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Abstract: MicroRNAs (miRs), acting as tumor suppressor or oncogenes genes, play a critical role in controlling tumor 
invasion, metastasis and survival via regulating a variety of targets. MiR-148a has been observed low expressed in 
several types of human cancers, and overexpression of miR-148a inhibits tumorigenesis. However, the molecular 
mechanisms of miR-148a-mediated these effects are largely elusive. Therefore, the aim of this study was to evalu-
ate the biological function and molecular insight on miR-148a mediated roles in breast cancer cell. In the present 
study, we demonstrated that low miR-148a expression was observed in breast cancer cells compared to the normal 
human breast cells. Transfection with miR-148a inhibited growth, migration, invasion, and induced apoptosis in 
MDA-MB-231 cells. Ubiquitin-specific protease 4 (USP4) and BIM was the potential target of miR-148a. Indeed, 
miR-148a overexpression decreased expression of USP4 and increased BIM expression. Additionally, we revealed 
that miR-148a exerts its pro-apoptotic functions through upregulation of BIM, and miR-148a exerts its anti-invasive 
functions through downregulation of USP4. We therefore suggested that miR-148a is a tumor suppressor, which 
could be a promising therapeutic target for breast cancer.
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Introduction

Breast cancer, originating from healthy mam-
mary gland cells, is a malignant tumor. It is the 
most frequent among women aged between 50 
and 70 years [1]. Despite the advances that 
have been made in the treatment of breast 
cancer, the major cause of death from breast 
cancer continues to be metastasis. Up to date, 
the underlying mechanisms of metastasis for 
breast cancer are not completely understood, 
further investigation of this mechanism is 
urgently needed.

MicroRNAs (miRs) are tiny, regulatory RNA mol-
ecules, approximately 18-25 nucleotides in 
length that post-transcriptionally modulate 
gene expression [2]. These miRs can regulate 
multiple genes, resulting in either translational 
repression or degradation of mRNAs [3]. miR-
NAs are now widely believed to play an essen-
tial role in many malignancies, acting as either 
tumor suppressors or oncogenes [4-6].

Low miR-148a expression has been reported  
in tissues of human breast cancer and undif-
ferentiated gastric cancer [7, 8]. Low miR-148 
expression was also identified in human cancer 
cell lines established from metastatic lymph 
nodes of colon, melanoma, and head and neck 
cancer, suggesting that low miR-148a is respon-
sible for the development of metastasis [9]. 
However, the function and targeting genes of 
miR-148a in breast cancer cells have not yet 
been documented.

It has been reported that Ubiquitin-specific pro-
tease 4 (USP4) was over-expressed in meta-
static breast cancers as compared to the nor-
mal breast samples [10]. Targeting USP4 
inhibited TGF-β-induced migration in vitro in 
breast cancer MDA-MB-231 cells, and in vivo in 
a zebrafish xenograft invasion and metastasis 
model [10]. Previous study has found that mir-
148a could suppress tumor metastasis and 
invasion by regulating specific targeted USP4 
[11].
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Bcl-2-like protein 11 (BIM) has been identified 
as a critical pro-apoptotic factor in solid tumors 
[12]. Kim et al. found that over-expression of 
mir-148a could suppress BIM expression, 
resulting in the inhibition of glioma apoptosis. 
On the contrary, down- regulation of mir-148a 
could induce BIM expression and promoting 
cell apoptosis [13].

In the present study, we investigated effects of 
miR-148a on invasion and apoptosis breast 
cancer cells. Our results demonstrated that 
miR-148a plays multiple tumor suppressive 
roles. We identified USP4 as a direct target of 
miR-148a, which mediate invasion suppressive 
effect of miR-148a in breast cancer cells. In 
addition, we also identified BIM as a direct tar-
get of miR-148a, which mediate pro-apoptosis 
effect of miR-148a in breast cancer cells. We 
thus provided evidence that miR-148a has 
potentially therapeutic target for treatment of 
breast cancer.

Materials and methods

Cell line and culture

MDA-MB-231, MCF-7, FCY20202 human breast 
cancer cells and MCF10A normal breast cell 
were maintained in RPMI 1640 medium (Bio- 
chrom, Shanghai, China) and substituted with 
10% FCS, 2 mmol Lglutamine (Gibco, Invitro 
gen, Hangzhou, China), 6 ng/ml insulin (Gibco; 
Invitrogen Corp, Hangzhou, China), 3.75 ng/ml 
hydrocortisone (Sigma, Shanghai, China). All 
the cells were cultured in a humidified chamber 
with 5% CO2 at 37°C. All experiments used log-
arithmically growing cells.

MiR148a transfection

MiR-148a mimics (miR-148a) from GenePhar- 
ma was used for the overexpression. Negative-
control mimics (GenePharma) was transfected 
as matched controls (NC). Primer sequences 
were as follows: miR-148a, 5’-CUCAGUAGGGA- 
AGACCUUUGCU-3’ (sense) and 5’-GAAAUGGC- 
UUCUCCCUAAGGUU-3’ (antisense); control mi- 
mics (NC), 5’-UUCGUCCAACGUGACUCUGTT-3’ 
(sense) and 5’-ACGAGUCACGUGUCGAAGATT-3’ 
(antisense); MDA-MB-231 were seeded in six-
well plates, grown to 50-80% confluence. Cells 
were transfected with miR-148a and negative 
control (NC) at a final concentration of 50 nM 
were accomplished with Lipofectamine 2000 

(Invitrogen, Hangzhou, China), following the 
manufacturer’s protocol. For stable miR-148a 
transfection, we infected cells for 24 h and 
added 0.1% puromycin into medium 72 h after 
transfection. 

USP4 cDNA and BIM siRNA transfection 

The pcDNA3.1 and pCDNA3.1-USP4 cDNA 
(USP4 cDNA) plasmids was constructed in our 
laboratory [14]. pcDNA3.1 or (USP4 cDNA) plas-
mids BIM siRNA or control siRNA were tran-
siently transfected into MDA-MB-231 cells for 
72 h using Lipofectamine 2000 according to 
the manufacturer’s instructions. Gene expres-
sion were confirmed by western blot analysis. 

RNA extraction and real-time quantitative PCR

Total miRNA was extracted from cells in differ-
ent groups using a mirVana miR Isolation Kit 
(Ambion, Shanghai, China) according to the 
manufacturer’s instructions. cDNA was syste- 
ms using a TaqMan MicroRNA Reverse Trans- 
cription Kit (Shanghai, China). MiR-148a ex- 
pression was quantified using a miR-specific 
TaqMan miR Assay Kit (Applied Biosystems). 
Real-time PCR (qRT-PCR) was performed using 
the Applied Biosystems 7500 Sequence Dete- 
ction System. miR-148a expression was quanti-
fied based on the comparative threshold (Ct); 
the relative miR-148a expression levels were 
calculated as 2-(Ct miR-148a-Ct U6) after nor-
malization with reference to the quantification 
of U6 small nuclear RNA expression.

Western blot analysis 

Cells in different groups were washed with ice-
cold PBS. The whole cell extracts were pre-
pared from whole cell lysates. Total protein con-
centration was measured. Cell lysates con- 
taining 30 ug total protein were analyzed by 
western blot assay using primary antibodies: 
anti-USP4 and anti-BIM. Chemoluminescent 
detection (Upstate, Lake Placid, NY) was done 
in accordance with the manufacturer’s instru- 
ctions.

MTT assay

MDA-MB-231 cells were seeded in six-well 
plates. When the cells were 50-80% conflu-
ence, the cells were transiently transfected 
with miR-148a or NC, or co-transfected with 
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miR-148a and BIM siRNA. After transfection  
for 72 hs, 50 μl MTT (Sigma-Aldrich Corp., 
Hangzhou, China) in PBS was added to each 
well. After 3 h of incubation, the viability of cul-
tured MDA-MB-231 cells was determined by 
MTT assay as the manufacture’s instruction.

Clonogenic assay

A total of 2,000 cells each (MDA-MB-231 cells, 
stable miR-148a transfected MDA-MB-231 
cells or NC transfected MDA-MB-231 cells were 
seeded into 100-mm plates in triplicates. 14 
days later, the cells were fixed with 4% parafor-
maldehyde and stained with crystal violet for 
30 min. The number of colonies with diameters 
of more than 1.5 mm were counted.

Flow cytometric analysis

The cells were seeded in 6-well plates at 
30-50% confluency. After transient transfec-
tion of MDA-MB-231 cells with miR-148a, or 
NC, or co-transfected with miR-148a and BIM 
siRNA or control siRNA for 72 h, the cells were 
stained using the annexin V FITC Apoptosis 
detection kit (Beijing Biosea Biotechnology Co., 
Ltd., Beijing, China), and analyzed by flow cy- 
tometry according to the manufacture’s instruc-
tion. Data analysis was performed using 
WinMDI 2.9 software (Scripps Research Ins- 
titute, La Jolla, CA).

Migration and invasion assays

The stable miR-148a transfected MDA-MB-231 
cells or NC transfected MDA-MB-231 cells at a 

density of 3×104 cells/well were seeded in the 
upper chambers in serum-free media. The 
lower chamber was filled with 20% FBS as che-
moattractant. To detect the effect of USP4 in 
miR-148a induced invasion, the stable miR-
148a transfected MDA-MB-231 cells or NC 
transfected MDA-MB-231 cells were transfect-
ed with USP4 cDNA or control plasmid for 48 h, 
then the cells were seeded in the upper cham-
bers in serum-free media. The lower chamber 
was filled with 20% FBS as chemoattractant. 
The invading cells were fixed with 4% parafor-
maldehyde (Santa Cruz, USA), and stained with 
a fluorescent dye. Fluorescence was measured 
with ~480 nm excitation wavelength and ~560 
nm emission wavelength.

Statistical analysis

Student’s t-test was used to assess signifi-
cance of differences among the different 
groups. Differences were expressed as mean ± 
SD. with P values <0.05 being considered as 
statistically significant.

Results

MiR-148a was down-regulated in breast can-
cer cells

We investigated expression levels of miR-148a 
in MDA-MB-231, MCF-7, FCY20202 human 
breast cancer cells and MCF10A normal breast 
cell. miR-148a expression was significantly 
decreased in breast cancer cells, and miR-
148a was significantly increased in MCF10A 
normal breast cell (Figure 1). Of the three 
breast cancer cells, MDA-MB-231 cells had the 
lowest levels of miR-148a expression, we used 
MDA-MB-231 cells for further study.

Expression of miR-148a inhibited MDA-
MB-231 cell growth 

MDA-MB-231 cells were transfected with miR-
148a or NC for 72 hs, miR-148a expression 
was significantly increased by qRT-PCR assay 
(Figure 2A). MTT assay revealed that miR-148a 
significantly inhibited cell growth 3 days after 
transfection (Figure 2B). Colony formation as- 
say showed the number of colonies formed was 
reduced in MDA-MB-231/miR-148a cells com-
pared with NC/MDA-MB-231 cells (Figure 2C). 
These results suggest that miR-148a inhibits 
cell growth of MDA-MB-231 cells. Next, we 
examined whether the inhibition of cell growth 

Figure 1. MiR-148a expression levels in breast can-
cer cell lines. Total RNA containing miRNA was ex-
tracted from MDA-MB-231, MCF-7, FCY20202 hu-
man breast cancer cells and MCF10A normal breast 
cells and subjected to quantitative RT-PCR for miR-
148a. Data are expressed as mean ± S.D. (n=3). 
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Figure 2. Effects of miR-148a on cell growth and apoptosis in MDA-MB-231 cells. MDA-MB-231 cells were transfected with miR-148a or NC for 72 hrs. A. miR-148a 
expression was detected by quantitative RT-PCR assay; B. Viable cell number was counted 3 days after transfection using MTT assay. C. miR-148a or NC stably trans-
fected cells were seeded onto 6-well plates and cultured for 14 days. After fixation and staining, colonies were counted. D. Cell apoptosis was detected by flow cytom-
etry using the Annexin V-FITC apoptosis detection kit. Data are expressed as mean ± S.D. (n=3). *P<0.05, compared with cells transfected with a negative controls.
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was also accompanied by the induction of 
apoptosis induced by miR-148a.

Expression of miR-148a induces MDA-MB-231 
cell apoptosis

MDA-MB-231 cells were transfected with miR-
148a or NC for 72 hs. After treatment, the 
apoptotic cells were measured. The results 
showed that the induction of apoptosis was sig-
nificantly increased with miR-148a transfection 
(Figure 2D). These results demonstrated that 
miR-148a could induce apoptosis in MDA-
MB-231 cells. To further understand the molec-
ular mechanism of miR-148a-induced apopto-
sis in MDA-MB-231 cells, the cell survival 
pathway was investigated.

Apoptosis-enhancing effect of miR-148a is 
mediated through activating BIM

MDA-MB-231 cells were transfected with miR-
148a or NC for 72 hs. BIM protein was signifi-
cantly increased by western blot assay (Figure 
3A). We co-transfected miR-148a and BIM 
siRNA or control siRNA into MDA-MB-231 cells 
for 72 h, and detected BIM protein expression, 
survival and apoptosis. We found that co-trans-
fected miR-148a and BIM siRNA or control 
siRNA blocked BIM protein expression (Figure 
3A), reversed survival (Figure 3B) and inhibited 
apoptosis (Figure 3C) in BIM siRNA -treated 
cells. These results provide mechanistic sup-
port in favor of our claim that the apoptosis-

Figure 3. Targeting BIM inhibits miR-148a-induced apoptosis and survival inhibition in MDA-MB-231 cells. MDA-
MB-231 cells were transfected with miR-148a or NC or co-transfected miR-148a and BIM siRNA or control siRNA 
for 72 hrs. A. BIM expression was detected by western blot assay; B. Viable cell number was counted 3 days after 
transfection using MTT assay. C. Cell apoptosis was detected by flow cytometry using the Annexin V-FITC apoptosis 
detection kit. Data are expressed as mean ± S.D. (n=3). *P<0.05, compared with cells transfected with a negative 
controls.
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inducing effect by miR-148a is partly mediated 
through the activation of BIM.

MiR-148a inhibits migration and invasion in 
MDA-MB-231 cells

It has been recently reported that miR-148a 
inhibits cell motility of cell lines established 
from lymph node metastasis of colon, melano-
ma, and head and neck cancer [9]. Here we 

USP4 protein expression (Figure 5A). We 
wished to further confirm whether miR-148a 
inhibits migration and invasion by inactivation 
of USP4. We next transiently infected USP4 
cDNA or NC to the stable miR-148a transfected 
MDA-MB-231 cells for 24 h. We ensured that 
the expression of USP4 was restored in miR-
148a transfected MDA-MB-231 cells after 
USP4 cDNA transfection by western blot assay 
(Figure 5A). In addition, the levels of cell migra-

Figure 4. Effects of ectopic expression of miR-148a on cell migration and invasion in MDA-MB-231 cells. Transwell 
migration (A) and Matrigel invasion (B) assays for miR-148a-infected MDA-MB-231 at 24 h seeding. Data are ex-
pressed as mean ± S.D. (n=3). **, P<0.05, compared with cells transfected with a negative control precursor.

Figure 5. Inactivation of USP4 is necessary for miR-148a-induced inhibition 
of cell migration and invasion. USP4 cDNA or NC was transiently transfected 
into the stable miR-148a transfected MDA-MB-231 cells for 24 h. A. Western 
blotting analysis of USP4 in MDA-MB-231 cells; B. Transwell migration; C. 
Matrigel invasion. *P<0.05 for Student’s t-test. 

examined whether ectopic 
expression of miR-148a could 
inhibit cell migration and inva-
sion of MDA-MB-231 cells 
using the Matrigel Invasion 
Chamber. The number of in- 
vaded and migrated cells 
were significantly decreased 
in MDA-MB-231 cells trans-
fected with miR-148a pre- 
cursor compared with those 
transfected with a negative 
control precursor (Figure 4A, 
4B). These results suggest 
that ectopic expression of 
miR-148a attenuates cell mi- 
gration and invasion of MDA-
MB-231 cells.

MiR-148a inhibits migration 
and invasion by inactivation 
of USP4

MiR-148a decreased cell mi- 
gration and invasion (Figure 
4) and miR-148a inhibited 
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tion and invasion in stable miR-148a transfect-
ed MDA-MB-231 cells infected by USP4 cDNA 
were significantly higher than those infected by 
the miR-148a alone (Figure 5B, 5C). These 
data collectively suggest that during inhibition 
of cell migration and invasion, miR-148a down-
regulates the levels of USP4.

Discussion

Many studies have confirmed that miR-148a 
acts as tumor suppressor in different cancers. 
Downregulation of miR-148a stimulates tumor 
cell motility via activating the targets like 
Wnt10B in cancer-associated fibroblasts [15]. 
miR-148a is also known to be a potential prog-
nostic biomarker in gastric cancer [16, 17]. In 
human pancreatic ductal adenocarcinoma 
cells, miR-148a regulates cell survival by tar-
geting CDC25B [18], and promotes apoptosis 
in colorectal cancer by targeting BCL2 [19], and 
inhibits cell motility in vitro and reduces tumor 
growth and inhibition of metastasis formation 
in xenograft models in head and neck cancer 
SIHN-011B cells [9]. In our study, we demon-
strated that miR-148a was lowly expressed in 
breast cancer cells, and ectopic expression of 
miR-148a resulted in indusion of apoptosis and 
inhibition of growth, and migration and invasion 
in MDA-MB-231 cells, suggesting that dysregu-
lation of miR-148a expression may contribute 
to metastatic potential of MDA-MB-231 cells.

BIM play an essential role in inhibiting survival 
of cancer cells by inducing cell apoptosis [12]. 
Recently, it has reported that miR-148a directly 
targets and upregulates BIM [13]. In the pres-
ent study, we found that overexpression of miR-
148a induced BIM upregulation, followed by 
increased apoptosis and decreased cell surviv-
al. However, targeting BIM could reverse the 
effect of miR-148a. It is suggested that the 
effects of miR-148a on cell growth and apopto-
sis may be mediated in part by up-regulation of 
BIM in MDA-MB-231 cells.

USP4 is overexpressed in various types of can-
cer and the increased levels of USP4 appear to 
play a functional role in malignant cells [20, 
21]. For example, USP4 promotes tumorigene-
sis when overexpressed in mice, suggesting an 
oncogenic potential for USP4 [21]. MiR-148a 
could suppress tumor metastasis and invasion 
by regulating specific targeted genes including 
HPIP [22], matrix metalloproteinase-7 (MMP-7) 

[23], ubiquitin specific protease 4 (USP4) [11], 
HOX transcript antisense RNA (HOTAIR) [24], 
OKI and S-Phase Kinase-Associated Protein 1 
(SKP1) [25]. In the present study, we found that 
miR-148a overexpression inhibited UPS4 ex- 
pression, followed by decreased cell invasion 
and metastasis. However, USP4 overexpres-
sion could reverse the effect of miR-148a.
Therefore, miR-148a-mediated migration and 
invasion may be partly through down-regulation 
of USP4 in MDA-MB-231 cells.

In conclusion, we found for the first time that 
miR-148a markedly inhibited USP4 expression 
and upregulated BIM expression, leading to 
decreased cell invasion and increased cell 
apoptosis in MDA-MB-231 cells. Without a 
doubt, further in-depth investigation is neces-
sary to fully elucidate the molecular insight on 
miR-148a in human breast cancer cells. In 
summary, our findings reveal the critical role of 
miR-148a in cell invasion and survival and indi-
cate that upregulation of miR-148a may be a 
promising novel approach for the treatment of 
breast cancer.
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