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Abstract: Accumulating evidence has shown that microRNAs (miRNAs) deregulation is commonly observed in hu-
man malignancies and crucial to cancer metastasis. Herein, we demonstrated that miR-126 play a suppressor role 
in human breast cancer cells invasion through the direct repression of a disintegrin and metalloprotease 9 (ADAM9). 
MiR-126 expression was investigated in forty cases of breast cancer specimens by real-time PCR. Transwell assay 
was conducted to explore the effects of miR-126 on the invasion of human breast cancer cell lines. The impact 
of miR-126 overexpression on putative target ADAM9 was subsequently confirmed by Western blot analysis. Our 
results indicated that miR-126 expression was frequently down-regulated in breast cancer specimens compared 
with adjacent normal tissues (P<0.05). Overexpression of miR-126 significantly reduced (P<0.05) the protein levels 
of ADAM9, further suppressed (P<0.05) breast cancer cell invasion in vitro. Meanwhile, knockdown of ADAM9 by 
small interfering RNA (siRNA) also inhibited (P<0.05) breast cancer cell invasion. Thus, our study revealed that 
miR-126 may act as a tumor suppressor via inhibition of cell invasion by downregulating ADAM9 in breast cancer 
development. 
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Introduction

Breast cancer is a major cause of cancer-relat-
ed death in women worldwide [1, 2]. Over the 
past years, more than one million cases are 
reported annually, with almost half of cases in 
developed countries [3]. The breast cancer 
development is characterized by aggressive 
local invasion, early metastasis, and multidrug 
resistance to chemotherapy [4-6]. Therefore, a 
better understanding of the molecular mecha-
nism underlying its growth and early metasta-
sis are particularly important. 

MicroRNAs (miRNAs) are small noncoding RNAs 
of approximately 21-25 nucleotides that regu-
late the translation of mRNAs to proteins [7]. 
Mature miRNAs play important regulatory roles 
in cell growth, proliferation, differentiation and 
cell death. As regulators of gene expression, 
deregulation and upregulation of miRNAs has 
been linked to tumor progression, and could be 
function as tumor suppressors and oncogenes 

during the tumor development [8, 9]. In breast 
cancer, distinct expression profiles of miRNAs 
have been widely studied and demonstrated 
association with specific molecular subtypes 
and clinicopathological characteristics [10, 11], 
including miR-126 [12]. However, the biological 
functions of the deregulated miRNAs in tumor 
progression, especially for tumor metastasis 
have not yet been completely defined.

Cancer metastasis is a complex process involv-
ing the interplay between cancer cells and sur-
rounding components of extracellular matrix 
[13]. A disintegrin and metalloproteases (ADAM) 
are modular type I transmembrane proteins 
with a number of characteristic domains, inclu- 
ding a metalloprotease, disintegrin-like and 
transmembrane domain [14]. Recent studies 
have shown a close correlation between in- 
creased ADAMs and cancer progression [15]. 
Till now, twenty-one members of ADAM family 
have been identified in humans. Recently 
ADAM9 has been reported on the upregulation 
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in various types of cancers, including colon 
[16], pancreas [17], and breast [18], tightly 
associated with cancer progression and metas-
tasis [16-18].

In the present study, we discovered that miR-
126 was significantly downregulated in breast 
cancer tissues compared with adjacent normal 
tissues. Meanwhile, overexpression of miR-126 
and knockdown of ADAM9 both inhibited the 
invasion of breast cancer cell lines. Based on 
these results, we postulate the role of the miR-
126/ADAM9 axis in the invasion abilities of 
breast cancers. 

Material and methods

Clinical breast cancer specimens

Twenty pairs of primary breast cancer and cor-
responding adjacent normal tissues were 
obtained from patients who underwent primary 
surgical treatment at the Affiliated Tumor 
Hospital of Zhengzhou University (Zhengzhou, 
China) from 2012 to 2014. All samples were 
histologically confirmed by staining with hema-
toxylin-eosin. The study protocol was approved 
by the Scientific and Ethical Committee of 
Zhengzhou University. The specimens were 
snap frozen in liquid nitrogen and stored at 
-80°C.

Cell lines and cell culture

Two human breast cancer cell lines (MCF-7 and 
MDB-MA-231) used in the present study were 
purchased from Cell Center of Shanghai 
Institute of Life Science, Chinese Academy of 
Science (Shanghai, China). All Cells were cul-
tured in RPMI-1640 medium (Gibco, Grand 
Island, NY) supplemented with 10% fetal bovine 
serum (Gibco) and antibiotics (100 U/ml penicil-
lin and 100 mg/ml streptomycin) in a humidi-
fied atmosphere containing 5% CO2 at 37°C.

Cell transfection

Transfection of miR-126 mimics or non-specific 
miR control (NC) (GenePharma, Shanghai, 
China) was performed using X-treme GENE 
Transfection Reagent (Roche, Indianapolis, IN) 
according to the manufacturer’s instructions. 
Briefly, cells were seeded into 6-well plates 
until 60% confluent and transiently transfected 
with 20 and 40 nM miR-126 mimics or NC. 
Then cells were incubated at 37°C for 48 hours 
prior to further analysis.

Transfection of ADAM9 specific siRNA and 
scrambled siRNA (Santa Cruz Biotechnology, 
Santa Cruz, CA) was carried using Lipofectamine 
TM 2000 (Invitrogen Co., Carlsbad, CA) accord-
ing to the manufacturer’s instructions. Cells 
with 60% confluence were cultured in RPMI-
1640 medium without any antibiotics overnight 
at 37°C in 5% CO2 and then transfected with 
both ADAM9 and scrambled siRNAs. After 4-6 
hours, RPMI-1640 containing 10% FBS was 
added to each well and the cells were cultured 
for an additional 48 hours. 

Figure 1. Expression of miR-126 in breast cancer 
and adjacent normal tissues. Decreased miR-126 
expression in breast cancer tissues compared to the 
adjacent normal tissues from a panel of 20 breast 
cancer patients. Data are presented as means ± 
SEM.

Figure 2. Overexpression of miR-126 by transfecting 
miR-126 mimics. The expression level of miR-126 
was detected by real-time PCR after 48 hours trans-
fection and normalized to that of U6. Data are pre-
sented as means ± SEM. 
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RNA isolation and real-time RT-PCR

Total RNA was isolated using TRIzol® reagent 
(Invitrogen) according to the manufacturer’s 
protocol. Expression of miR-126 was assessed 

bottom of inserts were fixed, stained, and 
counted under a microscope. The numbers of 
invaded cells were counted using the Meta- 
Morph image analysis software (Molecular 
Devices, Sunnyvale, CA). 

Figure 3. Overexpression of miR-126 decreases invasion but not prolifera-
tion in MCF-7 and MDB-MA-231 cell lines. A. Photographs depict the invasion 
of MCF-7 and MDB-MA-231. B. Quantified data are expressed as means ± 
SEM from 3 independent experiments. C. Cell proliferation was detected with 
MTS assay, and the graphs show the results of three independent experi-
ments. *Different (P<0.05) from their controls, respectively.

by quantitative real-time RT- 
PCR, and the small nuclear 
RNA U6 was used as an inter-
nal control. Total RNA was 
reverse transcribed to cDNA 
using a PrimeScript RT re- 
agent kit (Takara, Dalian, 
China). Quantitative real-time 
PCR (qPCR) was performed 
using a SYBR Premix Ex Taq™ 
II kit (Takara) on an ABI7900HT 
System. 

Cell proliferation assay

For the cell proliferation as- 
say, approximately 3000 cells 
after transfection with miR-
126 mimics or non-specific 
miR control were seeded in 
96-well plates. After 48 hours 
incubation, cell proliferation 
rates were detected by MTS 
assay according to the man- 
ufacturer’s protocol. Wells  
containing known cell num- 
bers (0, 1000, 2000, 5000, 
10,000, 20,000 or 40,000 
cells/well) were treated in the 
similar fashion to establish 
standard curves.

Cell invasion assay  

Cell invasion was evaluat- 
ed by using a 24-Multiwell  
BD Falcon FluoroBlok Insert 
System (8.0 μm pores; BD 
Biosciences, San Jose, CA). 
Approximately 5×104 cells af- 
ter transfection were plated 
onto the upper compartment 
of chamber coated with Ma- 
trigel. The lower compartment 
was filled with complete RPMI-
1640 medium. The chamber 
was incubated at 37°C for 16 
hours and the filters were 
removed. Cells invaded on the 
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Western blot analysis

Cells after treatment were washed in ice-cold 
PBS and added to RIPA lysis and extraction buf-
fer (Thermo Fisher Scientific, Franklin, MA). The 
protein samples (10-20 μg) were separated on 
10% SDS-PAGE gels and electrically transferred 
to polyvinylidene difluoride membrane (Immo- 
bilon PVDF, Millipore Corp., Bedford, MA). The 
membranes were probed with the ADAM9 anti-
body (1:1000; Abcam, Cambridge, MA) and fol-
lowed by reprobing with ACTIN (1:3000; Santa 
Cruz Biotechnology, San Diego, CA) as an 
endogenous loading control. Western blot stud-
ies were run in at least three independent 
experiments.

Statistical analysis

Statistical analyses were carried out using 
SPSS software (version 16, SPSS, Inc, Chicago, 

To validate whether miR-126 regulated cancer 
cell invasion, we performed a trans-well assay 
by transfecting miR-126 mimics or NC into 
MCF-7 and MDA-MB-231 cells. As shown in 
Figure 2, the miR-126 levels were highly 
increased in these two breast cancer cell lines 
after transient transfection. As expected, the 
increased expression of miR-126 induced sig-
nificant inhibition (P<0.05) of cell invasion in 
both MCF-7 and MDA-MB-231 cells (Figure 3A 
and 3B). However, we did not observe signifi-
cant alteration in the cell proliferation after 48 
hours incubation by transfecting miR-126 mim-
ics or NC into these cells (Figure 3C).

Overexpression of miR-126 decreased ADAM9 
protein level 

To explore the mechanism of invasion inhibition 
induced by miR-126, we investigated whether 
miR-126 could regulate ADAM9 expression in 

IL); All data were expressed 
as means ± SD. Between-
group differences were ana-
lyzed using Student’s t-test. 
Western blot assays were 
tested using one-way ANOVA. 
P<0.05 was considered to be 
statistically significant.

Results

MiR-126 was frequently 
down-regulated in clinical 
specimens

We firstly examined miR-126 
expression levels in 40 frozen 
samples from breast cancer 
patients (20 cancers and 20 
adjacent normal controls) by 
TaqMan real time RT-PCR.  
Our results showed that miR- 
126 expression is significant-
ly (P<0.05) reduced in breast 
cancer tissues in comparison 
with adjacent normal tissues 
(Figure 1). Meanwhile, we did 
not find any correlation of 
miR-126 expression with clini-
cal characteristics of breast 
cancer (data not shown).

Effect of miR-126 on breast 
cancer cell invasion and pro-
liferation

Figure 4. Overexpression of miR-126 decreased the protein levels of ADAM9 
in MCF-7 and MDB-MA-231 cell lines. A. Representative Western blot analy-
sis of ADAM9. B. Relative expression of ADAM9 was normalized to the en-
dogenous control ACTIN. Data are presented as means ± SEM. *Different 
(P<0.05) from the control group.
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MCF-7 and MDA-MB-231 cells. After transfect-
ed with miR-126 mimics at different concentra-
tions (0, 20, 40 nM) and then examined 
ADAMP9 expression levels. As shown in Figure 
4, overexpression of miR-126 directly induced 
a dose-dependent (P<0.05) decrease in ADAM9 
protein level. 

Inhibition of ADAM9 protein levels by ADAM9 
siRNA suppressed cell invasion 

To determine whether miR-126 mimics reduced 
cell invasion through downregulation of ADAM9; 
we used ADAM9 siRNA to knockdown endoge-
nous ADAM9 expression and investigated cell 
invasion ability in vitro. Western blot experi-
ment demonstrated that the expression of 
ADAM9 in both MCF-7 and MDA-MB-231 were 

found that miR-126 was frequently downregu-
lated in breast cancer clinical specimens by 
real-time PCR detection. Unfortunately, we did 
not find significant correlation between miR-
126 low expression and clinicopathological fea-
tures (data not shown). These results also con-
firmed by another study that miR-126 expres-
sion was significantly downregulated in breast 
cancer tissues; however, in this study they 
found this low expression of miR-126 was asso-
ciated with cancer metastasis [24]. 

To further reveal the functional roles of miR-
126 in breast cancer metastasis, we ectopi-
cally raised the miR-126 level in two breast 
cancer cell lines to investigate its effect on cell 
invasion. Consistent with our expectation, 
increasing the expression levels of miR-126 

significantly reduced after 
siRNA transfection for 48 
hours (Figure 5A). For inva-
sion assay, the numbers of 
invaded cells were marked- 
ly decreased in ADAM9 si- 
RNA treated group compared  
to Scrambled siRNA control 
group (P<0.05) (Figure 5B). 

Discussion

In the present study, we ob- 
served a significant downreg-
ulation of miR-126 expression 
in human breast cancer tis-
sues as compared with adja-
cent normal tissues. Over- 
expression of miR-126 inhib-
ited the invasion of breast 
cancer cell lines in vitro. 
Moreover, we found that miR-
126 directly targeted and 
down-regulated a key mole-
cule involved in metastasis, 
ADAM9. 

Aberrant expression of miR-
NAs has been deeply involved 
in couple of human diseases, 
including cancer [19, 20]. It 
was reported that the miR-
126 expression was signifi-
cantly downregulated in dif-
ferent types of cancer [21- 
23]. In agreement with these 
reports, our current study 

Figure 5. Effects of ADAM9 siRNA on cell invasion in MCF-7 and MDB-MA-231 
cell lines. A. The protein levels of ADAM9 were detected by Western blot after 
transfected with ADAM9 specific siRNA in cells. B. Quantified data of cell in-
vasion are expressed as means ± SEM. *Different (P<0.05) from scrambled 
control. Si: ADAM9 siRNA; SS: scrambled siRNA.
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directly inhibited cell invasion in both MCF-7 
and MDA-MB-231 without alteration of cell pro-
liferation, revealing its potential role as a sup-
pressor of metastasis in breast cancer devel-
opment. These findings were similar to the 
investigation by Tavazoie et al. that overexpres-
sion of miR-126 reduced both breast cancer 
cell growth in vitro and metastases in vivo. 
Furthermore, they included that loss of miR-
126 was closely correlated with reduced 
metastasis-free survival [25]. Overall, these 
findings indicated that miR-126 could behave 
as a tumor suppressor in breast cancer growth 
and metastasis.

It is well known that miR-126 tightly involved in 
the different type of cancers development 
through regulation of various target mRNAs. 
Couple of studies has demonstrated a close 
relationship regarding the overexpression of 
miR-126 and ADAM9 silence in osteosarcoma, 
bladder cancer, and pancreatic cancer cells 
[26-28]. Meanwhile, we also observed that 
ADAM9 could be a potential target of miR-126 
from miR databases (TargetScan and miRan-
da). Due to the strong involvement of ADAM9 in 
the metastatic process, more and more studies 
focused on the regulatory mechanism of 
ADAM9 in cancer metastasis [29, 30]. Our cur-
rent study demonstrated that the miR-126 sup-
pression of ADAM9 is closely related to inva-
sion of breast cancer cells. These findings were 
in agreement with several of recent reports 
that ADAM9 is involved in the negative regula-
tion of breast cancer cell invasion [31, 32]. 
Combining these findings, expression level of 
miR-126 may be inversely correlated with the 
metastatic potential of breast cancer, which 
may contribute to inhibition of breast cancer 
metastasis.

In summary, we proved that miR-126 was mark-
edly downregulated in human breast cancer tis-
sues. Increasing the expression of miR-126 
may lead to breast cancer cell invasion sup-
pression in vitro through targeting ADAM9. 
Though there is still much to learn about the 
role of miR-126 in breast cancer tumorigene-
sis, miR-126 provides us with a new metastatic 
suppressor and has potential as a new thera-
peutic target in metastatic breast cancer.
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