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Inhibition of miR-483-5p improves the proliferation,
invasion and inflammatory response of triple-negative
breast cancer cells by targeting SOCS3
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Abstract. microRNAs (miRs) have been indicated to serve
oncogenic or tumor suppressor roles. However, the role of
miR-483-5p in breast cancer and its associated molecular
mechanisms remain unclear. In the present study, compared
with adjacent normal tissues and MCF-10a cells, the expression
level of miR-483-5p was upregulated in triple-negative breast
cancer (TNBC) tissues and TNBC cell lines. Bioinformatic
analysis and luciferase reporter assay confirmed the presence
of miR-483-5p binding sites in the 3'-untranslated region of
suppressor of cytokine signaling 3 (SOCS3). In addition, the
expression level of SOCS3 protein in TNBC tissues was mark-
edly lower compared with in adjacent tissues, and miR-483-5p
expression was negatively correlated with SOCS3 expression
in TNBC tissues. Cell proliferation and flow cytometry assays
indicated that knockdown of miR-483-5p inhibited the prolif-
eration and promoted apoptosis in the TNBC cell line BT-549.
This effect was markedly attenuated by SOCS3 small inter-
fering (si)RNA transfection. Additionally, wound healing and
Transwell assays demonstrated that SOCS3 siRNA reversed
the inhibitory effects of miR-483-5p inhibitor on the migra-
tion and invasion of BT-549 cells. Moreover, the decrease in
miR-483-5p expression significantly reduced the secretion of
TNF-a, IL-6, IL-1f and monocyte chemoattractant protein-1
in BT-549 cells, while SOCS3 siRNA could partially reverse
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this effect. Additionally, SOCS3 overexpression reversed the
effects of miR-483-5p mimic on the proliferation, migration,
invasion and inflammation of BT-549 cells. Taken together,
these data demonstrated that the inhibition of miR-483-5p
could inhibit the proliferation, migration, invasion and inflam-
matory response, while promoting the apoptosis of TNBC
cells by negatively regulating SOCS3. miR-483-5p may be a
potential target for TNBC therapy.

Introduction

Breast cancer is the leading cause of cancer-associated mortality
in women worldwide (1). Triple-negative breast cancer (TNBC)
is a special subtype of breast cancer, accounting for ~10% of all
breast cancers (2). The clinical manifestations of TNBC include
high invasive capacity, tendency for early metastasis and a lack
of recognizable therapeutic targets, which is directly associated
with the poor clinical prognosis of TNBC (3). Identification of
relevant biological markers could provide novel strategies for
the diagnosis and treatment of TNBC.

MicroRNAs (miRNAs/miRs) are a type of single-stranded
non-coding small RNA with a length of ~20 nucleotides (4).
It has been indicated that miRNAs serve important regula-
tory roles in development, cell differentiation, proliferation,
apoptosis and tumor invasion, metastasis and the tumor
microenvironment (5). miRNAs specifically bind to the
3'-untranslated region (3'-UTR) of their downstream target
gene mRNA to promote mRNA degradation or inhibit mRNA
translation (4). It has been indicated that the abnormal expres-
sion of miRNAs is closely associated with the occurrence and
progression of several malignant tumors. For instance, miR-183
has been revealed to target sirtuin 1 or the PI3K/AKT/mTOR
signaling pathway to regulate the apoptosis and autophagy of
gastric cancer cells (6). miR-488 has been demonstrated to
inhibit the apoptosis of CD8" T cells in colon cancer through
the inhibition of indoleamine 2,3-dioxygenase 1, which may
be beneficial for the development of novel immunotherapy
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drugs for colon cancer (7). Upregulation and downregulation
of multiple miRNAs has also been demonstrated to exist in
breast cancer. For example, the miR-10 family (8), miR-21 (9)
and the miR-17/92 cluster (10) are considered to serve a
role in promoting cancer, while the let-7 (11) and miR-200
families (12) are considered as inhibitors in breast cancer.
Localized at 11p15.5, miR-483-5p is located in the second
intron of insulin-like growth factor 2 (13). miR-483-5p has
been revealed to be dysregulated and has been associated
with poorer survival in adrenocortical carcinoma and lung
adenocarcinoma (14,15). However, the role of miR-483-5p in
breast cancer and its associated molecular mechanisms remain
unclear.

The present study measured the expression of miR-483-5p
in TNBC to investigate its role and the underlying molecular
mechanism.

Materials and methods

Clinical samples. Tumor and adjacent tissues (>5 cm away from
tumor tissues) of 25 female patients with TNBC who under-
went surgical resection in Tangshan Maternal Child Health
Care Hospital (Tangshan, China) between October 2018 and
October 2019 were collected. The age range of the patients was
29-68 years, and the mean age was 42+1.9 years. None of the
patients received any treatment before surgery. Immediately
after the excision, the tissues were immersed in liquid nitrogen
and stored at -80°C. The present study was approved by Yantai
Muping Hospital of Traditional Chinese Medicine (Yantai,
China), and written informed consent was obtained from all
the participants.

Cell culture. The non-malignant breast epithelial cell line
MCEF-10a and TNBC cell lines (BT-20, MDA-MB-231,
MDA-MB-468 and BT-549) were obtained from American
Type Culture Collection (ATCC) and maintained in
RPMI-1640 medium (HyClone; Cytiva) containing 10%
FBS (Gibco; Thermo Fisher Scientific, Inc.) and 1% peni-
cillin-streptomycin (Invitrogen; Thermo Fisher Scientific,
Inc.) at 37°C in a humidified atmosphere with 5% CO,. 293T
cells were obtained from ATCC and cultured in high-glucose
DMEM (HyClone; Cytiva) containing 10% FBS, at 37°C in a
5% CO, incubator.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from BT-549 cells using an RNeasy Mini
kit (Qiagen GmbH). cDNA was synthesized from 500 ng RNA
using PrimeScript RT Master Mix (cat. no. RR036Q; Takara
Biotechnology Co., Ltd.) according to the manufacturer's
protocol. Total RNA was reverse-transcribed into mature
miRNAs using a Mir-X miRNA First-Strand Synthesis kit
(Takara Biotechnology Co., Ltd.) according to the manufactur-
er's protocol. SOCS3 expression was measured using
SYBR-Green RT-qPCR kit (Qiagen GmbH). The reactions were
carried out in a Veriti Thermal Cycler (Applied Biosystems;
Thermo Fisher Scientific, Inc.) following the cycling: 50°C For
30 min, 95°C for 15 min, followed by 45 cycles of 94°C for
30 sec, 58°C for 30 sec, 72°C for 30 sec and a final extension of
72°C for 10 min. miR-483-5p expression was detected with a
Hairpin-it™ miRNAs qPCR kit (Shanghai GenePharma Co.,

Ltd.). The reactions were carried in Veriti Thermal Cycler
following the cycling: 95°C For 3 min followed by 40 cycles of
95°C for 12 sec, 58°C for 30 sec and a final extension of 72°C for
10 min. Quantitative analysis was performed using the 2-44¢4
method (16). U6 and GAPDH were used as endogenous normal-
ization controls for miRNA and mRNA, respectively. The
primers used are listed as follows: miR-483-5p forward, 5'-AGT
TGGCTCACGGTTCTTTCAA-3' and reverse, 5'-ATCGCCA
TGGCCCGCATGTCGG-3"; SOCS3 forward, 5'-AGAGCGG
ATTCTACTGGAGCG-3' and reverse, 5'-CTGGATGCGTAGG
TTCTTGGTC-3'; U6 forward, 5-CTCGCTTCGGCAGC
ACA-3' and reverse, 5'-"AACGCTTCACGAATTTGCGT-3';
GAPDH forward, 5“"ATGTTGCAACCGGGAAGGAA-3' and
reverse, 5'-GCAAATTCGTGAAGCGTTCCATA-3'.

Cell transfection. miR-483-5p mimics, miR-483-5p inhibitor,
small interfering (si)RNA targeting SOCS3 (si-SOCS3; forward,
5'-UAGGAGACUCGCCUUAAAUTT-3"; reverse, 5S'-AUUUA
AGGCGAGUCUCCUATT-3'") and non-targeting sequence
(si-Ctrl; forward, 5'-UUCUCCGAACGUGUCACGUTT-3' and
reverse, 5'-ACGUGACACGUUCGGAGAATT-3") were
purchased from Shanghai GeneChem Co., Ltd. SOCS3 overex-
pression vector (SOCS3-OE; forward, 5-~AAAGCTAGCCC
ATGGTCACCCACAGCAAGTT-3' and reverse, 5"AAACTC
GAGTCCTTAAAGTGGAGCATCATAC-3") and empty vector
(pcDNA3.1) were obtained from Invitrogen (Thermo Fisher
Scientific, Inc.). BT-549 cells were seeded at 1.5x10° cells/well in
a six-well plate and cultured for 24 h. The cells were transiently
transfected 24 h post-seeding with mimics (50 pmol/ml), inhibi-
tors (50 pmol/ml), si-SOCS3 (50 nM) or SOCS3-OE (2 pug)
using Lipofectamine™ 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.

Dual-luciferase reporter assay. To determine if SOCS3 is
a target of miR-483-5p, the target gene prediction software
miRTarBase (https:/mirtarbase.cuhk.edu.cn/~miRTarBase/
miRTarBase_2019/php/index.php) was used. Wild-type (Wt) and
mutant (Mut) SOCS3 3'-UTRs were amplified and cloned into
the luciferase reporter vector pmirGLO (Promega Corporation).
BT-549 and 293T cells from the miR-negative control (NC)
and miR-483-5p groups were seeded in 24-well plates
(1x10* cells/well), and transfected with SOCS3-Wt or SOCS3-Mut
plasmids (0.5 ug), respectively, using Lipofectamine™ 2000
(Invitrogen; Thermo Fisher Scientific, Inc.), and cultured for
48 h at 37°C. After 48 h of incubation, cells were collected and
firefly and Renilla luciferase activities were measured using a
dual-luciferase reporter assay (Promega Corporation) according
to the manufacturer's protocol. Firefly luciferase activity was
normalized to Renilla luciferase activity.

Western blotting. A total of 100 ul RIPA cell lysis buffer
(cat. no. 78425; Pierce; Thermo Fisher Scientific, Inc.)
containing protease inhibitors was added to BT-549 cells on
ice for 20 min. Cell lysates were centrifuged at 1,000 x g for
15 min in a high-speed centrifuge at 4°C, and supernatants
were collected for protein concentration determination using
a BCA protein assay kit (Pierce; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Protein
samples (40 pg/lane) were loaded on a 10% SDS-PAGE gel,
and then transferred to a PVDF membrane. The membrane
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was blocked with 1X TBS-0.1% Tween-20 buffer (TBST)
containing 5% skimmed milk powder for 2 h at room
temperature. Subsequently, the membrane was incubated with
the corresponding primary antibodies against SOCS3 (cat.
no.ab280884; 1:1,000; Abcam) and GAPDH (cat. no. ab181602;
1:1,000; Abcam) at 4°C overnight. After washing with TBST
(10X TBS; 20% Tween-20), the membrane was incubated
with the horseradish peroxidase-conjugated secondary goat
anti-rabbit IgG antibody (cat. no. ab6721; 1:2,000; Abcam)
or goat anti-mouse IgG antibody (cat. no. ab205719; 1:2,000;
Abcam) for 1 h at room temperature. Immunoreactive bands
were visualized using enhanced chemiluminescent substrate
(Beyotime Institute of Biotechnology). Optical density was
measured and relative protein expression was calculated
by normalization to GAPDH using ImageJ v1.51 (National
Institutes of Health).

MTT assay. Following transfection for 24 h, BT-549 cells were
seeded in a 96-well plate at a density of 1x10*/well and cultured
at 37°C in a 5% CO, incubator. At 24, 48 and 72 h, 20 ul of
5 mg/ml MTT solution (Beijing Solarbio Science & Technology
Co., Ltd.) were added to each well. The supernatant was
subsequently removed after centrifugation (1,000 x g; 10 min;
room temperature). A total of 200 ul DMSO was added to each
well, followed by incubation for 30 min at 37°C. The plate was
then placed in a microplate reader and the optical density was
measured at 570 nm. All measurements were repeated in trip-
licate, and each experiment was repeated at least three times.

Flow cytometry. BT-549 cells were transfected for 48 h and
digested with trypsin (at 4°C for 1 h) without EDTA and
collected. After washing with PBS, the cells were centrifuged
at 2,000 rpm for 5 min. The cells were resuspended in 500 ul of
1X PBS solution. 100 u1 of cell suspension was transferred to a
new tube, and 5 ul of Annexin V-FITC solution (C1062S) and
5 pl of propidium iodide (PI) (both from Beyotime Institute
of Biotechnology) solution were added to the cell suspension.
Cells were incubated for 5 min in the dark at room tempera-
ture. Detection was performed on a BD FACSCanto II flow
cytometer (BD Biosciences) and the data was analyzed using
FlowlJo software v7.6.1 (FlowJo LLC).

Wound healing assay. BT-549 cells in the logarithmic growth
phase (24 h after transfection) were seeded in 24-well plates
at 2x10° cells/well and incubated at 37°C in a 5% CO, incu-
bator to ~100% confluence. The surface of the cell monolayer
in the center of each well was scratched with a 200-pl sterile
pipette tip. After rinsing with sterile PBS, cells were cultured
in serum-free RPMI-1640 medium. The width of the wound
was photographed at 0 and 48 h under a light microscope
(magnification, x100; Olympus Corporation).

Transwell assay. A total of 30 ul pre-diluted Matrigel (37°C
for 30 min; BD Biosciences) was placed on top of each
Transwell with an 8-pum pore size. A total of 24 h after trans-
fection, BT-549 cells were resuspended in 200 ul serum-free
RPMI-1640 medium at 5x 10%/well and seeded into the upper
chamber. In the lower chamber, 700 pl complete RPMI-1640
medium containing 20% FBS was added. The cells were then
incubated at 37°C and 5% CO2 for 48 h. Subsequently, the
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cells in the top chamber were wiped with a cotton swab. The
cells invading the lower compartment of the chamber were
fixed at room temperature with 4% methanol for 15 min, and
subsequently stained with 0.1% crystal violet for 10 min at
room temperature. The number of invading cells were counted
in five random fields a light microscope at x100 magnification.

Enzyme-linked immunosorbent assay (ELISA). The levels
of IL-1p (cat. no. PI305), IL-6 (cat. no. PI330), TNF-a (cat.
no. PT518) and MCP-1 (cat. no. PC130) were detected by
ELISA (Beyotime Institute of Biotechnology) according to the
manufacturer's protocols. Briefly, total proteins were extracted
from the BT-549 cells using lysis buffer and the supernatants
were collected by centrifuging at 4°C at 12,000 x g for 15 min.
Subsequently, 96-well microplates were coated with 100 ul
biotinylated primary antibodies mixed with 100 xl EIA buffer
provided in the kit, plus 100 ul standard and sample aliquots.
Plates were incubated for 2 h at 30°C, followed by aspiration of
the samples and subsequent washing of them three times with
wash buffer. Next, 100 ul solution of streptavidin-horseradish
peroxidase conjugate was added to each well and incubated
for 30 min at 30°C, prior to washed again. Thereafter, 100 ul
substrate solution provided in the kits was added to each well
and the plates were incubated for 30 min at 30°C. The optical
density values were read at 450 nm using a Biotek Synergy 2
plate reader (BioTek Instruments, Inc.).

Statistical analysis. Data are presented as the mean + standard
deviation. Statistical analyses were carried out with SPSS 20.0
(IBM Corp.) and GraphPad Prism v8.0 (GraphPad Software,
Inc.). An unpaired two-tailed Student's t-test was used to
assess the statistical significance for comparisons between
two groups. Comparisons between multiple groups were
performed using one-way ANOVA followed by Tukey's post
hoc test. In vitro experiments were repeated three times in
triplicate. The correlation between miR-483-5p and SOCS3
protein in TNBC tissues was analyzed using Pearson's correla-
tion coefficient analysis. P<0.05 was considered to indicate a
statistically significant difference.

Results

miR-483-5p is upregulated in TNBC tissues and cell lines. The
expression level of miR-483-5p in TNBC tissues and adjacent
normal tissues was first assessed by RT-qPCR. miR-483-5p
expression levels were significantly higher in TNBC tissues
compared with adjacent normal tissues (Fig. 1A). Additionally,
in the TNBC cell lines BT-20, MDA-MB-231, MDA-MB-468
and BT-549, miR-483-5p expression was also significantly
higher compared with in the non-malignant epithelial cell line
MCF-10a (Fig. 1B). As the expression level of miR-483-5p was
higher in BT-549 cells compared with the other TNBC cell
lines, BT-549 was selected for subsequent experiments.

SOCS3 is a target of miR-483-5p. The online software
miRTarBase was used to predict the mRNAs putatively
targeted by miR-483-5p. A binding site of miR-483-5p was
detected in the 3'-UTR of SOCS3 (Fig. 2A). Subsequently,
luciferase reporter vectors containing either SOCS3-WT or
SOCS3-MUT 3-UTRs were constructed and co-transfected
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Figure 1. miR-483-5p is upregulated in TNBC tissues and cell lines. (A) Expression of miR-483-53p in TNBC tissues and non-tumor adjacent tissues
was detected by RT-qPCR (n=25). “P<0.01. (B) Expression of miR-483-5p in TNBC cell lines (BT-20, MDA-MB-231, MDA-MB-468, BT-549) and the
non-malignant breast epithelial cell line MCF-10a was analyzed by RT-qPCR. Data are presented as the mean + SD of three independent experiments.
“P<0.01 vs. MCF-10a cells. RT-qPCR, reverse transcription-quantitative PCR; TNBC, triple-negative breast cancer; miR, microRNA.
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Figure 2. SOCS3 is a target of miR-483-5p. (A) miR-483-5p binding site was predicted in the 3'-UTR of SOCS3 mRNA. (B) Luciferase reporter vectors
containing WT or MUT SOCS3 3'-UTR were co-transfected with miR-483-5p mimics or mimic-NC into BT-549 and 293T cells, and a luciferase reporter
assay was performed. “P<0.01 vs. SOCS3-WT + mimic-NC. (C) Expression of miR-483-5p and SOCS3 mRNA in BT-549 cells was analyzed via reverse
transcription-quantitative PCR. “P<0.01; #P<0.01. (D) SOCS3 protein expression was detected via western blotting in BT-549 cells transfected with miR-483-5p
mimics or inhibitor. “P<0.01; *P<0.01. (E) Expression of SOCS3 protein in TNBC tissues was examined via western blotting. “P<0.01. (F) Correlation analysis
between miR-483-5p and SOCS3 expression in TNBC tissues. Data are presented as the mean + SD of three independent experiments. 3'-UTR, 3'-untranslated
region; TNBC, triple-negative breast cancer; miR, microRNA; NC, negative control; SOCS3, suppressor of cytokine signaling 3; Wt, wild-type; Mut, mutant.

with miR-483-5p mimics or mimic-NC into BT-549 and 293T
cells to perform luciferase reporter assays. Co-transfection
with miR-483-5p mimics was observed to significantly reduce
the luciferase activity of the SOCS3-WT vector, while the
luciferase activity of the reporter containing SOCS3-MUT was
unaffected in cells following transfection with miR-483-5p
mimics compared with mimic-NC (Fig. 2B).

Additionally, miR-483-5p inhibitor or miR-483-5p mimics
were transfected into BT-549 cells. The expression levels of
miR-483-5p, SOCS3 mRNA and SOCS3 protein were quanti-
fied by RT-qPCR and western blot assay. RT-qPCR analysis
indicated that miR-483-5p inhibitor decreased miR-483-5p
expression in BT-549 cells, while miR-483-5p mimics exhibited
the opposite effect compared with the respective NC (Fig. 2C).
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Moreover, compared with inhibitor-NC, miR-483-5p inhibitor
markedly increased the expression level of SOCS3 mRNA and
protein in BT-549 cells. By contrast, compared with mimic-NC,
miR-483-5p mimics significantly reduced SOCS3 mRNA and
protein expression levels in BT-549 cells (Fig. 2C and D).

Detection of SOCS3 protein in TNBC tissues via western
blot analysis indicated that the expression level of SOCS3 protein
in TNBC tissues was significantly downregulated compared
with in adjacent normal tissues (Fig. 2E). Correlation analysis
revealed that miR-483-5p expression was negatively correlated
with SOCS3 protein expression in TNBC tissues (Fig. 2F).
Taken together, these results indicated that SOCS3 was one of
the targets of miR-483-5p, and that miR-483-5p could regulate
the expression of SOCS3 in TNBC cells.

Knockdown of miR-483-5p inhibits the proliferation and
promotes apoptosis of the TNBC cell line BT-549 cells by
regulating SOCS3. To investigate whether miR-483-5p could
participate in TNBC progression by regulating SOCS3,
miR-483-5p inhibitor and si-SOCS3 were co-transfected
into BT-549 cells. As illustrated in Fig. 3A, transfection with
si-SOCS3 successfully decreased the expression level of
SOCS3 in BT-549 cells compared with the control siRNA.
Western blot assay results indicated that miR-483-5p inhibitor
promoted the expression of SOCS3, which could be reversed
by si-SOCS3 (Fig. 3B). The effects of miR-483-5p on the
proliferation and apoptosis of BT-549 cells were further
evaluated by MTT assays and flow cytometry. As depicted in
Fig. 3C, the decrease of miR-483-5p inhibited the proliferation
of BT-549 cells, which was markedly attenuated by si-SOCS3
transfection. Additionally, flow cytometry revealed that the
inhibition of miR-483-5p significantly increased apoptosis in
BT-549 cells, which was reversed by si-SOCS3 (Fig. 3D).

miR-483-5p mimics and SOCS3-OE were then co-trans-
fected into BT-549 cells. The expression level of SOCS3
was increased in BT-549 cells transfected with SOCS3-OE
compared with the empty vector (Fig. 3E). SOCS3-OE attenu-
ated the inhibitory effect of miR-483-5p on SOCS3 expression
in BT-549 cells (Fig. 3F). SOCS3-OE also partially suppressed
the promoting effect of miR-483-5p on the proliferation of
BT-549 cells (Fig. 3G). Consistently, SOCS3 overexpression
attenuated the miR-483-5p-mediated inhibition of apop-
tosis (Fig. 3H). These data suggested that knockdown of
miR-483-5p could inhibit the proliferation of BT-549 cells and
induce apoptosis by targeting SOCS3.

Knockdown of miR-483-5p inhibits the migration and inva-
sion of the TNBC cell line BT-549 cells by regulating SOCS3.
Metastasis is the leading cause of death in clinical patients
with breast cancer (17). The effects of miR-483-5p on BT-549
migration and invasion were investigated. Wound healing
assay results indicated that the decrease of miR-483-5p inhib-
ited BT-549 cell migration, which was markedly reversed by
SOCS3 siRNA transfection (Fig. 4A). Consistent with this
observation, Transwell assays revealed that SOCS3 siRNA
reversed the inhibitory effect of miR-483-5p inhibitor on
BT-549 cell invasion (Fig. 4B). Additionally, the effect of
miR-483-5p mimics on the migration (Fig. 4C) and inva-
sion (Fig. 4D) of BT-549 cells was reversed by SOCS3-OE
transfection.
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Knockdown of miR-483-5p reduces the secretion of inflam-
matory factors in TNBC cells by regulating SOCS3. In
addition to metastasis, the occurrence of inflammation is an
important factor in the worsening of breast cancer. It has been
indicated that inflammatory factors, such as TNF-a, IL-6,
IL-1p and monocyte chemoattractant protein-1 (MCP-1),
are closely associated with the recurrence and metastasis
of breast cancer (18). Therefore, TNF-a, IL-6, IL-1f and
MCP-1 were quantified in BT-549 cell supernatant via
ELISA. Compared with the inhibitor-NC group, miR-483-5p
inhibitor notably reduced the secretion of IL-1f, IL-6,
TNF-o and MCP-1 in BT-549 cells, while si-SOCS3 partially
reversed the effect of miR-483-5p inhibitor on the inflam-
matory response (Fig. 5A-D). On the contrary, increases
in inflammatory factor secretion induced by miR-483-5p
mimics in BT-549 cells was reversed after transfection with
SOCS3-OE (Fig. SE-H).

Discussion

miRNAs have been indicated to play roles similar to oncogenes
or tumor suppressors (4). In the present study, the expression
level of miR-483-5p was observed to be increased in TNBC
tissues and cell lines compared with normal adjacent tissues
and cells, and the inhibition of miR-483-5p could inhibit the
proliferation, invasion and inflammatory response of TNBC
cells. More importantly, SOCS3 was one of the targets of
miR-483-5p, and SOCS3 silencing reversed the anti-oncogenic
effect of miR-483-5p knockdown on TNBC cells.

In the present study, miR-483-5p was identified as a novel
therapeutic target for TNBC. Upregulation of miR-483-5p
expression has previously been reported in adrenal cortical
cancer and esophageal squamous cell carcinoma (14,19).
Consistent with these reports, the present study provided new
evidence for the abnormal expression of miR-483-5p in TNBC.
Interestingly, Wang er al (20) reported that miR-483-5p is
decreased in human glioma. Considering that gene expres-
sion is tumor-specific and that the reason for the differential
expression of miRNAs depends to a large extent on the condi-
tion of the tumor (21,22), these results are not contradictory.
miR-483-5p was inhibited in the TNBC cell line BT-549 to
analyze cell proliferation and invasion. The results indicated
that inhibition of miR-483-5p expression inhibited the prolif-
erative and invasive capabilities of BT-549 cells. In addition,
the anti-proliferative effect of miR-483-5p silencing may be
related to its positive effect on apoptosis. As the interaction
between the tumor microenvironment and tumor cells has
received increasing attention, tumor-associated inflammation
is also considered to be an important feature of cancers. For
instance, inflammation has been revealed to be closely associ-
ated with the growth, angiogenesis and distant metastasis of
breast tumor cells (23). Moreover, excessive inflammation
can disrupt the acquired immune response and reduce the
sensitivity of cells to chemotherapeutics (24). Furthermore,
blocking pro-inflammatory cytokines can be used as a thera-
peutic strategy for targeting TNBC (25). In the present study,
inhibition of miR-483-5p reduced the secretion of inflamma-
tory cytokines in breast cancer cells. These results indicated
that miR-483-5p may be a potential oncogenic factor for the
progression of TNBC.
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Figure 3. miR-483-5p knockdown inhibits the proliferation and promotes apoptosis of BT-549 cells by regulating SOCS3. (A) Expression of SOCS3 mRNA
and protein in BT-549 cells transfected with si-Ctrl or si-SOCS3 was analyzed using RT-qPCR or western blot assay. “P<0.01 vs. si-Ctrl. (B) SOCS3 protein
expression was analyzed via western blotting, (C) cell proliferation was detected using MTT assay and (D) flow cytometry was used to determine apoptosis
in BT-549 cells co-transfected with miR-483-5p inhibitor and si-SOCS3. “P<0.01; *P<0.01. (E) Expression of SOCS3 mRNA and protein in BT-549 cells
transfected with vector or SOCS3-OE was analyzed using RT-qPCR or western blot assays. “P<0.01 vs. Vector. (F) SOCS3 protein expression was analyzed
via western blotting in BT-549 cells co-transfected with miR-483-5p mimic and SOCS3-OE. (G) Proliferation and (H) apoptosis of BT-549 cells co-transfected
with miR-483-5p mimic and SOCS3-OE was analyzed using MTT assays and flow cytometry, respectively. Data are presented as the mean + SD of three
independent experiments. "P<0.05, “P<0.01; "P<0.05, "P<0.01. RT-qPCR, reverse transcription-quantitative PCR; miR, microRNA; NC, negative control;
SOCS3, suppressor of cytokine signaling 3; Ctrl, control; si, small interfering; OE, overexpression; OD, optical density; PI, propidium iodide.

Itis well known that miRNAs can perform biological func-
tions by regulating the expression of multiple target genes (4).
In the current study, miRTarBase analysis revealed that
SOCS3 was one of the direct targets of miR-483-5p. Luciferase
reporter assays and expression level analysis confirmed that

miR-483-5p was able to negatively regulate SOCS3 expres-
sion in BT-549 cells. SOCS3 is a cytokine signaling inhibitor
protein, and its abnormal expression has been associated
with the occurrence and development of numerous diseases,
including tumors (26). It has been previously demonstrated
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Figure 4. miR-483-5p knockdown inhibits migration and invasion of the triple-negative breast cancer cell line BT-549 by regulating SOCS3. (A) Wound
healing assay was used to analyze the migration of BT-549 cells co-transfected with miR-483-5p inhibitor and si-SOCS3. Scale bar, 200 ym. (B) Transwell
assay was used to analyze the invasion of BT-549 cells co-transfected with miR-483-5p inhibitor and si-SOCS3. Scale bar, 100 ym. “P<0.01; #P<0.01.
(C) Wound healing assay was used to analyze the migration of BT-549 cells co-transfected with miR-483-5p mimic and SOCS3-OE. Scale bar, 200 ym.
(D) Transwell assay was used to analyze the invasion of BT-549 cells co-transfected with miR-483-5p mimic and SOCS3-OE. Scale bar, 100 ym. Data are
presented as the mean + SD of three independent experiments. “P<0.01; #P<0.01. miR, microRNA; NC, negative control; SOCS3, suppressor of cytokine
signaling 3; Ctrl, control; si, small interfering; OE, overexpression.

that SOCS3 can regulate the proliferation, metastasis and  the expression of the SOCS3 gene is directly associated with
invasion of several types of tumor cells (27-29), including  the expression of several inflammatory genes, especially
breast cancer (30). Furthermore, it has been indicated that NF-kB, primary inflammatory cytokines (such as TNF-q,
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Figure 5. Knockdown of miR-483-5p reduces the secretion of inflammatory factors in triple-negative breast cancer cells by regulating SOCS3. ELISA was
used to analyze the quantity of (A) IL-1p, (B) IL-6, (C) TNF-a and (D) MCP-1 in the supernatant of BT-549 cells co-transfected with miR-483-5p inhibitor
and si-SOCS3. “P<0.01; #P<0.01. ELISA was used to analyze the quantity of (E) IL-1p, (F) IL-6, (G) TNF-a and (H) MCP-1 in the supernatant of BT-549
cells co-transfected with miR-483-5p mimic and SOCS3-OE. “P<0.01; “P<0.05, #P<0.01. Data are presented as the mean = SD of three independent experi-
ments. MCP-1, monocyte chemoattractant protein-1; miR, microRNA; NC, negative control; SOCS3, suppressor of cytokine signaling 3; Ctrl, control; si,small

interfering; OE, overexpression.

IL-6, IL-1p) and the STAT3 cascade (31), which have been
considered as the main molecular participants involved
in cancer-related inflammation (32,33). It has also been
demonstrated in TNBC that enhanced expression of SOCS3
can inhibit tumor growth and metastasis by interfering with
the IL-6/STAT3/NF-kB pathway (21). In the present study,
miR-483-5p inhibitor and si-SOCS3 were co-transfected into
BT-549 cells, and the results indicated that SOCS3 silencing
reversed the effects of miR-483-5p inhibition on cell prolif-
eration, apoptosis, migration, invasion and inflammatory
factor secretion. Additionally, co-transfection of miR-483-5p
and SOCS3-OE also abolished the effects of miR-483-5p
alone on the malignant phenotype of TNBC cells. Based on
these results, it could be speculated that miR-483-5p may
exert a carcinogenic role in TNBC by directly inhibiting the
expression of SOCS3.

However, there were certain limitations in the present
study. Firstly, the sample size of patients with TNBC was
limited. Moreover, it was only confirmed that SOCS3 was one
of the targets of miR-483-5p. It is well known that miRNAs
can target and regulate a variety of genes (34). Therefore,
future studies may involve an extensive screening of more
targets through microarrays to further clarify the potential
mechanism of miR-483-5p in the progression of TNBC.

In conclusion, the expression level of miR-483-5p was
revealed to be increased in TNBC tissues and cell lines, and
inhibition of miR-483-5p inhibited the proliferation, migra-
tion, invasion and inflammatory response, while promoting
apoptosis of TNBC cells by negatively regulating SOCS3.
Therefore, miR-483-5p may be a potential target for TNBC
therapy.
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