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Abstract. Breast cancer is the most common type of malig-
nant tumor in females, and metastasis is the most common 
cause of breast cancer‑associated mortality. Previous studies 
have identified that abnormal expression of microRNAs is 
commonly observed in human cancer and may be crucial 
for cancer metastasis. In the present study, microRNA‑452 
(miR‑452) was investigated for its ability to act as a tumor 
suppressor in breast cancer. miR‑452 expression was quan-
tified in breast cancer tissue samples and cell lines with 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Transwell migration and invasion assays were 
used to investigate the effect of miR‑452 on the migration 
and invasion capabilities of breast cancer cells. Potential 
target genes of miR‑452 were identified with miRanda and 
TargetScan. A luciferase reporter assay was performed to 
validate RAB11A as a putative target of miR‑452, and was 
corroborated by RT‑qPCR and western blot analyses. Finally, 
small interfering RNA (siRNA) was used to knockdown 
RAB11A expression and confirm whether miR‑452 inhibited 
breast cancer cell migration and invasion via the negative 
regulation of RAB11A. The results revealed that miR‑452 
was downregulated in breast cancer tissues and cell lines, and 
that its downregulation may be associated with breast cancer 
metastasis, as miR‑452 expression inhibited the migration 
and invasion capacities of breast cancer cells. RT‑qPCR 
and western blot analyses indicated that miR‑452 negatively 
regulated the expression of RAB11A mRNA and protein. The 
luciferase reporter assay revealed that miR‑452 specifically 
bound to the 3'‑untranslated region of RAB11A. Furthermore, 
inhibition of RAB11A with siRNA inhibited breast cancer 
cell migration and invasion. In conclusion, the present study 
has demonstrated that miR‑452 may act as a tumor suppressor 

gene via inhibition of cell migration and invasion by targeting 
RAB11A in breast cancer.

Introduction

Breast cancer is the most common type of malignancy in 
women and the second most prevalent cause of tumor‑asso-
ciated mortality worldwide. It is estimated that there were 
234,190 new cases and 40,730 mortalities due to breast 
cancer in 2015 (1‑3). A number of factors have been verified 
to contribute to the carcinogenesis of breast cancer, including 
genetic alterations, epigenetic alterations and environmental 
factors (4,5). The progression of breast cancer is character-
ized by aggressive local invasion, early metastasis, and 
a low sensitivity to chemotherapy  (6,7). Metastasis is the 
complication that may occur the most often during cancer 
and is the most prevalent cause of breast cancer‑associated 
mortality (8). Subsequent to surgery and adjuvant treatment, 
30‑75% of breast cancer patients will develop metastatic 
disease. Patients with metastatic breast cancer have a 
median survival time of ~2 years following the diagnosis of 
metastasis  (9). The invasion‑metastasis cascade of breast 
cancer comprises multiple steps, including local invasion, 
entry into the circulation, arrival at distant secondary sites, 
extravasation and colonization in distant organs  (10‑12). 
Therefore, further elucidation of the molecular signaling 
cascades that control the metastasis of breast cancer is urgent, 
and may provide new strategies to prevent breast cancer 
metastasis.

MicroRNAs (miRNAs) are a group of small, non‑coding 
and endogenous RNAs of ~22 nucleotides that negatively regu-
late gene expression in eukaryotes (13). miRNAs exert their 
functions by binding to the 3'‑untranslated region (3'‑UTR) of 
the targeted mRNAs, promoting mRNA degradation, inhib-
iting mRNA translation, and affecting transcription (14,15). It 
has been previously demonstrated that miRNAs control a wide 
range of biological functions, participating in the processes 
of cell differentiation, proliferation, apoptosis, cell cycle, 
angiogenesis, metabolism, invasion and metastasis (16‑18). 
miRNAs are differentially expressed in a variety of tissues 
and cells; therefore, they are important biomarkers and thera-
peutic targets for numerous types of disease (19). Increasing 
evidence supports the hypothesis that the alteration of 
miRNA expression may serve a pivotal role in carcinogenesis 
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and progression in numerous human cancer types, including 
breast cancer (20‑22). In breast cancer, miRNAs may function 
as oncogenes (which are expressed at higher levels in cancer 
and decrease the expression of tumor suppressor genes) or 
as tumor suppressors (which are downregulated in cancer 
and decrease the expression of oncogenes) (23). Therefore, 
miRNAs may be novel therapeutic targets for the treatment 
of breast cancer.

miR‑452 has been reported to be abnormally expressed 
in numerous types of human cancer (24‑26). However, no 
specific studies have been performed to reveal the expression 
and biological roles underlying miR‑452 in breast cancer. The 
aim of the present study was to investigate the expression 
level, biological roles and its underlying mechanism in breast 
cancer. In the present study, significantly lower levels of 
miR‑452 were identified in breast cancer tissues compared 
with paired normal breast tissues. In addition, the miR‑452 
expression level was lower in breast cancer tissues from 
patients with metastasis compared with the breast cancer 
tissue from patients without metastasis. miR‑452 was also 
downregulated in all examined breast cancer lines. Induc-
tion of miR‑452 expression suppressed migration and 
invasion abilities in the cell lines. Further analysis revealed 
that miR‑452 decreased breast cancer cell metastasis by 
directly targeting RAB11A.

Patients and methods

Patients and tissue samples. A total of 61 pairs of breast 
cancer tissues and adjacent normal tissues were obtained 
from 3201 Hospital (Hanzhong, Shaanxi, China). All patients 
included in the study had not received chemotherapy or any 
other treatment prior to the surgery. All tissues were snap 
frozen in liquid nitrogen immediately following surgery, and 
stored in a ‑80˚C freezer until they were used. The present 
study was approved by the Ethics Committee of San Er Ling 
Yi Hospital. Written informed consent was also obtained from 
all patients enrolled in the present study.

Cell culture. Human breast cancer cells (MCF‑7, BT‑474, 
MDA‑MB‑453, MDA‑MB‑231, SKBR3) and HEK293T cells 
were purchased from American Type Culture Collection 
(Manassas, VA, USA). A normal mammary epithelial cell 
line (MCF‑10A) was purchased from the Shanghai Institute 
of Biochemistry and Cell Biology (Shanghai, China). All cell 
lines were cultured in RPMI‑1640 medium (MCF‑7, BT‑474 
and SKBR3; Gibco; Thermo Fisher Scientific Inc., Waltham, 
MA, USA) or Dulbecco's modified Eagle's medium (DMEM; 
MDA‑MB‑453, MDA‑MB‑231, HEK293T and MCF‑10A) 
with 10% (v/v) fetal bovine serum (FBS) and penicillin/strep-
tomycin (Gibco; Thermo Fisher Scientific, Inc.).

Oligonucleotide transfection. The miR‑452 mimic, nega-
tive control mimic (miR‑NC), RAB11A siRNA and negative 
control siRNA (siR‑NC) were all obtained from Guangzhou 
RiboBio Co., Ltd. (Guangzhou, China). Cells were transfected 
with miR‑452 mimics (50 pmol/ml), miR‑NC (50 pmol/ml), 
RAB11A siRNA (50 pmol/ml), siR‑NC (50 pmol/ml), using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific 
Inc.), following the manufacturer's protocol.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from the tissues and 
cells using TRIzol (Invitrogen; Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. The relative 
expression level of miR‑452 were determined using a SYBR 
PrimeScript miRNA RT‑PCR kit (Takara Bio, Inc., Otsu, 
Japan), and normalized to U6. The reaction system contained 
12.5 µl 2X One Step SYBR® RT‑PCR Buffer 4, 1.5 µl TaKaRa 
Ex Taq™ HS Mix, 0.5 µl PrimeScript™ PLUS RTase Mix, 1 µl 
forward primer and 1 µl reverse primer, 2 µl cDNA and 6.5 µl 
double distilled water. The cycling conditions were as follows: 
42˚C for 5 min; 95˚C for 10 sec; and 40 cycles of 95˚C for 5 sec, 
55˚C for 30 sec and 70˚C for 30 sec. For detection of mRNA 
expression, total RNA was quantified and cDNA was gener-
ated by RT using M‑MLV Reverse Transcriptase (Promega 
Corporation, Madison, WI USA). RT‑qPCR was performed 
using SYBR Green Real‑time PCR Master Mix (Toyobo Co., 
Ltd., Osaka, Japan) on an Applied Biosystems 7500 Sequence 
Detection system (Thermo Fisher Scientific, Inc.), with 
GADPH as an internal control. The reaction system contained 
10 µl SYBR Green PCR master mix, 2 µl forward primer and 
2 µl reverse primer, 2 µl cDNA and double distilled water. The 
thermocycling conditions were as follows: 95˚C for 10 min, 
then 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. The 
primer sequences used were as follows: miR‑452 forward, 
5'‑GCG​AAC​TGT​TTG​CAG​AGG‑3' and reverse, 5'‑CAG​TGC​
GTG​TCG​TGG​AGT‑3'; U6 forward, 5'‑TGC​GGG​TGC​TCG​
CTT​CGG​CAG​C‑3' and reverse, 5'‑CCA​GTG​CAG​GGT​CCG​
AGG​T‑3'; RAB11A forward, 5'‑ATC​TTC​TCC​TCG​CTT​CTG​
G‑3' and reverse, 5'‑GCC​TGC​TGG​CTG​GTT​ATC​A‑3'; and 
GAPDH forward, 5'‑TGT​GGG​CAT​CAA​TGG​ATT​TGG‑3' 
and reverse, 5'‑ACA​CCA​TGT​ATT​CCG​GGT​CAA​T‑3'. Each 
sample was analyzed in triplicate, and data were analyzed 
using the 2−ΔΔCq method (27).

Transwell migration assay. Transwell chambers (8.0‑µm 
pores; BD Biosciences, San Jose, CA, USA) were used to 
evaluate the migration abilities of cells. At 48 h after transfec-
tion, as previously described, 5x104 cells were suspended in 
FBS‑free DMEM medium and added to the upper chamber, 
and 500 µl medium with 20% FBS was placed into the lower 
compartment. After incubating for 24 h at 37˚C with 5% CO2, 
the non‑migrated cells in the upper chamber were removed 
with a cotton swab. The migrated cells were fixed with 100% 
methanol, stained with 0.5% crystal violet and washed with 
PBS (Gibco; Thermo Fisher Scientific, Inc.). The membranes 
were observed under a light microscope (Olympus Corpora-
tion, Tokyo, Japan) and five fields were randomly selected to 
represent each membrane.

Figure 1. miR‑452 mimic sequence alongside RAB11A‑3'‑UTR‑WT and 
RAB11A‑3'‑UTR‑Mut mRNA sequences, including the miR‑452‑binding 
site of the WT sequence, and the equivalent area from the Mut sequence. 
miR‑452, microRNA‑452; 3'‑UTR, 3'‑untranslated region; WT, wild type; 
Mut, mutant.
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Transwell invasion assay. Transwell chambers pre‑coated 
with Matrigel (BD Biosciences) were used to evaluate the 
invasion abilities of cells. Cells and medium were inserted 
into the chambers as described for the Transwell migra-
tion assay. After incubating for 48 h at 37˚C with 5% CO2, 
the cells remaining in the upper chamber were removed 
with a cotton swab. The invading cells were fixed and 
analyzed as described in the Transwell migration assay 
section.

Western blotting. Cells were harvested, and lysed with 
radioimmunoprecipitation assay lysis buffer. Bulk protein 
concentration was determined with a Pierce BCA Protein 
Assay kit (Thermo Fisher Scientific, Inc.). Equal amounts of 
protein (20 µg) were electrophoresed on an 10% SDS‑PAGE 
gel and transferred to polyvinylidene fluoride membranes 
(EMD Millipore, Billerica, MA, USA). Membranes were 
blocked with 5% skimmed milk powder in Tris‑buffered 
saline (TBS) for 1 h, then probed with the primary antibodies 
(Abcam, Cambridge, UK) at 4˚C overnight. The primary 
antibodies were a monoclonal mouse anti‑human RAB11A 
antibody (ab170134; dilution, 1:1,000) and a monoclonal 
mouse anti‑human GADPH antibody (ab9484; dilution, 
1:1,000). The membranes were washed with TBS containing 
0.1% Tween‑20, and incubated with a corresponding horse-
radish peroxidase‑conjugated secondary antibody (ab6789; 
1:3,000; Abcam) for 1 h at 37˚C. Subsequent to washing, the 
membranes were visualized using a Pierce Enhanced Chemi-
luminescence Detection System (Thermo Fisher Scientific, 
Inc.). The densitometry was analyzed by Quantity One soft-
ware (version 4.6.2; Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA). For bioinformatic analysis, the potential target genes of 
miR‑452 were analyzed using miRanda (http://www.microrna.
org) and TargetScan (http://www.targetscan.org/).

Luciferase reporter assay. Plasmids containing the wild‑type 
RAB11A 3'‑UTR (PmirGLO‑RAB11A‑3'‑UTR‑WT) or a 
mutant RAB11A 3'‑UTR (PmirGLO‑RAB11A‑3'‑UTR‑Mut; 
Fig.  1) were obtained from Shanghai GenePharma 
Co., Ltd. (Shanghai, China). HEK293T cells were 
co‑transfected with PmirGLO‑RAB11A‑3'‑UTR‑WT or 
PmirGLO‑RAB11A‑3'‑UTR‑Mut together with a miR‑452 
mimic or miR‑NC. At 48  h after transfection, luciferase 
activity was measured with the Dual‑Luciferase Reporter 

Assay System (Promega Corporation), following the manufac-
turer's protocol. Firefly luciferase activities were normalized 
to Renilla luciferase activities.

Statistical analysis. Each assay was repeated three times. Data 
are presented as the mean ± standard deviation. Statistical 
analysis was performed using two‑tailed Student's t‑test or 
one‑way analysis of variance using SPSS software (version 16; 
SPSS, Inc., Chicago, IL, USA). SNK was used to compare 
between two groups in multiple groups. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Expression levels of miR‑452 are downregulated in breast 
cancer tissues. Initially, the expression levels of miR‑452 in 
breast cancer tissues and matched adjacent normal tissues were 
quantified with RT‑qPCR. The results revealed that miR‑452 
expression levels in breast cancer tissues were significantly 
lower compared with those in the matched normal tissues 
(P<0.05; Fig. 2A).

miR‑452 expression levels were additionally compared 
between breast cancer tissues in patients with and without 
metastatic breast cancer. It was identified that the levels of 
miR‑452 in breast cancer with metastasis were significantly 
lower than those in breast cancer without metastasis (P<0.05; 
Fig. 2B). These results indicated that miR‑452 was down-
regulated in breast cancer tissues, and may be associated with 
breast cancer metastasis.

Expression levels of miR‑452 are decreased in breast cancer 
cell lines. miR‑452 expression levels were quantified for a 
number of breast cancer cell lines. The miR‑452 expres-
sion levels were revealed to be significantly downregulated 
in all the assessed breast cancer cell lines (MCF‑7, BT‑474, 
MDA‑MB‑453, MDA‑MB‑231, SKBR3) compared with 
that in MCF‑10A, a normal human breast epithelial cell line 
(P<0.05; Fig. 3A).

For further studies, MCF‑7 and MDA‑MB‑231 cells 
were selected, as these had the lowest miR‑452 expression 
level. An miR‑452 mimic was introduced into MCF‑7 and 
MDA‑MB‑231 cells to increase the miR‑452 expression level, 
and miR‑NC was used as a control. The RT‑qPCR results 
demonstrated that miR‑452 levels were significantly higher in 

Figure 2. Expression levels of miR‑452 in breast cancer tissues assessed by reverse transcription‑quantitative polymerase chain reaction. (A) miR‑452 was 
downregulated in breast cancer tissue, compared with paired adjacent normal tissue. *P<0.05 vs. normal tissues. (B) miR‑452 levels in breast cancer with 
metastasis were significantly lower than in those without metastasis. Data are presented as the mean ± standard deviation. *P<0.05 vs. no metastasis. miR‑452, 
microRNA‑452.
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MCF‑7 and MDA‑MB‑231 cells following transfection with 
the miR‑452 mimic than with the miR‑NC (P<0.05; Fig. 3B).

miR‑452 inhibits the migration and invasion capacities of 
breast cancer cells. As the expression level of miR‑452 had 
been associated with metastatic breast cancer in previous 
results, Transwell migration and invasion assays were 
performed to assess the effect of miR‑452 on the migration 
and invasion capacities of breast cancer cells. The Transwell 
migration assay results demonstrated that miR‑452 overex-
pression significantly inhibited the migration capacities of 
MCF‑7 and MDA‑MB‑231 cells (P<0.05; Fig. 4A). Similarly, 
the invasion capacities of MCF‑7 and MDA‑MB‑231 cells were 

also significantly inhibited, as demonstrated by the Transwell 
invasion assays (P<0.05; Fig. 4B). These results suggested that 
miR‑452 may be associated with the regulation of metastasis 
in breast cancer cells.

miR‑452 directly targets RAB11A in breast cancer cells. To 
explore the molecular mechanisms by which miR‑452 may 
inhibit the migration and invasion of breast cancer cells, 
bioinformatics analysis was performed with two miRNA algo-
rithms: miRanda (www.microrna.org) and TargetScan (www 
.targetscan.org). The analysis revealed that RAB11A was a 
likely target gene of miR‑452 (Fig. 1). To confirm whether 
miR‑452 negatively regulated RAB11A expression, the 

Figure 4. miR‑452 inhibits the migration and invasion abilities of breast cancer cells. (A) Transwell migration and (B) Transwell invasion assays were 
performed to investigate the effects of miR‑452 on MCF‑7 and MDA‑MB‑231 breast cancer cells, revealing reduced migration and invasion capabilities in 
miR‑452 mimic‑transfected cells. Data are presented as the mean ± standard deviation. *P<0.05 vs. corresponding miR‑NC group. miR‑452, microRNA‑452; 
miR‑NC, negative control microRNA.

Figure 3. Expression levels of miR‑452 in breast cancer cell lines detected by RT‑qPCR. (A) The relative expression of miR‑452 was downregulated in breast 
cancer cell lines compared with the normal breast epithelial cell line, MCF‑10A. (B) The transfection efficiency of an miR‑452 mimic was assessed by 
comparing the detected miR‑452 levels of mimic‑transfected cells, with miR‑NC‑transfected cells, using RT‑qPCR. Data are presented as the mean ± standard 
deviation. *P<0.05 vs. MCF‑10A or miR‑NC. miR‑452, microRNA‑452; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; miR‑NC, 
negative control microRNA.
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expression of RAB11A at the mRNA and protein levels was 
measured by RT‑qPCR and western blot analyses. RAB11A 
expression was significantly reduced at the mRNA (P<0.05; 
Fig. 5A) and protein (P<0.05; Fig. 5B) levels in the MCF‑7 
and MDA‑MB‑231 cells transfected with an miR‑452 mimic, 
compared with the cells transfected with miR‑NC.

Luciferase reporter assays were performed to explore 
whether miR‑452 regulated RAB11A expression directly 
through binding to the 3'‑UTR of RAB11A mRNA. 
The luciferase activity significantly decreased following 
co‑transfection with PmirGLO‑RAB11A‑3'‑UTR‑WT and 
an miR‑452 mimic, compared with co‑transfection with 
PmirGLO‑RAB11A‑3'‑UTR‑Mut and the miR‑452 mimic 
(P<0.05; Fig. 5C), indicating that miR‑452 specifically binds 
to the 3'‑UTR of RAB11A mRNA. Taken together, the results 
demonstrated that miR‑452 negatively regulates RAB11A 
expression directly through binding the 3'‑UTR of RAB11A 
mRNA.

Inhibition of RAB11A protein levels by RAB11A siRNA inhibits 
breast cancer cell migration and invasion. To explore whether 
miR‑452 inhibited breast cancer cell migration and invasion 
through negative regulation of RAB11A, siRNA was used to 
knockdown the RAB11A expression level in breast cancer 

cells. The migration and invasion abilities of these cells were 
then evaluated. Following transfection, western blot analysis 
measured the expression of RAB11A protein. The results 
confirmed that RAB11A was significantly downregulated in 
MCF‑7 and MDA‑MB‑231 cells subsequent to transfection 
with RAB11A siRNA, compared with transfection with an 
siR‑NC (P<0.05; Fig.  6A). Transwell migration and inva-
sion assays revealed that the numbers of migrating (P<0.05; 
Fig. 6B) and invading (P<0.05; Fig. 6C) cells were significantly 
decreased in the MCF‑7 and MDA‑MB‑231 cells transfected 
with RAB11A siRNA compared with in the cells transfected 
with siR‑NC. These results demonstrated that miR‑452 may 
decrease the migration and invasion capacities of breast cancer 
cells via the downregulation of RAB11A.

Discussion

Breast cancer is the most common type of malignant tumor 
in women. The main therapy options for patients with breast 
cancer are surgery, radiotherapy and chemotherapy  (28). 
However, patients with metastatic breast cancer do not respond 
well to these treatments. Metastasis is the predominant cause 
of breast cancer‑associated mortality (29). Thus, it is important 
to explore the prevention of metastasis in breast cancer. Studies 
have recently identified that miRNAs may inhibit (30,31) or 
enhance the metastasis of breast cancer cells (32) or prostate 
cancer cells (33). The pivotal role of miRNAs in metastasis via 
the modulation of various target genes has promoted intensive 
research into miRNAs as a novel perspective on the metastatic 
process.

In the present study, miR‑452 expression levels in breast 
cancer tissues and matched adjacent normal tissues were 
quantified with RT‑qPCR. The result indicated that miR‑452 
was significantly downregulated in breast cancer tissues 
compared with that in matched adjacent normal tissues, and 
the level of miR‑452 in breast cancer with metastasis was 
significantly lower than in breast cancer without metastasis. 
In addition, the expression levels of miR‑452 were lower 
in all examined breast cancer cell lines than in the human 
breast epithelial cell line MCF‑10A. Similar results have 
been reported for non‑small cell lung cancer (24), prostate 
cancer (25) and glioma (26). These findings suggest that the 
low expression of miR‑452 may be a common event in human 
cancer, and may be associated with metastasis of breast 
cancer.

To investigate the effect of miR‑452 on metastasis of 
breast cancer, an miR‑452 mimic was transfected into breast 
cancer cells to enhance its expression. The restoration of 
miR‑452 expression inhibited the migration and invasion 
capacities of breast cancer cells, as determined by Transwell 
migration and invasion assays, respectively. In non‑small cell 
lung cancer, overexpression of miR‑452 has been shown to 
decrease the invasion ability of cancer cells (24). Furthermore, 
Liu et al (26) reported that downregulation of miR‑452 serves 
an important function in glioma carcinogenesis. Collectively, 
these findings indicate that miR‑452 may act as a tumor 
suppressor, and may be a potential therapeutic target in these 
types of cancer.

However, the expression level and function of miR‑452 
is tissue‑specific. miR‑452 was identified as upregulated 

Figure 5. miR‑452 directly targets RAB11A in breast cancer cells. The rela-
tive RAB11A (A) mRNA and (B) protein expression levels were significantly 
reduced in the miR‑452 mimic‑transfected breast cancer cells, compared with 
miR‑NC‑transfected cells. (C) A luciferase reporter assay was performed 
on HEK293T cells co‑transfected with an miR‑452 mimic or miR‑NC, 
and PmirGLO‑RAB11A‑3'‑UTR‑WT or PmirGLO‑RAB11A‑3'‑UTR‑Mut, 
revealing that miR‑452 decreased activity only in cells transfected with the 
WT RAB11A 3'‑UTR. Data are presented as the mean ± standard devia-
tion. *P<0.05 vs. corresponding miR‑NC group. miR‑452, microRNA‑452; 
miR‑NC, microRNA negative control; 3'‑UTR, 3'‑untranslated region; WT, 
wild type; Mut, mutant.
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in various types of human cancer, including hepatocellular 
carcinoma (34), esophageal cancer (22) and urothelial carci-
noma (23). miR‑452 enhanced proliferation, migration and 
invasion, induced cell cycle G1 to S transition, and inhibited 
apoptosis in hepatocellular carcinoma cells. The difference 
between cancer types may be explained by the distinct context 
of various tissue microenvironments, and the ‘imperfect 
complementarity’ of the interactions between miRNAs and 
target mRNAs (24).

In previous studies, the genes BMI1 proto‑oncogene (24), 
insulin‑like growth factor‑1 receptor  (35), lymphoid 
enhanced binding factor 1 (26), transcription factor 4 (26), 
and cyclin‑dependent kinase inhibitor 1B (34) were demon-
strated to be direct targets of miR‑452. To understand the 
mechanisms by which miR‑452 inhibited metastasis in breast 
cancer, predicted targets of miR‑452 were identified using the 
TargetScan and miRanda search tools. The tools predicted 
that RAB11A was a target of miR‑452. To assess the regula-
tory association between miR‑452 and RAB11A, RT‑qPCR 
and western blot analyses were adopted to detect RAB11A 
expression at the mRNA and protein level in breast cancer 
cells following transfection with an miR‑452 mimic. The 
results revealed that RAB11A mRNA and protein levels were 
significantly reduced in miR‑452‑transfected breast cancer 
cells. Additionally, a luciferase reporter assay indicated that 
miR‑452 binds directly to the 3'‑UTR of the RAB11A mRNA. 

The inhibition of RAB11A protein expression by RAB11A 
siRNA inhibited breast cancer cell migration and invasion, 
thus further verifying that RAB11A is a direct, functional 
target gene of miR‑452 in breast cancer.

RAB11A is a member of the Rab family, which also includes 
RAB11B and RAB25. Rab proteins are small (21‑25 kDa), 
monomeric GTPases that constitute the largest branch of the 
Ras superfamily and are evolutionarily conserved between 
yeast and humans (36). It has been reported that Rab proteins 
exert an important function in various types of human cancer, 
including breast, colon, lung, ovarian and bladder cancer (37). 
RAB11A has previously been demonstrated to be involved 
in breast cancer carcinogenesis and progression  (38‑40). 
Wang et al (41) reported that RAB11A was a direct target of 
miR‑320a in breast cancer, and contributed to the growth and 
invasion of cancer cells. All these findings support the results 
of the present study in implicating RAB11A as a direct func-
tional target of miR‑452 in breast cancer.

In conclusion, the present study revealed that miR‑452 is 
a novel tumor suppressor gene in breast cancer. miR‑452 was 
significantly downregulated in breast cancer, and its down-
regulation was also correlated with metastasis in patients with 
breast cancer. Forced miR‑452 expression decreased breast 
cancer cell metastasis through the direct targeting of RAB11A. 
Therefore, these findings provide a potential prognostic target 
for breast cancer patients.

Figure 6. Inhibition of RAB11A inhibits migration and invasion of MCF‑7 and MDA‑MB‑231 breast cancer cells. (A) Compared with siR‑NC, RAB11A 
siRNA decreased RAB11A protein expression in breast cancer cells. (B) Transwell migration and (C) Transwell invasion assays were performed, revealing 
that RAB11A knockdown decreased breast cancer cell migration and invasion capacities. Data are presented as the mean ± standard deviation. *P<0.05 
vs. corresponding siR‑NC group. siRNA, small interfering RNA; siR‑NC, negative control siRNA.
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