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MicroRNA-138 inhibits proliferation and migration of
breast cancer cells by targeting c-Met
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Abstract: MicroRNAs (miRNAs) have been considered as critical post-transcriptional regulators involved in multiple
biological processes. Previous studies demonstrated that microRNA-138 (miR-138) plays an important role in the
pathogenesis of cancers, but its role in breast cancers has not been elucidated. In the present study, the expres-
sion of miR-138 was determined by real time PCR. MTT assay, wound healing assay, and colony formation assay
were used to measure cell proliferation, migration and colony formation, respectively. The expression of c-Met was
assessed by real time PCR and western blot. Luciferase assay was performed to validate the potential targets of
miR-138. Results showed that the expression of miR-138 was significantly down-regulated in both breast cancer tis-
sues and cell lines. Moreover, over-expression of miR-138 inhibited cell proliferation and migration in breast cancer
cells. In addition, miR-138 up-regulation resulted in a reduction in c-Met expression, whereas inhibition of miR-138
enhanced c-Met level in breast cancer cells. The luciferase reporter assay further suggested that c-Met is a direct
target of miR-138 in breast cancer cells. Taken together, our study demonstrated that miR-138 suppressed cell
proliferation and migration via c-Met, providing a novel target for the molecular treatment of breast cancer.

Keywords: Breast cancer, cell proliferation, miR-138, c-Met

Introduction

Breast cancer is the most frequently diagnosed
cancer and the leading cause of cancer death
among females, accounting for 23% of the total
cancer cases and 14% of the cancer deaths [1,
2]. Although genetic and epigenetic regulation
contributes breast cancer, the molecular mech-
anism underlying carcinogenesis is not fully
elucidated [3]. Thus, further understanding of
the molecular mechanisms underlying breast
cancer initiation and progression is urgently
needed.

In the past few years, small regulatory RNAs
had drawn enormous attention in cancer
research. MicroRNAs (miRNAs) are a class of
18 to 25 nucleotides single-stranded non-cod-
ing RNA, and can regulate genes expression at
the post-transcriptional level [4]. Accumulating
evidences suggest that miRNAs play a diverse
role in regulation of tumor initiation, progres-
sion and molecular targeted therapy by directly
targeting oncogenes or tumor suppressor gen-
es [5, 6]. Among many miRNAs, microRNA-138

(miR-138) stands out as an important entity.
miR-138 has been reported to be down-regulat-
ed in different cancers, such as aggressive pap-
illary thyroid carcinoma, lung cancer, and head
and neck squamous cell carcinoma [7, 8].
Functional study suggested that miR-138 could
inhibit cell migration and invasion by targeting
RhoC and ROCK2 in tongue squamous cell car-
cinoma cell lines [9]. In addition, a recent study
demonstrated that ectopic expression of miR-
138 attenuated the FAK, Src and Erk 1/2 sign-
aling pathways via down-regulation of RhoC in
head and neck squamous cell carcinoma [10].
However, the biological role of miR-138 in
breast cancer has not been reported. Thus, our
current study aimed to elucidate the role of miR-
138 in breast cancer as well as its underlying
mechanism.

Material and methods
Clinical samples

A total of 23 human breast cancer tissues and
matched normal adjacent breast tissues were
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obtained during the surgery in Zaozhuang
Municipal Hospital. None of the patients
received chemotherapy or radiotherapy before
the surgery. Written informed consent was
obtained from all participants. This study was
performed in accordance with the Declaration
of Helsinki and approved by the Ethics
Committee of the local hospitals.

Cell culture and transfection

Human breast cancer cell lines (MCF-7, MDA-
MB-231, SKBR3 and Bcap-37) and normal
human mammary epithelial cell line MCF10A
were obtained from American Type Culture
Collection and cultured in DMEM (Thermo
Scientific HyClone, Beijing, China) supple-
mented with 10% fetal calf serum, 100 1U/ml
penicillin and 100 mg/ml streptomycin (Gibco,
Beijing, China). Cells were incubated at 37°C
and 5% CO, in a humidified incubator. Oli-
gonucleotide siRNA duplex was synthesized by
Shanghai Gene Pharma Corporation (Shanghai,
China). The siRNA transfection was carried out
with Lipofectamine 2,000 (Invitrogen), accord-
ing to the manufacturer’s instructions.

RNA extraction and real time PCR

Total RNA was isolated according to the stan-
dard procedure using TRIzol reagent (Invitrogen,
Carlsbad, CA). The expression of miR-138 was
determined using a miRNA-specific TagMan
MIiRNA Assay Kit (Applied Biosystems). PCR
reactions were performed on ABI 7,500 Real-
Time PCR System (Applied Biosystems) with the
following conditions: 95°C, 10 min for 1 cycle,
then 95°C, 15 sec, 60°C, 1 min for 40 cycles.
The U6 small nuclear RNA was used as a load-
ing control. The mRNA expression of c-Met was
measured by real time PCR on ABI 7,500 Real-
Time PCR System with GAPDH used as control.

Cell proliferation assay

Cell proliferation was measured by MTT (3-
[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazo-
lium bromide) assay. To be brief, cultured cells
were seeded into 96-well plates at the density
of 4x10* (cells/well). Then 10 ml of 5 mg/ml
MTT was added and incubated in dark at 37°C
for another 2 h. The absorbance was deter-
mined with the wavelength of 490 nm.

Cell migration assay

Cell migration was measured using an in vitro
wound healing assay. To be brief, cells were cul-
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tured in six-well plates and experimental
wounds were made by dragging a rubber
Policeman™ (Fisher Scientific, Hampton, NH)
across the cell culture. The cultures were rins-
ed with PBS and placed in fresh quiescence
medium. Three wounds were created for each
sample and the relative distance traveled by
the cells was measured.

Colony formation assay

For colony formation assays, 5.0x102? cells
were plated onto 6-well plates and transfected
with miR-138 or negative control. When cells
grew to visible colonies, the colonies were
washed with PBS and fixed with 4% paraformal-
dehyde for 20 min. Finally, cells were stained
with crystal violet and the colony numbers per
well were counted.

Western blot

Total cell lysate was extracted and then sepa-
rated by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE). After transfer-
ring the proteins onto nitrocellulose mem-
branes, the membranes were blocked with 5%
non-fat dry milk at room temperature. Then the
membranes were incubated overnight with
mouse anti-human c-Met monoclonal antibody
(Abcam, USA). After incubation with primary
antibody, the membranes were incubated with
horseradish peroxidase-conjugated secondary
antibody (Abcam, USA). Finally, protein bands
were detected with enhanced chemilumines-
cence (ECL) kit (Thermo Scientific, Waltham,
MA, USA).

Luciferase activity assay

Luciferase reporters were generated based on
the firefly luciferase expressing vector pMIR-
REPORT (Ambion, USA). Cells were seeded in
24-well plates at the density of 5x10* cells per
well the day before transfection. Luciferase
reporter (500 ng), 50 pmol (MiRNA-138 mimic,
inhibitor or negative control) and 40 ng of pRL-
TK were added in each well. Cells were collect-
ed 48 h after transfection and analyzed using
the Dual-Luciferase Reporter Assay System
(Promega, USA).

Statistical analysis
All data are presented as mean + SD. For com-

parisons between two groups, statistical signifi-
cance was determined using the Student’s
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Figure 1. Down-regulation of miR-138 in breast cancer tissues and cell lines. A. Real time PCR was used to determine
the expression of miR-138 in human breast cancer tissues and adjacent non-tumor tissues. *P<0.05; **P<0.01. B.
The normal mammary epithelial cell line MCF10A and four breast cancer cells lines including MCF-7, MDA-MB-231,
SKBR3 and Bcap-37 were analyzed by real time-PCR to measure the miR-138 level. *P<0.05; **P<0.01.
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Figure 2. Overexpression of miR-138 in breast cancer cells. Breast cancer cell
lines including MCF-7, MDA-MB-231, SKBR3 and Bcap-37 were transfected
with miR-138 mimic or negative control. Then, the expression of miR-138 was

determined by real time PCR. *P<0.05; **P<0.01.

t-test. Comparisons among three or more
groups were performed using analysis of vari-
ance (ANOVA). A value of P<0.05 was consid-
ered significant.

Results

Down-regulation of miR-138 in breast cancer
tissue

Firstly, we assessed the expression of miR-138
in 23 paired breast cancer and adjacent non-
tumor tissues by real-time PCR. As shown in
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Figure 1A, miR-138 expr-
ontro ession was markedly decr-
eased in cancer tissues
compared with the match-
ed non-tumor samples. In
addition, the expression
levels of miR-138 in breast
cancer cell lines including
MCF-7, MDA-MB-231, SKB-
R3 and Bcap-37 were
examined. Compared with
normal mammary epithelial
cell line MCF10A, miR-138
exhibited reduced expres-
sion in four breast cancer
cells lines (Figure 41B).
These data indicate that
miR-138 is down-regulated
in breast cancer tissues
and cell lines.

MiR-138 inhibits cell proliferation and migra-
tion in breast cancer cells

To elucidate the function of miR-138 in breast
cancer, we transfected miR-138 mimic into
breast cancer cell lines (MCF-7, MDA-MB-231,
SKBR3 and Bcap-37) and then determined the
effects on cell growth and migration. As shown
in Figure 2, transfection of miR-138 oligonucle-
otides into tumor cells significantly enhanced
the expression of miR-138 in four breast can-
cer cell lines. In addition, we found that ecto-
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Figure 3. MiR-138 inhibits cell proliferation and migration in breast cancer
cells. Four breast cancer cells lines including MCF-7, MDA-MB-231, SKBR3 and
Bcap-37 were transfected with miR-138 mimic or negative control. 48 h after
transfection, MTT assay, colony formation assay, and wound healing assay were
performed to measure cell proliferation (A), colony formation (B) and migration
(C). *P<0.05; **P<0.01.

pic expression of miR-138
obviously suppressed cell
prolieration and colony for-
mation in breast cancer ce-
lls as shown by MTT assay
(Figure 3A) and colony for-
mation assay (Figure 3B).
Furthermore, up-regulation
of miR-138 significantly in-
hibited the metastatic pot-
ential of breast cancer cells
(Figure 3C). Taken together,
these results demonstrate
that miR-138 serves as a
tumor suppressive miRNA
in breast cancer cells.

c-Met is a target of miR-
NA-138 in breast cancer
cells

To explore the molecular
mechanism by which miR-
NA-138 suppressed breast
cancer cells growth and
migration, we searched for
putative miRNA-138 targets
using the web-based pro-
grams and found 3’ UTR of
c-Met containing the con-
served putative miRNA-138
binding sites. To determine
whether miR-138 targeted
c-Met in vitro, we transfect-
ed MCF-7 and MDA-MB-231
cells with miR-138 mimic
or inhibitor and assessed
c-Met mRNA expression
with real time PCR. Our
results showed that ectopic
expression of miR-138 led
to a dramatic reduction in
c-Met mRNA expression,
whereas inhibition of miR-
138 significantly promoted
the mRNA expression of
c-Met in MCF-7 (Figure 4A)
and MDA-MB-231 cells (Fig-
ure 4B). Consistently, west-
ern blot analysis indicated
that transfection with miR-
138 mimic significantly red-
uced c-Met protein expres-
sion, while inhibition of miR-
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Figure 4. MiR-138 suppresses the mRNA expression of c-Met in breast cancer cells. MCF-7 (A) and MDA-MB-231
(B) cells were transfected with miR-138 mimic or inhibitor. Then the mRNA expression of c-Met was determined by

real time PCR. *P<0.05; **P<0.01.

138 increased the protein level of c-Met in
MCF-7 (Figure 5A) and MDA-MB-231 (Figure
5B) cells. In addition, the firefly luciferase activ-
ity was significantly reduced in MCF-7 (Figure
6A) and MDA-MB-231 (Figure 6B) cells after
transfection with miR-138 mimic. However,
down-regulation of miR-138 caused a signifi-
cant increase in luciferase activity, suggesting
that c-Met is a direct target of miR-138 in
breast cancer cells.

Discussion

Emerging evidences indicate that miRNAs play
a significant role in the progression of carcino-
genesis [11], but the mode of action of miR-
138 in breast cancer has yet to be elucidated.
In the current study, our results demonstrated
that ectopic expression of mMIiRNA-138 sup-
pressed cell growth and metastatic potential
by targeting c-Met in breast cancer.

Breast cancer progression is a complex pro-
cess in which multiple oncogenes and tumor
suppressors were dysregulated [12]. Up to now,
many miRNAs have been identified to modulate
tumor suppressor or oncogenic pathways
involved in the pathogenesis of breast cancer

1294

[13-15]. For example, the miR-10b is unregu-
lated in breast cancer cells and correlates with
increased cell growth and metastasis [16].
Several studies indicate that miR-155 serves
as an oncogenic miRNA in breast cancer by tar-
geting Suppressor of cytokine expression 1
(SOCS1) both in vitro and in vivo [17]. On the
other hand, various studies demonstrate that
let-7 is down-regulated in breast cancer cells
and inhibits the metastasis and invasion of
malignant cells by suppressing oncogenes RAS
and High-Mobility Group AT-hook 2 (HMGA2)
[18]. Several research groups have suggested
that miR-138 is down-regulated in different
cancers and up-regulation of miR-138 inhibits
cancer cell proliferation, migration and inva-
sion [19, 20]. However, a recent study in
colorectal cancer indicated that down-regula-
tion of miR-138 enhanced the metastasis
capacity via regulating TWIST2 [21], suggesting
the diverse role of miR-138 in different types of
cancers. In our study, we found that miR-138
was down-regulated in breast cancer tissues
and cell lines. Furthermore, ectopic expression
of miR-138 inhibited the proliferation, colony
formation and metastatic potential of breast
cancer cells. Taken together, these results

Int J Clin Exp Med 2016;9(2):1290-1297
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Figure 5. MiR-138 inhibits c-Met protein expression in breast cancer cells. Western blot analysis was performed to
measure c-Met protein expression in MCF-7 (A) and MDA-MB-231 (B) cells after transfection with miR-138 mimic or

inhibitor. *P<0.05; **P<0.01.

demonstrate that miR-138 serves as a tumor
suppressor miRNA in breast cancer.

It is well known that miRNAs regulate tumor
initiation and progression by targeting various
oncogenes and tumor suppressors [22]. Thus,
in order to elucidate the molecular mechanism
by which miR-138 regulated various cellular
processes, we searched its putative target
using bioinformatics analysis. Previous studies
have reported several targets regulated by miR-
138 such as FOXC1 [23], cyclin D3 [24], and
PDK1 [25] in different cancers. In the current
study, we found that c-Met was a potential
target of miR-138 in breast cancer cells. It has
been reported that c-Met is up-regulated in a
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variety of malignancies and that increased
c-Met signaling potentiates the growth and
migration of tumor cells via several pathways
such as the phosphatidyl inositol 3-kinase
(PI3K), extracellular signal-regulated kinase
(ERK) pathways, and focal adhesion kinase
(FAK) [26, 27]. Our results showed that miR-
138 up-regulation resulted in a reduction in
c-Met expression, whereas inhibition of miR-
138 enhanced c-Met level in breast cancer
cells. Moreover, the firefly luciferase activities
were remarkably reduced following transfec-
tion with miR-138 mimic. While cells transfect-
ed with miR-138 inhibitor exhibited enhanced
luciferase activity, suggesting that c-Met is a
direct target of miR-138 in breast cancer cells.

Int J Clin Exp Med 2016;9(2):1290-1297
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Figure 6. c-Met was a target of miRNA-138 in breast cancer cells. MCF-7 (A) and MDA-MB-231 (B) cells were trans-
fected with miR-138 mimic or inhibitor, and the luciferase activities were determined by dual-luciferase reporter

assay. *P<0.05; **P<0.01.

In summary, our study shows that miR-138 is
down-regulated in breast cancer, and up-regu-
lation of miR-138 suppresses the proliferation
and migration of breast cancer cells by target-
ing c-Met. The current study implied that miR-
138 may represent a valuable therapeutic tool
for breast cancer treatment.
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