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MicroRNA-206 inhibits the viability and migration of
human lung adenocarcinoma cells partly by targeting MET
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Abstract. MicroRNA (miRNA)-based targeting in cancer
has emerged as a potential therapeutic strategy. miR-206
has recently been implicated in cancer. However, the role
and molecular mechanism of miR-206 in lung adenocar-
cinoma are still unclear. The present study revealed that
miR-206 was downregulated in human lung adenocarci-
noma tissues. Overexpression of miR-206 in human lung
adenocarcinoma-derived cells significantly inhibited cell
viability and migration. Further experiments indicated that the
overexpression of miR-206 decreased the expression of MET
at the messenger RNA and protein levels via direct targeting
of MET in a 3'-untranslated region-dependent manner. The
knockdown of MET by small interfering RNA partly led to a
phenocopy effect of miR-206. In conclusion, the present study
identified miR-206 as a potential tumor suppressor of lung
adenocarcinoma that exerts its functions, in part, by negative
regulation of MET.

Introduction

Lung cancer is the leading cause of cancer-associated mortali-
ties worldwide, and adenocarcinoma is one of the most common
histological types of lung cancer in multiple countries (1).
In the recent past, various major therapeutic advances have
improved the prognosis of specific subgroups of patients (2).
However, the 5-year survival rate of patients with lung cancer
remains <15% (3), and therefore, novel therapeutic strategies
are required for better management of this disease.
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MicroRNAs (miRNAs) are a class of small (18-25 nt),
non-coding, endogenous RNAs that have been implicated in
a wide range of cellular biological processes that involve the
targeting of messenger RNAs (mRNAs) for either degrada-
tion or inhibition of translation (4,5). Aberrant expression
of miRNAs has been observed in lung cancer, including
upregulation of miR-21,miR-17-92, miR-155 and miR-367 (6-8)
and downregulation of let-7, miR-34b/c, miR-449a, miR-1 and
miR-145 (8-12). This indicates that miRNAs can function as
tumor suppressors and oncogenes in tumor development.

miR-206 was first identified as a skeletal muscle-specific
miRNA that is involved in the process of skeletal muscle
differentiation (13). The roles of miR-206 in breast cancer
drew attention to the possibility of its anti-cancer activity,
since miR-206 is downregulated in breast cancer, rhabdomyo-
sarcoma, renal cell carcinoma, estrogen receptor a-positive
endometrioid adenocarcinoma, colorectal cancer, gastric
cancer and lung cancer (14-21). Wu er al (22) noticed that
the serum levels of miR-206 were significantly upregulated
in the early stage of the tobacco-specific N-nitrosamine
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone-induced rat
lung carcinogenesis, and downregulated at the late stage of
lung carcinogenesis, which indicates that miR-206 may be
associated with lung carcinogenesis. In addition, low expres-
sion of miR-206 was demonstrated to be correlated with tumor
invasion and metastasis in individuals with lung cancer (20).
However, the regulatory effects and mechanisms of miR-206
in human lung adenocarcinoma cell lines are not clear. In the
present study, the function and targets of miR-206 in human
lung adenocarcinoma cell lines were analyzed.

Materials and methods

Human tissue. Formalin-fixed and paraffin-embedded
(FFPE) sections of paired lung adenocarcinoma tissues and
adjacent normal tissues were obtained from patients who
underwent radical resection for lung cancer. The samples
were collected between October and December 2013 at
The First Affiliated Hospital, School of Medicine, Zhejiang
University (Zhejiang, China). The patients provided signed
informed consent for participation in the study, which was
approved by the Ethics Committee of Zhejiang University.
The demographic and clinicopathological data are listed in
Table I.
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Table I. Clinical features of the 12 patients with lung adenocarcinoma.
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Age Tobacco
Patient no. Gender (years) Histological type smoking history pTNM stage  Tumor grade EGFR mutation
1 M 47 Adenocarcinoma Yes T2aNOMO 1B Exon 19 deletion
2 F 82 Adenocarcinoma No T2aNOMO IB Unknown
3 F 41 Adenocarcinoma No T2aN1M1 v Unknown
4 F 50 Adenocarcinoma No T2aNOMO 1B Unknown
5 F 47 Adenocarcinoma No T2aNOMO 1B Unknown
6 F 69 Adenocarcinoma No T1aN2MO IIIA Exon 19 deletion
7 M 46 Adenocarcinoma No T2bN1MO 1IB Unknown
8 F 73 Adenocarcinoma No T2aN1MO ITA No mutation
9 F 50 Adenocarcinoma No T1bNOMO 1A Unknown
10 F 51 Adenocarcinoma No T2bN3MO I11B No mutation
11 M 37 Adenocarcinoma No T1bNOMO 1A Unknown
12 M 43 Adenocarcinoma No T1bN2MO IIIA Unknown

M, male; F, female; TNM, tumor-node-metastasis; EGFR, epidermal growth factor receptor.

Cell culture and reagents. The HCC827 and A549 cell lines
were purchased from the Committee on Type Culture Collec-
tion of the Chinese Academy of Sciences (Shanghai, China).
The PC-9 cell line was a gift from Dr Caicun Zhou (Depart-
ment of Oncology, Shanghai Pulmonary Hospital, Shanghai,
China) and was verified by short tandem repeats analysis.
HCCB827 and A549 cells were cultured in RPMI-1640 (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 10%
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.) at 37°C and 5% CO,. The PC-9 cells were maintained
in Dulbecco's modified Eagle's medium (DMEM; Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS.

Oligonucleotides and transfection. miR-206 mimics
(double-stranded RNA oligonucleotides) and a negative
control (NC) duplex that lacks significant homology to all
known human sequences were purchased from Shanghai
GenePharma Co., Ltd. (Shanghai, China). Small interfering
RNA (siRNA) targeting MET (si-MET) and NC siRNA
were purchased from Shanghai GenePharma Co., Ltd.
The sequences are listed in Table II. The transfection was
performed using Lipofectamine 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol.

Cell viability assay. The day prior to transfection,
3,000 cells/well were plated in 96-well plates. Upon overnight
incubation, the cells were transfected with miR-206 mimics
or with the NC miRNA at 20 or 40-nM concentration. After
the culture period, 10 ul cell counting solution (water-soluble
tetrazolium-8; Dojindo Molecular Technologies, Inc., Kuma-
moto, Japan) was added to each well, followed by an additional
incubation for 2 h at 24 h post-transfection, 1.5 h at 48 h
post-transfection or 1 h at 72 h post-transfection. The absor-
bance of the solution was measured spectrophotometrically at
450 nm with an MRX II absorbance reader (Dynex Technolo-
gies, Chantilly, VA, USA). Each experiment was conducted
three times in triplicate.

Cell migration assays. Transwell chambers (8-um pore size;
EMD Millipore, Billerica, MA, USA) were used to determine
the migration of tumor cells. A total of 5x10° cells were
resuspended in 0.2 ml fresh medium without FBS 48 h after
transfection, and then added to the inserts. Next, 0.6 ml culture
medium with 10% FBS was added to the lower compartment.
After 24 h, the non-migrating cells and culture medium were
removed using cotton buds, while the cells on the lower surface
of the inserts were fixed and stained with 0.1% crystal violet.
Four random fields per insert were counted. The experiment
was conducted three times in triplicate.

Cell apoptosis assay. Cell apoptosis was detected with an
annexin V-fluorescein isothiocyanate (FITC) apoptosis detec-
tion kit (BD Biosciences, Franklin Lakes, NJ, USA). The cells
were harvested 72 h after NC or miR-206 treatment. The cells
were then washed twice with pre-chilled phosphate-buffered
saline and resuspended in 500 pl binding buffer at a concen-
tration of 1x10° cells/ml. Then, cells were stained with 5 pul
annexin V-FITC and 5 pul propidium iodide for 10 min in
the dark. The apoptosis analysis was performed by the BD
FACS Verse flow cytometer with CellQuest Pro 6.0 software
(BD Biosciences).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from the cultured cells
with TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). RNA was reverse transcribed into complementary
DNA (cDNA) using PrimeScript™ RT reagent kit (Takara
Biotechnology Co., Ltd., Dalian, China). miRNAs isolated
from FFPE tissues were extracted using the RNeasy FFPE
kit (Qiagen GmbH, Hilden, Germany). miRNAs that were
isolated from the cultured cells were extracted with RNAiso
Plus (Takara Biotechnology Co., Ltd.) and reverse transcribed
into cDNA using an RT kit (Qiagen GmbH). PCR amplifica-
tion and detection were performed on a 7500 Fast Real-Time
PCR System (Applied Biosystems; Thermo Fisher Scientific,
Inc.) using miScript SYBR Green PCR kit (Qiagen GmbH).
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Table II. Sequences of the oligonucleotides used in the present
study.

Name Sequence (5'-3")

UGGAAUGUAAGGAAGUGUGUGG
ACACACUUCCUUACAUUCCAUU

miR-206 mimics

si-MET GGAGGUGUUUGGAAAGAUAJTAT
UAUCUUUCCAAACACCUCCATAT

NC UUCUCCGAACGUGUCACGUTT
ACGUGACACGUUCGGAGAATT

GAPDH F GGTCTCCTCTGACTTCAACA

GAPDH R AGCCAAATTCGTTGTCATAC

MET F GTTTGTCCACAGAGACTTGGCTG

MET R ATCCACTTCACTGGCAGCTTTG

F, forward; R, reverse; miR, microRNA; si, small interfering;
GAPDH, glyceraldehyde 3-phosphate dehydrogenase; NC, negative
control.

The amplification protocol was as follows: Initial denaturation
95°C for 30 sec, and then 40 cycles of denaturation at 95° for
5 sec, annealing and extension at 60°C for 34 sec. The rela-
tive amounts of mRNA and miRNA gene transcripts were
normalized to the levels of glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) and RNA, U6 small nuclear 2 (RNU6-2).
The sequences of the primers for GAPDH and MET are
listed in Table II. The primers for RNU6-2 and miR-206 were
purchased from Qiagen GmbH.

Vector construction and dual-luciferase reporter assay. The
3'-untranslated regions (UTRs) and the mutant 3'-UTR of
MET, which contained putative binding sites for miR-206, were
cloned downstream of the pmirGLO Dual-Luciferase miRNA
Target Expression vector (Promega Corporation, Madison,
WI, USA). The cells were plated in 24-well plates and were
transfected with the constructed luciferase vector (100 ng) and
40 nM miR-206 or NC. The relative luciferase activity was
measured 48 h after transfection as described previously (23).

Immunoblotting. Following the various treatments, the cells
were harvested, lysed and quantified. Equivalent quantities
(50 ug) of protein were separated by 8% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and transferred
onto polyvinylidene difluoride membranes. Membranes were
blocked for 1 h with 5% non-fat milk and then incubated over-
night with a primary rabbit polyclonal antibody against MET
(1:1,000 dilution; catalog no., 4560; Cell Signaling Technology,
Inc., Danvers, MA, USA) and a rabbit polyclonal antibody
against pB-actin (1:2,000 dilution; catalog no., sc-130656;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA). Next, the
membranes were incubated with a chicken anti-rabbit horse-
radish peroxidase-conjugated secondary antibody (catalog
no., sc-516087, Santa Cruz Biotechnology, Inc.) at a 1:2,000
dilution for 2 h. Immunoreactive bands were detected with an
enhanced chemiluminescence system (Pierce; Thermo Fisher
Scientific, Inc.) as described previously (23).
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Figure 1. Expression of miR-206 in human lung adenocarcinoma. miR-206
expression was detected in 12 human lung adenocarcinoma tissues by
reverse transcription-quantitative polymerase chain reaction. RNA, U6 small
nuclear 2 was used as an internal control. The results were standardized to
the paired normal tissue. Each experiment was performed three times in
triplicate. The data are presented as the mean + standard deviation. miR,
microRNA.

Statistical analysis. All data are presented as the mean =+ stan-
dard deviation of three independent experiments. All statistical
analyses were performed using SPSS 16.0 statistical software
(SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate
a statistically significant difference according to Student's #-test.

Results

miR-206 was frequently downregulated in lung adenocarci-
noma. In the present study, the expression levels of miR-206
were detected in 12 pairs of human lung adenocarcinoma
tissues and adjacent normal tissues. In total, 8 of 12 (75%) lung
adenocarcinoma tissues displayed a decreased expression of
miR-206 compared with adjacent normal tissues (Fig. 1). This
indicated that miR-206 is frequently downregulated in human
lung adenocarcinoma.

Overexpression of miR-206 inhibited the viability of lung
adenocarcinoma cells in vitro. In order to determine if
miR-206 could function as a tumor suppressor in human
lung adenocarcinoma cells, synthetic miR-206 mimics and
NC miRNA were independently transfected into A549, PC-9
and HCCR827 cells. The overexpression of miR-206 exerted a
potent inhibitory effect in a time- and dose-dependent manner.
Compared with the NC group, miR-206 caused an increased
percentage of inhibition of cell viability at a concentration of
40 nM in the three cell lines tested at 48 or 72 h after transfec-
tion (Fig. 2). These data suggested that miR-206 negatively
modulates the viability of lung adenocarcinoma cells. The
apoptosis analysis by flow cytometry revealed that the early
apoptosis rate was not affected in A549 or HCC827 cells,
whereas the late apoptosis rate was higher in HCC827 cells
following miR-206 treatment (Fig. 3).

Forced expression of miR-206 repressed the migration of lung
adenocarcinoma cells. To better understand the function of
miR-206 in lung adenocarcinoma, the present study tested
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Figure 2. Overexpression of miR-206 inhibited the viability of lung adeno-
carcinoma cells in vitro. A549, PC-9 and HCC827 cells were transfected with
different concentrations of negative control or miR-206 mimics for 24, 48 or
72 h. Cell viability was determined using the water-soluble tetrazolium-8
assay. Each experiment was performed three times in triplicate. The results
are presented as the mean + standard deviation ("P<0.05, “P<0.01). miR,
microRNA; NC, negative control.

whether miR-206 could affect the migration of lung adenocar-
cinoma cells. A549, PC-9 and HCCS827 cells were transfected
with miR-206 mimics. The forced expression of miR-206
caused significant inhibition of cell migration compared with
the control in all three cell lines (Fig. 4).

Overexpression of miR-206 downregulated the expression
of MET in lung adenocarcinoma cells through targeting
its 3'-UTR. The mRNA of MET, whose 3'-UTR contains
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Figure 3. Early apoptosis was not induced by overexpression of miR-206
in A549 or HCC827 cells. A549 and HCC827 cells were transfected with
40 nM negative control or miR-206 mimics for 48 h. Cells were subjected
to flow cytometry for cell apoptosis analysis. The results are presented as
the mean + standard deviation ("P<0.05). miR, microRNA; NC, negative
control; A, annexin V; FITC, fluorescein isothiocyanate; Q, quadrant; Comp,
composition.

miR-206-binding sites, was previously demonstrated to be a
specific target of miR-206 in rhabdomyosarcoma (24). In the
present study, it was observed that MET was downregulated
significantly at both the mRNA and protein levels (Fig. SA
and B). A luciferase reporter assay confirmed that MET was
a direct target of miR-206 in human lung adenocarcinoma
cells (Fig. 5C and D). These results suggested a targeted
downregulation of MET by miR-206 in lung adenocarcinoma.

miR-206 triggered the inhibition of cell viability and migra-
tion in lung adenocarcinoma cells in part via targeting
MET. To determine whether the downregulation of MET was
involved in the miR-206-mediated inhibition of cell viability
and migration, the physiological function of MET was evalu-
ated by an RNA interference approach. The knockdown of
MET suppressed cell viability and migration, but these effects
were not as remarkable as those observed upon miR-206
overexpression (Fig. 6). These findings indicated that the
anti-tumor effect of miR-206 is partly dependent on the
targeted regulation of MET.
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Relative migration
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Figure 4. Forced expression of miR-206 repressed the migration of lung adenocarcinoma cells. (A) Representative micrographs of the cell migration assay
(magnification, x100) and (B) quantification from three independent experiments. The results are presented as the mean + standard deviation ("P<0.03,
“P<0.01). miR, microRNA; NC, negative control.
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Figure 5. Overexpression of miR-206 resulted in the downregulation of MET expression in lung adenocarcinoma cells through the targeting of its 3'-UTR.
(A) A549,PC-9 and HCC827 cells were transfected with 40 nM NC or miR-206 mimics for 48 h. The cell lysates were harvested, and the phosphorylation of the
indicated proteins was determined by western blotting. Three independent experiments were performed. (B) A549, PC-9 and HCC827 cells were transfected
with 40 nM NC or miR-206 mimics for 48 h. Subsequently, RNA was extracted and reverse transcription-quantitative polymerase chain reaction analysis was
conducted to determine the relative expression of MET. Data were normalized to glyceraldehyde 3-phosphate dehydrogenase. Each experiment was performed
three times in triplicate. The results are presented as the mean +SD ("P<0.01). (C) Overexpression of miR-206 suppressed pmirGLO-MET-3'-UTR-wild-type
firefly luciferase activity but exerted no effect on the mutant construct in A549 cells. Each experiment was performed three times in triplicate. The values
were normalized to the internal Renilla luciferase control. The results are presented as the mean + SD (“P<0.01). (D) miR-206 target sites and substitution of
nucleotides at the target sites in the MET 3'-UTR. miR, microRNA; NC, negative control, WT, wild-type; Mut, mutant; UTR, untranslated region; SD, standard
deviation.

Discussion cancer treatment (3). Thus, the identification of the molecular

pathogenesis of cancer is crucial for the development of effec-
In recent years, the idea of targeted molecular therapy has tive therapeutic approaches. Emerging evidence suggests
become one of the most attractive topics in the field of human  that the dysregulation of miRNAs plays a pivotal role in
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Figure 6. Knockdown of MET reduced the cell viability and migration of lung adenocarcinoma cells. (A) A549, PC-9 and HCC827 cells were transfected
with 40 nM NC or si-MET for 48 h. The cell lysates were harvested, and the phosphorylation of the indicated proteins was determined by western blotting.
Three independent experiments were performed. (B) A549, PC-9 and HCC827 cells were transfected with 40 nM NC or si-MET for 48 h. Cell viability was
determined using water-soluble tetrazolium-8 assays. Each experiment was performed three times in triplicate. The results are presented as the mean + SD
("P<0.05, P<0.01). (C) Quantification from three independent experiments and (D) representative micrographs of the cell migration assay (magnification,
x100). The results are presented as the mean + SD ("P<0.05, ""P<0.01). si, small interfering; NC, negative control; SD, standard deviation.

the pathogenesis of human cancer development through the
targeting of a variety of important molecules (25). Previous
studies have demonstrated that miR-206 is downregulated
in lung cancer, which is correlated with tumor invasion and
metastasis (20). However, the functional role of miR-206 in
lung adenocarcinoma is largely unknown. In the present study,
the functional characterization and the mechanism of action
of miR-206 in human lung adenocarcinoma were investigated.
It was observed that tumor tissues from patients with lung
adenocarcinoma exhibited a decrease in miR-206 expression.
Furthermore, miR-206 expression caused significant suppres-
sion of cell viability and migration in lung adenocarcinoma
cells in vitro. These results indicate that miR-206 may serve as
a tumor-suppressor gene in lung adenocarcinoma.

MET is a receptor tyrosine kinase that is dysregu-
lated in multiple cancer types, including lung cancer (26).

Overexpression of MET protein is detected in 36.0-72.3% of
lung adenocarcinoma tissues, and is associated with tumor
metastasis and poor prognosis (27-29). Silencing or inac-
tivation of MET has been demonstrated to be important for
cell viability in vitro, as well as for cell motility and migra-
tion (11,30). In rhabdomyosarcoma, MET was demonstrated to
be a direct target of miR-206 (15). In the present study, MET
was downregulated by miR-206 in lung adenocarcinoma cells
at both the mRNA and protein levels. The luciferase assay
indicated that MET is a target of miR-206, as the specific
knockdown of MET by siRNA led to a partial phenocopy of
the inhibitory effect of cell viability and migration inhibition
that was observed with miR-206 overexpression. Together
with the present findings, these results suggested that MET
acts as a potential oncogene and is involved in the anti-tumor
effects of miR-206.



ONCOLOGY LETTERS 12:

In conclusion, the present study confirms that miR-206

is frequently downregulated in lung adenocarcinoma. The
ectopic expression of miR-206 can exert an inhibitory effect
on cell viability and migration of lung adenocarcinoma cells,
in part, by targeting MET. These data suggest that miR-206
serves as a potential tumor suppressor and may be developed
as a novel therapeutic strategy for patients with lung adeno-
carcinoma.
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