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Abstract We aimed to evaluate the expression of microRNA-
182 (miR-182) in triple-negative breast cancer (TNBC) tissues
and the TNBC cell line MDA-MB-231 and to investigate the
effects of mirR-182 on the cellular behavior of MDA-MB-231
and the expression of the target gene profilin 1 (PFN1), thus
providing new methods and new strategies for the treat-
ment of TNBC. Quantitative real-time PCR (qRT-PCR)
was utilized to evaluate the expression of miR-182 in
TNBC tissues, relatively normal tissues adjacent to TNBC
and the TNBC cell line MDA-MB-231. Forty-eight hours
after the MDA-MB-231 cells were transfected with the
miR-182 inhibitor, qRT-PCR was utilized to detect the
changes in miR-182 expression levels, and an MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) assay was utilized to determine the effects of miR-
182 on cell viability. Flow cytometry was adopted to
determine whether miR-182 affects the proliferation rates
and apoptosis levels of the MDA-MB-231 cells. The
transwell migration assay method was used to investigate
the effects of miR-182 on the migration of the MDA-MB-

231 cells. A luciferase reporter gene system was applied to
validate that PFN1 was the target gene of miR-182.
Western blot was used to measure the effects of miR-182
on the PFN1 protein expression levels in the cells. qRT-
PCR results showed that compared with the relatively nor-
mal tissues adjacent to TNBC, miR-182 expression was
significantly increased in the TNBC tissues and the MDA-
MB-231 cells (p<0.01). Compared with the control group,
MDA-MB-231 cells transfected with the miR-182 inhibitor
and incubated for 48 h showed significantly decreased miR-
182 expression (p<0.01). The results of an MTT assay
showed that inhibition of miR-182 in MDA-MB-231 cells
led to significantly reduced cell viability (p<0.05). Flow
cytometry analysis indicated that inhibition of miR-182
expression resulted in significantly decreased cell prolifera-
tion (p<0.05) and significantly increased levels of apoptosis
(p<0.05). The results of a transwell migration assay showed
that after inhibited of miR-182 expression, the number of
cells passing through the transwell membranes was signifi-
cantly decreased (p<0.05). The results from a luciferase
reporter gene system showed that compared with the control
group, the relative luciferase activity of the group
transfected with the miR-182 inhibitor was significantly
increased (p<0.05). Western blot analysis showed that com-
pared with the control group, PFN1 protein expression
levels were significantly increased in the MDA-MB-231
cells transfected with the miR-182 inhibitor and incu-
bated for 48 h (p<0.05). In conclusion, miR-182 is
upregulated in TNBC tissues and cells. It promotes the
proliferation and invasion of MDA-MB-231 cells and
could negatively regulate PFN1 protein expression.
Treatment strategies utilizing inhibition of miR-182 ex-
pression or overexpression of the PFN1 gene might
benefit patients with TNBC.
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Introduction

Triple-negative breast cancer (TNBC) specifically refers
to any breast cancer tumor cells that do not express the
estrogen receptor (ER), the progesterone receptor (PR),
or epidermal growth factor receptor 2 (HER2) [1–3].
Patients with this type of breast cancer have similar
characteristics, very high homology, and poor tissue
differentiation. Most TNBC tumors are basal-like breast
cancers [4]. TNBC accounts for approximately 10–
20.8 % of patients with breast cancer and is most
commonly found in young women. The prognosis for
patients with TNBC is very poor, with the 5-year sur-
vival rate less than 15 % in certain populations [2, 5].
The pathological characteristics of TNBC include high
histological grade, strong invasiveness, and often high
expression of basal cytokeratin, C-Kit (v-kit Hardy-
Zuckerman 4 feline sarcoma viral oncogene homolog),
epidermal growth factor receptor (EGFR), and CKS/6
[6]. Due to an absence of targets for endocrine and anti-
HER2 therapies, these patients tend to have unsatisfac-
tory treatment outcomes for endocrine therapies and
targeted therapies, such as trastuzumab monoclonal an-
tibody therapy. Currently, the systematic treatment ap-
proaches utilized in patients with TNBC rely solely on
chemotherapy. Even for patients who are responsive to
chemotherapy, the remission period is relatively short,
and recurrence is expected within a short period of time
[7, 8]. Due to the biological characteristics of TNBC
itself, as well as the lack of effective systematic treat-
ment approaches, the prognosis of TNBC is extremely
poor, the risk of recurrence within 3 years is signifi-
cantly higher than those with non-TNBC, and distant
metastases occur rapidly in many patients, leading to
deaths. Therefore, investigation of the pathogenesis of
TNBC, identification of the indicators for susceptible
population screening and early diagnosis, and the sub-
sequent development of new therapeutic targets are all
urgent necessities for the current TNBC field.

microRNAs (miRNAs) have been a major focus of
tumor research in recent years [9, 10]. miRNAs are a
type of small non-coding RNAs of 18-25 nucleotides in
length and play important roles in a variety of evolu-
tionary processes [11]. In animal cells, mature miRNAs,
together with proteins, form the RNA-induced silencing
complex (RISC) and bind to the 3′ untranslated region
(3′UTR) of target gene mRNAs, subsequently leading to
the degradation of target mRNAs or inhibition of their
translation [12]. A single miRNA may have hundreds or

thousands of target mRNAs, which allows these small
RNAs to either significantly or slightly decrease the
expression of a whole range of genes, depending on
the characteristics of the target sites in the 3′UTR [13,
14]. These small RNA molecules with regulatory func-
tions have been shown to be involved in the biological
processes of cancer [15]. Researchers have found that
many miRNAs are encoded in cancer-related gene re-
gions, suggesting that changes in miRNA expression
might have a causal relationship with tumorigenesis
[16, 17].

miRNA-182 is a relatively new member of the miRNA
family, as it was first identified in 2003, and it contains a
24-bp sequence. It is involved in the regulation of tumor
proliferation and apoptosis and behaves like an oncogene
[18, 19]. Aberrant expression of miRNA-182 can be
detected in patients with a variety of tumors. Segura et
al. utilized a luciferase reporter gene assay to confirm that
forkhead box O3a (FOXO3a) was a direct target gene of
miR-182. The authors also found that abnormally
expressed miR-182 in multiple melanoma cell lines could
accelerate tumor metastasis, whereas blocking miR-182
using antisense oligonucleotides resulted in decreased tu-
mor migration, as indicated by a scratch wound healing
experiment. Over time, miR-182 knockdown led to in-
creased tumor cell apoptosis in a dose-dependent manner
[20]. However, the relationship between miR-182 and
TNBC has not been reported.

Profilin (PFN) was one of the first actin-binding
proteins to be discovered and is found in all identified
eukaryotic cells [21]. Previous studies have found that
PFN plays important roles in a number of cellular
processes, including membrane transport, GTPase sig-
naling pathways, RNA splicing, pathogenesis of neuro-
logical diseases, and tumorigenesis [22]. PFN expression
is decreased in metastatic tumor cells, and PFN
overexpression in these cells can reduce the tumorige-
nicity of these cells, indicating that it might be a tumor
suppressor protein. Decreased PFN expression might be
associated with the pathogenic mechanisms of cancer,
and overexpression of PFN might be an effective strat-
egy for the inhibition of cancer cell migration [23]. Our
previous studies utilized mass spectrometry to screen for
proteins differentially expressed in TNBC tissue and the
adjacent relatively normal breast tissues and had re-
vealed that PFN was one of the proteins that was
characterized by a relatively large expression difference.

In this study, we examined the expression of miR-182
in TNBC tissues and MDA-MB-231 cells. We then further
investigated the effects of miR-182 on the expression of
the target gene PFN1, as well as on the cell biological
characteristics of MDA-MB-231 cells, thus providing new
methods and strategies for the treatment of TNBC.
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Materials and methods

Major reagents

The TNBC tissues and adjacent relatively normal tissues were
collected from fresh specimens surgically resected from
TNBC patients admitted to our hospital and were immediately
placed in liquid nitrogen for storage until use. None of the
patients had chemotherapy, radiotherapy, or other treatment
history before the surgery, and the patients were not afflicted
with other inflammatory diseases. Surgically resected TNBC
tissue and adjacent relatively normal breast tissue (more than
5 cm away from the cancer tissue) were all verified by the
Pathology Department of our hospital.

The TNBC cell line MDA-MB-231 was purchased from
the American Type Culture Collection (ATCC). Fetal bovine
serum (FBS), DMEM/F12 medium, L-glutamine, HEPES,
and Lipofectamine™ 2000 were all purchased from
Invitrogen Co. (USA). The cell culture plates or Petri dishes
and the transwell invasion chambers were purchased from
Corning Co.

The TaqMan miRNA Isolation Kit, TaqMan microRNA
Assay Kit, and TaqMan Universal PCR Master Mix were
purchased from Applied Biosystems. The miR-182 inhib-
itor (miRIDIAN microRNA hairpin inhibitor) and negative
control (a non-targeting sequence) were purchased from
Dharmacon.

Trypsin, phosphate-buffered solution (PBS), and MTT (3-
(4,5)-dimethylthiahiazo(-z-y1)-3,5-di-phenytetrazoliumromide)
were purchased from Sigma-Aldrich Co. (USA).
Matrigel was purchased from BD Biosciences. Annexin V
and propidium iodide (PI) were purchased from Roche. The
primary antibodies consisting of rabbit anti-human PFN1
polyclonal antibody and mouse anti-human β-actin monoclo-
nal antibody were purchased from Abcam (UK). The second-
ary antibodies consisting of IRDye 800-conjugated affinity
purified goat anti-mouse IgG and IRDye 800-conjugated af-
finity purified goat anti-rabbit IgG were purchased from LI-
COR. The protein extraction and quantification kits were
purchased from Bio-Rad.

Detection of miR-182 expression in the TNBC tissues
and MDA-MB-231 cells

The TNBC cell line MDA-MB-231 was cultured in
DMEM/F12 medium containing 10 % FBS at 37 °C, 5 %
CO2, and saturated humidity. The growth of the cells was
observed under an inverted microscope. When the cells
reached 70–80 % confluence, they were digested with
0.25 % trypsin and passaged. The medium was changed
every other day, and the cells were passaged every 3 to
4 days. Cells in the logarithmic growth phase were collected
for experiments.

MDA-MB-231 cells cultured in vitro and the TNBC
tissues and adjacent relatively normal breast tissues
stored in liquid nitrogen were collected, and RNA was
extracted using the TaqMan microRNA Isolation Kit.
The expression of mature miR-182 was detected using
the TaqMan miRNA Assay and the TaqMan Universal
PCR Master Mix with U6 as the internal reference gene.
Three duplicated wells were set up for all reactions. The
CT (cycle threshold) value of the specimens in each
reaction tube was recorded, and the experimental results were
analyzed using the qRT-PCR relative quantification method.
2−ΔΔCT represented the fold change of the miR-182 expres-
sion level in MDA-MB-231 cells or TNBC tissues compared
to that of adjacent relatively normal breast tissue (normal
tissue), and ΔΔCT= (CT182−CTU6)TNBC− (CT182−
CTU6)normal tissue.

Detection of the effects of miR-182 inhibitor transfection
on miR-182 expression in MDA-MB-231 cells

MDA-MB-231 cells were evenly seeded in 6-well plates
at a concentration of 3×105cells/ml in a volume of
1,000 μl per well. After the cells adhered, the transfection
of the miR-182 inhibitor and negative control was
performed according to the manufacturer's instructions
using Lipofectamine™ 2000. An untransfected control
group (MDA-MB-231) was set up at the same time. The
miR-182 inhibitor and negative control were diluted in serum-
free DMEM/F12 medium. The liposome Lipofectamine™
2000 was then diluted in the DMEM/F12 medium, mixed
gently, and incubated for 5 min at room temperature. The
diluted Lipofectamine™ 2000 was then mixed with the dilut-
ed miR-182 inhibitor or the negative control, mixed gently,
and incubated for 20 min at room temperature to form the
transfection complexes, which were added to the culture
plates containing the MDA-MB-231 cells and mixed.
The cells were placed in incubators at 37 °C and with
a CO2 volume fraction of 5 %. The culture medium was
replaced with DMEM/F12 medium containing 10 % FBS
5 h later, and the cells were incubated another 48 h. The
miRNA Isolation Kit was used to extract the RNA from
each group of cells, and qRT-PCR was conducted to
detect the changes in miR-182 expression for each group
of MDA-MB-231 cells.

Effects of miR-182 on cell viability using MTT assay

MDA-MB-231 cells were uniformly inoculated into 96-
well culture plates at a concentration of 3×105cells/ml in
a volume of 100 μl per well. The transfection of the miR-182
inhibitor and negative control was performed according to the
manufacturer's instructions using Lipofectamine™ 2000.
The untransfected control group (MDA-MB-231) was
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set up simultaneously. Forty-eight hours after transfection,
100 μl of the MTT solution (0.5 mg/ml) was added to each
well, and the plates were incubated for 4 h at 37 °C with 5 %
CO2. In each well, 100 μl of 20 % SDS (50 % dimethyl
formamide as the co-solvent) was added, and the reaction
continued for 24 h at 37 °C. The OD value at 570 nm was
measured using a microplate reader (Bio-Tek). Each experi-
mental group contained ten duplicated wells, and the experi-
ment was repeated three times.

Effects of miR-182 on cell proliferation, as detected by flow
cytometry

MDA-MB-231 cells were uniformly inoculated into 6-well
culture plates at a concentration of 3×105cells/ml in a volume
of 1,000 μl per well. The transfection of the miR-182 inhibitor
and negative control was performed according to the manu-
facturer's instructions using Lipofectamine™ 2000. The
untransfected control group (MDA-MB-231) was set up si-
multaneously. Forty-eight hours after transfection, the cells
were washed with PBS 1-2 times, digested with trypsin,
washed twice with PBS, and collected by centrifugation.
The PI staining solution was added, and cells were labeled
in the dark for 30 min at 4 °C. After filtration using mesh
filters, the cells were analyzed by flow cytometry (BD
Biosciences, USA). The FCM CellQuest software was used
to count the cells, and the Macquit software was used to
analyze the data.

Effects of miR-182 on cell apoptosis, as detected by flow
cytometry

Forty-eight hours after the MDA-MB-231 cells were
transfected with the miR-182 inhibitor and negative control,
the cells were washed one to two times with PBS and incu-
bated with Annexin V-FITC and PI staining solutions in the
dark for 15 min at room temperature. After filtration using
mesh filters, the cells were analyzed by flow cytometry (BD
Biosciences, USA). The FCMCellQuest software was used to
count the cells, and the Macquit software was used to analyze
the data.

Effects of miR-182 on cell invasion using transwell invasion
chambers

After the MDA-MB-231 cells were transfected with the
miR-182 inhibitor and negative control for 24 h, the cells
were seeded into transwell chambers and cultured under
normal conditions for 24 h. The cells were then washed
one to two times with PBS and stained with 0.1 %
crystal violet. The number of cells passing through the
polycarbonate membrane of the transwell chamber,
which were considered to be the invasive cells, was

counted under a Leica microscope. Eight fields were
randomly observed.

Verification of PFN1 as a miR-182 target gene
by the luciferase reporter gene system

The luciferase reporter plasmid was constructed as follows: a
fragment containing the target gene PFN1 3′UTR sequence
that complementarily binds to the corresponding miR-182
was chemical synthesized, and the PFN1 3′UTR fragment
containing the predicted miR-182 binding sites was cloned
into the Xba I site of the pGL3-Luciferase vector.

MDA-MB-231 cells were uniformly inoculated into 6-well
culture plates at a concentration of 3×105cells/ml in a volume
of 1,000 μl per well. The cells were cotransfected with the
luciferase plasmid containing the PFN1 3′UTR, as well as the
miR-182 inhibitor or the negative control. The untransfected
control group (MDA-MB-231) was set up at the same time.
The cells were collected 48 h after transfection, and a lucifer-
ase detection kit allowed for used for the detection of the
reporter gene activity using a microplate reader.

Western blot detection of the effects of miR-182 on PFN1
expression

MDA-MB-231 cells cultured normally were uniformly
inoculated into 6-well culture plates at a concentration
of 3×105cells/ml in a volume of 1,000 μl per well. The
transfection of the miR-182 inhibitor and the negative control
was performed according to the manufacturer's instructions
using Lipofectamine™ 2000. The untransfected control group
(MDA-MB-231) was set up at the same time. Forty-eight
hours after transfection, Western blotting was used to measure
the PFN1 protein expression levels in the cells.

Each well of the 6-well cell culture plates was lysed in 1 ml
of Radio-Immunoprecipitation Assay (RIPA) lysis buffer
[150 mM NaCl, 1 % NP40, 0.5 % sodium deoxycholate,
0.1 % SDS, 50 mM Tris (pH7.9), 10 mM NaF, 10 mM
PMSF, and 1× protease inhibitors (Complete Protease
Inhibitor Cocktail tablets, Roche)], and the cell lysates were
transferred to 1.5-ml centrifuge tubes. After 30 min of centri-
fugation at 16,000×g, the supernatant was collected, and
the supernatant protein concentration was measured
using the bicinchoninic acid (BCA) method. A 5 %
stacking gel and 15 % separation gel was cast, and
each lane was loaded with 50 μg protein, followed by
electrophoretic separation. Proteins were wet transferred to
PVDF membrane (Bio-Rad, USA), and the membrane was
blocked in TBST (10 mM Tris-HCl, pH7.5, 150 mM
NaCl, and 0.1 % Tween-20) containing 5 % non-fat milk
at room temperature for 1 h. Subsequently, a rabbit anti-
human PFN1 polyclonal antibody (1:500 dilution) and a
mouse anti-human β-actin monoclonal antibody (1:1,000

1716 Tumor Biol. (2013) 34:1713–1722



dilution) were added, followed by overnight incubation at
4 °C. The corresponding IRDye 800-labeled secondary an-
tibodies (1:2000 diluted in PBS) were added, followed by
overnight incubation at 4 °C. After washing with TBST, the
membrane was scanned using the Odyssey Infrared Imaging
System (Rockland). The relative levels of PFN1 were rep-
resented by a PFN1/β-actin grayscale ratio, and the grayscale
was analyzed using the QuantityOne software (Bio-Rad,
USA).

Statistical analyses

The SPSS 17.0 statistical analysis software was used to
statistically process the experimental data. Student's t test
was applied for the comparison of two groups, and analysis
of variance (ANOVA) was applied for the comparison of
two or more sets of data. p values less than 0.05 indicated
that the differences were statistically significant.

Results

Detection of miR-182 expression levels in TNBC tissues
and MDA-MB-231 cells

Using qRT-PCR, we found that miR-182 expression levels
in MDA-MB-231 cells and TNBC tissues were significantly
higher than those in the adjacent relatively normal breast
tissues (p<0.01; Fig. 1).

Effects of transfecting MDA-MB-231 cells with the miR-182
inhibitor on miR-182 expression

Transfection of MDA-MB-231 cells with the miR-182 in-
hibitor inhibited the expression of miR-182. Using qRT-

PCR, we showed that the miR-182 expression levels in the
miR-182 inhibitor transfection group were significantly
lower than those of the untransfected control group
(MDA-MB-231; p<0.01) and negative control group (neg-
ative control; p<0.01; Fig. 2).

Effects of miR-182 on cell viability, as detected by MTT
assay

Using an MTT assay, we found that the cell viability of
the miR-182 inhibitor transfection group was lower than
that of the untransfected control group (MDA-MB-231;
p<0.05) and the negative control group (negative control;
p<0.05), suggesting that inhibition of miR-182 expres-
sion reduced MDA-MB-231 cell viability (Fig. 3).

Fig. 1 miR-182 expression in the MDA-MB-231 cells, TNBC tissues,
and adjacent relatively normal breast tissues. *p<0.01 versus normal
tissue group

Fig. 2 Effects of transfecting MDA-MB-231 cells with the miR-182
inhibitor on miR-182 expression. **p<0.01 versus normal group or
negative control group

Fig. 3 MTT statistical results demonstrating the effects of miR-182 on
MDA-MB-231 cell viability. *p<0.05 versus normal group or negative
control group
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Detection of the effects of miR-182 on cell proliferation
using flow cytometry

We used the following equation to quantify proliferating
cells: proliferation index (PI)=(S+G2M)/(G0G1+S+
G2M). Our flow cytometry analysis demonstrated that
the PI of the miR-182 inhibitor transfection group was
lower than that of the untransfected control group
(MDA-MB-231; p<0.05) and the negative control group
(negative control; p<0.05; Fig. 4).

Detection of the effects of miR-182 on apoptosis using low
cytometry

Our flow cytometry analysis indicated that the percentage of
apoptotic cells was significantly higher in the miR-182
inhibitor transfection group than in the untransfected control
group (MDA-MB-231; p<0.05) or the negative control
group (negative control; p<0.05; Fig. 5). These results

suggest that inhibition of miR-182 expression promotes
apoptosis.

Effects of miR-182 on cell invasion, as determined
by the transwell migration assay

After transfection with the miR-182 inhibitor, the number of
MDA-MB-231 cells passing through the transwell chambers
was significantly reduced (p<0.05), suggesting that trans-
fection of the miR-182 inhibitor could inhibit cell invasive-
ness (Fig. 6).

Verification of PFN1 as a target gene of miR-182 using
the luciferase reporter gene system

To verify that the predicted target site of miR-182 is located in
the PFN1 3′UTR, we constructed a luciferase plasmid
containing the PFN1 3′UTR and co-transfected the plasmid
into MDA-MB-231 cells together with the miR-182 inhibitor

Fig. 4 Flow cytometry analysis results of the effects of miR-182 on cell proliferation. *p<0.05 versus normal group or negative control group
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or negative control. Compared with the negative control group
or the untransfected control group (MDA-MB-231), the lucif-
erase activity in the miR-182 inhibitor transfection group was

significantly increased (p<0.05; Fig. 7). These result argue
that miR-182 directly acts on the predicted target site located
in the PFN1 3′UTR.

Fig. 5 Flow cytometry analysis
results of the effects of miR-182
on apoptosis. *p<0.05 versus
normal group or negative
control group

Fig. 6 Results of the transwell
migration assay analyzing the
effects of miR-182 on cell
invasion. *p<0.05 versus
normal group or negative
control group
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Western blot detection of the effects of miR-182 on PFN1
expression

Western blot analysis of PFN1 protein expression levels
showed that PFN1 levels in the miR-182 inhibitor transfec-
tion group was significantly higher than those in the
untransfected control group (p<0.05) or the negative control
group (p<0.05; Fig. 8). These results indicate that inhibition
of miR-182 expression can result in higher PFN1 levels.

Discussion

The occurrence, development, and metastasis of breast cancer
are closely associated with mutations in a variety of genes,
alterations in cell signaling pathways, and neovascular dys-
plasia, all of which involve multiple critical steps [24–26].
miRNAs act as “hackers” in the field of genetic research, as
they regulate up to 30 % of the protein-coding genes in
humans. Numerous studies have demonstrated that miRNA
abnormalities are closely related to the tumorigenesis of mul-
tiple types of tumors [27, 28].

Carcinogenic miRNAs are often overexpressed in tumors
and are termed “oncogenic” because they play similar roles
as oncogenes during the process of cancer development. For
example, overexpression of miR-21, miR-10b, miR-373,
and miR-520 in tumor cells induces tumor invasion and
metastasis [29]. In addition, the expression of tumor-
suppressing miRNAs is often downregulated in tumors.

These miRNAs are called tumor suppressor miRNAs be-
cause they function similarly to tumor suppressor genes. For
example, downregulation of miR-126*, miR-335, miR146a,
and miR-29c expression in tumor cells results in tumor
occurrence, development, invasion, and metastasis [10].

Previous studies have shown that miR-182 functions as
an oncogene and is associated with DNA damage repair,
thus regulating the apoptosis and proliferation of cells. It is
also involved in the regulation of the WNT signaling path-
way and the p53 signaling pathway. The corresponding
target genes of miR-182 that have been identified include
forkhead box protein O1 (FOXO1), regulator of G-protein
signaling 17 (RGS17), microphthalmia-associated transcrip-
tion factor (MITF), and forkhead box protein O3 (FOXO3).
Abnormal miR-182 expression has been detected in patients
with a variety of tumors and has been confirmed to be
associated with the tumorigenesis of numerous types of
cancers, such as colon cancer, endometrial cancer, lung
cancer, ovarian cancer, prostate cancer, medulloblastoma,
malignant mesothelial tumor, and lupus. Additionally, ab-
normal upregulation of miR-182 can also be detected in the

Fig. 7 a Schematic representation of the PFN1 3′UTR showing the
putative miR-182 target site. b Statistical results of the relative lucif-
erase activities of each group. *p<0.05 versus normal group or nega-
tive control group

Fig. 8 aWestern blot analysis of PFN1 protein levels in each group of
MDA-MB-231 cells. b Changes in the relative PFN1 protein expres-
sion levels in each group of MDA-MB-231 cells. *p<0.05 versus
normal group or negative control group
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sera of patients with blood disorders, including lymphoma,
polycythemia vera, and myelofibrosis [30, 31]. Consistent
with previous studies, in the present study, our qRT-PCR
results demonstrated that the miR-182 expression levels in
the MDA-MB-231 cells and TNBC tissues were significant-
ly higher than those in the adjacent relatively normal breast
tissues (p<0.01). Our results suggest that miR-182 is
upregulated in TNBC and might act as an oncogene in these
tumors.

miR-182 regulates the apoptosis and proliferation of cells
by functioning in the regulation of multiple intracellular
signaling pathways [32]. Weeraratne et al. revealed that
miR-182 regulated medulloblastoma survival, proliferation,
and migration [33]. Kong et al. discovered that miR-182
inhibits the growth of human gastric cancer cells by regu-
lating the target gene cAMP-responsive element-binding pro-
tein 1 (CREB1) [34]. Poell et al. demonstrated that miR-182
could inhibit the activity of human melanoma cells [35]. In
this study, we utilized MTT assays, flow cytometry analyses,
and transwell migration assays to determine the effects of
miR-182 on MDA-MB-231 cells. Inhibition of the miR-182
expression inhibited cell viability, proliferation, and invasion,
while it induced apoptosis. The results of this study are con-
sistent with the previously reported effects of miR-182 in
other types of tumors.

PFN1 is a small 12–15-kD protein that is expressed in
all eukaryotic cells and plays important roles in normal
cellular functions. It binds to the actin monomer at a
ratio of 1:1 to form the profilin–actin complex that
regulates signaling-dependent actin polymerization [36].
It has been revealed that PFN1 functions via the actin-
associated cytoskeleton to participate in a variety of
cellular functions, including cell adhesion and motility,
growth and division, signal transduction and formation,
and maintenance of actin-binding protein-dependent cell
morphology [37]. Wang et al. demonstrated that miR-182
directly regulates PFN1 expression, thus affecting cell
proliferation and migration [38]. Zou et al. showed that
overexpression of PFN1 can inhibit the proliferation of
MDA-MB-231 cells [39]. In the present study, we con-
firmed using a luciferase reporter gene system that PFN1
is a target gene of miR-182, while our Western blot
results revealed that inhibition of miR-182 expression
promotes PFN1 protein expression. Our results are con-
sistent with the previous studies. Therefore, we argue
that miR-182 affects MDA-MB-231 cell viability, prolif-
eration, invasion, and apoptosis by regulating the expres-
sion levels of the PFN1 protein.

In summary, miR-182 expression was upregulated in
TNBC tissues and cells, and miR-182 can negatively regu-
late PFN1 protein expression and inhibit the proliferation
and invasion of MDA-MB-231 cells. Treatment strategies
based on the inhibition of miR-182 expression or the

overexpression of the PFN1 gene are very promising and
might greatly benefit TNBC patients.
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