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inactivating the ERK/AKT pathway in NSCLC cells
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ABSTRACT
Non-small cell lung cancer (NSCLC) is the most common lung cancer with a highest mortality rate. 
MiR-497-5p has been reported as tumor suppressor in many cancers, but the role and mechanism 
of miR-497-5p in regulating NSCLC progression are still largely unknown in vitro and in vivo. Here, 
miR-497-5p was significantly downregulated in human NSCLC tissues and cell lines, compared 
with matched adjacent tissues and normal lung epithelial cell line. Then, miR-497-5p mimic and 
inhibitor were, respectively, transfected into human NSCLC cells A549 and H460, CCK-8 assay, 
transwell assay, and flow cytometry were used to detect the capacities of cell proliferation, 
invasion and apoptosis. MiR-497-5p negatively regulated proliferation and invasion of NSCLC 
cancer cells. MiR-497-5p was demonstrated to directly bound to 3’-UTR of CX3CL1 mRNA and 
post-transcriptionally suppressed its expression thus inactivating its downstream oncogenic path
way ERK/AKT. Moreover, transfection with short hairpin RNA (shRNA) against CX3CL1 decreased 
capacity of cell proliferation and invasion and promoted cell apoptosis in NSCLC cells. In addition, 
ERK inhibitor U0126 attenuated the promotion effect of miR-497-5p inhibitor on activation of ERK/ 
AKT and cell proliferation and migration. Finally, overexpression of miR-497-5p substantially 
suppressed activation of the ERK/AKT pathway and tumor growth in tumor-bearing mice 
in vivo. Taken together, our findings showed that miR-497-5p is downregulated in human 
NSCLC tissues and cell lines, and it inhibited tumor growth and cell invasion by targeting 
CX3CL1 gene to inactivate the ERK/AKT pathway in NSCLC cells.
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Introduction

Recent studies have shown that lung cancer as one 
of the most dangerous malignancies is the leading 
cause of cancer-related mortality in the world. 
[1,2]. There are two different types of lung cancer 
depending on the pathological characteristics: 
small cell lung cancer (SCLC) and non-small cell 
lung cancer (NSCLC) [3]. In the past few years, 
researches on NSCLC have not been thorough 
enough. However, it is clear that NSCLC is more 
common than SCLC, and the histologic subtypes 
of NSCLC include squamous-cell carcinoma 
(SCC), adenocarcinoma (ADC), and large-cell 
lung cancer (LCC) [4]. Although there has been 
substantive progress in the research of diagnosis 
and treatment for lung cancer, lung cancer mor
tality remains very unfavorable [5]. Efforts of new 
approaches should be made to develop therapeutic 
strategies in human lung cancer treatment.

MicroRNAs (miRNAs), a well-known class of 
non-coding RNAs with 19–25 nucleotides, which 
regulate gene expression at a posttranscriptional 
level through interacting with 3’ untranslated 
region (3’-UTR) of the target genes [6]. MiRNAs 
may act as oncogenes or tumor suppressors to 
make a key role in regulating tumor pathogenesis 
in virtually all forms of cancer, such as breast 
cancer [7], prostate cancer [8] and lung cancer 
[9]. Increasing attention is being paid to the role 
of miRNAs, which involved in many cellular pro
cesses, such as cell proliferation, invasion and 
apoptosis [10]. Growing evidence has demon
strated that miR-497-5p may act as a tumor sup
pressor in different cancers. For instance, 
expression of miR-497-5p was remarkably down
regulated in clinical samples of colorectal cancer 
(CRC), and miR-497-5p inhibited CRC cell prolif
eration and invasion via targeting PTPN3 [11]. 
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Overexpression of miR-497-5p also suppressed the 
proliferation and colony growth of gastric cancer 
cells [12]. In addition, it has been demonstrated 
that miR-497-5p may act as a tumor suppressor 
miRNA in lung cancer by targeting FGF2 [13].

CX3CL1, also known as fractalkine, is a unique 
chemokine and type I transmembrane protein 
with the CX3C chemokine domain [14]. It can 
bind to its specific receptor CX3CR1, which is 
abundantly expressed by monocytes/macrophages, 
natural killer cells and T cells [15]. The chemokine 
is a type of cytokine secreted by leukocytes or 
some implanted cells that binds to the specific 
receptor. The chemokine has chemotaxis and acti
vation effects on certain immune cells, such as 
neutrophils, lymphocytes, and monocytes, through 
its specific receptor binding to exert biological 
effects [16,17].

In this study, we identified the expression of 
miR-497-5p was downregulated in human 
NSCLC tissue samples and cell lines. Then, we 
explored the role and underlying mechanisms of 
miR-497-5p in regulating the proliferation, inva
sion and apoptosis of NSCLC cells. Our data 
revealed the protective role of miR-497-5p in 
NSCLC progression by targeting CX3CL1 gene 
through the ERK/AKT pathway to inhibit cell pro
liferation and migration.

Materials and methods

Tissue samples and cell culture

The NSCLC tissue samples (20 patients) and adja
cent non-tumor tissue samples (20 patients) were 
obtained from the Third People’s Hospital of 
Xinjiang Uygur Autonomous Region (Urumqi, 
China). This study received written informed con
sent from each patient and was approved by the 
Ethics Committee of the Xi’an Central Hospital. 
Human NSCLC cell lines A549, H460, H226 and 
H1299 and normal human lung epithelial cell lines 
BEAS-2B were purchased from ATCC (Manassas, 
VA, USA). Cells were routinely cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM; 
Thermo Fisher Scientific, Waltham, MA, USA) 
containing 10% fetal bovine serum (FBS; 
Invitrogen, Carlsbad, CA, USA). Moreover, cells 
were added 100 U/mL penicillin (HyClone, Logan, 

UT, USA) and 100 μg/mL streptomycin sulfate 
(HyClone, Logan, UT, USA) in the complex, 
which was then mixed. At last, all the dishes 
were placed at 37°C, under a 5% CO2 
environment.

Cell transfection

MiR-497-5p mimic, miR-497-5p inhibitor and 
their corresponding negative controls were 
designed and purchased from GenePharama 
(Shanghai, China). pGPU6/GFP/Neo vector 
(GenePharama, Shanghai, China) was used to con
struct vector with short hairpin RNA (shRNA) 
against CX3CL1, and the non-targeting sequences 
(scramble shRNA). The full-length DNA coding 
sequence of CX3CL1 was inserted into pcDNA3.1 
empty vector to construct pcDNA-CX3CL1 vector. 
For transfection, cells were maintained in 6-well 
plates with 70% confluence and transfected with 
oligonucleotides or plasmids using Lipofectamine 
3000 Transfection Reagent (Invitrogen, Carlsbad, 
CA) according to the manufacturer’s protocol. 
After 48 h transfection, cells were harvested for 
validation of transfection efficiency using RT- 
qPCR analysis.

RNA extraction and real-time quantitative 
polymerase chain reaction (RT-qPCR) analysis

Total RNA of tissue samples and human lung 
cancer cells were extracted using TRIzol Reagent 
(Invitrogen, Thermo Fisher Scientific, Waltham, 
MA, USA). Then, total RNA was reverse tran
scribed into cDNA with High-Capacity comple
mentary DNA Reverse Transcription Kit 
(Thermo Fisher Scientific, Waltham, MA, USA). 
Next, mRNA level was quantified by RT-qPCR 
using TB Green™ Premix Ex Taq™ II (Takara 
Biomedical Technology, Beijing, China) on ABI 
7300 Real-time PCR system (Applied Biosystems, 
Waltham, MA, USA) under the following condi
tions: 95°C for 1 min followed by 35 cycles of 95°C 
for 20s, then 56°C for 10s and 72°C for 15s. The 
RT-qPCR reaction system was 20 µL: cDNA 
(1 μL), specific primers (1 μL), SYBR Green Mix 
(10 μL), and ddH2O (7 μL). U6 RNA was used as 
the endogenous control for miR-497-5p; GAPDH 
was used as the endogenous control for CX3CL1. 

1698 W. TANG ET AL.



The experimental operation was repeated at least 
in three times independently. Data were analyzed 
using the relative quantification 2−ΔΔCT method.

Cell proliferation assay

After 48 h transfection, Cell Counting Kit-8 
(Dojindo, Kumamoto, Japan) method was used 
to measure the cell proliferation efficiency. When 
the cells of each group reached a density of ~70%, 
the cells were washed twice with PBS. First, 
1.0 × 104 cells were seeds in 24-well plates contain
ing 10 μL CCK-8 reagent and 100 μL FBS-free 
medium. After cells were cultured in 
a humidified incubator containing 5% CO2 at 
37°C for 48 h, then measured the cell proliferation 
efficiency at 0, 24, 48, 72 and 96 h after culture 
medium was removed. The absorbance OD450 was 
detected by a microplate reader. The experiment 
was independently repeated three times.

Cell invasion assay

For cell invasion assay, cells were suspended in 
200 μL of serum-free medium and placed in the 
upper chamber pre-coated with Matrigel (50 μg/ 
well, BD Biosciences, SanJose, CA, USA) of 24- 
well transwell plates (Corning, NY, USA) after 
transfection. The lower wells were added 600 μL 
of DMEM medium containing 10% FBS. Then, 
invading cells were stained with 0.5% crystal violet 
solution under a light microscope (Olympus, 
Tokyo, Japan) to count.

Luciferase reporter gene assay

Target gene analysis for miR-497-5p was per
formed using the online database of TargetScan 
biological prediction website (http://www.targets 
can.org/vert_71/) to verify whether CX3CL1 was 
a direct target gene. The full length of the 3’ 
untranslated region (3’-UTR) of the CX3CL1 was 
cloned. Then CX3CL1 PCR product was cloned 
into the pmirGLO luciferase gene (Promega, 
Madison, WI, USA). The pRL-TK vector expres
sing Renilla luciferase (Takara Biotechnology Co., 
Ltd., Dalian, China) was used as the internal refer
ence for transfection efficiency to adjust for the 
number of cells. Cells were transfected with miR- 

497-5p mimic and negative control in HEK293T 
cells (Shanghai, China). At 48 h post-transfection, 
cell lysate (20 µL per sample) was detected by 
a chemiluminescence detector (Modulus™; Turner 
BioSystems; Promega) at a wavelength of 560 nm. 
The relative luciferase activity was the ratio of 
firefly luciferase activity to Renilla luciferase activ
ity. The experiment was independently repeated 
three times.

Cell apoptosis assay

Cells were treated differently for 24 h and then 
were collected at a centrifuge of 300 g at 4°C for 5 
min. 5 μL of Annexin V-FITC and 5 μL of propi
dium iodide (PI) were added at room temperature 
in dark and mix gently for 20 min. After washing 
with binding buffer, cells were examined using 
flow cytometry (BD Biosciences, San Jose, 
CA, USA).

Western blot analysis

The NSCLC tissue samples and adjacent non-tumor 
tissue samples were added with protein extraction 
reagent at a ratio of 1:10 (g/L). PBS was used to wash 
the NSCLC tissue samples twice and cell lyzed using 
RIPA lysis buffer (CW Biotech, Beijing, China). The 
extracted protein was homogenized and centrifuged 
and the supernatant was collected. The protein con
centration was detected using a bicinchoninic acid 
quantitative kit (Thermo Fisher Scientific, Inc.) and 
adjusted to 3 μg/μL prior to conducting Western 
blotting. 10 μL boiled proteins per well with 5 × load
ing buffer (Beyotime Biotechnology, China) were 
separated in 12% SDS-PAGE at 70 V for 20 minutes 
and 100 V for 100 minutes. Samples were then 
transferred to PVDF membranes (Millipore, 
Bedford, MA, USA) at 350 mA for 105 minutes. 
Then the membranes were blocked with 5% nonfat 
milk 2 hours incubated with primary antibodies. The 
following antibodies were, respectively, used to incu
bate with the membrane at 4°C overnight: ERK anti
body (1:500 dilution, ab176660, Abcam, Cambridge, 
UK), AKT antibody (1:400 dilution, ab142088, 
Abcam, Cambridge, UK), CX3CL1 antibody (1: 500 
dilution, ab89229, Abcam, Cambridge, UK), MMP-2 
antibody (1:600 dilution, ab97779, Abcam, 
Cambridge, UK), and MMP-9 antibody (1:400 
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dilution, ab38898, Abcam, Cambridge, UK), 
GAPDH antibody (1:300 dilution, ab181602, 
Abcam, Cambridge, UK). GAPDH was set as the 
endogenous control. After 3 times washing with 
TBS-T, the secondary antibody (1:1200 dilution, 
ab205718, Abcam) were, respectively, used to incu
bate with the membrane for 1 h at room tempera
ture. The ECL system was used to show the banding 
of proteins and ImageJ 1.33 u software (National 
Institutes of Health, Bethesda, Md, USA) was used 
to analyze the relative light density of the blot bands. 
The relative expression level of the target gene was 
displayed as the fold change versus control group. 
The experiment was performed at least three times to 
obtain a mean value.

In vivo tumor growth assay in nude mice

0.2 mL of A549 lung carcinoma suspension (con
taining 107 cells) were subcutaneously into C57BL/ 
6 nude mice (7 weeks old, weighing about 18 g) at 
right axilla to generate patient-derived xenografts 
(PDX). MiR-497-5p mimic (2 mg/Kg) and NC 
mimic (2 mg/Kg) were, respectively, locally 
injected into the mice every 2 days. Every 7 days, 
tumor volumes were detected. After 30 days, the 
mice were euthanized, and the tumors were 
obtained.

Statistical analysis

Data analysis was performed with SPSS version 
22.0 software (IBM SPSS. Armonk, NY, USA). 
Each measurement was obtained from at least 

triple experiments and expressed as the mean ± 
standard error of mean (SEM). One-way analysis 
of variance was applied to perform comparisons 
among multiple groups followed by student’s 
t-test. P < 0.05 was considered to indicate a statis
tically significant difference.

Results

MiR-497-5p was downregulated in human NSCLC 
tissues and cell lines

RT-qPCR analysis was performed to explore the 
potential role of miR-497-5p in human NSCLC 
tissues and cell lines. In comparison with the adja
cent normal tissues, the expression of miR-497-5p 
in NSCLC tissues was significantly downregulated 
(Figure 1a). The levels of miR-497-5p in cervical 
cancer cell lines A549, H460, H226 and H1299 
markedly lower than those in human normal 
lung epithelial cells BEAS-2B (Figure 1b). The 
above results demonstrated that downregulation 
of miR-497-5p was a critical event in NSCLC and 
miR-497-5p might play an important role in pro
gression of NSCLC.

MiR-497-5p overexpression inhibited cell 
proliferation and invasion of NSCLC cells and 
promoted apoptosis

To further explore the potential effect of miR-497- 
5p on the biological function of NSCLC, the miR- 
497-5p mimic, miR-497-5p inhibitor and their 
corresponding negative control oligonucleotides 
were, respectively, transfected into A549 and 

Figure 1. Expression of miR-497-5p in NSCLC tissues and different cell lines. (a) Expression of miR-497-5p in NSCLC tissues (n = 30) 
and adjacent normal tissues (n = 30) were measured by RT-qPCR. U6 was used as an internal reference. (b) Expression of miR-497-5p 
in different NSCLC cell lines. Statistical significance was determined using an independent sample t-test. Values are expressed as 
means ± SEM, n = 5. * P < 0.05 and ** P < 0.01 vs. normal or control.
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H460 cells. Expression of miR-497-5p was signifi
cantly upregulated when transfected with miR- 
497-5p mimic, while significantly downregulated 
by miR-497-5p inhibitor in A549 and H460 cells 
(Figure 2a). Transwell assay indicated that upre
gulation of miR-497-5p significantly decreased the 
invasive ability of NSCLC cells, while downregula
tion of miR-497-5p promoted the invasive ability 
(Figure 2b). The CCK-8 assay indicated that over
expression of miR-497-5p significantly inhibited 
the proliferation of A549 (Figure 2c) and H460 
cells (Figure 2d), while downregulation of miR- 
497-5p promoted the cell proliferation ability 
(Figure 2(c,d)). As can be seen in Figure E, 

upregulation of miR-497-5p promoted the apop
totic ability of NSCLC cells, while low expression 
of miR-497-5p decreased the apoptotic ability of 
NSCLC cells (Fig. E). These results indicated that 
miR-497-5p overexpression significantly decreased 
the cell proliferation and invasion ability in A549 
and H460 cells.

CX3CL1 was a target gene of miR-497-5p and 
was upregulated in NSCLC cells

Bioinformatic analysis was used online database 
of TargetScan biological prediction website 
(http://www.targetscan.org/vert_71/) to verify 

Figure 2. MiR-497-5p overexpression inhibited cell proliferation and invasion of NSCLC cells and promoted apoptosis. A549 or H460 
cells were transfected with miR-497-5p mimic (40 nM) and miR-497-5p inhibitor (20 nM) for 48 h. (a) RT-qPCR was performed to 
determine expression of miR-497-5p in A549 or H460 cells transfected with miR-497-5p mimic, miR-497-5p inhibitor, or their 
negative control. (b) Cell invasion was examined by Transwell assay. (c) Cell proliferation was examined using the CCK-8 assay in 
A549 or (d) H460 cells. (e) Cell apoptosis was detected by flow cytometry. Statistical significance was determined using an 
independent sample t-test. Values are expressed as means ± SEM, n = 5. * P < 0.05 and ** P < 0.01.
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whether CX3CL1 was a potential target gene for 
miR-497-5p. As showed in Figure 3a, the result 
suggested output of TargetScan showed that 
there is a CX3CL1 binding site (ACGACGA) 
in the sequence of miR-497-5p (Figure 3a). 
Further validation of the binding relationship 
between CX3CL1 and miR-497-5p using luci
ferase reporter assay. The results indicated 
miR-497-5p directly bind to CX3CL1 3’-UTR 
(Figure 3b). Moreover, it was found that 
CX3CL1 was significantly upregulated in 
human NSCLC tissues and cell lines using RT- 
qPCR analysis (Figure 3(c,d)) and western blot
ting analysis (Figure 3e). Furthermore, overex
pression of miR-497-5p significantly 
downregulated CX3CL1 mRNA expression in 
A549 and H460 cells (figure 3f), and Western 
blot analysis was used to detect CX3CL1 pro
tein levels (Figure 3g). These results demon
strated that miR-497-5p negatively modulated 
CX3CL1 expression by binding to its 3′-UTR.

CX3CL1 promoted cell proliferation and invasion 
in NSCLC cells

To investigate the underlying mechanism of 
CX3CL1 regulating NSCLC cell function, 
CX3CL1 was down-regulated in NSCLC cells. 
The results indicated that CX3CL1 was signifi
cantly downregulated when A549 and H460 cells 
were transfected with short hairpin RNA (shRNA) 
against CX3CL1 (Figure 4a). To study the effect of 
CX3CL1 on the biological function of lung cancer 
cells, we detected cell proliferation, invasion and 
apoptosis ability after transfected with CX3CL1 
shRNA in lung cancer cells A549 and H460. 
CCK-8 assay indicated that transfection with 
CX3CL1 shRNA significantly decreased the cell 
proliferation ability and promoted cell apoptosis 
in A549 and H460 cells (Figure 4(b,c)). Moreover, 
downregulation of CX3CL1 decreased the cell 
invasion ability of A549 and H460 cells 
(Figure 4d). To further study the mechanism of 
CX3CL1 in regulating NSCLC cell functions, we 

Figure 3. MiR-497-5p directly targeting CX3CL1 gene. (a) The sequence of miR-497-5p binding sites with WT/MUT CX3CL 3′-UTR. (b) 
Relative luciferase reporter activities of WT/MUT CX3CL1 in HEK293 cells. (c) Expression of CX3CL1 in NSCLC tissues (n = 30) and 
adjacent normal tissues (n = 30) was measured by RT-qPCR. (d) RT-qPCR and (e) Western blot analysis was performed to determine 
the expression of CX3CL1 in different cell lines, including A549, H460, H226 and H1299 and BEAS-2B. (f) RT-qPCR and (g) Western 
blotting analysis were performed to determine expression of CX3CL in A549 or H460 cells transfected with miR-497-5p mimic, miR- 
497-5p inhibitor, or their negative controls. Values are expressed as means ± SEM, n = 5. * P < 0.05 and ** P < 0.01.
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investigated the phosphorylation of extracellular 
signal-regulated kinase (ERK) and protein kinase 
B (AKT), which are key kinases potentially acti
vated by CX3CL1. It was observed that phospho- 
ERK and phospho-AKT expression levels were 
decrease following transfection with CX3CL1 
shRNA, while the total ERK and AKT expression 
levels were unchanged in NSCLC cells (figure 4 
(f-h)). MMPs have been shown to play a key role 
in regulating cell invasion and apoptosis, so we 
detected expression of CX3CL1 after transfected 
with CX3CL1 shRNA. The mRNA expression 
levels of MMP2 and MMP9 were significantly 
downregulation after transfected with CX3CL1 
shRNA (Figure 4(i,j)), and western blotting also 
showed the downgrade trend of protein expression 

levels of MMP2 and MMP9 (Figure 4(k-m)). The 
above results demonstrated that CX3CL1 pro
moted the cell proliferation and invasion and 
increased the phosphorylation of ERK and AKT 
in NSCLC cells.

MiR-497-5p inhibited the phosphorylation of ERK 
and AKT through suppressing CX3CL1

To investigate whether ERK and AKT are involved in 
miR-497-5p/CX3CL1 mediated NSCLC cell func
tions, miR-497-5p mimic, pcDNA-CX3CL1 and 
their corresponding negative control oligonucleotides 
were transfected into A549 and H460 cells, respec
tively. It was observed that phospho-ERK and phos
pho-AKT levels were decreased following transfection 

Figure 4. Knockdown of CX3CL1 suppressed the cell proliferation and invasion in A549 and H460 NSCLC cells. A549 and H460 cells 
were respectively transfected with 1 µg/mL lentiviral interference vector against CX3CL1 (CX3CL1 shRNA) and negative control vector 
(scrambled shRNA, scramble). Following transfection for 48 h, (a) Expression of CX3CL1 was measured by RT-qPCR in A549 and H460 
cells. GAPDH was used as an internal reference. (b) Cell proliferation was examined using the CCK-8 assay in A549 and H460 cells. (c) 
Cell apoptosis was detected by flow cytometry. (d) Cell invasion was examined by Transwell assay. n = 5. **P < 0.01.
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Figure 5. CX3CL1 rescued the suppression of miR-497-5p on phosphorylation of AKT and ERK in A549 cells. Human NSCLC A549 cells 
were respectively transfected with 40 nM miR-497-5p mimic alone or together with 1.2 µg/mL pcDNA vector expressing CX3CL1 
(pcDNA-CX3CL1). Following transfection for 48 h, (a) The phosphorylation of AKT and ERK was observed by Western blotting 
analysis. (b) RT-qPCR was performed to determine expression of MMP-2 and MMP-9 mRNA in A549 NSCLC cells. (c) Western blotting 
was performed to determine expression of MMP-2 and MMP-9 protein in NSCLC cells. Quantification of band intensity was 
performed by ImageJ software, normalized to GAPDH. Values are expressed as means ± SEM, n = 5. * P < 0.05 and **P < 0.01 
vs. negative control group (NC mimic + pcDNA3.1).
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with miR-497-5p mimic, while CX3CL1 overexpres
sion reversed and increased phospho-ERK and phos
pho-AKT levels (Figure 5a). Furthermore, as 
important marker proteins of lung cancer invasion, 
the mRNA expression levels of MMP-2 and MMP-9 
were significantly downregulated by miR-497-5p 
mimic, which could be reversed by upregulation of 
CX3CL1 reversed (Figure 5b). Western blotting also 
showed that overexpression of miR-497-5p could 
downregulate the expression of MMP-2 and MMP-9 
protein, which could be also reversed by CX3CL1 
overexpression (5C). The above results demonstrated 
that ERK/AKT were involved in miR-497-5p/ 
CX3CL1 mediated NSCLC cell functions.

MiR-497-5p inhibited cell growth and invasion 
through and promoted cell apoptosis by 
inactivating the ERK/AKT pathway in NSCLC cells

To further investigate the regulatory mechanisms of 
miR-497-5p, miR-497-5p inhibitor was transfected 
into NSCLC cells alone or together with ERK inhi
bitor U0126 (15 μM). The expression levels of miR- 
497-5p were detected in A549 and H460 cells. 
Transfection with miR-497-5p inhibitor caused 
a significant decrease in miR-497-5p level, but 
ERK/AKT pathway inhibitor U0126 had no effect 
on the expression of upstream miR-497-5p and 

CX3CL1 in NSCLC cells (Figure 6(a,b)). As 
expected, miR-497-5p inhibitor enhanced phosphor
ylation of ERK and AKT, and ERK inhibitor U0126 
reversed ERK and AKT phosphorylation induced by 
down-regulation of miR-497-5p in A549 and H460 
cells (Figure 6(c-g)). Moreover, Transwell assay 
showed that ERK inhibitor U0126 reversed the pro
motion effect of miR-497-5p inhibitor on prolifera
tion and invasion of A549 and H460 cells (Figure 7 
(a,b)). These results indicated that miR-497-5p nega
tively regulated the proliferation and invasion of 
NSCLC cells by suppressing CX3CL1-mediated acti
vation of the ERK/AKT pathway.

Overexpression of miR-497-5p inhibited tumor 
growth in vivo

To confirm the regulatory role of miR-497-5p and 
ERK/AKT pathway in vivo, A549 cells were sub
cutaneously injected into the nude mice to gener
ate patient-derived xenografts (PDX), and miR- 
497-5p mimic (2 mg/Kg) and NC mimic (2 mg/ 
Kg) were, respectively, locally injected into the 
mice every 2 days. MiR-497-5p knockdown signif
icantly suppressed tumor growth, evidenced by the 
diminished tumor volume (Figure 8(a,b)) and 
tumor weight (Figure 8c). Additionally, RT-qPCR 
assay revealed that miR-497-5p levels were 

Figure 6. MiR-497-5p suppressed the phosphorylation of ERK and AKT. A549 or H460 cells were treated with miR-497-5p mimic 
(40 nM) or together with ERK inhibitor U0126 (10 µM) for 48 h. (a and b) Expression of miR-497-5p was detected with RT-qPCR. (c-g) 
The phosphorylation of AKT and ERK was observed by Western blotting analysis. Quantification of band intensity was quantified by 
ImageJ software, normalized to GAPDH. Statistical significance was determined with one-way ANOVA test. Values are expressed as 
means ± SEM, n = 5. * P < 0.05 and ** P < 0.01 vs. NC inhibitor.
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lowered (Figure 8d). Consistent with the in vitro 
findings, down-regulation of miR-497-5p sup
pressed the levels of p-ERK, p-AKT, MMP-9 and 
MMP-2 in xenograft tumors (Figure 8(e,f)).

Discussion

MiRNAs play a pivotal role in many biologic pro
cesses, and are involved in the control of multiple 
molecular pathways leading to gene expression 
changes. During the past few years, a large body of 
evidence has shown that the dysregulation of 
miRNAs expression is associated with the carcino
genesis and development of malignant tumors and 
implicates the control of cell proliferation, migration 
and apoptosis [18,19]. Our studies focused on the 
involvement of miR-497-5p in NSCLC and its pos
sible molecular mechanism. Our results showed that 
miR-497-5p was low expressed in NSCLC cells and 
regulated cell proliferation and invasion of NSCLC 

cells. Moreover, CX3CL1 was a target of miR-497-5p 
and was upregulated in lung cancer cells. Therefore, 
this study elucidated the important role of the miR- 
497-5p/CX3CL1 axis in NSCLC (Figure 7), and also 
provided a therapeutic target for NSCLC.

MiR-497-5p, an important cancer-associated 
miRNA, has been shown to be involved in numerous 
cellular processes including the control of cell pro
liferation, invasion and apoptosis in several cancers 
[10]. Growing evidence has demonstrated that miR- 
497-5p may act as a tumor suppressor. For instance, 
miR-497-5p inhibited colorectal cancer cell prolif
eration and invasion via targeting PTPN3 [11]. 
Additionally, it was also demonstrated that miR- 
497-5p may act as a tumor suppressor miRNA in 
lung cancer by targeting FGF2 [13]. In the last dec
ade, miRNAs have emerged as biomarkers for diag
nosis, prognosis, and prediction of response to 
treatment [20]. Researchers also found that miR- 
497-5p overexpression inhibited NSCLC cell 

Figure 7. Inhibition of MiR-497-5p promoted cell growth and invasion in NSCLC cells, which could be abated by blockade of the 
ERK/AKT pathway. A549 or H460 cells were treated with miR-497-5p inhibitor (20 nM) alone or together with ERK inhibitor U0126 
(10 µM) for 48 h. A. CCK-8 assay was used to detect cell viability. B. Transwell invasion assay was used to detect cell invasion. 
Statistical significance was determined with one-way ANOVA test. Values are expressed as means ± SEM, n = 5. * P < 0.05 and ** 
P < 0.01 vs. NC inhibitor.
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proliferation, migration and invasion, and induced 
cell apoptosis through inhibiting SOX5 gene expres
sion [21]. These findings corroborated with our 
study findings, which revealed that miR-497-5p 

might regulate cell proliferation and invasion of 
NSCLC. As our results showed, miR-497-5p was 
downregulated in NSCLC tissues and different cell 
lines, while upregulation of miR-497-5p inhibited 

Figure 8. Overexpression of miR-497-5p inhibited tumor growth in vivo. A549 lung carcinoma suspension (containing 107 cells) was 
subcutaneously into C57BL/6 nude mice at right axilla to generate patient-derived xenografts (PDX). MiR-497-5p mimic (2 mg/Kg) 
and NC mimic (2 mg/Kg) were respectively locally injected into the mice every two days. After 30 days, the mice were euthanized, 
and the tumors were obtained. (a) Representative tumors from xenograft mice locally injected with miR-497-5p mimic or NC mimic 
respectively. (b) Average tumor volumes were measured in xenograft mice every 7 days. (c) Average tumor weight at the end of 
indicated treatment. (d) RT-qPCR was used to detect the expression of miR-497-5p in tumors. (e,f) expression of p-AKT, p-ERK, MMP- 
9 and MMP-2 proteins was measured by Western blot. Statistical significance was determined by using an independent sample 
t-test. Values are expressed as means ± SEM, n = 8. ** P < 0.01.
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the cell proliferation and invasion in NSCLC cells. 
To further understand the mechanism of miR-497- 
5p in NSCLC, we used bioinformatic tools to predict 
the downstream targets of miR-497-5p. As expected, 
luciferase reporter gene assays showed the combina
tion of miR-497-5p and CX3CL1.

CX3CL1 can participate in a variety of physiolo
gical and pathological processes of diseases, such as 
renal diseases [22], allergic diseases [23] and chronic 
obstructive pulmonary disease [24]. For example, 
CX3CL1 exerted cytotoxic effects on the endothe
lium as well as anti-apoptotic and proliferative 
effects on vascular cells, affecting the context and 
stability of the atherosclerotic plaque [25]. It is 
observed that miR-125b directly regulated tumor 
cell-derived chemokine CSF1 and CX3CL1, which 
are known to control the recruitment of tumor- 
associated macrophages to tumor sites [26]. Similar 
to our experimental results, CX3CL1 can participate 
in chronic obstructive pulmonary disease [24]. For 
instance, CX3CL1 activates the proinflammatory 
pathway mediated by the transcription factor NF- 
κB as an early response and CX3CL1 induced several 
kinases such as MAPK’s in microglial cells [27]. 
Similarly, CX3CL1/CX3CR1-mediated microglial 
activation played a detrimental role in ischemic 
brain via p38/MAPK/PKC signaling [28]. CX3CL1 
activates c-Raf, MEK, ERK, and NF-κB on the 
MMP-3 promoter through CX3CR1, thus contribut
ing to cartilage destruction during Osteoarthritis 
[29]. And miR-195 exerted neuroprotective roles 
mainly through inhibiting CX3CR1-mediated neu
roinflammation and subsequent neuronal cell apop
tosis [30,31]. It is also indicated that histone 
deacetylases and NF-κB signaling coordinate epithe
lial expression of CX3CL1 to promote mucosal anti
microbial defense through suppression of the mir- 
424-5p and mir-503-5p 31. FKN stimulates angio
genesis by activating ERK/Akt signaling pathway 
through CX3CR1. CX3CL1 promotes MMP-3 pro
duction in osteoarthritic synovial fibroblasts through 
c-Raf, MEK and ERK signaling pathways. Finally, 
the relationship among miR-497-5p and CX3CL1 
was explored, and it was found that miR-497-5p 
inhibited cell growth and invasion by targeting 
CX3CL1 through inactivating the ERK/AKT path
way in NSCLC cells. Furthermore, IL-8 production 

from lung cancer cells could be initiated by their own 
produced factors, leading to the recruitment of 
inflammatory cells in the cancer tissue, and the 
EGFR-PI3K-AKT-ERK pathway can be the potential 
target of therapies for inflammatory microenviron
ment in lung cancer [32]. Similarly, miR-7 was 
a common regulator of the PI3K/ATK and Raf/ 
MEK/ERK pathways, both of which were launched 
by EGFR through its two direct targets, the tran
scription factors PI3K and Raf-1, respectively. 
Enforced expression of miR-7 markedly decreased 
expression of PI3K, phosphorylated AKT, Raf-1, 
phosphorylated MEK 1/2, and cyclin D1, as well as 
slightly reduced expression of EGFR [33].

In conclusion, miR-497-5p is downregulated in 
human NSCLC tissues and cell lines, and it inhib
ited tumor growth and cell invasion by targeting 
CX3CL1 gene to inactivate the ERK/AKT pathway 
in NSCLC cells. The miR-497-5p/CX3CL1 axis 
played a crucial role in the pathogenesis of 
NSCLC, and it also provided a potential therapeu
tic approach for NSCLC patients.
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