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Radiation exposure triggers the malignancy of non-small cell lung
cancer cells through the activation of visfatin/Snail signaling
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Abstract. It is estimated that one-half of patients with
non-small cell lung cancer (NSCLC) undergo radiotherapy
worldwide. However, the outcome of radiotherapy alone is
not always satisfactory. The aim of the present study was to
evaluate the effects of radiotherapy on the malignancy of
NSCLC cells. It was demonstrated that radiation therapy could
increase the migration and invasion of NSCLC cells in vitro.
Moreover, the upregulation of visfatin, a 52-kDa adipokine,
mediated radiation-induced cell motility. A neutralizing
antibody specific for visfatin blocked radiation-induced cell
migration. Radiation and visfatin induced the expression of
Snail, a key molecule that regulates epithelial to mesenchymal
transition in NSCLC cells. Furthermore, visfatin positively
regulated the mRNA stability of Snail in NSCLC cells, but had
no effect on its protein degradation. This may be explained by
visfatin-mediated downregulation of microRNA (miR)-34a,
which was shown to bind the 3' untranslated region of Snail
mRNA to promote its decay. Collectively, these findings
suggested that radiation could induce cell motility in NSCLC
cells through visfatin/Snail signaling.

Introduction

As the leading cause of cancer mortality, lung cancer accounts
for 18.2% of total cancer deaths worldwide (1). Furthermore,
~80% of patients with lung cancer patients have non-small-cell
lung cancer (NSCLC). The incidence of NSCLC has increased
in women during the last two decades worldwide (2). It
has been reported that the 5-year survival rate of NSCLC
is <15% (3). Surgical resection, conventional chemotherapy
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and radiotherapy are widely used for the clinical treatment of
patients with NSCLC (4).

During the course of treatment, one-half of all patients with
NSCLC patients undergo radiotherapy (5). It has been reported
that early-stage patients can benefit from stereotactic body
radiation therapy (6). Stereotactic body radiation therapy has
been used as a standard care modality in medically inoperable
patients with early-stage NSCLC (7). However, previous studies
have indicated that the outcome of radiotherapy alone is not
always satisfactory (8), which may be due to the development of
radiotherapy resistance (9,10). Moreover, laboratory and clin-
ical data indicated that radiotherapy may cause clinical adverse
effects for patients with NSCLC. For example, radiotherapy
can increase tumor invasion and metastasis by upregulating
TGFp-1 expression (11). Cancer cells treated with radiation
acquire mesenchymal-like morphology (12). X-ray irradiation
can also increase the invasion of NSCLC cells (13). In addition,
radiation can stimulate the malignancy of residual, incom-
pletely treated and viable tumors surrounding the treatment
zone (14,15). Thus, understanding the mechanisms involved
in radiation-induced malignancy in NSCLC cells is needed in
order to improve the therapeutic efficacy of radiotherapy.

Cytokines, such as visfatin, are involved in the progression
of NSCLC (16). It has been reported that visfatin medi-
ates doxorubicin (Dox) resistance of human NSCLC cells
through Akt-mediated upregulation of ATP-binding cassette
subfamily C member 1 (17). Furthermore, visfatin triggers
cell motility of NSCLC cells by increasing the expression of
matrix metalloproteinases (MMPs) (18). Targeted inhibition of
visfatin has been proposed as a potential therapeutic approach
for NSCLC treatment (19). Visfatin is a cytokine synthesized
and released by adipocytes and inflammatory cells (20). Its
expression can also be induced during radiation therapy in
cancer tissues (21,22). However, whether visfatin is involved in
radiation-induced malignancy of NSCLC remains unknown.

Epithelial-mesenchymal transition (EMT) is the first step
of tumor metastasis (23) and is critical to the progression
and metastasis of NSCLC (24). During EMT, transcription
factors, such as Snail, can bind to the E-box motif of the
E-cadherin (E-Cad) gene promoter and inhibit its expres-
sion (25,26). In a previous study, high protein expression of
Snail is detectable in 21% of NSCLC samples (27). The levels
of Snail are associated with poor prognosis in patients with
NSCLC (28). It has been reported that the protein expression
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of Snail is essential for EMT induction in NSCLC cells (29).
In the present study, the expression levels of cytokines, such
as IL-6, IL-8, IL-10, VEGFA, TGF-p, TNF-a and visfatin
were examined in NSCLC cell lines treated with radiation.
Further, the potential roles and mechanisms of visfatin in
radiation-induced migration and invasion of NSCLC cells
were investigated.

Materials and methods

Cell culture and radiation treatment. The human NSCLC
A549 and H1299 cell lines and human bronchial epithelial
cells (HBEpC) were purchased from American Type Culture
Collection and maintained in DMEM (Invitrogen; Thermo
Fisher Scientific, Inc.) supplemented with 10% FBS (Gibco;
Thermo Fisher Scientific, Inc.), penicillin and streptomycin
at 37°C in 5% CO,. Mycoplasma contamination was moni-
tored weekly during experiments. Radiation treatment
was conducted according to a previous study (30). Briefly,
5x10° cells/well were seeded in a 6-well plate and were irradi-
ated at room temperature using a 6 MV X-ray linear accelerator
(Varian 23Ex; Varian Inc.) at a dose rate of 300 cGy/min for
the time required to apply the dose used in each assay. In order
to determine the role of visfatin, anti-visfatin neutralizing anti-
body (100 ng/ml) or recombinant-visfatin (rVisfatin;100 ng/ml)
were added into culture medium for 24 h at 37°C in 5% CO,,
then irradiated at room temperature.

Reagents. Scramble negative control (NC) microRNA (miR,
5'-UUCUCCGAACGUGUCACGUTT-3"), miR-34a inhibitor
(5'-AAGCUCCAUUUCGCAACCUUAC-3"), small interfering
RNA (siRNA) NC (si-NC; 5'-GCACAACAAGCCGAAUACA-3")
and siRNA targeting Snail (5'-CAUCCGAAGCCACACG
CUG-3") were purchased from Sigma-Aldrich; Merck KGaA.
The neutralizing antibody specific for visfatin (anti-Visfatin; cat.
no. A300-778A) and recombinant visfatin (cat. no. RP-75758)
were obtained from Invitrogen; Thermo Fisher Scientific, Inc.

Wound healing and Transwell Matrigel™ assay. Cells
(1.5x10° cells per well) were plated in 12-well plates and
cultured to 80% confluence in complete medium. The cell
layer was scratched with a 200 ul pipette tip, washed twice
with PBS, then cultured with medium containing 0.5% FBS,
with or without the indicated treatments, as described in
Figure legends. The migration distance was recorded in the
same visual fields under a phase-contrast microscope. The
relative migration rate was calculated according to a previous
study (31), using the following formula: [(scratch area at
0 h-scratch area at 48 h)/scratch area at O h] x 100%.

Cell invasion was assessed using a Transwell Matrigel inva-
sion chamber (8-um pore filters; Corning, Inc.) according to the
manufacturer's instructions. A total of 2x10° cells was seeded
into the upper chamber of a 24-well chamber with FBS-free
medium. The bottom chamber received 0.6 ml complete
medium. After the indicated treatment and culture for 24 h, the
invading cells were fixed using methanol for 15 min at room
temperature, dried under a laminar flow safety cabinet, stained
with 0.5% crystal violet (Sigma-Aldrich; Merck KGaA) for 2 h
at room temperature, then observed under an inverted optical
microscope. The number of invading cells in five randomly
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selected fields of view was quantified using ImageJ software
version 1.47 (National Institutes of Health). The relative inva-
sion rate was calculated by dividing the number of stained
cells by the number of stained cells in the control group.

Reverse transcription-quantitative (RT-q) PCR analysis. Total
RNA was isolated using TRIzol® reagent (Invitrogen; Thermo
Fisher Scientific, Inc.). cDNA was generated by using the
PrimeScript RT reagent kit with gDNA Eraser (Takara
Biotechnology Co., Ltd.) for mRNA at 37°C for 15 min, or the
gScript microRNA cDNA synthesis kit (Quantabio) for miRNA
at 37°C for 60 min followed by 5 min at 70°C, respectively. For
mRNA targets, qPCR was conducted using a SYBR-Green
PCR Kit (Qiagen GmbH) on the Step-One Plus Real-Time PCR
System (Applied Biosystems, Inc.). The thermocycling condi-
tions consisted of an initial denaturation at 95°C for 5 min,
followed by 50 cycles at 95°C for 15 sec and 60°C for 30 sec. The
primer sequences were as follows: i) IL-6 forward, 5'-CCT
CCAGAACAGATTTGAGAGTAGT-3' and reverse, 5'-GGG
TCAGGGGTGGTTATTGC-3 ii) IL-8 forward, 5'-GAGAGT
GATTGAGAGTGGACCAC-3' and reverse, 5S'-CACAACCCT
CTGCACCCAGTTT-3 iii) IL-10 forward, 5-GTGGCATTC
AAGGAGTACCTC-3' and reverse, 5-TGATGGCCTTCGAT
TCTGGATT-3';iv) VEGFA forward,5'-TACCTCCACCATGCC
AAGTGGT-3' and reverse, 5~AGGACGGCTTGAAGATG
TAC-3",v) TGF-f forward,5-GGCCAGATCCTGTCCAAGC-3'
and reverse, 5-GTGGGTTTCCACCATTAGCAC-3";
vi) TNF-a forward, 5'-CCTCTCTCTAATCAGCCCTCTG-3'
and reverse, 5'-GAGGACCTGGGAGTAGATGAG-3";
vii) visfatin forward, 5~AGGGTTACAAGTTGCTGCCACC-3'
and reverse, 5'-CTCCACCAGAACCGAAGGCAAT-3
viii) Snail forward, 5~-GACCACTATGCCGCGCTCTT-3' and
reverse, 5S“TCGCTGTAGTTAGGCTTCCGATT-3"; ix) Slug
forward, 5-"AGCAGTTGCACTGTGATGCC-3' and reverse,
5-ACACAGCAGCCAGATTCCTC-3" x) Twist forward, 5-CGG
ACAAGCTGAGCAAGATT-3' and reverse, 5'-CCTTCTCT
GGAAACAATGAC-3'; xi) Zebl forward, 5-GCACCTGAAGA
GGACCAGAG-3' and reverse, 5S"TGCATCTGGTGTTCCAT
TTT-3"xii) GAPDH forward,5-GTCAACGGATTTGGTCTGT
ATT-3"and reverse, 5'-AGTCTTCTGGGTGGCAGTGAT-3'.

For miR targets (miR-137, miR-34a, miR-153 and miR-22),
gPCRs were performed using the NCode miRNA gRT-PCR
analysis kit (Invitrogen; Thermo Fisher Scientific, Inc.). The
thermocycling conditions included an initial denaturation at
95°C for 3 min followed by 40 cycles at 95°C for 15 sec and
60°C for 30 sec. The forward primer is the exact sequence
of the mature miRNA. The forward primer for U6 was
5" TGCGGGTGCTCGCTTCGCAGC-3'". Gene expression levels
were calculated using the 2224 method (32) and standardized to
GAPDH and U6 for mRNA and miR targets, respectively. All
RT-qPCR reactions were performed three times.

Western blot analysis. Cells were lysed using RIPA buffer
(Beyotime Institute of Biotechnology) and protein extracts
were collected. Protein concentration was measured using a
BCA Protein Assay Kit (Pierce™; Thermo Fisher Scientific,
Inc.). After denaturation in boiling water for 10 min, proteins
(20 ug per lane) were separated by SDS-PAGE on 10% gels,
then transferred to PVDF membranes. The membranes were
blocked with 5% skimmed milk at room temperature for 2 h,
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and then incubated with primary antibodies at 4°C for at least
15 h. The primary antibodies used were specific for GAPDH
(cat. no. ab9485; Abcam; 1:1,000), E-Cad (cat. no. 14472S;
Cell Signaling Technology, Inc.; 1:1,000) and Snail (cat.
no. ab82846; Abcam; 1:1,000). Membranes were incubated
with HRP-conjugated secondary antibodies (cat. no. ab7090;
Abcam; 1:10,000 dilution) for 90 min at 25°C. The protein
were visualized using RapidStep™ ECL detection reagent
(EMD Millipore) in a GeneGnome XRQ Chemiluminescence
Imaging System (Syngene). The gray values were analyzed
using the ImageJ software (version 1.46; National Institutes
of Health). GAPDH primary antibody was used as a control.

ELISA. The levels of visfatin in culture medium were
measured using the Nampt/Visfatin human ELISA kit (cat. no.
RAGO004R; BioVendor R&D) according to the manufacturer's
instructions. The absorbance was measured at 450 nm using a
microplate reader (BioTek Instruments, Inc.)

Protein and mRNA stability assay. Protein and mRNA
stability was evaluated as previously reported (33,34). Briefly,
cells were treated with 10 pg/ml cycloheximide (CHX;
Sigma-Aldrich; Merck KGaA) or 5 ug/ml actinomycin-D
(Act-D; Sigma-Aldrich; Merck KGaA ) for the indicated time
periods. mRNA and protein expression levels were measured
by RT-qPCR and western blot analysis, respectively.

Dual luciferase reporter assay. Dual luciferase reporter
assays were carried out as described previously (35). Briefly,
the wild-type (WT) Snail 3'-unstranslated region (3'-UTR)
luciferase vector containing the putative binding site for
miR-34a was purchased from OriGene Technologies, Inc., then
mutated using the QuickChange Mutagenesis kit (Stratagene)
to produce the mutant (MUT) Snail 3'-UTR construct.
Both WT and mutant Snail 3'-UTR were subcloned into
the pmiR-GLO plasmid (Promega Corporation). A549 cells
in 96-well plate (5x10° cells/well) were transfected with the
pmiR-GLO-WT or pmiR-GLO-Mut, together with scramble
control or miR-34a inhibitor for 24 h. The activity was
measured immediately at the end of the transfection period.
Luciferase activity was analyzed as previously reported (35)
using the Dual-Luciferase® Reporter Assay system (Promega
Corporation). The Firefly luciferase activity was normalized to
Renilla luciferase activity.

Cell transfection. A1l miRNA mimics, inhibitors, siRNAs
and the respective negative control were transfected using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher scientific,
Inc.) according to the manufacturer's protocol at concentration
of 10 nmol/l in transfection medium (cMEM with 10% fetal
calf serum, both from Thermo Fisher Scientific, Inc.). Briefly,
cells were cultured to 50-60% confluence. The culture medium
was then replaced with transfection medium. After incubation
with RNA oligonucleotides for 6 h, the transfection medium
was replaced with full medium, and the cells were incubated
for another 24 or 48 h before harvest.

Statistical analysis. Data are presented as the mean + SD of
three independent experiments and analyzed using SPSS 20
(IBM Corp.). Differences between two experimental groups
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were assessed using unpaired Student's t-test (two-tailed).
One-way ANOVA followed by Tukey's post hoc test was used
when making pairwise comparisons among =3 groups. P<0.05
was considered to indicate a statistically significant difference.

Results

Radiation increases the motility of NSCLC cells. In order to
evaluate the potential effects of radiation on the characteristics
of NSCLC cells, A549 and H1299 were treated cells with 5 Gy
of radiation according to previous studies (30,36-38). This
radiation dose significantly increased the in vitro migration rate
of both A549 (Fig. 1A) and H1299 (Fig. 1B) cells. A Transwell
invasion assay confirmed that 5 Gy of radiation could increase
the in vitro invasion of both A549 and H1299 cells (Fig. 1C).
Moreover, the expression of E-Cad in cells was measured
following incubation with 1-10 Gy of radiation. Radiation
decreased the mRNA expression levels of E-Cad in both
A549 and H1299 cells in a dose-dependent manner (Fig. 1D).
Western blot analysis confirmed that radiation reduced E-Cad
protein expression in A549 and H1299 cells (Fig. 1E). These
findings suggested that radiation increased the motility of
NSCLC cells.

Radiation increases the expression of visfatin in NSCLC cells.
It has been suggested that cytokine levels are critical for the
metastasis of NSCLC cells and might be modulated by radia-
tion (16,39). The expression levels of IL-6,1L-8,1L-10, VEGFA,
TGF-f, TNF-a and visfatin were therefore measured, since
these cytokines have been shown to be critical for the motility
and metastasis of NSCLC cells (40,41). Radiation significantly
increased the expression of visfatin in both A549 (Fig. 2A)
and H1299 (Fig. 2B) cells. Radiation-induced expres-
sion of visfatin was also confirmed in both cell lines using
ELISA (Fig. 2C). Furthermore, RT-qPCR demonstrated that
radiation increased mRNA expression of visfatin in A549 cells
in a dose-dependent manner (Fig. 2D). RT-qPCR (Fig. 2E) and
ELISA (Fig. 2F) also indicated that visfatin expression was
significantly increased in A549 and H1299 cells, compared
with HBEpCs.

Visfatin is essential for radiation induced cell motility.
Previous studies have indicated that visfatin is critical for
NSCLC development and malignancy (18,42). Thus, to deter-
mine whether visfatin was involved in radiation-regulated cell
motility, cells were treated with a visfatin neutralizing anti-
body. Would healing assays indicated that visfatin blockade
inhibited migration in A549 cells, both under control condi-
tions and following irradiation (Fig. 3A). Similarly, a Transwell
invasion assay also confirmed that the anti-visfatin antibody
inhibited radiation-induced invasion of A549 cells (Fig. 3B).
Furthermore, visfatin blockade reversed the radiation-induced
downregulation of E-Cad, both in A549 (Fig. 3C) and in
H1299 (Fig. 3D) cells.

Snail is involved in radiation- and visfatin-induced cell
migration. Since E-Cad was significantly decreased during radi-
ation-induced cell migration, it was hypothesized that EMT-TF
such as Snail, Slug, Twist, and Zebl might be involved in this
process. Radiation significantly increased the mRNA expression
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Figure 1. Radiation increases the motility of NSCLC cells. (A and B) Wound healing assay for (A) A549 or (B) H1299 cells treated with 5 Gy radiation
(Radiation) or incubated without radiation (Con) for 48 h. Scale bar, 100 gm. (C) Transwell Matrigel invasion assay for A549 and H1299 cells treated with 5 Gy
radiation (Radiation) or incubated without radiation (Con) for 48 h. Scale bar, 100 ym. (D) E-Cad mRNA expression levels following treatment with increasing
doses of radiation for 24 h. (E) E-Cad protein expression levels following treatment with 5 Gy radiation (Radiation) or incubation without radiation (Con) for
24 h. Data are presented as the mean + SD of three independent experiments. “P<0.01. NSCLC, non-small cell lung cancer; E-Cad; E-cadherin; Con, control.
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Figure 2. Radiation increases the expression of visfatin in NSCLC cells. (A and B) Cytokine mRNA levels in (A) A549 or (B) H1299 cells treated with 5 Gy
radiation (Radiation) or incubated without radiation (Con) for 24 h. (C) Relative levels of visfatin in the culture supernatant of A549 or H1299 cells treated with
5 Gy radiation (Radiation) or incubated without radiation (Con) for 24 h. (D) Visfatin mRNA expression levels and (F) in A549 cells treated with increasing
doses of radiation for 24 h. (E) Visfatin mRNA expression levels in HBEpC, A549 and H1299 cells. (F) Relative levels of visfatin in HBEpC, A549 and H1299
cells. Data are presented as the mean + SD of three independent experiments. "P<0.05, “P<0.01. NSCLC, non-small cell lung cancer; Con, control.
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Figure 3. Visfatin is essential for radiation-induced cell motility. (A and B) A549 cells treated with 5 Gy radiation (Radiation) or incubated without radiation
(Con) were further incubated with or without 100 ng/ml anti-visfatin antibody for 48 h. (A) Migration was measured using a wound healing assay. Scale bar, 100 ym.
(B) Invasion was evaluated using a Transwell Matrigel assay. (C and D) A549 and H1299 cells treated with 5 Gy radiation (Radiation) or incubated without radiation
(Con) were further incubated with or without 100 ng/ml anti-visfatin antibody for 48 h. E-Cad protein expression levels were measured in (C) A549 and (D) H1299
cells. Data are presented as the mean + SD of three independent experiments. “P<0.01. E-Cad; E-cadherin; Con, control; NS, not significant.

levels of Snail in both A549 (Fig. 4A) and H1299 (Fig. 4B) cells.
Further, western blot analysis confirmed that radiation increased
the protein expression levels of Snail in both cell lines (Fig. 4C).
However, radiation-induced expression of Snail could be blocked
following treatment with the anti-visfatin neutralizing antibody
in both A549 (Fig. 4D) and H1299 (Fig. 4E) cells. In addition,
Snail siRNA knockdown reversed the radiation-induced down-
regulation of E-Cad (Fig. 4F).

Visfatin regulates the mRNA stability of Snail. The mechanisms
involved in visfatin-mediated regulation of Snail expression
were further examined. The anti-visfatin neutralizing antibody
decreased the mRNA levels of Snail in both A549 and H1299
cells (Fig. 5A). Conversely, rVisfatin increased Snail mRNA
levels in both cell lines (Fig. 5B). Additionally, the mRNA and
protein stability of Snail was evaluated in NSCLC cells. The
results suggested that anti-visfatin could decrease stability
of Snail at the mRNA level in both A549 (Fig. 5C) and
H1299 (Fig. 5D) cells following Act-D treatment. However,
anti-visfatin had no effect on the stability of Snail protein in
A549 cells (Fig. SE) following CHX treatment.

Visfatin may regulate Snail expression through miR-34a.
miRNA molecules can decrease mRNA stability by binding
to its 3'-UTR (43). It has been suggested that miR-137 (35),
miR-34a (35), miR-153 (44), and miR-22 (45) can directly
target Snail mRNA to inhibit its expression and reduce
its stability. In the present study, anti-visfatin significantly
increased the expression of miR-34a in both A549 (Fig. 6A)
and H1299 (Fig. 6B) cells. Similarly, radiation also reduced the
expression of miR-34a in both cell lines (Fig. 6C). Moreover,
transfection with the miR-34a inhibitor significantly increased
the luciferase activities of reporter vector containing the WT
Snail 3'-UTR. However, this effect was abrogated following
transfection with the MUT Snail 3'UTR, which contained muta-
tions targeting the predicted binding site of miR-34a (Fig. 6D).
These results demonstrated the direct binding between
miR-34a and the 3'-UTR of Snail. Furthermore, treatment
with the anti-visfatin neutralizing antibody reduced the
luciferase activity of the reporter vector containing the Snail
3'-UTR, whereas the addition of miR-34a inhibitor abolished
this effect (Fig. 6E). The miR-34a inhibitor was then used to
evaluate whether miR-34a was involved in visfatin-mediated
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Figure 5. Visfatin regulates the stability of Snail at the mRNA level. (A) Snail mRNA expression levels in cells treated with (Anti-visfatin) or without (Con)
100 ng/ml anti-visfatin antibody for 48 h. (B) Snail mRNA expression levels in cells treated with (rVisfatin) or without (Con) 100 ng/ml rVisfatin for 24 h.
(C and D) Snail mRNA expression levels in (C) A549 and (D) H1299 cells pre-treated with (Anti-visfatin) or without (Con) 100 ng/ml anti-visfatin antibody for
24 h and further treated with Act-D for the indicated time periods. (E) Snail protein expression levels in A549 cells pre-treated with (Anti-visfatin) or without
(Con) 100 ng/ml anti-visfatin for 24 h and further treated with 10 yg/ml CHX for the indicated times. Data are presented as the mean + SD of three independent
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Figure 6. miR-34a may be involved in visfatin-regulated expression of Snail. (A and B) miR expression levels in (A) A549 and (B) H1299 cells treated with
(Anti-visfatin) or without (Con) 100 ng/ml anti-visfatin antibody for 48 h. (C) miR-34a expression levels in cells treated with (Radiation) or without (Con)
5 Gy radiation for 24 h. (D) Luciferase activity in A549 cells co-transfected with WT or MUT Snail-3'-UTR Firefly luciferase reporter plasmid and Scram or
miR-34a inhibitor for 24 h. (E) A549 cells were co-transfected with WT Snail-3'-UTR Firefly luciferase reporter plasmid with or without miR-34a inhibitor for
12 h. The Anti-visfatin and Anti-visfatin + inhibitor groups were treated with 100 ng/ml anti-visfatin antibody for 24 h. (F) miR-34a expression levels in cells
transfected with Scram miR or miR-34a inhibitor for 24 h. (G-I) A549 cells were pre-transfected with Scram or miR-34a inhibitor for 12 h, then treated with
(Anti-visfatin) or without (Con) 100 ng/ml anti-visfatin antibody for 48 h. (G) mRNA and (H) protein expression levels of Snail. (I) Relative cell migration.
Scale bar, 100 ym. Data are presented as the mean = SD of three independent experiments. ““P<0.01. Con, control; Scram; scramble control; WT, wild-type;
MUT, mutant; UTR, unstranslated region; miR, microRNA; F-Luc, Firefly luciferase; R-Luc, Renilla luciferase; NS, not significant.

regulation of Snail expression (Fig. 6F). The results showed
that the miR-34a inhibitor could reverse the downregulation
of Snail mRNA (Fig. 6G) and protein (Fig. 6H) induced by
visfatin blockade in A549 cells. In addition, the miR-34a
inhibitor promoted migration and reversed the effect of the
anti-visfatin antibody on the migration of A549 cells (Fig. 61).

Discussion

Although radiotherapy is widely used for NSCLC treatment,
the efficacy of this therapeutic approach is not always satis-
factory, even in the absence of radioresistance (8). Previous
studies have indicated that residual cancer cells cancer survive
following radiotherapy in many cancer types and become
more malignant (46,47). For instance, radiation can increase
the metastatic ability of cancer cells through the induction
of EMT (48,49). In the present study, radiation was found to

induce the migration and invasion of NSLC cells, as evidenced
by the results of wound healing assays and invasion assays,
as well as E-Cad downregulation. Similarly, previous studies
have demonstrated that radiation could upregulate MMP-2
and MMP-9 in NSCLC cells, resulting in increased invasion
and migration of lung cancer cells (13,50). y-ionizing radia-
tion (IR) also induces migration/invasion of NSCLC cells (51).
Thus, consistent with previous reports, our present findings
highlighted the potential adverse effects of radiotherapy on
NSCLC progression.

In the present study, visfatin was essential for radia-
tion-induced motility of NSCLC cells. Visfatin has been
reported to regulate angiogenesis, inflammation, and cell
viability (52). A study has indicated that expression of
visfatin is increased in cancer tissues as compared to that
in the normal tissues (53). Furthermore, visfatin promotes
the invasion and migration of several cancer types, such as
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hepatocellular carcinoma (54) and colorectal carcinoma (55).
It is also involved in resistance to Dox treatment in colorectal
cancer (56). Visfatin is upregulated in lung cancer cells and
tissues (42); it also regulates the EMT and invasion of NSCLC
cells (18), as well as Dox sensitivity (17). In the present study,
visfatin was upregulated after radiation therapy, and visfatin
blockade with a neutralizing attenuated radiation-induced
cell motility. This suggested that visfatin could promote the
malignancy of lung cancer.

The present study revealed that miR-34a/Snail is involved
in visfatin-regulated radiotherapy-induced malignancy of
NSCLC cells. Moreover, it has been reported that visfatin can
upregulate the expression of Snail to induce EMT-like prop-
erties in osteosarcoma cells (57) and colorectal cancer (55).
In NSCLC cells, visfatin upregulates Snail expression by
increasing its mRNA stability, likely by decreasing the expres-
sion of miR-34a. Previous studies have indicated that Snail was
the direct target of miR-34a in gastric (58), pancreatic (59), and
ovarian (35) cancer cells. In addition, Snail directly induces
ZNF281 transcription and represses miR-34a/b/c, thereby
alleviating ZNF281 mRNA from direct down-regulation by
miR-34 and promoting the EMT of lung cancer cells (60).
However, the mechanisms underlying visfatin-regulated
expression of miR-34a remain unclear.

In summary, the present study demonstrated that radiation
increased the malignancy of NSCLC cells through visfatin
upregulation. miR-34a-regulated mRNA stability of Snail
and was involved in radiation/visfatin regulated motility of
NSCLC cells. Although the detailed mechanisms underlying
the role of visfatin and miR-34a remain to be determined,
these findings highlighted the adverse effects of radiotherapy
on NSCLC cell motility.
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