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The aim of the present study was to investigate the roles of microRNA-152 (miR-152) in the initiation and 
progression of breast cancer. The expression level of miR-152 was detected in human breast cancer tissue and 
a panel of human breast cancer cell lines using qRT-PCR. Results found that miR-152 expression was signifi-
cantly downregulated in breast cancer tissue samples compared to adjacent noncancerous tissues as well as in 
breast cancer cell lines. Overexpression of miR-152 significantly suppressed breast cancer cell proliferation, 
migration, and invasion. Luciferase reporter assay results found that ROCK1 is a direct and functional target 
gene of miR-152 in breast cancer. In addition, downexpression of ROCK1 could inhibit breast cancer cell 
proliferation, migration, and invasion. These findings indicate that miR-152 inhibited breast cancer growth 
and metastasis through negative regulation of ROCK1 expression. These data suggest that miR-152/ROCK1 
pathway may be a useful therapeutic target for breast cancer treatment.
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INTRODUCTION

Breast cancer is the most commonly occurring cancer 
in women and one of the leading causes of cancer-related 
deaths worldwide1. Every year, there are approximately 
1.3 million women diagnosed with breast cancer and 
approximately 40,000 deaths as a result2. Since 2008, 
breast cancer incidence has increased by more than 20%, 
and mortality has increased by 14%3. Currently, the pri-
mary treatments for breast cancer include surgery, hor-
monal therapy, cytotoxic chemotherapy, immunotherapy, 
and targeted therapy4. Although these therapies have 
significantly improved patient survival, they often do 
not result in complete eradication due to acquiring resis-
tance, significant toxicities, or relapse following an initial 
response. This results in recurrence or metastasis at later 
stages leading to patient death5. A better understanding 
of the mechanisms involved in breast cancer progression 
will aid in the development of new and effective thera-
peutic strategies for breast cancer treatment.

MicroRNAs (miRNAs) are a class of small noncod-
ing RNAs, typically 17–22 nucleotides in length that 
are known to play a critical role in gene regulation6. 

They bind to the 3¢-untranslated regions (3¢-UTRs) of 
target mRNAs with a nearly perfect complementarity, 
resulting in gene suppression through translational inhi-
bition and/or mRNA destabilization7. A single miRNA 
can modulate the expression levels of hundreds of target 
genes and therefore play a fundamental role in a variety 
of biological processes, including cell growth, apoptosis, 
differentiation, invasion, migration, and metastasis8–10. 
Abnormal expression of miRNAs contributes to various 
pathologies11–13, including breast cancer14, bladder can-
cer15, hepatocellular carcinoma16, glioma17, and colorec-
tal cancer18. Studies have shown that miRNAs can act 
as oncogenes in the initiation and progression of human 
cancers19 and have also been found to act as tumor sup-
pressors20. Given this, miRNAs are evolving as potential 
therapeutic targets for cancer treatment.

In the present study, we found that the expression 
level of miR-152 was significantly lower in breast cancer 
tissue and cell lines compared to controls. Results also 
found that miR-152 overexpression significantly inhib-
ited breast cancer cell proliferation, migration, and inva-
sion in vitro. Finally, Rho-associated protein kinase 1 
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(ROCK1) was identified as a direct and functional target 
of miR-152 in breast cancer.

MATERIALS AND METHODS

Tissue Collection

Primary breast cancer tissue and paired adjacent non-
cancerous tissue were collected from 32 patients under-
going surgical resection of breast cancer at the People’s 
Hospital of Xinjiang Uygur Autonomous Region. None of 
the patients had been treated with hormonal therapy, cyto-
toxic chemotherapy, immunotherapy, or targeted therapy. 
All fresh tissues were washed with PBS (Gibco, Grand 
Island, NY, USA) before being snap frozen in liquid nitro-
gen and stored at −80°C before RNA extraction. This study 
was approved by the ethics committee of People’s Hospital 
of Xinjiang Uygur Autonomous Region. All procedures 
were in accordance with the institutional guidelines, and 
written informed consent was obtained from all patients.

Cell Lines, Culture Conditions, and Cell Transfection

Breast cancer cell lines (MDA-MB-231, MCF-7, 
SKBR3, T47D, BT-549) and human breast epithelial cell 
lines (HBL-100) were purchased from the Institute of 
Biochemistry and Cell Biology of the Chinese Academy of 
Sciences (Shanghai, P.R. China). All the cells were cultured 
in DMEM (Gibco) supplemented with 10% fetal bovine 
serum (FBS; Gibco), and 1% penicillin–streptomycin  
solution (Gibco) in humidified air at 37°C with 5% CO2.

ROCK1 siRNA, a scrambled negative control (scrambled- 
siRNA), miR-152 mimics, and NC were obtained from 
RiBoBio (Guangzhou, P.R. China). Breast cancer cells 
were transfected with the above oligonucleotides using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instruction.

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was isolated from the tissue and cell lines 
using TRIzol reagent (Invitrogen) following the manufac-
turer’s instruction. Total RNA was reversed transcribed 
to cDNA using M-MLV Reverse Transcription system 
(Promega, Madison, WI, USA). Real-time PCR for miR-
152 expression was performed using SYBR green I mix 
(Takara, Dalian, P.R. China). To quantify ROCK1 mRNA 
expression, reverse transcription reaction and cDNA  
synthesis were performed according to the manufactur-
er’s instructions (Promega). Real-time PCR analysis was 
performed using SYBR Green Real-Time Master Mix 
(Toyobo, Osaka, Japan). Relative quantification of miR-
152 and ROCK1 mRNA was achieved by normalizing 
U6 and b-actin, respectively.

MTT Assay

Twenty-four hours after transfection, 3,000 cells per 
well were seeded in 96-well plates with five replicate wells. 

Proliferation rates were measured at 24, 48, 72, and 96 h 
after incubation. Following this, 20 μl of 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; 
5 mg/ml; Sigma-Aldrich, St. Louis, MO, USA) solu-
tion was added into each well and incubated at 37°C for 
another 4 h. Finally, 150 μl of DMSO was added following 
removal of the supernatant. Absorbance was detected at 
490 nm using an Elx800 Reader (Bio-Tek Instruments Inc.,  
Winooski, VT, USA). Each assay was repeated three times.

Migration and Invasion Assay

Forty-eight hours after transfection, cells were har-
vested for migration and invasion assays using Transwell 
chambers (Corning, Corning, NY, USA). For migration 
assays, 2 × 104 cells suspended into FBS-free culture 
medium were seeded into the upper chamber, while 500 μl  
of DMEM supplemented with 20% FBS was added into 
the lower chambers. After incubation at 37°C for 24 h, the 
cells remaining on the upper membranes were removed 
carefully, and the cells on the bottom of the membranes 
were fixed with 4% paraformaldehyde for 20 min, stained 
with 0.5% crystal violet for 30 min, washed with PBS, 
and then counted using a microscope. The invasion assays 
were performed the same as the migration assays except 
that Transwell chambers were coated with Matrigel (BD 
Biosciences, San Jose, CA, USA).

Western Blot

Seventy-two hours after transfection, cells were washed 
with PBS and lysed in RIPA buffer containing protease 
inhibitor. Protein concentration was determined by BCA 
(Pierce, Rockford, IL, USA) assay. Total proteins (20 
μg) were resolved by 10% SDS polyacrylamide gels and 
immobilized on PVDF membranes (Millipore, Billerica, 
MA, USA). Membranes were then blocked with 5% non-
fat dried milk in Tris-buffered saline/0.1% Tween (TBST) 
and incubated overnight at 4°C with the following primary 
antibodies: mouse anti-human monoclonal ROCK1 anti-
body (sc-365628; Santa Cruz Biotechnology, Santa Cruz, 
CA, USA) and mouse anti-human monoclonal GADPH 
antibody (sc-365062; Santa Cruz Biotechnology). 
Membranes were then washed with TBST and incubated 
for 1 h with goat anti-mouse IgG conjugated to horserad-
ish peroxidase (1:5,000; Santa Cruz Biotechnology). The 
bands were visualized using ECL Western Blot Detection 
kit (Amersham Life Sciences, Piscataway, NJ, USA). 
GADPH was used to ensure equivalent protein loading.

Luciferase Reporter Assay

Luciferase wild-type (psiCHECK2-ROCK1-Wt 1, 
psiCHECK2-ROCK1-Wt 2) or mutant reporter vectors 
(psiCHECK2-ROCK1-Mut 1, psiCHECK2-ROCK1-
Mut 2) were synthesized by GenePharma (Shanghai, 
China). For luciferase reporter assays, HEK293T cells of 
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60%–70% confluence in 24-well plates were transfected 
with luciferase reporter vectors along with miR-152 mim-
ics or NC using Lipofectamine 2000, according to manu-
facturer’s instruction. After incubation for 48 h at 37°C, 
luciferase activity was determined using Dual-Luciferase 
Reporter Assay system (Promega). Firefly luciferase 
activity was normalized to Renilla luciferase activity. All 
experiments were performed a minimum of three times.

Statistical Analysis

All data were expressed as mean ± SD. Statistical  
analysis was performed using SPSS 17.0 software (SPSS, 
Inc, Chicago, IL, USA). A value of p < 0.05 was consid-
ered statistically significant.

RESULTS

miR-152 Was Downregulated in Breast Cancer

Results found that the expression of miR-152 was 
significantly reduced in breast cancer tissue compared 
with adjacent noncancerous tissues (p < 0.05) (Fig. 1A). 
Results also found that miR-152 was significantly down-
regulated in breast cancer cell lines (MDA-MB-231, 
MCF-7, SKBR3, T47D, BT-549) compared with that in 
HBL-100 (p < 0.05) (Fig. 1B). The expression of miR-
152 in SKBR3 and T47D was significantly lower than  
in the other three cell lines. Given this, SKBR3 and T47D 
were selected for further study.

miR-152 Inhibited Breast Cancer Cell Proliferation, 
Migration, and Invasion

As a result of downregulation of miR-152 in breast 
cancer, it was hypothesized that miR-152 acts as a tumor 
suppressor in breast cancer initiation and progression. To 
examine this possibility, miR-152 mimics or NC were 
transfected into SKBR3 and T47D cells. Relative miR-152 
expression after transfection was verified using qRT-PCR 

(p < 0.05) (Fig. 2A). Effects of miR-152 on breast cancer 
cells were assessed using MTT assay. MTT assay results 
found that miR-152 overexpression inhibited cell prolifer-
ation relative to NC transfection in SKBR3 and T47D cells 
(p < 0.05) (Fig. 2B). Results also showed that miR-152 
overexpression decreased SKBR3 and T47D cell migra-
tion and invasion compared with NC groups (p < 0.05) 
(Fig. 2C). These results suggest that miR-152 is involved in 
breast cancer cell proliferation, migration, and invasion.

miR-152 Repressed Breast Cancer Cell Proliferation, 
Migration, and Invasion via Directly Targeting ROCK1

To uncover the molecular mechanisms by which miR-
152 inhibits breast cancer cell growth and metastasis, 
miRanda (www.microrna.org) and TargetScan (www.
targetscan.org) were used to predicate potential miR-152 
target genes. Bioinformatic analysis found that ROCK1 
is a target gene of miR-152 (Fig. 3A). To explore whether 
miR-152 modulated endogenous ROCK1 expression,  
qRT-PCR and Western blot were used to examine 
expression levels of ROCK1 in SKBR3 and T47D cells, 
which were transfected with miR-152 mimics or NC. 
Results found that miR-152 overexpression significantly 
decreased ROCK1 mRNA (p < 0.05) (Fig. 3B) and pro-
tein (p < 0.05) (Fig. 3C) levels in SKBR3 and T47D 
cells. Luciferase assay results found that miR-152 mim-
ics significantly suppressed luciferase activity (Fig. 3D), 
whereas the luciferase mutant reporter vectors were not 
affected. This suggests that miR-152 bound directly to  
the predicted binding sites on the 3¢-UTR of ROCK1, 
which the authors believe is a novel finding.

ROCK1 May Be Involved in miR-152-Induced 
Suppression Functions in Breast Cancer Cells

To investigate whether the suppressive roles of miR-
152 in breast cancer cells were induced by ROCK1, 

Figure 1. Quantitative real-time PCR (qRT-PCR) analysis of microRNA-152 (miR-152) in breast cancer tissues and cell lines.  
(A) miR-152 was significantly downregulated in breast cancer tissue compared with paired adjacent noncancerous tissue. *p < 0.05 
compared with respective controls. (B) Expression of miR-152 in breast cancer cell lines (MDA-MB-231, MCF-7, SKBR3, T47D, 
BT-549) and human breast epithelial cell line (HBL-100). *p < 0.05 compared with respective controls.
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ROCK1 siRNA or scrambled-SiRNA was introduced 
into SKBR3 cells. Expression levels of ROCK1 mRNA 
were determined using qRT-PCR (Fig. 4A). Cell prolifera-
tion, migration, and invasion assay showed that ROCK1 
underexpression significantly inhibited the proliferation 
(p < 0.05) (Fig. 4B), migration, and invasion (p < 0.05) 
(Fig. 4C) of SKBR3 cells, similar to those induced by miR-
152 overexpression. These results indicated that ROCK1  
was a functional target of miR-152 in breast cancer.

DISCUSSION

This study explored miR-152 expression in breast 
cancer tissue and paired adjacent noncancerous tissues. 
Results found that the expression of miR-152 was sig-
nificantly reduced in breast cancer tissues compared with 
that in paired adjacent noncancerous tissues. Levels of 
miR-152 were also measured in five breast cancer cell 
lines. Results found that the breast cancer cell lines had 
lower miR-152 levels compared with human breast epi-
thelial cell line. To better understand the role of miR-
152 in breast cancer, miR-152 mimics were transfected 
into breast cancer cells. MTT assay results found that 
miR-152 overexpression significantly inhibited prolif-
eration, migration, and invasion of breast cancer cells. 
These results indicate that miR-152 may act as a tumor  
suppressor in breast cancer.

The expression patterns of miR-152 have been widely 
reported in a number of human cancers. In gastrointestinal 
cancers, low expression of miR-152 was correlated with 
increased tumor size and advanced pT stage21. Li et al. 

reported that downregulation of miR-152 in colorectal 
cancer correlated with advanced tumor-node-metastasis 
stage and lymph node metastasis22. Zhu et al. showed 
that patients with prostate cancer with Gleason scores 
>7 exhibited lower miR-152 levels than those with <723. 
Furthermore, low miR-152 expression was correlated  
with advanced pathological T-stages in patients with  
prostate cancer. In hepatocellular carcinoma, miR-152 
levels were correlated with advanced clinical stage, larger 
tumor size, and positive HBV infection24. These studies 
indicate that miR-152 may be a promising prognostic 
marker for these human cancers.

Recent studies also have investigated the function of 
miR-152 in various human cancers. Su et al. reported that 
miR-152 overexpression suppressed non-small cell lung 
cancer cell proliferation, colony formation, migration, 
and invasion25. Cheng et al.26 and Zhang et al.27 found 
similar roles of miR-152 in non-small cell lung cancer. Li 
et al. found that increased miR-152 expression reduced 
colorectal cancer cell proliferation, migration, invasion, 
and enhanced apoptosis and caspase 3 activity in vitro, 
as well as suppressed tumor growth in vivo22. Tsuruta et 
al. demonstrated that miR-152 inhibited glioma cell inva-
sion and angiogenesis. In endometrial cancer, miR-152 
decreased cell growth in vitro and in vivo28. In hepato-
cellular carcinoma, abnormal miR-152 expression sup-
pressed cell growth and motility, and enhanced caspase 
activity and apoptosis24. All these studies suggest that 
miR-152 may be a promising prognostic marker and 
therapeutic target in multiple human cancers.

Figure 2. Restoration of miR-152 expression repressed breast cancer cell proliferation, migration, and invasion. (A) miR-152 was 
markedly upregulated in SKBR3 and T47D cells transfected with miR-152 mimics. (B) 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) assay showed that upregulation of miR-152 suppressed proliferation of SKBR3 and T47D. (C) Representative 
pictures of migration and invasion assays. *p < 0.05 compared with respective controls.
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Figure 3. Rho-associated protein kinase 1 (ROCK1) was a direct target gene of miR-152 in breast cancer. (A) Predicted miR-152 target 
sequence in the 3¢-untranslated region (3¢-UTR) of ROCK1 and positions of mutated nucleotides in the 3¢-UTR of ROCK1. ROCK1 
expression at mRNA (B) and protein (C) levels in SKBR3 and T47D cells transfected with miR-152 mimics or NC were examined by 
qRT-PCR and Western blot. (D) Luciferase reporter assays of HEK293T cells transfected with luciferase reporter vectors along with 
miR-152 mimics or NC. *p < 0.05 compared with respective controls.

Figure 4. The relative ROCK1 mRNA expression. (A) Expression was significantly downregulated in SKBR3 cells transfected with 
ROCK1 siRNA. Knockdown of ROCK1 inhibited proliferation (B), migration, and invasion (C) of SKBR3 cells. *p < 0.05 compared 
with respective controls.
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To further explore the molecular mechanism by 
which miR-152 acts as a tumor suppressor in breast 
cancer, target genes were investigated. Previous studies 
have identified several miR-152 target genes including 
neuropilin-127, FGF226, and ADAM1725 in non-small cell 
lung cancer, PIK3R322 in colorectal cancer, DKK129 in 
multiple myeloma, KLF430 in glioblastoma, CD15131 
in gastric cancer, TNFRSF6B24 in hepatocellular car-
cinoma, TGF-a23 in prostate cancer, and NRP-2 and 
MMP-332 in glioma. In the present study, ROCK1 was 
validated as a novel direct target gene of miR-152 using 
predictive bioinformatics. ROCK1, located at chromo-
some 18 (18q11.1)33, is upregulated in breast cancer and 
plays a role in cancer progression and metastasis and 
is a marker for poor prognosis34–37. Furthermore, qRT-
PCR and Western blot analysis revealed that restoration 
of miR-152 expression in breast cancer cells decreased 
ROCK1 at both the mRNA and protein level. Finally, 
luciferase reporter assay showed that miR-152 was able  
to directly target the 3¢-UTR of ROCK1. Knockdown of 
ROCK1 had similar tumor-suppressive effects induced 
by miR-152 overexpression in breast cancer cells. These 
results indicate that miR-152 has as tumor-suppressive 
role in breast cancer carcinogenesis and progression 
through negative regulation of ROCK1 expression. This 
suggests that miR-152/ROCK1-based targeted therapy 
could be a new therapeutic strategy for patients with  
breast cancer.

In conclusion, findings show that miR-152 was  
downregulated in breast cancer cells, and restoration 
of miR-152 expression decreased proliferation, migra-
tion, and invasion of breast cancer cells through target-
ing ROCK1. This study provides new insights into the  
mechanisms underlying the growth and metastasis of 
breast cancer; however, the details of the underlying 
mechanism should be explored further.
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