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Effects and mechanism of microRNA-218 against lung cancer
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Abstract. Lung cancer is the most prevalent and observed type
of cancer in Xuanwei County, Yunnan, South China. Lung
cancer in this area is called Xuanwei lung cancer. However, its
pathogenesis remains largely unknown. To date, a number of
studies have shown that microRNA (miR)-218 functions as a
tumor suppressor in multiple types of cancer. However, the role
of miR-218 and its regulatory gene network in Xuanwei lung
cancer have yet to be investigated. The current study identified
that the expression levels of miR-218 in XWLC-05 cells were
markedly lower compared with those in immortalized lung
epithelial BEAS-2B cells. The present study also demonstrated
that overexpression of miR-218 could decrease cell proliferation,
invasion, viability and migration in Xuanwei lung cancer cell
line XWLC-05 and NSCLC cell line NCI-H157. Additionally,
the results revealed that overexpression of miR-218 could
induce XWLC-05 and NCI-H157 cell apoptosis by arresting
the cell cycle at G2/M phase. Finally, the present study
demonstrated that overexpression of miR-218 could lead
to a significant increase in phosphatase and tensin homolog
(PTEN) and YY1 transcription factor (YY), and a decrease
in B-cell lymphoma 2 (BCL-2) and BMII proto-oncogene,
polycomb ring finger (BMI-1) at the mRNA and protein level
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in XWLC-05 and NCI-H157 cell lines. However, we did not
observe any remarkable difference in the roles of miR-218
and miR-218-mediated regulation of BCL-2, BMI-1, PTEN
and YYI expression in the progression of Xuanwei lung
cancer. In conclusion, miR-218 could simultaneously suppress
cell proliferation and tumor invasiveness and induce cell
apoptosis by increasing PTEN and YYI expression, while
decreasing BCL-2 and BMI-1 in Xuanwei lung cancer. The
results demonstrated that miR-218 might serve a vital role in
tumorigenesis and progression of Xuanwei lung cancer and
overexpression of miR-218 may be a novel approach for the
treatment of Xuanwei lung cancer.

Introduction

Lung cancer is the leading cause of death, accounting for
one third of all cancer-related deaths and seriously threatens
the lives and health of people worldwide (1). Xuanwei, a
county-level city in Yunnan province, China, is one of the areas
with the highest lung cancer occurrence and mortality rates
in the world (2,3). Previous etiological and epidemiological
studies have confirmed that lung cancer in Xuanwei County
has its own unique epidemiological characteristics mainly
due to polycyclic aromatic hydrocarbons (PAHs) and indoor
coal-fired particles. First, lung cancer rates in Xuanwei tended
to be higher in rural areas compared with that in urban
areas according to the data of Chinese national retrospective
surveys (4). Second, the incidence of lung cancer in Xuanwei
women (120 per 100,000) was much higher compared with the
national average (22.9 per 100,000 women) (4). Third, the age
of onset of lung cancer in Xuanwei has been reported to be
15-25 years younger than that of places with high incidences of
lung cancer, such as Shanghai (4). Lung cancer epidemiology
demonstrated family aggregation and indicated that genetic
variation might serve an important role in Xuanwei lung
cancer tumorigenesis and progression (5-7). However, there
were few studies on genes unique in Xuanwei lung cancer
tumorigenesis and progression. The Xuanwei lung cancer cell
line XWLC-05 was established by F.C. Yan et al in 2007 (8).
It was derived from a female patient who was a 68-year-old
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Xuanwei permanent resident and diagnosed with moderately
differentiated lung adenocarcinoma. XWLC-05 has since
been used in various research studies including antitumor
drug screening and cancer molecular-targeted therapy (9,10).
However, the molecular mechanisms of lung cancer progression
in Xuanwei County remain to be elucidated. Despite the efforts
made in treatment in recent years, the 5-year overall survival
rate of patients with non-small cell lung cancer (NSCLC) is
still ~18% although ~60-70% of them have been diagnosed in
the early stages of lung cancer (11,12). Therefore, elucidating
the molecular mechanisms of occurrence and metastasis of
lung cancers is of great significance for the clinical treatment
of lung cancer in Xuanwei populations.

MicroRNAs (miRNAs) are highly conserved endogenous
non-coding single-stranded RNAs with a length of 18-25 bp
that regulate gene expression by binding to the 3' untranslated
region (3'-UTR) of target transcripts leading to mRNA degra-
dation or suppressing translation into protein (13-15). Previous
studies suggest that miRNAs serve critical regulatory roles in
essential biological and pathological processes via complicated
but precise regulation networks (16-18). Therefore, the dele-
tion, mutation or abnormal expression of miRNAs are closely
linked to tumor progression. Numerous studies have suggested
the roles of miRNAs in carcinogenesis and progression of lung
cancer (19-22).

Through high-throughput sequencing, the present study
identified that miR-218 expression levels in NSCLC patients
were significantly lower than those in paired distal control
tissues. Previous studies confirm that miR-218 acts as a
tumor-suppressor miRNA in a number of types of cancer,
including lung cancer, breast cancer, glioma, hepatocellular
carcinoma, gastric cancer, colorectal cancer and prostate
cancer (23-29). As a tumor-suppressor miRNA, miRNA
(miR)-218 is downregulated in tumor progression and is
associated with prognosis in NSCLC (30-32). Furthermore,
miR-218 can participate in tumor progression by regulating
target genes including PXN, IL6R,JAK3,SLUG, ZEB2, EGFR,
MEF2D,CDCPI, RUNX2, HMGBI, ETK, HOXAI, CDK6 and
ROBOI (31-42). The present study revealed for the first time,
to the best of the authors' knowledge, the expression levels and
therapeutic potential of miR-218 in XWLC-05. Furthermore,
it was demonstrated that overexpression of miR-218 could
suppress cell proliferation, cell migration and invasion and
induce cell apoptosis by regulating B-cell lymphoma 2
(BCL-2), BMII proto-oncogene, polycomb ring finger
(BMI-1), phosphatase and tensin homolog (PTEN) and
YY1 transcription factor (YYI) in NSCLC. BCL-2 is an
oncogene and is also central in the apoptosis pathway.
Overexpression of BCL-2 has been reported in a number of
types of human cancer, including breast, gastric and lung
cancer (43-45). Oncogene BMI-1 is overexpressed in various
types of human cancer and serves a critical role in malignant
transformation, proliferation, cell cycle, apoptosis and distant
metastasis (46,47). A previous study revealed that BMI-1 is
involved in the self-renewal, differentiation and tumor initiation
of cancer stem cells (48). As a powerful tumor suppressor,
PTEN is frequently mutated in lung cancer and is the negative
regulator of the PI3K/mTOR/AKT oncogenic signaling
pathway. A number of studies have confirmed that PTEN is
crucial for cell proliferation, invasion and survival, and loss

of function of PTEN is frequently observed in a number of
types of cancer (49-51). Yin Yang 1 (YY1) (also known as
NF-E1, UCRBP and CF1) is a ubiquitous and multifunctional
zinc finger transcription factor and can regulate multiple genes
associated with multiple cellular processes including cellular
differentiation, DNA repair,autophagy and cell survival (52-54).
However, the role of YY1 in NSCLC progression remains
controversial. Notably, a previous study confirmed that YY/
can act as both oncogene and tumor-suppressor gene in breast
cancer and lung cancer (52-54).

The current study evaluated the underlying roles and
mechanisms of miR-218 in NSCLC progression. It was
identified that the expression of miR-218 in XWLC-05
was significantly lower compared with that in BEAS-2B.
Overexpression of miR-218 could suppress cell proliferation,
invasion and migration, and induce cell apoptosis in
XWLC-05 and NCI-H157 cells. The regulatory mechanisms
between miR-218 and its downstream BCL-2, BMI, PTEN
and YYI gene axis were further explored in XWLC-05 and
NCI-H157 cells to investigate the specificity and similarity
of Xuanwei NSCLC as compared with other NSCLC. The
findings revealed that miR-218 could be a potential therapeutic
target for NSCLC. Furthermore, the present study will provide
a theoretical basis for lung cancer treatment in high-risk areas
worldwide.

Materials and methods

Cell strains and cell lines. Normal human lung epithelial
cell line BEAS-2B, Xuanwei lung adenocarcinoma cell line
XWLC-05 and human lung squamous cell carcinoma cell line
NCI-H157 were all provided by Yunnan Cancer Hospital (The
Third Affiliated Hospital of Kunming Medical University) and
confirmed via short tandem repeat profiling. Lung adenocar-
cinoma cell line NCI-H1975 was provided by the Stem Cell
Bank, Chinese Academy of Sciences. Large cell lung cancer
cell line NCI-H460SM was kindly provided by Dr Ming-Sound
Tsao (University of Toronto, Canada) (55).

Major reagents. RPMI-1640 medium, phosphate buffer and
0.25% trypsin-EDTA were purchased from HyClone (Cytiva).
Fetal bovine serum (FBS), DMEM and Opti-MEM were
purchased from Gibco (Thermo Fisher Scientific, Inc.).
miRcute miRNA Isolation kit, miRcute miRNA First-strand
cDNA Synthesis kit and miRcute miRNA qPCR kit were
purchased from Tiangen Biotech Co., Ltd. iTag™ Universal
SYBR® Green Supermix and iScript™ c¢DNA Synthesis kit
were purchased from Bio-Rad Laboratories, Inc. miR-218 (cat.
no. HmiRQP0327) and U6 (cat. no. HmiRQP9001) primers
were bought from GeneCopoeia, Inc. YY1 and BMI-1 mono-
clonal antibodies were purchased from Abcam. BCL-2 and
PTEN monoclonal antibodies were purchased from
ProteinTech Group, Inc. Lipofectamine® 2000 transfection
reagent was purchased from Invitrogen (Thermo Fisher
Scientific, Inc.). Matrigel was purchased from BD biosciences.
pGpU6/EGFP/Neo-miR-218 and pGpU6/EGFP/Neo-miR-NC
were purchased from Shanghai GenePharma Co., Ltd. The
insert sequence of miR-218 was 5"-TGCTGTTGTGCTTGA
TCTAACCATGTGTTTTGGCCACTGACTGACACATG
GTTACAAGCACAA-3'. The insert sequence of miR-NC was
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5'-AATTCGTTCTCCGAACGTGTCACGTGTTTTGGC
CACTGACTGACACGTGACATTCGGAGAAA-3.

Cell culture. Cell culture and maintenance were conducted
by the following established procedures: The cell lines
were expanded at low passages and stored in liquid nitrogen
until use. Cell lines were cultured in RPMI-1640 or DMEM
accordingly and supplemented with 10% FBS at 37°C in a
5% CO, incubator till they reached 70-80% confluence. Cells
were washed once with 1X PBS and digested with 0.25%
trypsin-EDTA, then harvested for the subsequent analysis.

Bioinformatics analysis. To predict possible targets of miR-218,
a bioinformatical analysis was performed using TargetScan 7.2
(http://www.targetscan.org/vert_72/). In the meantime,
MiRTarBase (http:/mirtarbase.mbc.nctu.edu.tw/php/index.
php) and StarBase V3.0 databases (http://starbase.sysu.edu.
cn/) were used to predict the relationship between mir-218 and
its possible target genes.

Cell transfection. Transfection was performed using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). XWLC-05 and NCI-H157 cells were cultured and
grown to 70-80% confluence at 37°C in a 5% CO, incubator.
Then 1 ml Trypsin-EDTA (0.25% trypsin, 1 mM EDTA) was
added for digestion at 37°C for 3 min following washing with
1X PBS. Then 10 ml 10% FBS complete medium was added to
terminate digestion. The cells were counted using the hemocy-
tometer and then diluted to the desired density. The density of
2x10° cells/ml was used for reverse transcription-quantitative
(RT-q) PCR and 2x10° cells/ml for western blot analysis. Then
appropriate cells were added into a 6-well cell culture plate.
When the cells were cultured at 37°C in a 5% CO, incubator
overnight and reached 70-80% confluence, the RPMI-1640
culture medium containing 10% FBS was removed and
cells were washed with 1X PBS twice. The transfection of
pGpU6/EGFP/Neo-miR-218 or pGpU6/EGFP/Neo-miR-NC
involved 0.5 ml of Opti-MEM at a final concentration of
8 ug/ml and 16 pl of Lipofectamine® 2000 per well. Then,
6 h following transfection, the culture medium was replaced
with RPMI-1640 containing 10% FBS. At 48 h following
transfection, the cell status and enhanced green fluorescent
protein (EGFP) expression were observed under a light and
fluorescence microscope at x40 and x100 magnification,
and the cells of each group were collected for subsequent
RT-qPCR detection. Each cell line was divided into three
groups: (i) A blank control group (containing only culture
medium); (ii) a negative control (NC) group (transfected with
pGpU6/EGFP/Neo-miR-NC); and (iii) a transfection group
(transfected with pGpU6/EGFP/Neo-miR-218).

RT-gPCR detection for miR-218, BCL-2, BMI-1, PTEN and
YYI. The total RNA of 1x109 cells was extracted by using
miRcute miRNA Isolation kit. RNA concentration (>300 ng/ul)
and purity (OD 260/0D 280 ~2.0) were measured using a
NanoDrop ND-1000 (Thermo Fisher Scientific, Inc.), and then
the integrity of the RNA was detected by 1.0% agarose gel
electrophoresis with ethidium bromide staining. cDNA was
synthesized according to the protocols of the cDNA synthesis
kit, with a reaction volume at 20 yl, including a 4 ul 5X

Table I. Primer sequences for qPCR.

Gene Primer sequence (5'—3")
BCL-2 F: TCCAGGATAACGGAGGCT

R: GCCAAACTGAGCAGAGTCTTC
BMI-1 F: GTCCTATTTGTGATGTCCAAGTTC

R: GCAACCTCTCCTCTATCTTCATTA
PTEN F: CCGAAAGGTTTTGCTACCATTCT

R: AAAATTATTTCCTTTCTGAGCATTCC
YY-1 F: GCACAAAGATGTTCAGGGATAA

R: AAGGGCTTCTCTCCAGTATGA
RPS13 F: GTTGCTGTTCGAAAGCATCTTG

R: AATATCGAGCCAAACGGTGAA

gPCR, quantitative; PCR F, Forward primer; R, Reverse primer.

iScript reaction mix, 1 ul iScript reverse transcriptase, 1 ug
RNA template, 0.5 pl 10 ymol/l miR-218 or U6 primer and
RNase-free water. The reverse transcription conditions were
25°C for 5 min,42°C for 30 min and 85°C for 5 min. Then,qPCR
was performed according to the manufacturer's protocols. The
reaction system was 20 ul, including 10 ul 2X Supermix, 1 pl
10 gmol/l each upstream and downstream primers, 2 1 cDNA
template and 6 ¢l RNase-free water. Reaction conditions were:
95°C for 30 sec, 95°C for 15 sec and 60°C for 1 min with
40 cycles. The levels of miR-218 (with U6 as reference gene)
and the mRNA levels of PTEN, BCL-2, BMI-1 and YY1 (with
RPS13 as the reference) were then detected in the cells 48 h
following transfection. The primers used for the amplification
of each gene are given in Table I. In the above experiment,
two wells were set for each condition and all reactions were
repeated three times. The experimental results were calculated
with the formula 2"42% to obtain the amount of the relative
gene expression (56).

Cell viability detected by MTT assay. At 48 h following
transfection, the cells of each group were digested with 0.25%
trypsin-EDTA for ~2-3 min until the adherent cells were
detached. The trypsinization process was terminated with
medium containing 10% FBS. Then the cells were transferred
into a centrifuge tube and centrifuged at 300 x g for 5 min
at room temperature following cell counting using a hemocy-
tometer. Each well of the 96-well cell culture plate was seeded
with 200 ul cell suspension (1x10* cells/ml) and each group
was repeated with 6 replicates. The medium was removed
and 20 ul MTT label reagent was added to each well and the
liquid in the well was carefully removed after 4 h incubation at
37°C. DMSO (150 ul) was added to each well and the 96-well
cell culture plate was placed on an oscillator for 10 min to
completely dissolve. The absorbance was determined by the
microplate reader at 490 nm wavelength and the plate was
assayed each day for 7 days.

Cell migration detected by scratch assay. The cells of each
group were digested 48 h after transfection and seeded into
the 6-well cell culture plate for 24 h at 37°C. After inocula-
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tion, RPMI-1640 culture medium containing 10% FBS was
removed and monolayer cells were scratched with 10 ul
pipette tips using the same amount of force, making sure
each scratch was as wide as possible. Loose cells were then
gently washed away with 1X PBS buffer. RPMI-1640 culture
medium supplemented with 3% FBS was added and images
were captured under a light microscope according to previous
studies (22,57,58). The cells were returned to the cell incubator
for 72 h at 37°C and images were captured every 24 h at the
same position as the previous image. Finally, the migration
ability was then calculated by the following formula according
to the change in the scratch distance that was measured by
Image J software. Migration rate (%) = (the scratch distance at
time O-the scratch distance at indicated time point)/the scratch
distance at time 0)x100%.

Cellinvasion ability detected by Transwell assay. The cells were
collected by trypsinization 48 h after transfection and the cell
density was adjusted to 5x10°/ml using serum-free medium. A
total of 60 u1 Matrigel (diluted 7 times with serum-free medium)
was added into the upper chambers and incubated at 37°C in
5% CO, atmosphere for 1 h. Then, 200 ul of cell suspension
(5x10° cells/ml) was inoculated into the Matrigel-coated upper
chamber (8 ym pore size; Costar; Corning, Inc.). Subsequently,
600 ul culture medium containing 20% FBS was added to the
lower chamber. After incubation at 37°C in 5% CO, atmosphere
for 24 h, cells were fixed and stained with 0.2% crystal violet for
1 h at room temperature. The excess stain was then washed away
slowly with water and the images were obtained using a light
microscope at x40 and x100 magnification. The cell number was
counted, and the result was compared among all groups.

Cell apoptosis detected by flow cytometry and transmission
electron microscopy. DUTP-FITC/propidium iodide (PI)
staining was used for detection of apoptotic cells and the
Coulter DNA Prep reagents kit for DNA cell cycle analysis.
Cells were collected 48 h after transfection and adjusted at
5x10%/ml before being centrifuged at 300 x g for 5 min at room
temperature and the supernatant discarded. The precipitated
cells were washed once with 3 ml ice-cold PBS and centri-
fuged at 300 x g for 5 min at 4°C. Precooled 70% ethanol was
added and the cells maintained at 4°C for 2 h. Then cells were
pelleted by centrifugation at 300 x g for 5 min at 4°C and 3 ml
ice-cold PBS was added to re-suspend cells for 5 min. The
cell suspension was filtered through a 400-mesh screen and
then centrifuged at 300 x g for 5 min at 4°C. The PBS was
then discarded. In a dark room, 1 ml PI stain was used at 4°C
for 30 min. Cell cycle and apoptosis were measured using a
Beckman-Coulter flow cytometer (Beckman Coulter, Inc.) and
WINCYCLE software version 3.0 (Beckman Coulter, Inc.).
Another batch of cells was centrifuged at 300 x g for 5 min
at room temperature and collected at ~5x10%/ml. Following
washing with PBS twice, the supernatant was discarded, and
1 ml 2.5% glutaraldehyde was added to suspend cells and
then transferred into a 1.5 ml Eppendorf tube. The cells were
centrifuged at room temperature at 1,200 x g for 15 min and
fixed for 1 h with 2.5% glutaraldehyde, then washed for 2 h
in phosphate buffer to remove the glutaraldehyde as much
as possible and fixed for 1 h at room temperature with 1%
osmium solution. Following fixation, 50% ethanol was added
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Figure 1. miR-218 expression levels in four types of lung cancer cell lines
(NCI-H1975, NCI-H157, NCI-H460SM and XWLC-05) and a normal lung
cell line BEAS-2B detected by qPCR. miR-218 abundance was normalized
to U6 as a reference gene and the expression values were normalized to
BEAS-2B cells (n=3, "P<0.05, ““P<0.001 vs. BEAS-2B). The experiment was
repeated three times. miR, microRNA; qPCR, quantitative PCR.

to dehydrate for 10 min, 70% ethanol for 10 min, 90% ethanol
for 10 min, 90% acetone for 10 min and 100% acetone for three
times (10 min each). Acetone and epoxy resin at a 1:1 mixture
was used to embed the cells for 2 h and then pure embedding
agent (fully impregnated with epoxy resin) added for several
hours or overnight. Epoxy resin was used for embedding at
62°C for 2 days. Following sectioning, ultrathin sections
(70 nm) were double stained with 2% lead acetate uranium for
20 min at room temperature. Changes in cell morphology were
observed and images were captured by transmission electron
microscopy (TEM) at x8,000 and x10,000 magnification.

Western blotting. Cells were digested 48 h after transfection
and washed with ice-cold 1X PBS twice and then lysed with
200 ul RIPA buffer (Beyotime Institute of Biotechnology)
containing proteinase inhibitors (Roche Diagnostics) and the
protein concentration was determined using the BCA protein
assay kit (Beyotime Institute of Biotechnology). Samples with
equal amounts of protein (80 yg) per lane were taken and mixed
with 4X loading buffer and then denatured. Proteins were
separated using 10% SDS-polyacrylamide gels and transferred
onto a PVDF membrane (EMD Millipore). The membranes
were blocked for 1 h at room temperature with 5% BSA (Beijing
Solarbio Science & Technology Co., Ltd.) and then incubated at
4°C overnight with the primary antibodies: Anti-phosphatase
and tensin homolog (PTEN) (ProteinTech Group, Inc., cat.
no. 60300-1-Ig, dilution 1:1,00), anti-BCL-2 (ProteinTech
Group, Inc., cat. no. 60178-1-Ig, dilution 1:1,000), anti-polycomb
complex protein BMI-1 (BMI-1) (Abcam, cat. no. ab126783, dilu-
tion 1:1,000), anti-transcriptional repressor protein YY1 (YY1)
(Abcam, cat. no. abl109237, dilution 1:2,000). After washing the
membranes with TBST, the membranes were incubated for 2 h
at room temperature with 1:4,000 dilution of the horseradish
peroxidase-conjugated secondary antibody (Cell Signaling
Technology, Inc., cat. no. 7076) or with 1:2,000 dilution of the
horseradish peroxidase-conjugated secondary antibody (Cell
Signaling Technology, Inc., cat. no. 7074). GAPDH (Abmart
Pharmaceutical Technology Co., Ltd. cat. no. M20028; 1:5,000)
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Figure 2. miR-218 target genes and cell transfection efficiency. (A) The 3'-UTR of BMI-1, BCL-2 and YY1 mRNA are potential targets for miR-218 and the
seed matching sequences are marked in red, as predicted by TargetScan. (B) The expression of green fluorescent protein transfected with pGpU6/EGFP/
Neo-miR-218 or pGpU6/EGFP/Neo-miR-NC for 48 h was observed using a fluorescence inverted microscope (magnification x40; scale bar, 200 ym for
NCI-H157; magnification, x100; scale bar, 50 gm for XWLC-05). (C) The expression levels of miR-218 in NCI-H157 cells were analyzed by qPCR at 48 h
post-transfection shown in the bar graphs. (D) The expression levels of miR-218 in XWLC-05 cells were analyzed by gPCR at 48 h post-transfection shown in
the bar graphs. miR-218 abundance was normalized to U6 as a reference gene (n=3, “"P<0.001, “"“"P<0.0001 vs. control). Negative, negative control (transfected
with pGpU6/EGFP/Neo-miR-NC plasmid). The experiment was repeated three times. miR, microRNA; UTR, untranslated region; gPCR, quantitative PCR.

was used as a loading control. Protein expression was detected
using the enhanced chemiluminescence (ECL-Plus) reagents
(EMD Millipore). The relative protein levels were analyzed using
Image J software (version 1.52a; National Institutes of Health).

Statistical methods. All experimental data were imaged with
GraphPad Prism 7 (GraphPad Software, Inc.) and Image J
(National Institutes of Health). All data were analyzed
with GraphPad Prism 7. All results represent the average
of triplicate experiments expressed as the mean + standard
deviation. Statistical analysis was performed using one-way
ANOVA with Dunnett's post-hoc test where all comparisons
were against a single control, with Tukey's post-hoc test where
all groups were compared with one another. P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-218 expression levels are markedly decreased in
NSCLC cell lines. The total RNA of lung cancer cell lines
(NCI-H1975, NCI-H157, NCI-H460SM, XWLC-05) and
the normal lung cell line BEAS-2B were extracted and their
0D260/0D280 values were all >1.9. The results of electropho-
resis demonstrated that the integrity of RNA was reliable and
could be used as a template for cDNA synthesis. In order to
determine the expression of miR-218 in various types of lung
cancer cells, BEAS-2B, a normal lung cell line, was selected as
the calibrated strain in the present study. qPCR was performed
to detect miR-218 expression in the 4 lung cancer cell lines. As
shown in Fig. 1, the expression levels of miR-218 in non-small

lung cancer cell lines were lower compared with normal
human lung epithelial cell line BEAS-2B (P<0.05 and P<0.001
respectively). These results also indicated that XWLC-05 and
NCI-H157 cells could be used for the subsequent miR-218
overexpression experiments.

Transfection optimization. TargetScan algorithm revealed
that BMI-1, BCL-2 and YY-I mRNA were potential targets for
miR-218 (Fig. 2A). It was therefore essential to optimize trans-
fection conditions in vitro and evaluate the efficacy of miR-218
overexpression. XWLC-05 and NCI-H157 cells were trans-
fected for 24, 48 and 72 h respectively, then EGFP levels were
detected by fluorescence microscope and miR-218 expression
levels were measured by qPCR. Fluorescence microscope
observation revealed that pGpU6/EGFP/Neo-miR-218 or
pGpU6/EGFP/Neo-miR-NC plasmid group showed higher
EGFP-positive cells in both cell lines at 48 h after transfection,
and demonstrated high gene transfection efficiency (Fig. 2B).
gPCR results demonstrated that miR-218 expression level was
significantly increased by the pGpU6/EGFP/Neo-miR-218
plasmid in both cell lines at 48 h after transfection (P<0.001;
Fig. 2C).

Cell growth status in each group. It was observed under the
optical microscope that XWLC-05 and NCI-H157 cells of the
negative control group and the blank control group grew well
with normal attachment and normal morphology. However,
the cells of the transfected group were mostly semi-adherent
or of a floating, rounded shape; the number of adherent cells
was significantly reduced and the cell morphology was also
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Figure 3. Upregulation of miR-218 in XWLC-05 and NCI-H157 cells causes changes in cell morphology. Morphologic changes of XWLC-05 and NCI-H157
cells were observed in response to miR-218 overexpression (magnification, x40; scale bar, 200 ym). Negative, negative control (transfected with pGpU6/EGFP/
Neo-miR-NC plasmid). miR, microRNA.
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Figure 4. mRNA expression levels of PTEN, BCL-2, BMI-1 and YY1 in XWLC-05 and NCI-H157 cells. The mRNA expression levels of PTEN, BCL-2,
BMI-1 and YY1 were detected by qPCR in 48 h transfected cells. mnRNA abundance was normalized to RPS13 (n=3, “P<0.01, "*P<0.0001 vs. the control). The
experiment was repeated three times. miR, microRNA; qPCR, quantitative PCR. PTEN, phosphatase and tensin homolog; YY1, anti-transcriptional repressor
protein YY1; BCL-2, B-cell lymphoma 2; BMI-1, BMI1 proto-oncogene, polycomb ring finger.
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Figure 5. Protein expression of PTEN, BCL-2, BMI-1 and YY1 following elevated expression of miR-218 in (A) XWLC-05 and (B) NCI-H157 cells. PTEN,
BCL-2, BMI-1 and YY1 protein levels were determined by western blot analysis in 48 h transfected cells. GAPDH level was used as a reference protein
expression. Negative indicated negative control (transfected with pGpU6/EGFP/Neo-miR-NC plasmid). PTEN, anti-phosphatase and tensin homolog; BMI-1,
anti-polycomb complex protein BMI-1; YY1, anti-transcriptional repressor protein YY1; miR, microRNA.
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Figure 6. Overexpression of miR-218 suppresses NSCLC cell proliferation. Cell proliferation rate was measured by MTT assay. XWLC-05 and NCI-H157 cells
transfected with pGpU6/EGFP/Neo-miR-218 plasmid demonstrated a significant decreased cell growth rate (n=3, “P<0.01 vs. the control). The experiment was
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Figure 7. Overexpression of miR-218 inhibits the migration of NCI-H157 and XWLC-05 cells. Wound healing assay was used to assess the migration ability of
NCI-H157 and XWLC-05 cells transfected with plasmids. Uniform scratches were made and the serial images were captured at 0, 24, 30 and 72 h respectively
following transfection. Representative images of wound healing area of (A) NCI-157 and (B) of XWLC-05 cells in each group are shown (magnification, x40;
scale bar, 200 pm). Histograms indicated (C) NCI-H157 and (D) XWLC-05 cell migration rate in each group. Negative, negative control (transfected with
pGpU6/EGFP/Neo-miR-NC plasmid). The experiment was repeated three times (n=3, "P<0.05, “P<0.01, “*P<0.0001 vs. the control). miR, microRNA.

changed. These findings indicated that miR-218 overexpres-
sion could affect cell growth (Fig. 3).

Overexpression of miR-218 inhibits PTEN, BCL-2, BMI-1
and YY1 mRNA expression in NSCLC cells. PTEN, BCL-2,
BMI-1 and YYI mRNA levels were detected using qPCR after
the overexpression of miR-218 for 48 h in XWLC-05 and

NCI-H157 cells. The results demonstrated that the mRNA
levels of PTEN and YYI were significantly unregulated,
while BCL-2 and BMI-1 were significantly downregulated in
miR-218 overexpressing cells (Fig. 4).

Effect of protein expression on NSCLC cells transfected with
miR-218. As shown in Fig. 5, the expression of PTEN and YY1
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Figure 8. Overexpression of miR-218 inhibits the invasion of NCI-H157 and XWLC-05 cells. The number of invasive cells was determined by Transwell inva-
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was repeated three times (n=3, “P<0.01, ““P<0.001 vs. control or negative control). miR, microRNA.

protein levels in XWLC-05 and NCI-H157 cells were elevated
in the transfected group compared with the negative control
group and the blank control group, while the Bcl-2 and BMI-1
protein expression levels were decreased in the transfected group
compared with the negative control group and the blank control
group. The above results confirmed that miR-218 overexpression
could inhibit the expression of oncogenes BCL-2 and BMI-1 but
increase the expression of tumor-suppression genes PTEN and
YY1 in both XWLC-05 and NCI-H157 cell lines.

Effect of miR-218 on NSCLC cell proliferation. In order to
confirm the role of miR-218 on NSCLC cell proliferation and
viability, NCI-H157 and XWLC-05 cells were transfected with
miR-218 overexpression plasmid or empty plasmid. The cells
were incubated for different time periods and the cell prolif-
eration was assessed by MTT assay. As shown in Fig. 6, the
proliferation of both NCI-H157 and XWLC-05 cells transfected
with pGpU6/EGFP/Neo-miR-218 was significantly inhibited
relative to the remaining groups (P<0.01), but the proliferation in
the negative control group demonstrated no significant change
compared with the blank control group (P>0.05).

Role of miR-218 in NSCLC cell migration ability. The results
of the scratch assay demonstrated that the wound healing
ability of XWLC-05 and NCI-H157 cells in the transfection

group was significantly reduced. The wounds of NCI-H157
cells were fully healed at 30 h in the blank control group and
the negative control group, while the wounds in the transfected
group (141.15+8.12 pm) were not yet healed. Similarly, the
wounds of XWLC-05 cells in both the blank control group
and the negative control group were completely healed at 72 h,
while the wounds in the transfected group were still a certain
width (287.41+24.81 um; Fig. 7A and B). Furthermore, there
was a significant difference in migration rate at 24 h between
the transfection group and the negative control group (P<0.05;
Fig. 7C and D). These findings indicated that overexpression
of miR-218 weakened the migration ability of NSCLC cells.

Function of miR-218 in NSCLC cell invasion. As shown in
Fig. 8A and B, the Transwell invasion assay demonstrated
that a large number of XWLC-05 cells in both the negative
control group and the blank control group passed through
the membrane (the average number of cells in 5 fields
was 183.6+4.24 and 187.7+2.08). However, the number of
membrane-passed XWLC-05 cells in the transfection group
(the average number of cells in 5 fields was 91.8+3.42) was
significantly decreased (P<0.01). Furthermore, the transfection
group (the average number of cells in 5 fields was 165.2+9.03)
demonstrated significantly fewer membrane-passed NCI-H157
cells compared with both the negative control group and the
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Figure 9. Overexpression of miR-218 induces G2/M phase cell cycle arrest and apoptosis in NCI-H157 and XWLC-05 cells. (A) Flow cytometry was used to
analyze the apoptosis rate of cells in each group at a qualitative level. (B and C) The percentage of apoptotic cells in each group. Data represented mean + SD
of three independent repeats. (n=3, “P<0.01 vs. control or negative control). Negative, negative control (transfected with pPGpU6/EGFP/Neo-miR-NC plasmid).
(D) Representative images of cell cycle distribution detected by flow cytometry. (E and F) The percentage of cells at various phases of the cell cycle as
measured by flow cytometry. Negative, the negative control group (transfected with pGpU6/EGFP/Neo-miR-NC plasmid) and data represented mean + SD of
three independent repeats. (n=3, “P<0.01, “*"P<0.0001 vs. the control or negative control). (G) Morphological changes of XWLC-05 cells induced by miR-218
overexpression by transmission electron microscopy. Magnification, x8,000 (bottom) and x10,000 (top); scale bar, 2 gm. XWLC-05 cells maintaining lung
cancer cell morphology from the blank control group (top). XWLC-05 cells exhibiting apoptotic cell morphology from the pGpU6/EGFP/Neo-miR-NC
plasmid transfected group at 48 h post-transfection (bottom). The experiment was repeated three times. miR, microRNA.

blank control group (the average number of cells in 5 fields of miR-218 in XWLC-05 and NCI-H157 cells resulted in
was 207.75+5.24 and 226.75+2.56; P<0.01, P<0.001). The significant cell cycle arrest in the G2/M phases (Fig. 9D-F).
above data confirmed that miR-218 overexpression reduced  The results of transmission electron microscopy demonstrated
NSCLC cell invasion. that lung cancer XWLC-05 cells in the transfection group
exhibited apoptotic alterations in morphology (Fig. 9G). For
Overexpression of miR-218 induces NSCLC cell apoptosis.  example, cell plasma membranes were concentrated; ribo-
The apoptosis rate was measure by flow cytometry. As shown some, mitochondria and other organelles were aggregated; cell
in Fig. 9A-C, the apoptosis rate of both XWLC-05 and  sizes were reduced and cell structure became denser. There
NCI-H157 cells in the transfection group was significantly =~ were several apoptotic bodies at different sizes in the apoptotic
higher compared with the negative control group and the cells. The findings indicated that overexpression of miR-218
blank control group (P<0.01). Furthermore, overexpression induced the apoptosis of XWLC-05 and NCI-H157 cells.
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Figure 10. Possible regulatory mechanisms between miR-218 and PTEN, YY1, BCL-2 and BMI-1 in NSCLC cells transfected with pGpU6/EGFP/Neo-miR-218.
At the post-transcriptional level, PTEN, YY1, BCL-2 and BMI-1 expression levels were regulated by miR-218. Overexpression of miR-218 activated PTEN
and YY1, and repressed BCL-2 and BMI-1 at the mRNA and protein levels. PTEN, YY1, BCL-2 and BMI-1 may have single or combined effects on NSCLC
cell proliferation, migration, invasion and apoptosis at the mRNA and protein levels. miR, microRNA; NSCLC, non-small cell lung cancer; PTEN, anti-
phosphatase and tensin homolog; BMI-1, anti-polycomb complex protein BMI-1; YY1, anti-transcriptional repressor protein Y Y1; VEGF, vascular endothelial

growth factor.

Discussion

Lung cancer is the leading cause of cancer-related death world-
wide and a high incidence and mortality rate occurs in Xuanwei
County, a county-level city in Yunnan Province, China (1,2).
Therefore, the present study focused on Xuanwei lung cancer for
its regional specificity. This disease has attracted attention world-
wide and a number of studies have been performed on reducing
the incidence and mortality of Xuanwei lung cancer (5-7,10,59).
However, the survival rate remains low and the precise mecha-
nisms of lung cancer progression in Xuanwei County remain
to be elucidated (2,60). Therefore, novel strategies for this
regional-specific lung cancer treatment are urgently required.

It is known that the abnormal expression of microRNAs is
associated with carcinogenesis. A number of studies report that
the dysregulations of miR-155 (61), miR-21 (62), miR-32 (63)
and miR-34 (64), in addition to miR-218, serve an important
role in the progression of lung cancer (39). The regulation of
multiple target genes by miR-218 has been experimentally
validated (65). The present study, for the first time to the best
of the authors' knowledge, investigated the regulatory mecha-
nisms between miR-218 and BCL-2, BMI, PTEN and YYI in
XWLC-05 cells.

The present study demonstrated that miR-218
overexpression significantly suppressed cell apoptosis in
XWLC-05 cells and a similar result was observed in NCI-H157
cells; this was consistent with previous studies (66-68). In order
to further investigate the mechanism behind miR-218-induced

apoptosis, the protein and mRNA expression levels of BCL-2,
BMI, and PTEN were examined in XWLC-05 and NCI-H157
cells following miR-218 transfection. Bioinformatics analysis
demonstrated that BCL-2 was a potential target of miR-218
and previous findings confirm that BCL-2 can serve key roles
in cell apoptosis (43,44). The results of the present study
demonstrated that overexpression of miR-218 could induce cell
apoptosis in XWLC-05 and NCI-H157 cells partly by reducing
the mRNA and protein expression levels of BCL-2, further
emphasizing that BCL-2 expression was regulated by multiple
miRNAs in lung cancer (22). In addition, a previous study
notes that overexpression of miR-218 induces cell apoptosis in
colon cancer by direct regulation of BMI-1 (66). The results of
the present study also revealed that overexpression of miR-218
induced cell apoptosis partly by decreasing the mRNA and
protein expression levels of BMI-1, while increasing the
mRNA and protein expression levels of PTEN in XWLC-05
and NCI-H157 cells. BMI-1 acts as an oncogene by repressing
the tumor-suppressor PTEN that can exert a critical negative
effect on the activity of the PI3BK/AKT pathway (69-71). The
findings of the present study indicated that miR-218 could
inhibit BMI-1, while increasing PTEN, and may inactivate the
PIBK/AKT pathway, consequently inducing apoptosis of lung
cancer cells. The present study used the MTT assay to evaluate
the effect of miR-218 on XWLC-05 and NCI-H157 cell
proliferation. MTT assay demonstrated that cell proliferation
was significantly inhibited by increasing the expression of
exogenous miR-218 in both XWLC-05 and NCI-H157 cells,
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which was consistent with other studies (32,34,41). The effect
of miR-218 on cell cycle progression was further investigated
using flow cytometry. The results demonstrated that miR-218
overexpression led to a significant increase in the number of
cells accumulating in the G2 phase, suggesting that miR-218
could reduce cell proliferative capacity with G2 cell cycle
arrest in lung cancer. Given the critical function of BMI-1,
YYI and PTEN in cell proliferation, the protein and mRNA
expression levels of BMI-1, YY1 and PTEN were examined
in XWLC-05 and NCI-H157 cells following miR-218
transfection to identify the potential mechanism responsible
for the observed effects of miR-218 on cell growth in lung
cancer cells (69-72). The results indicated that miR-218 could
inhibit BMI-1 expression, while elevating PTEN expression,
and may inactivate the PI3K/AKT pathway, thus inhibiting
the proliferation of lung cancer cells. In addition, miR-218 is
a direct target of Y'Y/ and it suppresses the proliferation of
glioma cells by downregulating YY1 expression (72). However,
in the present study overexpression of miR-218-5p significantly
increased the expression of endogenous YY/ resulting in the
inhibition of the proliferation of lung cancer cells. The role
and mechanisms of YY/ in tumorigenesis and development
remains controversial (52). Research has identified that
YY1 and API synergistically induce the expression of
tumor-suppressor gene HLJ! in lung cancer, thereby inhibiting
lung cancer invasion (73). However, research shows that YY1
serves an oncogene role in the occurrence and development of
lung cancer (54). The findings of the present study indicated
that miR-218 could suppress lung cancer progression partly
via miR-218-directed regulation of YY1/ expression; YYI may
act as a tumor suppressor under certain conditions (74). It has
been confirmed that c-MYC works synergistically with BMI-1,
which is a direct target gene of miR-218 (75). Furthermore,
¢c-MYC can suppress the expression levels of YY1 and c-MYC
function can also be inhibited by YY/ (76,77). The findings
of the present study also indicated that miR-218 might not
directly activate YY1 expression, but indirectly suppressed
c-MYC, resulting in elevated YY1 expression levels, thereby
inhibiting the biological characteristics of malignant tumors.
Next, whether miR-218 contributed to the migration and
invasion ability of XWLC-05 and NCI-H157 cells was exam-
ined. The wound-healing assay and Transwell invasion assay
revealed that ectopic expression of miR-218 markedly repressed
the migration and invasion of XWLC-05 and NCI-H157
cells. However, since cells should be grown in low-serum or
serum-free media during the wound-healing assay to avoid
cell proliferation, further work is needed to optimize the
wound-healing assay with a low concentration of serum.
Furthermore, it was demonstrated that miR-218 repressed the
expression of BMI-1,but increased the expression of PTEN and
YY1 in XWLC-05 and NCI-H157 cells, leading to decreased
cancer migration and invasion. Repression of BMI-1 was found
to suppress cancer cell migration and invasion, including in
lung cancer (47,78). Various miRNAs have been identified
as suppressing BMI-1 to inhibit tumor invasion (79-81) and
studies reveal that miR-218 functioned as a tumor suppressor
via negatively regulating BMI-1 in glioma (82) and colorectal
cancers (29). Consistent with these findings, the results of the
present study demonstrated that miR-218-inhibited BMI-1
was the key to migration and invasion both in XWLC-05 and

NCI-H157 cells. BMI-1 can inhibit PTEN resulting in activa-
tion of the PI3K/AKT pathway, leading to overexpression of
MMP-2, MMP-9 and VEGF and promotion of colon and liver
cancer invasion and metastasis (29,83). The findings of the present
study indicated that miR-218 could inhibit BMI-1 expression,
while indirectly increasing PTEN expression, thereby inhibiting
PI3K-AKT pathway activity and lung cancer invasion. The exact
mechanism of this requires further study. The present study did
not observe any significant difference in the role of miR-218 and
its regulation of BCL-2, BMI-1, PTEN and YYI expression in
XWLC-05 and NCI-H157 cells. These results were consistent
with our finding (data not shown) and other clinical sample
findings (84,85). The findings of the present study indicated that
miR-218 might serve a common function in the progression of
Xuanwei NSCLC and other NSCLC, which raises doubts about
the current ideas about these regional-specific diseases.

Thus far, the precise regulatory mechanisms of lung cancer
progression in Xuanwei County have not been fully under-
stood. The specific epidemiological characteristics in Xuanwei
County led some researchers to believe that there may be
unique molecular mechanisms in the progression of Xuanwei
lung cancer (86,87). For example, some studies confirm that
mutations in the MUCI6 gene are observed in 50% of lung
cancer patients residing in Xuanwei and MUC16 participates
in the progression of Xuanwei lung cancer (88,89). Moreover,
miR-144 was remarkably decreased in Xuanwei NSCLC (90).
These findings suggested that air pollution-related genes such
as MUCI6 and miR-144 might be critical in Xuanwei lung
cancer progression (6,87-91). However, the results from the
present study emphasized that the dysregulation of miR-218
was also essential for the progression of both Xuanwei NSCLC
and other NSCLC. More importantly, the present and previous
studies indicated that dysregulations of key miRNAs, including
miR-218, miR-21 and miR-34, were the common events both
in the progression of the regional-specific NSCLC and other
NSCLC (22,92-94).

In summary, the results of the present study confirmed that
miR-218 could suppress BCL-2 and BMI-1 expression, while
increasing PTEN and YY1 expression, leading to the suppression
of NSCLC progression. Furthermore, the findings further
underline the pivotal roles served by miR-218, providing new
insight into the progression of NSCLC. The possible regulatory
mechanisms of miR-218 are demonstrated in Fig. 10. Further
studies will be required to elucidate the precise mechanisms
involved in the downstream molecules of BCL-2, BMI-1, PTEN
and YY1 that could contribute to miR-218-mediated suppression
of lung cancer progression. Notably, the roles of miR-218 and
miR-218-mediated regulation of BCL-2, BMI-1, PTEN and
YY1 expression in the progression of Xuanwei NSCLC have
no significant difference from other NSCLC. These findings
were consistent with our previous studies and suggest that
the roles and regulatory mechanisms of certain key miRNAs,
including miR-218, miR-21 and miR-34a, on gene expression
were similar in the progression of Xuanwei NSCLC and other
NSCLC (22,95). It is difficult to say whether the high incidence
of Xuanwei NSCLC in South China could only be attributed
to scale-specific effects of environmental variables in the area
or specific molecular genetic variation. Further studies are
required on the precise regulatory network involved in the
downstream molecules of BCL-2, BMI-1, PTEN and YY]I that
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could contribute to miR-218-mediated tumor suppression for the
clinical treatment of Xuanwei NSCLC.
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