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Abstract. MicroRNA (miR)-146a-5p functions as a tumor
suppressor in various types of cancer. However, the role of
miR-146a-5p in the development of triple-negative breast
cancer (TNBC) is unclear. The present study aimed to inves-
tigate the role of miR-146a-5p in TNBC. The expression level
of miR-146a-5p in TNBC tissues and cell lines was initially
detected using reverse transcription-quantitative polymerase
chain reaction. To predict the target gene of miR-146a-5p,
TargetScan software was used and a dual luciferase assay was
performed to verify the prediction. Furthermore, in order to
explore the role of miR-146a-5p in TNBC, miR-146a-5p was
overexpressed in TNBC cells using miR-146a-5p mimics. An
MTT assay was performed to detect cell proliferation, and a
Transwell assay was conducted to determine cell migration
and invasion. Furthermore, western blotting was performed
to measure associated protein expression. It was revealed that
miR-146a-5p was downregulated in TNBC tissues and cell
lines. SOXS5 was indicated to be a target gene of miR-146a-5p
and was upregulated in TNBC cells. Additionally, miR-146a-5p
could inhibit TNBC cell proliferation, migration and invasion,
repress the expression of mesenchymal markers (N-cadherin,
vimentin and fibronectin) and increase epithelial marker
(E-cadherin) expression. Furthermore, SOX5 overexpression
eliminated the effects of miR-146a-5p mimics on TNBC cells.
In conclusion, the data of the present study indicated that
miR-146a-5p inhibits the proliferation and metastasis of TNBC
cells by regulating SOXS.
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Introduction

Breast cancer, which is considered to be the most common type
of cancer in women worldwide (1), is divided into four sub-types,
including luminal A-like, luminal B-like, human epidermal
receptor-2 (HER-2) positive and triple-negative breast cancer
(TNBC) (2). TNBC is characterized by the loss of expression
of progesterone receptor, estrogen receptor and HER-2 gene
expression (3). In total, 15-20% of breast cancer cases are
TNBC and the majority of these are basal-like (4). TNBC,
particularly the basal-like type, has higher rates of metastasis
and poorer survival rates compared with other breast cancer
sub-types (4). Previously, great improvements have been made
in the early detection and treatment of breast cancer. However,
due to sub-optimal hormonal therapy and a lack of more specific
and effective therapeutic targets, TNBC treatment remains a
challenge (5,6). Thus, identifying biological markers of TNBC
progress is necessary and could provide novel therapeutic strat-
egies for TNBC treatment.

MicroRNAs (miRs) are a class of endogenous, non-coding,
single-stranded RNAs that are widely expressed in eukary-
otes and are 18-22 nucleotides in length. They serve critical
roles in the regulation of gene expression. Furthermore, they
are involved in a series of pathological and physiological
processes, including tumor proliferation, differentiation
and apoptosis (7-9). Furthermore, miRs can transcription-
ally inhibit the expression of target genes by binding to the
3'-untranslated region (3'-UTR), acting as oncogenes or tumor
inhibitors (10). A growing number of studies have indicated
that abnormal expression of miRs is associated with human
breast cancer (11-16). Furthermore, mounting evidence indi-
cates that miRs serve key functions in the development of
TNBC (17-19). However, the exact molecular mechanism of
miRs in TNBC is not yet understood.

miR-146a-5p has been identified as a tumor suppressor
in various types of cancer. Zhang et al (20) reported that
miR-146a-5p was downregulated in hepatocellular carcinoma
and acted as a tumor suppressor. Wang et al (21) revealed that
miR-146a-5p promoted esophageal squamous cell carcinoma
progression by regulating epithelial-mesenchymal transition
(EMT) via targeting Notch2. Furthermore, miR-146a-5p has
been confirmed to inhibit non-small cell lung cancer (NSCLC)
cell proliferation and cell cycle progression (22). Another study
indicated that miR-146a-5p could promote prostate cancer cell


https://www.spandidos-publications.com/10.3892/etm.2018.5945
https://www.spandidos-publications.com/10.3892/etm.2018.5945

4516

apoptosis by targeting ROCK1 (23). However, the function of
miR-146a-5p in the development of TNBC remains unclear.
Therefore, the present study aimed to investigate the function
of miR-146a-5p in TNBC and explore its underlying molecular
mechanism.

Materials and methods

Clinical specimens. A total of 20 paired TNBC and adjacent
normal breast tissues were identified and collected during
biopsies from 20 female patients (age, 27-58 years) with TNBC
who were diagnosed by clinical symptoms and imaging
examination at the Nanjing Medical University Affiliated
Jiangsu Cancer Hospital (Nanjing, China) from January 2015
to December 2016. No patient received preoperative radio-
therapy or chemotherapy. All tissue samples were immediately
flash-frozen in liquid nitrogen and stored at -80°C. The present
study was approved by the Human Ethics Committee Review
Board at the Nanjing Medical University Affiliated Jiangsu
Cancer Hospital (Nanjing, China). Informed consent was
provided by every patient.

Cell culture. The non-malignant breast epithelial cell
line, MCF-10A, and TNBC cell lines, MDA-MB-231,
MDA-MB-468, BT549 and Hs578T, were obtained from the
Type Culture Collection of the Chinese Academy of Sciences
(Shanghai, China). All cell lines were grown in Dulbecco's
modified Eagle's medium (DMEM; HyClone; GE Healthcare
Life Sciences, Logan, UT, USA) containing 10% fetal bovine
serum (FBS; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) and 1% penicillin/streptomycin. All cell lines were
incubated in a 5% CO, incubator at 37°C for ~48 h.

Cell transfection. For cell transfection, Hs578T cells were
seeded into a 6-well plate (5x10* cells/well) the day prior to
transfection. Next, cells were transiently transfected with
50 nM miR-146a-5p mimics (sense, 5'-UGAGAACUGAAU
UCCAUGGGUU-3' and antisense, 5'-CCCAUGGAAUUC
AGUUCUCAUU-3"), 50 nM negative control miR (sense,
5'-UUCUCCGAACGUGUCACGUATAT-3"' and antisense,
5-ACGUGACACGUUCGGAGAAJdTAT-3"; GenePharma Co.,
Ltd., Shanghai, China) or miR-146a-5p mimics + SOX5-plamids
(GenScript, Piscataway, NJ, USA) using Lipofectamine 2000
transfection reagent (Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol. At 24 h after cell transfection,
the cells were collected and used for the following analyses.

Dual-luciferase reporter assay. TargetScan bioinformatics
software (www.targetscan.org/vert_71) was used to predict
the target genes of miR-146a-5p, and SOXS5 was identified
as a potential target of miR-146a-5p. In order to explore
whether miR-146a-5p targets the 3'-UTRs of SOXS5, vectors
termed SOX5-3'-UTR-WT and SOXS5-3'-UTR-MUT with
wild type and mutated 3'-UTR of SOX5 mRNA, respec-
tively, were constructed. The sense and anti-sense strands
of the oligonucleotides of the SOX5-3'-UTR containing
the miR-146a-5p binding site were generated, annealed
and then sub-cloned into the pMIR-REPORT vector
(GeneCopoeia, Inc., Rockville, MD, USA). The negative
control was established by sub-cloning scrambled sequences
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into the same vector. Hs578T cells were seeded into a 24-well
plate and then co-transfected with SOX5-3'UTR-WT or
SOX5-3'UTR-MUT and miR-146a-5p or its negative control
(hsamiR-NC) vector using Lipofectamine 2000 reagent,
following the manufacturer's protocol. Following transfection
for 48 h the Dual-Luciferase® Reporter Assay system (Promega
Corporation, Madison, WI, USA) was used to determine the
luciferase activity according to the manufacturer's protocols.
Renilla luciferase activity was normalized to firefly luciferase
activity. Every experiment was repeated at least three times.

Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR). Total RNA from TNBC tissue samples and
Hs578T cells was extracted by TRIzol reagent (Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
The RevertAid First Strand cDNA synthesis kit (Fermentas;
Thermo Fisher Scientific, Inc.) was applied for cDNA genera-
tion. qPCR was performed using SYBR-Green qPCR mix
(Toyobo Co., Ltd., Osaka, Japan) in a Thermal Cycler Dice
Real-Time system III TP950 1 Set (Takara Bio, Inc., Otsu,
Japan). GAPDH (for mRNA) or U6 (for miR) acted as the
internal controls. The primer sequences used for gPCR were
obtained from GenScript and listed in Table I. The thermo-
cycling conditions for qPCR were as follows: 95°C for 5 min,
followed by 40 cycles of denaturation at 95°C for 15 sec and
annealing/elongation at 60°C for 30 sec. The 224% method (24)
was used to calculate the relative quantities of each gene. All
tests were repeated at least three times.

Western blotting. Total protein was collected from tissues and
cells using RIPA lysis buffer (Auragene, Changsha, China).
A bicinchoninic acid protein assay kit (Beyotime Institute of
Biotechnology, Haimen, China) was applied for protein quanti-
fication. Equal amount of protein samples (25 ug) were resolved
by 10% SDS-PAGE and then transferred onto a nitrocellulose
membrane (EMD Millipore, Billerica, MA, USA). Following
blocking with 5% skimmed milk for 2 h at room temperature,
the membranes were incubated with primary antibodies
against SOXS5 (cat. no. ab94396), fibronectin (cat. no. ab23750)
(both Abcam, Cambridge, UK) Twistl (cat. no. 46702),
N-cadherin (cat. no. 13116) vimentin (cat. no. 5741), E-cadherin
(cat. no. 3195) and p-actin (cat. no. 4970) (all Cell Signaling
Technology, Inc., Danvers, MA, USA) at 4°C overnight. All
primary antibodies were used at a dilution ratio of 1:1,000.
The membranes were subsequently incubated with anti-rabbit
immunoglobulin G horseradish peroxidase-linked secondary
antibodies (cat. no. 7074; dilution ratio, 1:5,000; Cell Signaling
Technology, Inc.) at room temperature for 2 h. For protein band
observation, an enhanced chemiluminescence kit (Applygen
Technologies, Inc., Beijing, China) and the ChemiDoc
XRS+system with Image Lab™ software (cat. no. 170-8265;
Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used
according to the manufacturer's protocol.

MTT assay. At 24 h after cell transfection, 2.0x10° Hs578T
cells/well were plated into a 96-well plate (Corning, Inc.,
Corning, NY, USA) and incubated for ~24 h at 37°C before
treatment. Subsequently, 20 ul MTT (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) solution (5 mg/ml) was added
to each well, and then incubated for another 4 h at 37°C.
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Gene name Direction Sequence (5'-3")
miR-146a-5p F GCGAGGTCAAGTCACTAGTGGT
miR-146a-5p R CGAGAAGCTTGCATCACCAGAGAACG
SOX5 F CAGCCAGAGTTAGCACAATAGG
SOX5 R CTGTTGTTCCCGTCGGAGTT
E-cadherin F CGAGAGCTACACGTTCACGG
E-cadherin R GGGTGTCGAGGGAAAAATAGG
N-cadherin F TTTGATGGAGGTCTCCTAACACC
N-cadherin R ACGTTTAACACGTTGGAAATGTG
Vimentin F GACGCCATCAACACCGAGTT
Vimentin R CTTTGTCGTTGGTTAGCTGGT
Fibronectin F GAACCACGCCGAACTACGAT
Fibronectin R ATGCGATACATGACCCCTTCA
Twist1 F GGACAAGCTGAGCAAGATTCA
Twist1 R CGGAGAAGGCGTAGCTGAG

U6 F CTCGCTTCGGCAGCACA

U6 R AACGCTTCACGAATTTGCGT
GAPDH F CTTTGGTATCGTGGAAGGACTC
GAPDH R GTAGAGGCAGGGATGATGTTCT

F, forward; R, reverse; miR, microRNA.

Intracellular formazan crystals were dissolved using dimethyl
sulfoxide (Sigma-Aldrich; Merck KGaA). At the end of the
test, cell proliferation ability was determined by detecting the
absorbance at 490 nm using a microplate reader.

Transwell assay. To determine cell invasion and migration
ability,a Transwell assay was performed 24 h after cell transfec-
tion using Transwell inserts (Corning Incorporated, Corning,
NY, USA). For the invasion assay, a membrane coated with
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) was used
to construct a matrix barrier. Next, 5x10* Hs578T cells were
seeded into the upper chamber containing 200 ul serum-free
DMEM medium and 0.1% bovine serum albumin (Thermo
Fisher Scientific, Inc.). In total, 500 pl medium supplemented
with 15% FBS was added into the lower chamber. For the
migration assay, Hs578T cells were incubated for 24 h at 37°C,
and for the invasion assay, the cells were incubated for 48 h at
37°C. Cells on the upper membranes were wiped away, and the
migrated or invasive cells on the lower membranes were firstly
fixed with 95% ethyl alcohol for 15 min at room temperature
and then stained with 0.1% crystal violet for 15 min at 37°C.
At the end of the experiment, the cells were counted under
an inverted light microscope (Olympus Corporation, Tokyo,
Japan) using ImageJ software version 1.48u (National Institutes
of Health, Bethesda, MD, USA).

Statistical analysis. Statistical analysis was applied using
SPSS version 21.0 (IBM Corp., Armonk, NY, USA). Each
experiment was repeated in triplicate. Data are presented as
the mean + standard deviation. Comparisons between two
groups were performed using Student's t-test. Comparisons
between multiple groups were performed using one-way

analysis of variance followed by Tukey's post hoc test. P<0.05
was considered to indicate a statistically significant difference.

Results

miR-146a-5p is downregulated in TNBC specimens and cell
lines. The expression level of miR-146a-5p was detected in
TNBC specimens and the TNBC cell lines, MDA-MB-231,
MDA-MB-468, BT549 and Hs578T, by RT-qPCR. As
depicted in Fig. 1, compared with the normal control, the level
of miR-146a-5p was significantly decreased in TNBC tissues
and the TNBC cell lines, MDA-MB-231, MDA-MB-468,
BT549 and Hs578T. The data indicated that miR-146a-5p
may be involved in TNBC progression. Since the TNBC
cell line Hs578T demonstrated a more marked decrease in
miR-146a-5p expression compared with the control, Hs578T
cells were selected for further experiments.

miR-146a-5p targets SOXS5. To investigate the mechanisms
of the function that miR-146a-5p serves in TNBC, the target
gene of miR-146a-5p was predicted using TargetScan, and a
dual luciferase assay was performed to verify the prediction.
As predicted, it was revealed that miR-146a-5p directly targets
SOXS (Fig. 2).

Furthermore, it was revealed that SOX5 protein was
expressed at notably higher levels in the TNBC cell line,
Hs578T, compared with MCF-10A cells (Fig. 3A). Compared
with MCF-10A cells, the mRNA level of SOX5 was signifi-
cantly increased in Hs578T cells (Fig. 3B). Additionally, it was
revealed that miR-146a-5p negatively regulated the protein and
mRNA expression of SOX5 in Hs578T cells. miR-146a-5p
mimics markedly decreased the SOXS5 protein expression,
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Figure 1. Expression level of miR-146a-5p in TNBC. Relative miR-146a-5p expression in (A) TNBC tissues and (B) cell lines was determined by reverse
transcription-quantitative polymerase chain reaction. Data are expressed as the mean + standard deviation. "P<0.05 and “P<0.01 vs. control. TNBC,

triple-negative breast cancer; miR, microRNA.
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Figure 2. SOXS5 is a target gene of miR-146a-5p. (A) TargetScan software
was used to predict the interaction between miR-146a-5p and the 3'-UTR of
SOXS. (B) Luciferase activity was assessed by performing a dual luciferase
assay. MUT indicates the SOXS5 3'-UTR with a mutation in the miR-146a-5p
binding site. Data are presented as the mean + standard deviation. “P<0.01
vs. control. UTR, untranslated region; LUC, luciferase; WT, wild type; miR,
microRNA.

and this decrease was reversed by SOXS5-plasmids (Fig. 3C). It
was also observed that the mRNA level of SOXS5 significantly
decreased in miR-146a-5p mimics treated Hs578T cells and
this reduction was significantly reversed by SOX5-plasmids
(Fig. 3D).

miR-146a-5p inhibits TNBC cell proliferation. To investigate
the effect of miR-146a-5p on TNBC cell proliferation, an
MTT assay was performed. Hs578T cells were transfected
with miR-146a-5p mimics, its negative control or miR-146a-5p
mimics + SOX5-plamids, and the MTT assay was performed 24 h
after cell transfection. The results indicated that compared with
the controls, the Hs578T cell proliferation ability was significantly
decreased in the cells transfected with miR-146a-5p mimics, and
SOX5-plamids significantly reverse this effect (Fig. 4).

miR-146a-5p decreases migration and invasion capacities of
TNBC cells. After 24 h of cell transfection, Transwell assays
were performed to determine cell migration and invasion
rates. It was revealed that miR-146a-5p mimics significantly
inhibited Hs578T cell migration and invasion compared with
the controls, and this effect could be significantly reversed by
SOXS5 overexpression (Fig. 5).

miR-146a-5p inhibits EMT. To determine the effect of
miR-146a-5p on TNBC cell EMT, the expression levels of
mesenchymal markers (N-cadherin, vimentin and fibro-
nectin) and an epithelial marker (E-cadherin) were detected
by RT-qPCR and western blotting. The results revealed
that miR-146a-5p mimics significantly reduced the mRNA
expression of N-cadherin, vimentin and fibronectin compared
with the control, but significantly enhanced the mRNA level
of E-cadherin (Fig. 6A-E). Similar results were obtained
from western blot analysis (Fig. 6F). These effects could be
significantly reversed by SOX5 overexpression. A previous
study revealed that SOX5 could induce EMT by regulating
Twistl expression (25). In the present study, the data indicated
that miR-146a-5p mimics significantly decreased Twistl
expression compared with the controls, and this decrease could
be significantly reversed by SOXS5 overexpression (Fig. 6).

Discussion

TNBC has a strong potential to metastasize, and the majority of
patients succumb to the disease due to distant metastasis (26).
Recently, EMT has become the focal point of research into the
metastatic process (27,28). Due to a lack of reliable markers
and effective therapeutic targets, TNBC has increasingly
attracted the attention of researchers.

Abnormal expression of miRNAs is known to be involved in
the development of a variety of types of cancer, and studies have
revealed potential of miRNAs as biomarkers for diagnosis and
prognosis (29,30). Recently, a number of studies have indicated
that miRNAs serve critical roles in the development of TNBC.
Jia et al (31) reported that miR-490-3p could suppress the growth
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Figure 3. SOXS5 expression in Hs578T cells. The expression level of SOXS5 was detected by western blotting and reverse transcription-quantitative polymerase
chain reaction. (A) Protein and (B) mRNA level of SOX5 in MCF-10A and Hs578T cells. (C) Protein and (D) mRNA level of SOXS5 in Hs578T cells in
different groups. Control, Hs578T cells without any treatment. NC, Hs578T cells transfected with the negative control of miR-146a-5p mimics. Mimic, Hs578T
cells transfected with miR-146a-5p mimics. m+p, Hs578T cells co-transfected with miR-146a-5p mimics and SOXS5 plasmids. All data are presented as the
mean + standard deviation. “"P<0.01 vs. control; ””P<0.01 vs. mimic. miR, microRNA.
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Figure 4. Effects of miR-146a-5p on Hs578T cell proliferation. At 24 h
after cell transfection, an MTT assay was performed to detect the effect of
miR-216b-3p on Hs578T cell proliferation. Control: Hs578T cells without
any treatment. NC: Hs578T cells transfected with the negative control of
miR-146a-5p mimics. Mimic: Hs578T cells transfected with miR-146a-5p
mimics. m+p: Hs578T cells co-transfected with miR-146a-5p mimics and
SOX5 plasmids. Data are presented as the mean =+ standard deviation.
“P<0.01 vs. control; “P<0.05 vs. mimic. miR, microRNA.

and invasion of TNBC by inhibiting tankyrase-2 expression.
Choi et al (32) indicated that miR-141/200c¢ was involved in TNBC
migration and invasion via activating the focal adhesion kinase and
phosphoinositide 3-kinase/AKT signaling pathways. miRNA-454

was revealed to be associated with poor prognosis in TNBC (17)
and miRNA-200b could suppress TNBC metastasis by regulating
protein kinase C a (19). Furthermore, miR-211-5p served a tumor
suppressor role in TNBC progression by targeting SETBP1 (33)
and miRNA-21 could promote TNBC cell proliferation
and invasion by regulating phosphatase and tensin homolog (34).

miR-146a-5p functions as a tumor suppressor in various
types of cancer, including hepatocellular carcinoma,esophageal
squamous cell carcinoma, NSCLC and prostate cancer (20-23).
However, the role of miR-146a-5p in the development of TNBC
remains unclear. The present study investigated the expression
and role of miR-146a-5p in TNBC, and it was revealed that
miR-146a-5p was downregulated in TNBC tissues and cell lines
(MDA-MB-231 MDA-MB-468, BT549 and Hs578T). SOX5
was identified as a target gene of miR-146a-5p and was over-
expressed in TNBC cells. As miR-146a-5p was more evidently
decreased in the TNBC cell line Hs578T, the Hs578T cell line
was selected to perform further investigations. Additionally,
the present study demonstrated that miR-146a-5p could
prevent TNBC Hs578T cell proliferation, migration, invasion
and EMT.

To the best of our knowledge the present study was the
first to demonstrate that miR-146a-5p was downregulated
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Figure 5. Effects of miR-146a-5p on Hs578T cell migration and invasion. At 24 h after cell transfection, Transwell assays were performed to detect the effect
of miR-216b-3p on Hs578T cell (A) migration and (B) invasion. Control, Hs578T cells without any treatment. NC, Hs578T cells transfected with the negative
control of miR-146a-5p mimics. Mimic, Hs578T cells transfected with miR-146a-5p mimics. m+p, Hs578T cells co-transfected with miR-146a-5p mimics and
SOX35 plasmids. Data are presented as the mean + standard deviation. “P<0.01 vs. control; “P<0.05 vs. mimic. miR, microRNA.
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Figure 6. Effects of miR-146a-5p on the expression level of epithelial-mesenchymal transition markers in Hs578T cells. At 24 h after cell transfection, the
expression level of Twist1, N-cadherin, vimentin, fibronectin and E-cadherin was determined by (A) western blotting and (B-F) reverse transcription-quantitative
polymerase chain reaction. Control, Hs578T cells without any treatment. NC, Hs578T cells transfected with the negative control of miR-146a-5p mimics.
Mimic, Hs578T cells transfected with miR-146a-5p mimics. m+p, Hs578T cells co-transfected with miR-146a-5p mimics and SOX5 plasmids. Data are
presented as the mean + standard deviation. “P<0.01 vs. control; “P<0.05 and #P<0.01 vs. mimic.

in TNBC tissues and cells, and miR-146a-5p could repress
TNBC cell proliferation, migration, invasion and EMT by
targeting SOXS5. Furthermore, miR-146a-5p and SOX5 may
potentially be used as novel targets for TNBC treatment, and
the current study provides basis for exploring novel therapies
for the clinical treatment of TNBC.
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