overexpression could inhibit cell proliferation and invasion, 
promote cancer cell apoptosis and decrease cell clone forma-
tion following radiation treatment.

A single miRNA can target hundreds of mRNAs, and 
a series of target genes were determined to exert inhibitory 
effects by interacting with miR-497, including cyclin E1, 
B-cell lymphoma, insulin like growth factor 1 receptor and 
VEGFR2 (41-44). In the present study, the dual luciferase 
reporter gene assay revealed that KDR was the direct target 
gene for miR-497 at the 45-51 sites of 3'UTR, which is consistent 
with results in kidney cancer (45). It was also determined that 
miR-497 could downregulate KDR mRNA and protein levels of 
VEGFR2 (45). According to a previous study by Shi et al (46), 
VEGFR2knockdown could result in decreased survival frac-
tion of the lung cancer cells, angiogenesis and migration during 
carcinogenesis. Furthermore, the direct blockage of VEGFR2 
by monoclonal antibody ramucirumab could result in clinical 
benefits, compared with docetaxel only-treated patients, in 
terms of progression-free survival, objective response rate 
and disease control rate in Asian patients with NSCLC (47). 
Additionally, ramucirumab was well tolerated with manageable 
toxicity (47). Furthermore, Ding et al (48) examined the expres-
sion of KDR in NSCLC tissues, and they determined that the 
positive immunostaining rate for VEGFR2 was 58%. Levels of 
VEGFR2 in lung tumors were significantly increased compared 
with in the control tissue (χ2=11.22; P=0.001). Statistically 
significant correlations were observed with histological grade, 
clinical TNM stage and the lymph node status (P<0.05), but not 
age, sex or pathology type (P>0.05) between NSCLC tissues 

Figure 5. miR-497 overexpression in Calu-1cells decreases tumor growth in vivo. (A) Significantly decreased tumor size was observed in miR‑497 overex-
pressed cell lines, compared with the control cell line. Time course monitoring of the tumor size. Significantly decreased tumor size was observed at days 
12‑21. (B) No significant difference was determined for the body weight between mice transplanted with miR‑497‑overexpressed and scramble‑control cell 
lines. (C) Images of lung cancer tumor size from different groups of xenografts at day 21. Scale bar, 2 cm. (D) Quantification of tumor weight at day 21. 
Significantly decreased tumor size and weight were determined in mice transplanted with miR‑497‑overexpressed cells, compared with the scramble‑control 
cell line. *P<0.05, compared with LV‑Scramble. miR, microRNA.
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and control tissues. Furthermore, significant decreased overall 
survival time and progression-free survival time were observed 
between the groups with increased VEGFR2 expression and 
those with reduced expression (P<0.05). Reduced levels of 
VEGFR2 in lung cancer tissues were consistent with the 
results that miR-497 directly targeted KDR and downregulated 
KDR expression, thereby resulting in inhibition of malignant 
behaviors of NSCLC cells. In our previous study, it was also 
determined that KDR silence and pharmacological inhibition 
of VEGFR2 could result in the inhibition of cell proliferation, 
invasion and radiosensitivity enhancement (27), and these 
results were consistent with the results in the present study 
regarding miR-497.

Furthermore, since this paper did not perform a correlation 
analysis between the miR-497 expression and clinical charac-
teristics, the role of miR-497 on prognosis of the patients could 
not be evaluated. Additionally, the sample size may be insuffi-
cient to elucidate the role of miR-497 in lung cancer according 
to previous studies [17 in the study by Devery et al (49); and 24 
in the study by Zhu et al (50)].

In conclusion, the present study demonstrated that miR-497 
was downregulated in NSCLC specimens and it served as 
a tumor suppressor to inhibit cancer cell proliferation and 
invasion, and increase radiosensitivity via targeting KDR. 
The regulatory role between miR-497 and KDR may provide 
novel insight for lung cancer progression control, radiotherapy 
sensitivity enhancement and target therapy strategy.
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