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Abstract. In China, breast cancer is the most commonly 
occurring cancer in women. MicroRNAs (miRs) are a group 
of endogenous small non-coding RNAs, which serve a role 
in many biological processes through the regulation of target 
genes. In the current study, miR‑150‑5p expression was signifi-
cantly up-regulated in breast cancer tissues and cell lines. To 
investigate the cellular function and underlying molecular 
mechanism of miR-150-5p in breast cancer, TargetScan7.2 
was used to identify miR-150-5p target genes. SRC kinase 
signaling inhibitor 1 (SRCIN1) was identified as a direct 
target gene of miR-150-5p and the current study demonstrated 
that SRCIN1 was negatively regulated by miR-150-5p in 
breast cancer cells. Furthermore, SRCIN1 expression was 
significantly down-regulated in breast cancer tissues and 
cell lines. Taken together, these results demonstrated that 
there was a negative association between miR-150-5p and 
SRCIN1 in breast cancer. The CCK-8 and Transwell assays 
were used to examine breast cancer cell viability, invasion 
and migration ability. The current study demonstrated that 
over-expression of miR-150-5p enhanced breast cancer cell 
proliferation, invasion and migration. In addition, miR-150-5p 
over-expression increased the expression of mesenchymal cell 
markers (vimentin, N-cadherin and β-catenin) and decreased 
the expression of epithelial cell markers (E-cadherin and 
zonula occludens-1). By contrast, miR-150-5p knockdown 
inhibited breast cancer cell viability, invasion and migration. 
Additionally, miR-150-5p knockdown decreased the expres-
sion of mesenchymal cell markers and increased the expression 
of epithelial cell markers. Taken together, these results suggest 
that the miR-150-5p/SRCIN1 axis may be a potential target in 
the treatment of breast cancer.

Introduction

Breast cancer is the most frequently diagnosed cancer and 
the second leading cause of cancer-related mortality among 
women worldwide (1). The overall incidence of breast cancer 
worldwide has been increasing since the late 1970s (2). Breast 
cancer is the second most common cause of brain metastases 
among solid malignancies and it is estimated to be present at 
the time of diagnosis of breast cancer in 0.41% of patients, with 
7.56% of patients presenting with metastatic disease to any 
site (3). Although progress has been made in the diagnosis and 
treatment of breast cancer, the survival rate of breast cancer 
patients remains low (4). It is therefore important to develop 
novel therapeutic targets for the treatment of breast cancer.

microRNAs (miRNAs or miRs) are a group of endogenous 
non-coding RNAs 21-23 nucleotides in length, which are 
present in eukaryotes (5). Increasing evidence suggests that 
miRNAs can regulate the expression of a broad spectrum of 
genes resulting in altered cellular processes including cell 
proliferation, differentiation and apoptosis (6,7). In addi-
tion, miRNAs can regulate progression and metastasis in 
several types of cancer (8-14). Studies have demonstrated that 
miRNAs can function as either oncogenes or tumor suppressor 
genes in cancer (15,16). As a result, miRNAs are thought to be 
promising biomarkers for diagnosis and therapeutic targets in 
cancer (17-20).

SRC kinase signaling inhibitor 1 (SRCIN1), also known 
as p140 Cas-associated protein, contains two regions of 
highly charged amino acids, two proline-rich regions and 
two coiled-coil domains (21-23). Previous studies have 
demonstrated that SRCIN1 serves an important role in Src 
inactivation and it can also act as a tumor suppressor gene 
in several types of cancer (24,25). A previous study revealed 
that miR-150 promotes the proliferation and migration of 
lung cancer cells by targeting SRCIN1 (26). However, the 
role of miR-150 and its underlying mechanism in breast 
cancer remains unknown.

Epithelial-mesenchymal transition (EMT) is a biological 
process, which involves the transformation from a polarized 
epithelium cell to a mesenchymal cell, which has enhanced 
migratory capacity and invasiveness (27,28). EMT presents 
tumor cells with specific stem cell‑like characteristics, which 
include reduced apoptosis and resistance to immunosup-
pression and senescence (29). These characteristics serve a 
role in development, however they are also associated with 
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tissue healing, organ fibrosis, cancer development and other 
biological processes.

The aim of the present study was to investigate the cellular 
function of miR-150 and its underlying mechanism in breast 
cancer cells.

Materials and methods

Clinical samples. Triple-negative breast cancer tissue and 
adjacent healthy tissue samples were collected during biopsies 
from 30 female (age range, 25-57 years) triple-negative breast 
cancer patients from the First Affiliated Hospital of Soochow 
University (Suzhou, China) from January 2015-June 2017. 
Patients did not receive preoperative radiotherapy or chemo-
therapy. All tissue samples were immediately flash-frozen 
in liquid nitrogen and stored at ‑80˚C until further use. The 
present study was approved by the Ethics Committee of the 
First Affiliated Hospital of Soochow University, and written 
informed consent was obtained from each patient.

Cell culture. Human breast epithelial cell MCF10A, and breast 
cancer cell lines (MCF7, MDA-MB-468, MDA-MB-231 and 
MDA-MB-157) were purchased from the Shanghai Institute of 
Life Sciences Cell Resource Centre (Shanghai, China). Cells 
were cultured in RPMI-1640 or DMEM medium (both Gibco; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% fetal bovine serum (FBS; Gibco; Thermo 
Fisher Scientific, Inc.) and 1% streptomycin‑penicillin mix 
solution (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), 
and maintained at 37˚C in a 5% CO2‑humidified incubator.

Cell transfection. MDA-MB-468 cells were seeded in 6-well 
plates at a density of 4x105 cells/well. miR-150-5p mimic 
(5'-UCU CCC AAC CCU UGU ACC AGU G-3'), mimic control 
(5'-UUC UCC GAA CGU GUC ACG UTT-3'), miR-150-5p 
inhibitor (5'-CAC UGG UAC AAG GGU UGG GAG A-3') and 
inhibitor control (5'-CAG UAC UUU UGU GUA GUA CAA-3') 
were synthesized by Shanghai GenePharma Co., Ltd. 
(Shanghai, China). MDA-MB-468 cells were subsequently 
transfected with 100 nM miR-150-5p mimic, 100 nM mimic 
control, 100 nM miR-150-5p inhibitor or 100 nM inhibitor 
control using Lipofectamine® 3000 (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
Following 48-h transfection, cells were collected and used 
for subsequent experimentation. Transfection efficiency was 
detected using reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR).

RT‑qPCR. Total RNA was extracted from cultured cell 
lines (MCF10A, MCF7, MDA-MB-468, MDA-MB-231 and 
MDA-MB-157) and tissue samples using TRIzol® reagent (Life 
Technologies; Thermo Fisher Scientific, Inc.), according to the 
manufacturer's protocol. Total RNA was reverse transcribed 
into cDNA using the PrimeScript RT Reagent kit (Takara Bio, 
Inc., Otsu, Japan), according to the manufacturer's protocol. 
RNA concentration was detected by NanoDrop™ 2000 spec-
trophotometer (Thermo Fisher Scientific, Inc.). qPCR was 
subsequently performed using the SYBR® RT-PCR kit (Takara 
Bio, Inc.). The following primer sequences were used for the 
qPCR: miR-150-5p forward, 5'-TCG GCG TCT CCC AAC CCT 

TGT AC-3' and reverse, 5'-GTC GTA TCC AGT GCA GGG TCC 
GAG GT-3'; SRCIN1 forward, 5'-AGC CCC GAC AAA AGC 
AAA C-3' and reverse, 5'-CCA AAG GAA GTC AAT ACA GGG 
ATAG-3'; zonula occludens (ZO)-1 forward, 5'-CCT CTG ATC 
ATT CCA CAC AGT C-3' and reverse, 5'-TAG ACA TGC GCT 
CTT CCT CTC T-3'; E-cadherin forward, 5'-CGA GAG CTA 
CAC GTT CAC GG-3' and reverse, 5'-GGG TGT CGA GGG 
AAA AAT AGG-3'; N-cadherin forward, 5'-TTT GAT GGA 
GGT CTC CTA ACA CC-3' and reverse, 5'-ACG TTT AAC ACG 
TTG GAA ATG TG-3'; vimentin forward, 5'-GAC GCC ATC 
AAC ACC GAG TT-3' and reverse, 5'-CTT TGT CGT TGG TTA 
GCT GGT-3'; β-catenin forward, 5'-AAC AGG GTC TGG GAC 
ATT AGT C-3' and reverse, 5'-CGA AAG CCA ATC AAA CAC 
AAA C-3'; U6 forward, 5'-GCT TCG GCA GCA CAT ATA CTA 
AAA T-3' and reverse, 5'-CGC TTC ACG AAT TTG CGT GTC 
AT-3'; and GAPDH forward, 5'-CTT TGG TAT CGT GGA AGG 
ACT C-3' and reverse, 5'-GTA GAG GCA GGG ATG ATG TTC 
T-3'. The following thermocycling conditions were used for the 
qPCR: Initial denaturation at 95˚C for 10 min; 35 cycles of 
95˚C for 15 sec and 55˚C for 40 sec. Relative expression levels 
of miR-150, SRCIN1 mRNA and other related genes were 
quantified using the 2-ΔΔCq method (30) and normalized to the 
internal reference genes U6 and GAPDH. All experiments 
were carried out in triplicate.

Cell viability assay. Cell viability was analyzed using 
the cell counting kit-8 (CCK-8; cat. no. C0038; Beyotime 
Institute of Biotechnology, Haimen, China). Logarithmic 
phase MDA-MB-468 cells were seeded in 96-well plates 
at a density of 1x104 cells/well and incubated at 37˚C in a 
5% CO2‑humidified incubator for 12 h. Following incubation, 
10 µl CCK-8 reagent was added to each well and cells were 
incubated for a further 2 h at 37˚C in a 5% CO2‑humidified 
incubator. Cell viability was determined by measuring the 
absorbance at a wavelength of 490 nm using a microplate 
reader.

Western blot analysis. Total protein was extracted from 
MDA-MB-468 cells using radioimmunoprecipitation assay 
buffer (Thermo Fisher Scientific, Inc.). Bicinchoninic protein 
assay kit (Pierce; Thermo Fisher Scientific, Inc.) was used 
to measure the protein concentration. Proteins (30 µg/lane) 
were separated via SDS-PAGE on a 10% gel. The separated 
proteins were subsequently transferred onto polyvinyl difluo-
ride membranes (EMD Millipore, Billerica, MA, USA) and 
blocked at room temperature for 2 h with 5% skimmed milk in 
PBS containing 0.1% Tween® 20. The membranes were incu-
bated with primary antibodies against SRCIN1 (1:1,000; cat. 
no. 3757), E-cadherin (1:1,000; cat. no. 3195), ZO-1 (1:1,000; 
cat. no. 13663), vimentin (1:1,000; cat. no. 12826), N-cadherin 
(1:1,000; cat. no. 13116), β-catenin (1:1,000; cat. no. 25362) or 
β-actin (1:1,000; cat. no. 4970; all Cell Signaling Technology, 
Inc., Danvers, MA, USA) overnight at 4˚C. Following primary 
incubation, membranes were incubated with horseradish 
peroxidase-labeled anti-rabbit IgG secondary antibody 
(1:1,000; cat. no. 7074; Cell Signaling Technology, Inc.) for 
2 h at room temperature. Proteins bands were visualized 
using the enhanced chemiluminescence super sensitive liquid 
(cat no. P1010; Applygen Technologies, Inc., Beijing, China) 
and imaged using the ChemiDoc XRS+ system (Bio-Rad 
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Laboratories, Inc., Hercules, CA, USA). Protein expression 
was quantified using Gel‑Pro Analyzer software (version 6.3; 
Media Cybernetics, Inc., Rockville, MD, USA).

Transwell assay. Cell invasion and migration was examined 
using the Transwell assay using Transwell inserts (Corning, 
Inc., Corning, NY, USA) with or without Matrigel® (BD 
Biosciences, San Jose, CA, USA). Following transfection, 
MDA-MB-468 cells (1x104 cells/well) in 100 µl serum-free 
medium added to the upper chamber of the Transwell insert, 
whereas 500 µl medium supplemented with 10% FBS was 
added to the lower chamber and the plates were incubated at 
37˚C for 48 h. The invasive and migratory cells were fixed 
with methanol for 20 min, and then stained with 0.1% crystal 
violet for 20 min at 37˚C. The total number of migratory and 
invasive cells on the underside of the membrane was counted 
using five randomly selected visual fields under an inverted 
light microscope at a magnification of x200.

Dual‑luciferase reporter assay. TargetScan 7.2 (http://www.
targetscan.org/vert_72/) was used to analyze the potential targets 
of miR-150-5p, and it was determined that the binding site of 
miR-150-5p corresponds to that of SRCIN1. To confirm the 
direct binding between miR-150-5p and SRCIN1, the wild type 
(WT‑SRCIN1) and mutant (MUT‑SRCIN1) 3'UTR of SRCIN1 
was cloned into the pmiR-RB-Report™ luciferase reporter vector 
plasmids (Guangzhou RiboBio Co., Ltd., Guangzhou, China). 
Cells (5x104 cells/well) were seeded into 24-well plates, and 
co-transfected with 100 nM miR-150-5p mimic or 100 nM mimic 
control and the WT‑SRCIN1 (40 ng) or MUT‑SRCIN1 (40 ng) 
plasmids using Lipofectamine® 3000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) for 48 h. Following 48‑h transfection, rela-
tive luciferase activities were detected using a Dual-Luciferase 
Reporter assay system (Promega Corporation, Madison, WI, 
USA), according to the manufacturer's protocol. Firefly luciferase 
activity was normalized to Renilla luciferase activity.

Statistical analysis. Data are presented as the mean ± standard 
deviation. All statistical analyses were performed using SPSS 
software (version 17.0; SPSS, Inc., Chicago, IL, USA). The 

statistical significance of differences between two groups 
was analyzed using both paired and unpaired Student's t-test. 
One-way analysis of variance followed by Tukey's post hoc test 
was used to analyze differences among multiple groups. All 
experiments were repeated three times. P<0.05 was considered 
to indicate a statistically significant difference.

Results

miR‑150‑5p expression in breast cancer. The expression level 
of miR-150-5p was detected by RT-qPCR in breast cancer 
tissue samples and cell lines. The expression level of miR-150 
was significantly increased in breast cancer tissue compared 
with adjacent healthy tissue samples (Fig. 1A). In addition, the 
expression level of miR‑150‑5p was significantly increased 
in all breast cancer cell lines (MCF7, MDA-MB-468, 
MDA-MB-231 and MDA-MB-157) compared with the normal 
human breast epithelial cell line MCF10A (Fig. 1B). The 
greatest increase was observed in the MDA-MB-468 cell 
line, and therefore these cells were selected for all subsequent 
experimentation.

SRCIN1 is a direct target of miR‑150‑5p. SRCIN1, an inhibitor 
of Src activity and downstream signaling (23), was identified as 
a putative target gene of miR-150-5p. TargetScan was used to 
predict the miR-150-5p binding site in the 3'UTR of SRCIN1 
(Fig. 2A). Luciferase reporter assays were used to validate 
the direct interaction between miR-150-5p and SRCIN1. The 
current study demonstrated that miR-150-5p overexpres-
sion significantly decreased SRCIN1‑WT luciferase activity 
compared with SRCIN1-MUT, which had no marked effect on 
luciferase activity (Fig. 2B). The results suggest that SRCIN1 
is a direct target gene of miR-150-5p.

To investigate whether miR-150-5p regulates endogenous 
SRCIN1 expression in breast cancer, SRCIN1 expression was 
analyzed in MDA-MB-468 cells following 48-h transfection 
with miR-150-5p mimic, mimic control, miR-150-5p inhibitor 
or inhibitor control. The relative miR-150-5p expression level 
was significantly increased, whilst the SRCIN1 mRNA expres-
sion level was significantly decreased in MDA‑MB‑468 cells 

Figure 1. Relative miR-150 expression in breast cancer tissues and cell lines. (A) The relative miR-150-5p expression level was determined by RT-qPCR in 
breast cancer tissue and adjacent health tissue samples from patients with breast cancer. (B) The relative miR-150-5p expression level was determined by 
RT-qPCR in breast cancer cell lines MCF7, MDA-MB-468, MDA-MB-231 and MDA-MB-157, and the normal human breast epithelial cell line MCF10A. 
Data are presented as the mean ± standard deviation. ##P<0.01 vs. Normal tissues; *P<0.05 and **P<0.01 vs. the MCF10A cell line. miR, microRNA; RT-qPCR, 
reverse transcription-quantitative polymerase chain reaction.
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following transfection with miR-150-5p mimic compared with 
the control (Fig. 2C and D). In addition, the protein expression 
level of SRCIN1 was significantly decreased in MDA‑MB‑468 
cells following transfection with miR-150-5p mimic compared 
with the control (Fig. 2E and F).

Furthermore, the relative miR-150-5p expression 
level was significantly decreased, whilst the SRCIN1 
mRNA expression level was significantly increased in 
MDA-MB-468 cells following transfection with miR-150-5p 
inhibitor compared with the control (Fig. 2G and H). In 
addition, the protein expression level of SRCIN1 was 
significantly increased in MDA‑MB‑468 cells following 
transfection with miR-150-5p inhibitor compared with the 
control (Fig. 2I and J).

SRCIN1 expression in breast cancer. To further investigate the 
association between miR-150-5p and SRCIN1, the expression 
level of SRCIN1 was detected by RT-qPCR in breast cancer 
tissue samples and cell lines. The mRNA expression level of 
SRCIN1 was significantly decreased in breast cancer tissue 
compared with adjacent healthy tissue samples (Fig. 3A). 

In addition, the mRNA expression level of SRCIN1 was 
significantly decreased in all breast cancer cell lines (MCF7, 
MDA-MB-468, MDA-MB-231 and MDA-MB-157) compared 
with the normal human breast epithelial cell line MCF10A 
(Fig. 3B). Furthermore, the protein expression level of 
SRCIN1 was significantly decreased in each breast cancer cell 
line compared with MCF10A (Fig. 3C and D). The greatest 
decrease was observed in the MDA-MB-468 cell line, and 
therefore these were selected for all subsequent experimenta-
tion.

Effect of miR‑150‑5p on breast cancer cell viability, migration 
and invasion. To investigate the role of miR-150-5p in breast 
cancer, the CCK-8 and Transwell assays were used to examine 
the effect of miR-150-5p on the cell viability, invasion and 
migration ability of breast cancer cells following 48-h trans-
fection with miR-150-5p mimic, mimic control, miR-150-5p 
inhibitor or inhibitor control. Cell viability, invasion and 
migration were significantly increased in MDA‑MB‑468 cells 
following transfection with miR-150-5p mimic compared with 
the control (Fig. 4A-C). By contrast, the cell viability, invasion 

Figure 2. SRCIN1 is a direct target of miR-150-5p. (A) Bioinformatics analysis was used to predict the miR-150-5p binding site in the 3'-UTR of 
SRCIN1. (B) Luciferase reporter assays were performed in MDA-MB-468 cells following co-transfection with luciferase reporter plasmids containing 
SRCIN1‑3'UTR‑WT or SRCIN1‑3'UTR‑MUT and miR‑150‑5p mimic or mimic control. (C) The relative miR‑150‑5p expression level was determined by 
RT-qPCR in MDA-MB-468 cells following transfection with miR-150-5p mimic and mimic control. (D) The relative SRCIN1 expression level was determined 
by RT-qPCR in MDA-MB-468 cells following transfection with miR-150-5p mimic and mimic control. (E) The relative protein expression level of SRCIN1 was 
determined by western blot analysis in MDA‑MB‑468 cells following transfection with miR‑150‑5p mimic and mimic control. (F) Quantification of SRCIN1 
protein expression. (G) The relative miR-150-5p expression level was determined by RT-qPCR in MDA-MB-468 cells following transfection with miR-150-5p 
inhibitor and inhibitor control. (H) The relative SRCIN1 expression level was determined by RT-qPCR in MDA-MB-468 cells following transfection with 
miR-150-5p inhibitor and inhibitor control. (I) The relative protein expression level of SRCIN1 was determined by western blot analysis in MDA-MB-468 
cells following transfection with miR‑150‑5p inhibitor and inhibitor control. (J) Quantification of SRCIN1 protein expression. **P<0.01 vs. Control. SRCIN1, 
SRC kinase signaling inhibitor 1; miR, microRNA; UTR, untranslated region; WT, wild‑type; MUT, mutant; RT‑qPCR, reverse transcription‑quantitative 
polymerase chain reaction.
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and migration were significantly decreased in MDA‑MB‑468 
cells following transfection with miR-150-5p inhibitor 
compared with the control (Fig. 4D-F). These results suggest 
that miR-150-5p up-regulation can promote cell invasion and 
migration, whilst miR-150-5p down-regulation can reduce cell 
invasion and migration.

Effect of miR‑150‑5p on EMT in breast cancer cells. To 
investigate the effect of miR-150-5p on EMT in breast 
cancer, the expression of specific EMT markers including 
epithelial cell markers (E-cadherin, ZO-1) and interstitial cell 
markers (N-cadherin, vimentin, β-catenin), were analyzed in 
MDA-MB-468 cells following transfection with miR-150-5p 
mimic, mimic control, miR-150-5p inhibitor or inhibitor 
control. The protein expression level of N-cadherin, vimentin 
and β‑catenin were significantly increased, whilst E‑cadherin 
and ZO‑1 protein expression were significantly decreased in 
MDA-MB-468 cells following transfection with miR-150-5p 
mimic compared with the control (Fig. 5A-F). Additionally, 

similar results were obtained following mRNA expression 
analysis (Fig. 5G-K).

Furthermore, the protein expression level of N-cadherin, 
vimentin and β‑catenin were significantly decreased, whilst 
E‑cadherin and ZO‑1 protein expression were significantly 
increased in MDA-MB-468 cells following transfection with 
miR-150-5p inhibitor compared with the control (Fig. 6A-F). 
Additionally, similar results were obtained following mRNA 
expression analysis (Fig. 6G-K).

Discussion

Breast cancer is currently a major health threat to women 
worldwide. In China, there were ~268,600 new breast cancer 
cases and 69,500 breast cancer-related mortalities in women 
in 2015 (31). Although there are numerous drug combinations 
and treatment regimens, patients with advanced breast cancer 
develop resistance to treatment. Resistance to chemotherapy is 
a major obstacle to the effective treatment of breast cancer (32). 

Figure 4. Effect of miR-150-5p on breast cancer cell proliferation, invasion and migration. (A) Cell proliferation, (B) invasion and (C) migration were examined 
in MDA-MB-468 cells following 48-h transfection with miR-150-5p mimic and mimic control. (D) Cell proliferation, (E) invasion and (F) migration were 
examined in MDA-MB-468 cells following 48-h transfection with miR-150-5p inhibitor and inhibitor control. Data are presented as the mean ± standard 
deviation. *P<0.05 and **P<0.01 vs. Control. miR, microRNA.

Figure 3. SRCIN1 expression in breast cancer tissue and cells. (A) The relative SRCIN1 mRNA expression level was determined by RT-qPCR in breast 
cancer tissue and adjacent healthy tissue samples from patients with breast cancer. (B) The relative SRCIN1 mRNA expression level was determined by 
RT-qPCR in breast cancer cell lines MCF7, MDA-MB-468, MDA-MB-231 and MDA-MB-157, and the normal human breast epithelial cell line MCF10A. 
(C) The relative protein expression level of SRCIN1 was determined by western blot analysis in breast cancer cell lines MCF7, MDA-MB-468, MDA-MB-231 
and MDA‑MB‑157, and the normal human breast epithelial cell line MCF10A. (D) Quantification of SRCIN1 protein expression. Data are presented as 
the mean ± standard deviation. ##P<0.01 vs. Normal tissues; *P<0.05, **P<0.01 vs. the MCF10A cell line. SRCIN1, SRC kinase signaling inhibitor 1; miR, 
microRNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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Therefore, it is necessary to develop a novel treatment strategy 
for breast cancer with an enhanced therapeutic effect and 
decreased drug resistance.

Several studies have demonstrated that miRNAs serve a 
role in the development and progression of several types of 
cancer (8-14). Previous studies demonstrated that miR-150 
expression was decreased in several types of human cancer, 
including lymphoma, liver, colon and bladder cancer (33-38). 
miR-150, as a tumor suppressor gene, could inhibit the prolif-
eration, migration and invasion of cancer cells via several 
mechanisms; for example, through regulating the expression 
of oncogenes or tumor suppressor genes and cell cycle check-
points (33-38). A previous study indicated that miRNA-150 
inhibits the proliferation and tumorigenicity of nasopharyngeal 

carcinoma cells (5). By contrast, several studies have demon-
strated that miR-150 was up-regulated in several types of 
cancer, including chronic lymphocytic leukemia (39), non-small 
cell lung cancer (40) and gastric cancer (41). As an oncogene, 
miR-150 could promote cancer cell proliferation and metas-
tasis (40,41,26). Cao et al (26) revealed that miR-150 was highly 
expressed in lung cancer cells, and miR-150 overexpression 
could promote lung cancer cell proliferation. Whether miR‑150 
is an oncogene or a tumor suppressor gene mostly depends 
on the type of cancer, as miR-150 serves a different role in 
different types of cancer (42). However, the role of miR-150 and 
its underlying mechanism in breast cancer remains unknown.

The current study demonstrated that miR-150-5p expres-
sion is up-regulated in triple-negative breast cancer tissue 

Figure 5. Effect of miR-150-5p on epithelial-mesenchymal transition in breast cancer cells. (A) The relative protein expression level of N-cadherin, vimentin, 
β-catenin, E-cadherin and ZO-1 were determined by western blot analysis in MDA-MB-468 cells following 48-h transfection with miR-150-5p mimic and 
mimic control. Quantification of (B) N‑cadherin, (C) vimentin, (D) β-catenin, (E) E-cadherin and (F) ZO-1 protein expression. The relative (G) N-cadherin, 
(H) vimentin, (I) β-catenin, (J) E-cadherin and (K) ZO-1 mRNA expression level was determined by RT-qPCR in MDA-MB-468 cells following 48-h trans-
fection with miR-150-5p mimic and mimic control. Data are presented as the mean ± standard deviation. *P<0.05 and **P<0.01 vs. Control. miR, microRNA; 
ZO-1, zonula occludens-1; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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compared with adjacent healthy tissue samples. In addition, 
the level of miR‑150‑5p expression was significantly increased 
in all breast cancer cell lines (MCF7, MDA-MB-468, 
MDA-MB-231 and MDA-MB-157) compared with the 
normal human breast epithelial cell line MCF10A, and 
the greatest increase was observed in MDA-MB-468 
cells. Therefore, the triple negative breast cancer cell line 
MDA-MB-468 for chosen for all subsequent experimenta-
tion. Further analysis revealed that the miR-150-5p mimic 
significantly increased MDA‑MB‑468 cell viability, invasion 
and migration ability. By contrast, the miR-150-5p inhibitor 
attenuated MDA-MB-468 cell viability, invasion and migra-
tion ability. These results suggest that miR-150-5p may be 
acting as an oncogene in breast cancer.

To further investigate the underlying mechanism of 
miR-150-5p in breast cancer, bioinformatics analysis was used 
to predict SRCIN1 as a direct target of miR-150-5p. Src is a 
non-receptor tyrosine kinase, which is mainly expressed in 
brain, testis and certain epithelial-rich organs including the 
mammary glands, lungs, colon and kidneys (43). Yang et al (44) 
recently reported that SRCIN1 expression was significantly 
decreased in breast cancer tissues and cells, and that SRCIN1 
expression was inversely correlated with miR-346 expression. 
Di Stefano et al indicated that SRCIN1 overexpression inhib-
ited cell proliferation, migration and invasion in breast cancer 
cells (23). Furthermore, a previous study demonstrated that 
there was a negative correlation between SRCIN1 and breast 
cancer (22). Consistent with previous studies, the current study 

Figure 6. Effect of miR-150-5p inhibition on epithelial-mesenchymal transition in breast cancer cells. (A) The relative protein expression level of N-cadherin, 
vimentin, β-catenin, E-cadherin and ZO-1 were determined by western blot analysis in MDA-MB-468 cells following 48-h transfection with miR-150-5p 
inhibitor and inhibitor control. Quantification of (B) N‑cadherin, (C) vimentin, (D) β-catenin, (E) E-cadherin and (F) ZO-1 protein expression. The relative 
(G) N-cadherin, (H) vimentin, (I) β-catenin, (J) E-cadherin and (K) ZO-1 mRNA expression level was determined by RT-qPCR in MDA-MB-468 cells 
following 48-h transfection with miR-150-5p inhibitor and inhibitor control. Data are presented as the mean ± standard deviation. *P<0.05 and **P<0.01 
vs. Control. miR, microRNA; ZO-1, tight junction protein ZO-1; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.
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demonstrated that SRCIN1 was significantly down‑regulated 
in both breast cancer tissues and cell lines. In addition, 
SRCIN1 was identified as a direct target gene of miR‑150‑5p, 
and SRCIN1 was negatively regulated by miR-150-5p.

To further confirm the role of miR‑150‑5p in promoting 
the invasion and migration of breast cancer cells, the expres-
sion of EMT-related proteins was analyzed. The results 
demonstrated that miR‑150‑5p significantly increased the 
expression of mesenchymal cell markers and reduced the 
expression of epithelial cell markers at both the protein and 
mRNA level.

In conclusion, the results of the current study demonstrated 
that miR-150-5p may promote cell viability, invasion and 
migration by directly targeting SRCIN1 and thereby identi-
fying a potentially novel therapeutic target in the treatment of 
breast cancer.
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