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miR-544a Promotes Breast Cancer Cell Migration and 
Invasion Reducing Cadherin 1 Expression
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Accumulating evidence has reported the significant role of miRNAs in the underlying biology of tumors, 
including breast cancer. The purpose for this study was to investigate the potential effects of miR-544a in 
breast cancer migration and invasion. The human normal breast Hs578Bst cells and the human breast cancer 
MCF-7 and MDA-MB-231 cells were used to analyze the expression of miR-544a by RT-PCR. The effects of 
miR-544a on the two kinds of breast cancer cell migration and invasion were analyzed using the Matrigel and 
Transwell assay, respectively. miR-544a expression on the cell metastasis-related protein expression was also 
analyzed using Western blotting. Compared to the normal Hs578Bst cells, miR-544a was significantly down-
regulated in MCF-7 cells but was upregulated in MDA-MB-231 cells (p < 0.01). The overexpressed miR-544a 
significantly promotes the migrated and invaded MCF-7 cells (p < 0.05), which was opposite to that in MCA-
MB-231 cells (p < 0.05). Moreover, the cadherin 1 (CDH1) expression was negatively correlated to miR-544a 
expression in the two kinds of cells. Our study suggested that the overexpressed miR-544a may be a promoter 
for breast cancer migration and invasion by targeting CDH1.
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INTRODUCTION

Breast cancer remains as one of the most common 
malignancies among females and is becoming a leading 
cause for deaths worldwide (1,2). Previous papers report 
that a variety of factors were involved in the distant metas-
tasis of breast cancer, which often occurs in the late stage 
(3). The mechanism for breast cancer metastasis is com-
plicated, and the methods for curing breast cancer remain 
unsatisfactory due to the complicated mechanism (4,5). 
Therefore, to explore the potential mechanism for breast 
cancer metastasis and to develop several useful treatment 
methods for breast cancer is of great significance.

MicroRNAs (miRNAs) are some endogenous, highly 
conserved, noncoding RNAs 20 to 22 nt in length that func-
tion in a wide range of biological processes at the transcrip-
tional or posttranscriptional level by targeting the 3¢-UTR of 
genes (6). Various studies have demonstrated that miRNAs 
are involved in the progression, metastasis, and underlying 
biology of breast cancer via a diversity of mechanisms (7,8). 
For example, the upregulated miR-181a is a promoter of 
breast cancer metastasis (9), and miR-34a suppresses breast 
cancer metastasis through directly targeting Fra-1 (10,11). 
Recent evidence has revealed that miR-544a functions as a 
promoter for cancer metastasis, including lung cancer, by 

targeting cadherin 1 (CDH1), while miR-544a acts as an 
inducer for epithelial–mesenchymal transition via activat-
ing WNT signal in gastric cancer (12,13). Nevertheless, few 
have mentioned the potential effects of miR-544a in breast 
cancer metastasis.

In the current study, we analyzed the potential effects 
of miR-544a expression in breast cancer using MCF-7 and 
MDA-MB-231 cells. Comprehensive experimental methods 
were used to assess the effects of miR-544a expression on 
cell migration and invasion in the two kinds of breast can-
cer cells. This study aimed to investigate the possible effects 
of miR-544a in breast cancer metastasis and to reveal its 
possible mechanism.

MATERIALS AND METHODS

Cell Culture and Transfection

Human normal breast tissue Hs578Bst cells and 
human breast cancer MCF-7 and MDA-MBA-231 cells 
(obtained from American Type Culture Collection) were 
cultured in RPMI-1640 medium containing 10% fetal 
bovine serum (FBS) in a humidified atmosphere of 5% 
CO

2
 at 37°C.

The overexpressed vector for miR-544a or the silenced 
vector for miR-544a (Sangon Biotech, Shanghai, China) 
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was transfected into the breast MCF-7 or MDA-MB-231 
cells, respectively, using the Lipofectamine 2000 proto-
col (Life Technologies, USA). The scramble miR-544a 
was used as control.

Cell Migration Assay

For cell migration assay, Transwell assay was used as 
previously described (14). MCF-7 or MDA-MB-231 cells 
transfected with miR-544a or control plasmid (1 × 105) 
were seeded in the 24-well plates and grown overnight 
to confluence. The monolayer cells were scratched with 
a 20-ml pipette tip to create the wound. The floating cells 
were removed by washing twice with serum-free RPMI-
1640 medium; after that, the medium was added to allow 
wound healing. The rate of wound closure was investi-
gated using photographs 24 h later.

Cell Invasion Assay

Matrigel method was used to assess the cell invasion 
ability as previously described (15). Briefly, after 48 h 
of transfection, cells were incubated with serum-free 
RPMI-1640 medium containing 0.01% serum albumin 
(BSA; Sigma-Aldrich, St. Louis, MO, USA) for another 
24 h. The upper layer of Transwell was enveloped with 
serum-free RPMI-1640 medium supplemented with 50 mg/ 
L Matrigel and then air dried at 4°C. After being sucked 
out the medium, 50 μl fresh serum-free medium con-
taining 10 g/L BSA was added and then cultured for 
30 min at 37°C. After that, Transwell was put into the 
24-well plates and cultured with RPMI-1640 medium 
mixed with 10% FBS. Then cells in Transwell were sus-
pended with serum-free RPMI-1640 medium. After 48 h 
of incubation, Transwell was washed with PBS buffer to 
remove the upper cells on microporous membrane, fol-
lowed with fixing in ice-cold alcohol. Then the Transwell 
was stained with 0.1% crystal violet for 30 min, and 
then decolored with 33% acetic acid. The absorbance of 
eluents was observed at OD 570 nm using a microplate 
reader (Biotech, USA). Transwell in the control group 
was treated without Matrigel.

Real-Time PCR

Total RNA from the cells collected at 48 h was iso-
lated using TRIzol reagent (Invitrogen) as previously 
described (16) and was treated with RNase-free DNase 
I (Promega Biotech, USA). Consequently, the concen-
tration and purity for the isolated RNA were measured 
with SMA 400 UV-VIS (Merinton, Shanghai, China). 
Purified RNA at a density of 0.5 μg/μl with nuclease- 
free water was used for cDNA synthesis with the 
PrimerScript 1st Strand cDNA Synthesis Kit (Invitrogen, 
USA). Expressions of targets in OVCAR-3 cells were 
detected in an Eppendorf Mastercycler (Brinkman Instru-
ments, Westbury, NY, USA) using the SYBR ExScript 

RT-qPCR Kit (Takara, China). Melting curve analysis 
of amplification products was performed at the end of 
each PCR to confirm that only one product was ampli-
fied and detected. Phosphoglyceraldehyde dehydrogenase 
(GAPDH) was chosen as the internal control. Primers 
used for target amplification were CDH1 sense 5¢-AGC 
TACCCCAGGACACCCAA-3¢ and antisense 5¢-GCAA 
CGCAATCAGAGTCAACG-3¢; GAPDH sense 5¢-GGG 
TGGAGCCAAACGGGTC-3¢ and antisense 5¢-GGAGT 
TGCTGTTGAAGTCGCA-3¢.

Western Blotting Analysis

Cells cultured for 48 h were lysed with Radio-
immunoprecipitation buffer (RIPA; Sangon Biotech, 
China) containing phenylmethanesulfonyl fluoride (PMSF; 
Sigma-Aldrich), and the lysates were then centrifuged 
at 12,000 rpm for 10 min at 4°C. The supernatants were 
collected, and protein concentrations were determined 
using a BCA protein assay kit (Pierce, Rockford, IL, 
USA). The proteins were separated by 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (17) followed by transfer onto a polyvinylidine-
fluoride (PVDF) membrane (Millipore). The membranes 
were blocked in Tris-buffered saline/Tween 20 (TBST) 
containing 5% nonfat milk for 1 h at room temperature 
and then incubated with rabbit anti-human antibodies 
(CDH1, 1:100 dilution; Invitrogen) overnight at 4°C. 
Subsequently, the membranes were incubated with a 
horseradish peroxidase-conjugated goat anti-rat second-
ary antibody (1:1,000 dilution) for 1 h at room tempera-
ture. Finally, the PVDF membranes were washed three 
times with 1× TBST buffer for 10 min each. The signals 
were detected after the membranes were incubated with 
a chromogenic substrate using the enhanced chemi-
luminescence (ECL) method. GAPDH served as the  
internal control.

Statistical Analysis

All experiments were conducted independently three 
times. All the data were expressed as the mean ± SD. 
Statistical analysis was performed using the SPSS 19.0 
statistical software, and the significant difference for all 
data was calculated using a one-way analysis of variance 
(ANOVA). The value of p < 0.05 was considered as sta-
tistically significant.

RESULTS

miR-544a Expression in Breast Cancer Cell Lines

The results showed that miR-544a expression was 
significantly downregulated in MCF-7 cells (p < 0.05) 
but was significantly upregulated in MDA-MB-231 cells 
compared to normal Hs578Bst cells (p < 0.01) (Fig. 1A). 
Consequently, the overexpressed miR-544a vector or the 
si-miR-544a vector was transfected into the MCF-7 or 
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MDA-MB-231 cells, respectively. The results showed 
that, after transfection, miR-544a expression was signifi-
cantly upregulated compared to its control (p < 0.01) (Fig. 
1B), while miR-544a expression was significantly down-
regulated by siRNA transfection in MDA-MB-231 cells 
(p < 0.01) (Fig. 1C).

Effects of miR-544a Expression on Breast Cancer 
Cell Migration

The results showed that the relative cell migration 
for MCF-7 cells was higher by the overexpressed miR-
544a than that in its controls (p < 0.05) (Fig. 2A). On the 

contrary, the relative cell migration for MDA-MB-231 
cells was lower by the silencing miR-544a than its con-
trols (p < 0.05) (Fig. 2B).

Effects of miR-544a Expression on Breast Cancer 
Cell Invasion

The results showed that the relative cell invasion for 
MCF-7 cells was higher by the overexpressed miR-544a 
than that in its controls (p < 0.05) (Fig. 3A). However, the 
relative cell invasion for MDA-MB-231 cells was lower 
by the silencing miR-544a than its controls (p < 0.05) 
(Fig. 3B).

Figure 1. miR-544a expression on breast cancer cell lines. (A) Compared to the normal breast tissue Hs578Bst cells, miR-544a 
expression in MCF-7 cells was significantly decreased, while it was significantly increased in MDA-MB-231 cells. *p < 0.05 and 
**p < 0.01, compared to the control (Hs578Bst). (B) miR-544a expression was significantly increased by the overexpressed vector 
transfection in MCF-7 cells. **p < 0.01 compared to the control cells (MCF-7). (C) miR-544a expression was significantly increased 
by the silencing miR-544a in MDA-MB-231 cells. **p < 0.01 compared to the control cells (MDA-MB-231).

Figure 2. Effects of miR-544a expression on breast cancer cell migration. (A) The overexpressed miR-544a significantly promoted 
the MCF-7 cell migration. (B) The silencing of miR-544a significantly decreased the migrated MDA-MB-231 cells. *p < 0.05, com-
pared to the control cells.



168 LU ET AL.

Effects of miR-544a Expression on Cell Metastasis-
Related Protein Expression

We further analyzed the potential effects of miR-544a 
expression on cell metastasis-related protein expression in 
the two kinds of breast cancer cells (Fig. 4). The results 
revealed that the mRNA and protein levels for CDH1 were 
downregulated by the overexpressed miR-544a in MCF-7 
cells (p < 0.05) (Fig. 4A), but were upregulated by the 
silencing of miR-544a in MDA-MB-231 cells (p < 0.05) 

(Fig. 4B), suggesting that CDH1 expression was negatively 
correlated to miR-544a expression in breast cancer cells.

DISCUSSION

Breast cancer remains one of the most common female 
malignancies and is hard to cure because of its easy distant 
metastasis (2,11). Increasing evidence has revealed that 
miRNAs play pivotal roles in the biology of breast cancer 
migration and invasion (6,12). In this study, we investigated 

Figure 3. Effects of miR-544a expression on breast cancer cell invasion. (A) The overexpressed miR-544a significantly promoted the 
MCF-7 cell invasion. (B) The silencing of miR-544a significantly decreased the invaded MDA-MB-231 cells. *p < 0.05, compared to 
the control cells.

Figure 4. Influence of miR-544a expression on cell metastasis-related protein expression. (A) The overexpressed miR-544a signifi-
cantly decreased the mRNA and protein expression of CDH1 in MCF-7 cells. (B) The silencing of miR-544a significantly increased 
the mRNA and protein expression of CDH1 in MDA-MB-231 cells. *p < 0.05, compared to the control cells.
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the potential effects of miR-544a in breast cancer metastasis 
and to develop its potential mechanism. The data showed 
that miR-544a was significantly downregulated in MCF-7 
cells but was significantly overexpressed in MDA-MB-
231 cells (p < 0.05). The silencing of miR-544a suppressed 
the MDA-MB-231 cell migration and invasion, which was 
opposite to that in MCF-7 cells. miR-544a expression was 
negatively correlated to the expression of CDH1 in the two 
kinds of breast cancer cells.

Previous evidence has demonstrated that MCF-7 is 
a low-metastatic cell, while MDA-MB-231 is a kind of 
high-metastatic cell (12), and Jiang et al. also proved that 
miR-544a was upregulated in insulinomas (18). In agree-
ment with previous data, our results showed that miR-
544a expression was highly expressed in MDA-MB-231 
cells instead of in MCF-7 cells (Fig. 1), indicating that 
miR-544a expression was associated with a breast can-
cer pathogen. Therefore, we further analyzed the effects 
of miR-544a on breast cancer cell migration and inva-
sion by silencing RNA transfection in MDA-MB-231 cell 
and overexpression in MCF-7 cells. It has been demon-
strated that cell migration and invasion are the important 
biological processes in metastasis (19). Zhao et al. said 
that miR-544a was upregulated in lung cancer cell and 
might be a biomarker for lung cancer bone metastasis in 
its early diagnosis (20). In this study, the results revealed 
that miR-544a expression was negatively correlated with 
cell migration and invasion (Figs. 2 and 3), suggesting 
that the overexpressed miR-544a might play a role in pro-
moting breast cancer metastasis.

Meanwhile, we further analyzed the possible mecha-
nism for miR-544a in affecting breast cancer cell migra-
tion and invasion. CDH1 is a calcium-dependent cell–cell 
adhesion glycoprotein cadherin superfamily protein, 
which is involved in several biological processes in vari-
eties of diseases including breast cancer, gastric cancer, 
and colorectal cancer (21–23). Loss of CDH1 function is 
thought to contribute to disease progression in cancer by 
increasing cell proliferation, invasion, and metastasis. For 
example, mutation in CDH1 is infrequent in women with 
familia lobular breast cancer (24). Similar investigations 
were also performed by Kuusisto et al., which revealed 
CDH1 mutation was observed in breast cancer (25). In 
this study, CDH1 expression was downregulated in breast 
cancer cells, which is in accordance with breast cancer 
metastasis. On the other side, the associate between miR-
544a expression and CDH1 expression in breast cancer 
has not been fully mentioned. Nevertheless, miR-544a 
promotes lung cancer cell invasion via targeting CDH1 in 
vitro (12), which is similar to the report conducted by Hua 
et al. (26). Our results revealed that the CDH1 expres-
sion was significantly downregulated by the silencing of 
miR-544a, implying the negative correlation between the 
two factors. Therefore, we speculated that miR-544a may 

promote breast cancer metastasis by negatively regulat-
ing CDH1.

To sum up, the data presented in this study reveal that 
the overexpressed miR-544a may be a promoter in breast 
cancer metastasis through involvement in the migration 
and invasion biological processes and targeting CDH1. 
Our study may provide a theoretical basis for the possibil-
ity of miR-544a in illustrating the mechanism for breast 
cancer metastasis and may provide a basis for the poten-
tial application in the clinical treatment for breast cancer. 
Further experimental studies are still needed to develop 
the possible deep mechanism.
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