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MicroRNA-331-3p promotes cell proliferation and invasion in breast cancer
by targeting SRCINI.
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Abstract

Breast cancer is the most common type of cancer and the most frequent cause of cancer deaths among
women worldwide. MicroRNAs (miRNAs) are often dysregulated in various types of human cancer and
can function as tumour suppressors or oncogenes in tumourigenesis. MiRNA-331-3p (miR-331-3p) plays
an important role in hepatocellular carcinoma, colorectal cancer and glioblastoma; however, its
expression level, roles and underlying mechanism in breast cancer remain unknown. Thus, this study
investigated the expression level, biological roles and underlying mechanism of miR-331-3p in breast
cancer. Results showed that miR-331-3p was significantly up-regulated in breast cancer tissues and cell
lines. Down-regulation of miR-331-3p expression inhibited the proliferation and invasion of breast
cancer cells. Src kinase signalling inhibitor 1 was validated as a novel direct target of miR-331-3p. Our
findings revealed that miR-331-3p might serve as an oncogene, and its over-expression in tumour tissues
might contribute to the carcinogenesis and progression of breast cancer. Thus, miR-331-3p is potentially
a new therapeutic target for the treatment of breast cancer.
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Introduction MicroRNAs (miRNAs) are small, single-stranded, non-coding
RNAs that regulate gene expression by interacting
k preferentially with the 3’ untranslated regions (3’-UTRs) of
frequent cause of cancer deaths among women worldwide. target mRNAs, which might result in either inhibition of the

Approxima.tely 1.7 ‘million diagnoses and about 521,900 target protein translation or degradation of the target mRNA
deaths, which accounted for 25% of cancer cases and 15% of [6,7]. MiRNAs and their target mRNAs form complex

cancer-related deaths, were reported in 2012 [1]. The incidence
of breast cancer is predicted to increase with demographic
Frend towards. an old.er populatllon, environmental change.s and processes [8,9]. The aberrant expression of miRNAs also
improved  diagnostic  techniques  [2].  Current primary contributes to a range of human pathologies, including cancer
treatments for breast cancer include surgery, hormonal therapy, [10]. Recent studies have found that miRNAs are deregulated
cytotoxic chemotherapy, immunotherapy and targeted therapy in various types of human cancer [11-13]. Depending on the
[3]. Despite the great progress in the early diagnosis and characteristic of their target mRNAs, miRNAs may serve as
systemic therapy of patients with breast cancer, recurrence and cither oncogenes or tumour suppressors and thus play
distant metastasis remain as major barriers in the successful important roles in tumourigenesis and tumour development

treatment of breast cancer [4,5]. Therefore, a comprehensive [14]. Therefore, miRNAs are potential biomarkers for the
understanding of the molecular pathogenesis of breast cancer is diagnosis, treatment and prognosis of human malignancies

Breast cancer is the most common type of cancer and the most

regulatory networks that are involved in cell proliferation,
apoptosis, differentiation stress responses and other biological

important to develop effective therapeutic measures that are [15-17].
target specific and personalized improve patient survival and
prevent metastasis and recurrence. MiR-331-3p plays an important role in hepatocellular

carcinoma [18], colorectal cancer [19] and glioblastoma [20].
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However, the expression level, roles and underlying
mechanism of miR-331-3p in breast cancer remain unknown.
Thus, this study investigated the expression level, biological
roles and underlying mechanism of miR-331-3p in breast
cancer.

Materials and Methods

Tissue samples

Forty-six paired breast cancer tissues and their adjacent normal
tissues were collected from patients who treated with surgery
at Shanxian County Central Hospital of Heze City. None
patients underwent chemotherapy or radiotherapy prior to
surgery. All tissue specimens were immediately frozen in the
liquid nitrogen and stored at -80°C refrigerator until further
use. This study was approved by Ethical Committee of
Shanxian County Central Hospital of Heze City, and written
informed consent was provided by each patient.

Cell lines, culture condition and cell transfection

Breast cancer cell lines (MCF-7A, MDA-MB-231, MDA-
MB-453, BT-474, SK-BR-3), a normal mammary epithelial
cell line (MCF 10A) and HEK293T cell line were obtained
from the American Type Culture Collection (Manassas, VA,
USA). Cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM; Gibco, Grand Island, NY), supplemented
with 10% Fetal Bovine Serum (FBS; Gibco, Grand Island,
NY), 100 U/ml penicillin and 100 pg/ml streptomycin. All
cells were grown at 37°C with 5% CO,. All transfections were
performed using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) following the manufacturer’s instructions.

MiR-331-3p inhibitor and corresponding scramble miRNA
inhibitor negative control (NC inhibitor) were purchased from
Ribobio Technology Co., Ltd. (Guangzhou, China). SRCINI
overexpression plasmid (pcDNA3.1-SRCINI) and empty
plasmid (pcDNA3.1) were synthesized by GenePharma
(Shanghai, China). For transfection, cells were seeded into 6-
well plates at a density of 60%-70% confluence. Cell
transfection was performed using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA), according to the
manufacturer’s protocol.

Total RNA extraction and reverse transcription-
quantitative polymerase chain reaction (RT-qPCR)

Total RNA was extracted from tissue samples or cells using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). To detect
miR-331-3p expression, reverse transcription was performed
using TagManm MicroRNA Reverse Transcription kit
(Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), followed by gPCR with TagMan® microRNA
assay (Applied Biosystems; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). U6 was used as an internal control for
miR-331-3p expression. For quantitative analysis of SRCINI
mRNA, cDNA was synthesized using PrimeScript RT reagent
kit (Takara Bio, Inc., Otsu, Japan). The qPCR was performed
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using SYBR® Premix Ex Taq (Takara Bio, Inc., Otsu, Japan)
on Applied Biosystems 7500 Real-time PCR System (Applied
Biosystems, CA, USA), with B-actin as an internal control. All
reactions were performed in triplicate and the relative
expression of miR-331-3p and SRCINImRNA was calculated
using the 2"2ACt method.

Cell counting kit 8 (CCKS8) assay

Cell proliferation was assessed using the CCKS8 (Dojindo,
Kumamoto, Japan) assay. After transfection 24 h, cells were
seeded into 96-well plates at a density of 3000 cells/well. At
various time points following incubation at 37°C, CCKS8 assay
was performed by adding 10 pl CCKS8 reagent into each well.
After incubation at 37°C in a 5% CO, humidified incubator for
additional 2 h, cell proliferation was determined by detecting
the absorbance at a wavelength of 450 nm using a microplate
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). All
experiments were performed in triplicate and repeated at least
three times.

Cell invasion assay

Transwell chambers (8 pum; Corning Incorporated, Corning,
NY, USA) coated with Matrigel (BD Biosciences, San Jose,
CA, USA) were used to investigate the capacities of cell
invasion. Transfected cells were collected at 48 h post-
transfection and suspended in FBS-free DMEM. 5 x 10* cells
were seeded into the upper chamber, and DMEM containing
20% FBS was placed into the lower chamber as a
chemoattractant. After incubation at 37°C in a 5% CO,
humidified incubator for 24 h, cells remaining on the
membranes of the transwell chamber were removed carefully
with cotton swabs. Invasive cells were fixed in 90% ethanol
(Sigma-Aldrich; Merck Millipore, Darmstadt, Germany),
stained with 0.1% crystal violet (Sigma-Aldrich; Merck
Millipore, Darmstadt, Germany),washed with PBS (HyClone,
Logan, UT, USA) and dried in air. Cell invasion abilities were
evaluated by counting five fields per membrane under an IX51
inverted microscope (Olympus Corporation, Tokyo, Japan;
magnification, X200).

Identification of the targets of miR-331-3p

To identify the putative target genes of miR-331-3p, public
available  bioinformatics  tools,  TargetScan  (http://
targetscan.org/) and miRanda (http://www.microrna.org/
microrna’home.do/), were used to predict the candidate genes.

Luciferase reporter assay

For the luciferase reporter assay, pGL3-SRCINI-3'UTR wild
type (Wt) and pGL3-SRCINI-3'UTR mutant (Mut) were
designed and synthesized by GenePharma. Cells were plated in
24 well plates with 70-80% confluence. After incubation
overnight, cells were transfected with miR-331-3p inhibitor or
NC inhibitor, followed by co-transfection with pGL3-
SRCINI-3'UTR Wt or pGL3-SRCINI-3'UTR Mut using
Lipofectamine 2000, according to the manufacturer’s protocol.
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48 h after transfection, the luciferase activity was determined
using the Dual Luciferase Assay System (Promega, Madison,
WI, USA), according to the manufacturer's instructions. Firefly
luciferase activity was normalized to Renilla luciferase activity.

Western blotting analysis

Total protein was extracted form tissues or cells with cold
radioimmunoprecipitation assay lysis buffer containing
protease inhibitors (Beyotime Biotechnology Inc., Shanghai,
China). BCA assay kit (Beyotime Biotechnology Inc.,
Shanghai, China) was used to quantify protein concentration.
Equal amounts of protein were separated by 10% Sodium
Dodecyl Sulfate (SDS)-polyacrylamide gel electrophoresis gel,
transferred onto polyvinylidene difluoride membranes
(Millipore, Billerica, MA, USA), and blocked in Tris-buffered
saline with Tween-20 (TBST) containing 5% non-fat milk. The
membranes were then incubated with primary antibodies
against human SRCIN/ (1:1,000 dilution; catalog n0.3757; Cell
Signaling Technology, USA) or GAPDH (1:1,000 dilution;
catalog no.sc-47724; Santa Cruz Biotechnology, CA, USA), at
4°C overnight. After being washed in TBST for three times,
the membranes were incubated with corresponding horseradish
peroxidase-conjugated secondary antibody (1:5,000 dilution;
Santa Cruz Biotechnology, CA, USA) at room temperature for
1 h. The proteins bands were visualized by using an enhanced
chemiluminescence solution (Pierce; Thermo Fisher Scientific,
Inc.) and analysed with AlphaEase FC 4.0.1 software
ProteinSimple, San Jose, CA, USA). GAPDH served as an
internal control.

Statistical analysis

Data are expressed as mean + Standard Deviation (SD) and
compared with Student's t-test or one-way ANOVA by using
the SPSS 19.0 software package (SPSS Inc., Chicago, IL,
USA). The association between miR-331-3p and SRCINI
mRNA expression was analysed using Spearman's correlation
analysis. P<0.05 was considered as statistically significant.

Results

MIiR-331-3p is highly expressed in breast cancer
tissues and cell lines

The role of miR-331-3p in breast cancer was investigated by
measuring miR-331-3p expression in breast cancer tissues and
their adjacent normal breast tissues through RT-qPCR. As
shown in Figure 1A, the expression levels of miR-331-3p were
significantly higher in breast cancer tissues than in their
adjacent normal breast tissues (P<0.05). MiR-331-3p
expression was detected in breast cancer cell lines (MCF-7A,
MDA-MB-231, MDA-MB-453, BT-474 and SK-BR-3) and
normal mammary epithelial cell lines (MCF-10A). Similar to
the expression pattern in breast cancer tissues, miR-331-3p was
up-regulated in all examined breast cancer cell lines compared
with that in MCF-10A (Figure 1B, P<0.05). These results
suggest that the deregulated miR-331-3p may play important
roles in the initiation and progression of breast cancer.
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Figure 1. MiR-331-3p was significantly up-regulated in breast cancer
tissues and cell lines. (4) MiR-331-3p expression in breast cancer
tissues and their adjacent normal breast tissues as determined by RT-
qPCR. (B) RT-qPCR analysis of miR-331-3p expression in breast
cancer cell lines (MCF-74, MDA-MB-231, MDA-MB-453, BT-474
and SK-BR-3) and normal mammary epithelial cell lines (MCF-10A4).
*P<0.05 compared with the control.

Down-regulation of miR-331-3p expression inhibits
the proliferation and invasion of breast cancer cells

MiR-331-3p or NC inhibitor was transfected into MDA-
MB-231 and SK-BR-3 cells to determine whether miR-331-3p
contributes to the formation and progression of breast cancer.
At 48 h post-transfection, RT-qPCR analysis confirmed that
miR-331-3p expression was down-regulated in MDA-MB-231
and SK-BR-3 cells following transfection with miR-331-3p
inhibitor (Figure 2A, P<0.05). CCK8 and cell invasion assays
were performed to evaluate the effects of miR-331-3p under-
expression on the proliferation and invasion of breast cancer
cells, respectively. CCKS8 assay revealed that down-regulation
of miR-331-3p expression inhibited the proliferation of MDA-
MB-231 and SK-BR-3 cells (Figure 2B, P<0.05). Cell invasion
assay indicated that miR-331-3p knockdown decreased the
invasion of MDA-MB-231 and SK-BR-3 cells (Figure 2C,
P<0.05). These results suggest that miR-331-3p serves as an
oncogene in breast cancer.

SRCINI1 is a direct target of miR-331-3p in breast
cancer

The underlying molecular mechanism of the tumourigenic
property of miR-331-3p in breast cancer was explored by
predicting the potential target genes through bioinformatics
analysis. Among the putative targets, SRCINI was selected for
further confirmation (Figure 3A) because this gene is lowly
expressed in breast cancer and contributes to the formation and
progression of breast cancer [21]. Two high-scoring binding
sites of miR-331-3p were found on the 3’-UTR of SRCINI
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mRNA. Luciferase reporter assay was conducted in HEK293T
cells co-transfected with both miR-331-3p or NC inhibitor and
pGL3-SRCINI-3'UTR Wt (1 and 2) or pGL3-SRCINI-3'UTR
Mut (1 and 2) to confirm whether SRCIN/ is a direct target of
miR-331-3p. Under-expressing miR-331-3p significantly
improved the luciferase activity of pGL3-SRCINI-3'UTR Wt
(1 and 2; Figure 3B, P<0.05) but exerted no effect on the
activity of pGL3-SRCINI-3'UTR Mut (1 and 2). SRCINI
expression in MDA-MB-231 and SK-BR-3 cells transfected
with miR-331-3p or NC inhibitor was measured through RT-
gPCR and Western blot analyses to determine whether this
expression is regulated by miR-331-3p. As shown in Figures
3C and 3D, miR-331-3p inhibitor treatment significantly
enhanced the mRNA (P<0.05) and protein (P<0.05) expression
levels of SRCINI in MDA-MB-231 and SK-BR-3 cells
compared with those in the cells transfected with NC inhibitor.
These results suggest that SRCINI is a direct target of
miR-331-3p in breast cancer.
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Figure 2. Down-regulation of miR-331-3p inhibited the proliferation
and invasion of breast cancer cells. (4) RT-gPCR analysis of
miR-331-3p expression in MDA-MB-231 and SK-BR-3 cells
transfected with miR-331-3p or NC inhibitor. (B) CCK8 assay was
used to investigate the effect of miR-331-3p under-expression on
MDA-MB-231 and SK-BR-3 cell proliferation in vitro. (C) Cell
invasion assay was performed to examine the effect of miR-331-3p
knockdown on the invasion of MDA-MB-231 and SK-BR-3 cells in
vitro. *P<0.05 compared with the control.

SRCINI1 is associated with the effects of miR-331-3p
in breast cancer cells

pcDNA3.1-SRCINI  blank pcDNA3.1 plasmids were
transfected into MDA-MB-231 and SK-BR-3 cells to verify
whether SRCINI is an important mediator of the effects of
miR-331-3p in breast cancer cells. As shown in Figure 4A,
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SRCINI was significantly up-regulated in MDA-MB-231 and
SK-BR-3 cells after transfection with pcDNA3.1-SRCINI
plasmid (P<0.05). CCKS8 and cell invasion assays revealed that
up-regulation of SRCIN! inhibited the proliferation (Figure 4B,
P<0.05) and invasion (Figure 4C, P<0.05) of MDA-MB-231
and SK-BR-3 cells compared with the cells transfected with
blank pcDNA3.1 plasmid. These results suggest that the roles
of SRCINI are similar to those induced by miR-331-3p
knockdown in breast cancer cells, thus indicating that SRCIN1
is a functional downstream target of miR-331-3p in vitro.
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Figure 3. SRCIN! is a direct target of miR-331-3p in breast cancer.
(A) Bioinformatics analysis showed two binding sites of wild-type and
mutant sequences of miR-331-3p in the 3’-UTR of SRCINI. (B)
Luciferase reporter assay was performed in HEK293T cells
transfected with either pGL3-SRCINI-3'UTR Wt or pGL3-
SRCINI-3'UTR Mut and either miR-331-3p or NC inhibitor. RT-
qPCR and Western blot analyses were performed to detect the mRNA
(C) and protein (D) expression levels of SRCINI in MDA-MB-231
and SK-BR-3 cells transfected with miR-331-3p or NC inhibitor.
*P<0.05 compared with the control.

Discussion

MiR-331-3p is abnormally expressed in many types of
malignancies. For example, miR-331-3p is up-regulated in the
serum, tissues and cell lines of hepatocellular carcinoma
[22,23]. The expression level of miR-331-3p in tissues is
highly correlated with the metastasis of hepatocellular
carcinoma [22], whereas serum miR-331-3p is associated with
TNM stage [23]. High miR-331-3p expression is correlated
with the poor long-term survival of patients with hepatocellular
carcinoma [22,23]. However, miR-331-3p is lowly expressed in
colorectal cancer tissues and cell lines compared with that in
healthy colon tissues and cells [19]. MiR-331-3p is also down-
regulated in prostate cancer [24], gastric cancer [25] and
glioblastoma [20]. These findings suggest that the expression
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pattern of miR-331-3p is tissue specific; thus, miR-331-3p can
be used as a prognostic marker in human cancer.
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Figure 4. Up-regulation of SRCINI attenuates the proliferation and
invasion of breast cancer cells. (A) IGF-1R protein was significantly
up-regulated in pcDNA3.1-SRCINI-transfected MDA-MB-231 and
SK-BR-3 cells. (B) CCK8 assay revealed that the ectopic expression
of SRCINI inhibited the proliferation of MDA-MB-231 and SK-BR-3
cells. (C) Cell invasion assays showed that SRCINI over-expression
decreased the invasion of MDA-MB-231 and SK-BR-3 cells. "P<0.05
compared with the control.

MiR-331-3p deregulation contributes to the malignant
phenotype of several types of human cancer. For instance,
Chang et al. reported that miR-331-3p acts as an oncogene in
hepatocellular carcinoma by promoting cell growth and
metastasis both in vitro and in vivo [22]. However, in gastric
cancer, the ectopic expression of miR-33/-3p blocks G1/S
transition and inhibits colony formation and growth [25]. Zhao
et al. [19] reported that the resumed expression of miR-331-3p
attenuates cell proliferation, promotes apoptosis and activates
caspase-3 in colorectal cancer. Epis et al. [24] revealed that up-
regulation of miR-331-3p blocks the androgen receptor
signalling pathway in prostate cancer cells, reduces the activity
of an androgen-stimulated, prostate-specific antigen promoter
and blocks the expression of a prostate-specific antigen. Epis et
al. [20] also revealed that restoration of miR-331-3p expression
represses the cell proliferation and clonogenic growth in
glioblastoma. Fujii et al. [26] indicated that miR-331-3p re-
expression suppresses cervical cancer cell proliferation and
induces G,/M phase arrest and apoptosis. These conflicting
findings revealed that the biological roles of miR-331-3p are
tissue specific and can be explained by the ‘imperfect
complementarity’ of the interactions between miR-331-3p and
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its direct target genes. These findings also suggest that
miR-331-3p should be investigated as a potential therapeutic
target for the treatment of specific cancers.

We then determined the direct target gene of miR-331-3p in
breast cancer to explore the mechanisms by which miR-331-3p
under-expression inhibits breast cancer cell growth and
metastasis. The targets of miR-331-3p include VHL and
PHLPP in hepatocellular carcinoma [18,22], DOHH and
ERBB-2 in prostate cancer [24,27,28], E2F] in gastric cancer
[25], HER2 in colorectal cancer [19] and NRP2 in cervical
cancer [26]. In the present study, an important molecular
association between miR-331-3p and SRCINI was observed in
breast cancer. Firstly, bioinformatics analysis predicted that
SRCINI is a putative target of miR-331-3p. Secondly,
luciferase reporter assay revealed that miR-331-3p can directly
target the 3’-UTR of SRCINI. RT-qPCR and Western blot
analyses revealed that miR-331-3p under-expression enhances
SRCINI expression at the mRNA and protein levels in breast
cancer. Moreover, the roles of SRCINI over-expression are
similar to the effects induced by miR-331-3p knockdown,
suggesting that miR-331-3p is a direct functional target of
miR-331-3p in breast cancer.

SRCINI, which is also known as p140 cas-associated protein
[29], contains two coiled-coil domains, two proline-rich
regions and two regions of highly charged amino acids.
According to the characteristic domain structure, SRCINI acts
as an adaptor protein [30]. SRCINI expression is down-
regulated in several types of human cancer, such as liver cancer
[31], breast cancer [21] and osteosarcoma [32]. Functional
experiments revealed that SRCINI modulates multiple
biological processes, such as cell proliferation, apoptosis,
migration, metastasis and invasion [33-35]. In the present
study, the expression level of SRCINI decreased in the tumour
tissues and cell lines of breast cancer. SRCIN! under-
expression was also involved in the regulation of cell
proliferation, colony formation, apoptosis and metastasis in
breast cancer [21]. These findings suggest that the miR-331-3p/
SRCINI pathway should be investigated as a potential
therapeutic strategy to inhibit the rapid growth and metastasis
of breast cancer cells.

In conclusion, miR-331-3p was frequently up-regulated in
breast cancer and might serve as an oncogene by directly
targeting SRCINI. MiR-331-3p can be used in miRNA-based
therapy for the treatment of breast cancer. However, further
studies are still required to evaluate the roles of miR-331-3p in
vivo and in a clinical context.
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