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Silencing of semaphorin 3C suppresses cell proliferation
and migration in MCF-7 breast cancer cells
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Abstract. Previous studies have suggested that semaphorin
3C (SEMA3C) is involved in the tumorigenesis and metastasis
of a number of types of cancer. The aim of the present study
was to investigate the role of SEMA3C in the proliferation
and migration of MCF-7 breast cancer cells. Small interfering
(si)RNA sequences targeting SEMA3C were constructed and
transfected into MCF-7 cells in order to silence the expression
of SEMA3C. Cell proliferation and migration were measured
using CCK-8 and Transwell assays, respectively. Transfection
with SEMA3C siRNA significantly downregulated the expres-
sion of SEMA3C in MCF-7 cells, and significantly suppressed
cell proliferation and migration. Therefore, SEMA3C-targeted
siRNA may be of potential use for the early diagnosis and
treatment of breast cancer.

Introduction

Breast cancer is the most common type of malignancy
in women and its incidence rates are increasing (1). It
is estimated that ~1100,000 new cases of female breast
cancer are diagnosed worldwide each year, and 37% of
patients (410,000 cases) succumb to the disease each
year (2-4). Targeted therapy, including RNA interference
(RNAI1) technology, has gained interest in recent years as
a potential treatment due to its low toxicity, specificity and
efficiency (5). The use of small interfering (si)RNA has
several advantages, including simple sequence design and
fewer adverse effects on cells or tissues. Therefore siRNA
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could be a more promising candidate for the diagnosis and
treatment of diseases compared with shRNA (6). A number
of cancer-associated genes, including B-cell lymphoma 2,
tumor protein p53, hypoxia-inducible factor and vascular
endothelial growth factor have previously been identified as
potential targets for RNAi (7-9). Semaphorin 3C (SEMA3C)
is a member of the semaphorin family that serves important
roles in a number of physiological processes, including axonal
growth, immune response, cell adhesion, migration and bone
remodeling (10). Numerous studies have demonstrated that
semaphorins are overexpressed in a variety of malignant
tumors, including glioma, gastric cancer and lung cancer (11).
In addition, upregulation of semaphorins is associated with
cancer metastasis and angiogenesis, and affects the prognosis
and life quality of patients (12,13). In the present study, siRNA
was used to silence SEMA3C, which resulted in significantly
suppressed cell proliferation and migration in MCF-7 cells.
These results suggest that SEMA3C may be a potential target
for breast cancer therapy.

Materials and methods

Cells and reagents. The human breast cancer cell line MCF-7
was obtained from the Cell Bank of Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China). Fetal
bovine serum (FBS) and Dulbecco's modified Eagle's medium
(DMEM) were obtained from Gibco (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). RNAiso Plus, PrimeScript RT
Reagent kit, and SYBR Premix Ex Taq II were from Takara
Biotechnology, Co., Ltd. (Dalian, China). A SEMA3C
rabbit polyclonal antibody (catalog number: ARP38906)
was purchased from BD Biosciences (San Jose, CA, USA).
GAPDH and a-tubulin mouse monoclonal antibodies (catalog
numbers: ABIN268426 and AB9354) were purchased from
Cell Signaling Technology, Inc. (Danvers, MA, USA). The
horseradish peroxidase (HRP)-conjugated secondary anti-
bodies, RIPA buffer, SDS-PAGE Gel Preparation kit, BCA
Protein Assay kit, crystal violet, and Cell Counting Kit-8 were
obtained from Beyotime Institute of Biotechnology (Haimen,
China). Polyvinylidene difluoride (PVDF) membranes and
Transwell plates were purchased from EMD Millipore
(Billerica, MA, USA). Lipofectamine® 2000 was obtained
from Invitrogen (Thermo Fisher Scientific, Inc.).
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siRNA sequences. Three siRNA sequences targeting the
SEMA3C gene were designed using the SEMA3C full-length
complementary (c)DNA sequence (XM_009456869.1) as
a template. The SEMA3C siRNA (siRNA-1, siRNA-2 and
siRNA-3), fluorescein amidite (FAM)-labeled negative control
siRNA (siRNA-FAM), GAPDH siRNA (siRNA-GAPDH),
and negative control siRNA (siRNA-NC) were synthesized
by Shanghai GenePharma Co., Ltd. (Shanghai, China) and the
sequences are listed in Table I.

Cell culture and siRNA transfection. Human MCF-7 breast
cancer cells were cultured in DMEM containing 10% FBS,
100 pg/ml streptomycin, and 100 U/ml penicillin, in a humidi-
fied 37°C incubator with 5% CO,. MCF-7 cells (5x10%) in the
logarithmic growth phase were seeded into 24-well plates
24 h prior to transfection. Cells were transfected with siRNA
(siRNA-1, siRNA-2, siRNA-3, siRNA-FAM or siRNA-NC)
using Lipofectamine® 2000 reagent according to the manufac-
turer's protocol. RNA and protein were isolated at 48 and 72 h
following transfection, respectively.

Determination of the optimal siRNA transfection concentra-
tion. MCF-7 cells (5x10%) in the logarithmic growth phase
were seeded in 24-well plates. Following 24 h incubation at
37°C, cells were transfected with increasing concentrations
of siRNA-FAM (0, 10, 25, 50, 75, 100, 150, 200 nmol/l).
The fluorescent signal in the cells was detected under fluo-
rescence microscopy 24 h post-transfection. For the positive
control, cells were transfected with 0, 25, 50, 100, 200 nmol/l
siRNA-GAPDH. At 72 h following transfection, cells were
harvested and protein was collected. The protein level of
GAPDH was detected by western blotting with a-tubulin as an
internal control. The band density was quantified using ImageJ
software (version 1.41; National Institutes of Health, Bethesda,
MD, USA). Based on the fluorescence signal and GAPDH
protein level, the optimal siRNA transfection concentration
was defined.

Reverse transcription-quantitative polymerase chain
reaction (RT-gPCR). The knockdown efficiencies of the
SEMA3C-targeting siRNAs were evaluated by RT-qPCR.
Total RNA was isolated from MCF-7 cells using RNAiso
Plus reagent 48 h after transfection, and reverse transcribed
to cDNA using the PrimeScript RT Reagent kit. The total
RNA of the cultured cells was extracted using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's instructions. A total of 1 ug total RNA was
reverse-transcribed to cDNA using AMV reverse transcrip-
tase (Takara Biotechnology, Co., Ltd.) and a stem-loop RT
primer (Applied Biosystems; Thermo Fisher Scientific, Inc.),
which was performed with the following conditions: 16°C for
15 min, 42°C for 60 min and 85°C for 5 min. Each cDNA
sample was analyzed in triplicate using SYBR Premix Ex
Taq II according to the manufacturer's protocol. Real-time
PCR was performed using a TagMan PCR kit on an Applied
Biosystems 7500 Sequence Detection System (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The reactions
were incubated at 95°C for 5 min followed by 35 cycles of
94°C for 15 sec and 72°C for 1 min. GAPDH was used as
an internal control. The primer sequences were as follows:
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GAPDH forward, 5-GAAGGTGAAGGTCGGAGTC-3', and
reverse, 5-GAAGATGGTGATGGGATTTC-3"; SEMA3C
forward, 5'-GCGAAGCAGCATGAGGTGTATTGGA-3',
and reverse, 5'-CGATGTAGTTGTGGCACTCTGTCTG-3".
Relative mRNA quantification was assessed using the 244
method (14).

Western blot analysis. The protein level of SEMA3C was
detected by western blot analysis. MCF-7 cells were harvested
and lysed in RIPA buffer at 72 h post-transfection. The protein
concentration was determined using the BCA Protein Assay
kit. Protein (50 ug) was separated using 8% SDS-PAGE
and transferred to PVDF membranes. Following blocking
with 5% bovine serum albumin (Takara Biotechnology, Co.,
Ltd.) for 1 h at room temperature, the membranes were incu-
bated with primary antibodies (dilutions: SEMA3C, 1:800;
GAPDH, 1:1,000) overnight at 4°C. Following three washes
with TBS-Tween-20 (TBST), the membranes were incubated
with HRP-conjugated secondary antibodies for 2 h at room
temperature. Following a second round of washing with TBST,
protein bands were detected with an enhanced chemilumines-
cence assay kit (GE Healthcare, Chicago, IL, ISA). Imagel
software was used for densitometric analysis with GAPDH as
an internal control.

CCK-8 assay. The effect of SEMA3C knockdown on MCF-7
cell proliferation was accessed using a CCK-8 assay. At 24 h
prior to siRNA transfection, MCF-7 cells in the logarithmic
growth phase were seeded at 2,000 cells/well in 96-well plates
containing 100 pl medium. At the indicated time points (24, 48
and 72 h following transfection), 10 yl CCK-8 was added into
each well and the plates were incubated at 37°C for another
3 h. The absorbance (optical density; OD) was measured at
a wavelength of 450 nm. The experiment was performed in
triplicate. The relative growth rate was calculated as follows:
Relative growth rate (%)=(0OD of treated cells/OD of control
cells)x100.

Migration assay. The effect of SEMA3C knockdown on
MCF-7 cell migration was determined using a Transwell
migration assay. MCF-7 cells were plated at 2.5x10%/well in
6-well plates. Following transfection with siRNA for 72 h,
cells (5x10%) in 800 ul serum-free medium were seeded in the
upper chamber of 12-well plates and 1 ml DMEM containing
10% FBS was placed in the lower chamber. Following incu-
bation for 24 h, the upper chamber was washed twice with
PBS and fixed with 4% paraformaldehyde for 15 min. Cells
on the top of the membrane were wiped off with cotton
swabs. Cells that migrated to the bottom were stained with
0.1% crystal violet for 15 min. Four randomly selected fields
of the membrane were counted under an inverted microscope
(magnification, x100).

Statistical analysis. All experiments were performed in tripli-
cate. Statistical analyses were carried out using SPSS software
(version 19.0; IBM Corp., Armonk, NY, USA). All data are
presented as the mean + standard deviation. Experiments were
performed in triplicate. Differences between groups were
determined by a one-way analysis of variance. ANOVA was
used for comparison between >2 groups and the t-test was
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Table I. Oligonucleotide sequences of the siRNAs used in the study.

Name Sequence (5'-3")

siRNA-1 Sense: 5'-GCCCAGCUUAAUCAAGAAATT-3'
Antisense: 5'-UUUGUUGAUUAACCUGGGCTT-3'

siRNA-2 Sense: 5'-GCGCUACUAAUUGGGAAGATT-3'
Antisense: 5'-UCUUCGCAAUUAGUUAGGGCTT-3'

siRNA-3 Sense: 5'-GGGCUGAGGACCUUGCAGAAGATT-3'
Antisense: 5'-UCUUCCGCAAGGUCCUCAGGCCTT-3'

siRNA-FAM Sense: 5'-UUCUGCGAACGUGUCACGUTT-3'
Antisense: 5'-ACGUCACACGUUCGGAGAATT-3'

siRNA-NC Sense: 5'-UUCUCCGAACGUGUCACGUTT-3'

siRNA-GADPH

Antisense: 5'-ACGUGACACGUUCGGAGAATT-3'
Sense: 5-GUAUCACAACAGCCUCAAGTT-3'
Antisense: 5'-CUUGAGGCUGUUGUCAUACTT-3'

siRNA, small interfering RNA; NC, negative control.

used for comparison between 2 groups. Differences between
two groups were accessed by least significant difference t-test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Determination of the optimal effective siRNA concentration.
The siRNA transfection efficiency can vary for different cell
types. To achieve the optimal effective siRNA concentration,
the negative fluorescence control siRNA (siRNA-FAM) and
the positive control siRNA (siRNA-GAPDH) were transfected
into MCF-7 cells. Following transfection with siRNA-FAM
for 24 h, a fluorescent signal was observed, which increased
in a dose-dependent manner. Following transfection with
25 nmol/l siRNA, 30% of cells exhibited fluorescence, and
~90% of cells exhibited fluorescence following transfec-
tion with 50 nmol/l siRNA. The knockdown efficiencies of
siRNA-GAPDH were 35.71+5.42% for 25 nmol/l siRNA and
51.6+7.59% for 100 nmol/l siRNA (data not shown). However,
more apoptotic cells were detected with the increased amount
of siRNA. Based on these results, 100 nmol/l siRNA was
selected as the treatment dose for further experiments.

SiRNA mediates SEMA3C silencing in breast cancer
cells. To assess the knockdown efficiency of SEMA3C,
SEMA3C mRNA levels were determined by RT-qPCR
48 h after transfection. The mRNA level of SEMA3C was
significantly decreased in MCF-7 cells following transfec-
tion with SEMA3C siRNAs compared with non-transfected
cells (P<0.05; Fig. 1). The mRNA levels of SEMA3C were
71.13+£3.15% (siRNA-1), 58.26+2.04% (siRNA-2) and
37.11+£2.53% (siRNA-3) of the level in the control group. In
agreement this result, western blot analysis demonstrated that
the protein levels of SEMA3C were significantly decreased
following siRNA knockdown (Fig. 2). The knockdown effi-
ciencies were 47.37+6.02, 50.87+4.61 and 65.27+3.15% for
siRNA-1, siRNA-2, and siRNA-3, respectively, relative to the
control (data not shown). Together, these results suggest that
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Figure 1. SEMA3C is knocked down at the mRNA level following siRNA
transfection. Reverse transcription-quantitative polymerase chain reaction
analysis of mRNA levels of SEMA3C in MCF-7 cells 48 h after SEMA3C
knockdown. Data are presented as the mean + standard deviation. Data are
presented as the mean + standard deviation of three independent experiments.
siRNA-NC group represents a value of 1. "P<0.05 vs. control. SEMA3C,
semaphorin 3C; siRNA, small interfering RNA; control, mock control; NC,
negative control.

Control siRNA-NC siRNA-1  siRNA-2  siRNA-3

Figure 2. SEMA3C is knocked down at the protein level following siRNA
transfection. Western blot analysis of protein levels of SEMA3C in MCF-7
cells 48 h following siRNA transfection. SEMA3C, semaphorin 3C; siRNA,
small interfering RNA; control, mock control; NC, negative control.

all three siRNAs effectively suppress SEMA3C expression.
siRNA-3, which exhibited the highest knockdown efficiency,
was selected for further experiments.

SEMA3C knockdown inhibits MCF-7 cell proliferation. To
understand the function of SEMA3C in breast cancer, the effect
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Figure 3. SEMA3C knockdown inhibits MCF-7 cell proliferation. Results
of the Cell Counting Kit-8 assay on MCF-7 cells 24, 48 and 72 h following
siRNA treatment. Data are presented as the mean + standard deviation.
“P<0.05 vs. control at same time-point. SEMA3C, semaphorin 3C; siRNA,
small interfering RNA; control, mock control; NC, negative control.
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Figure 4. SEMA3C knockdown inhibits MCF-7 cell migration.
(A) Representative images of migrated control MCF-7 cells, or MCF-7 cells
transfected with NC or SEMA3C-specific siRNAs (magnification, x100).
(B) Quantification of migrated MCF-7 cells. Data are presented as the
mean =+ standard deviation. All the experiments were performed in triplicate.
“P<0.05 vs. control. SEMA3C, semaphorin 3C; siRNA, small interfering
RNA; control, mock control; NC, negative control.

of SEMA3C knockdown on breast cancer cell proliferation
was examined. A CCK-8 assay demonstrated that the relative
growth rate [(OD of treated cells/OD of control cells)x100] was
significantly decreased in SEMA3C siRNA-transfected cells
compared with that of control cells (control or siRNA-NC;
P<0.05; Fig. 3). The numbers of cells in the SEMA3C-siRNA
group were 81.06+9.43, 63.47+7.81 and 55.12+5.03% relative
to the siRNA-NC group at 24, 48 and 72 h post-transfection
(data not shown). No significant differences were observed
between the growth rates of the control cells and cells trans-
fected with siRNA-NC (P>0.05; Fig. 3). These results suggest
that SEMA3C knockdown inhibits MCF-7 cell proliferation.

SEMA3C knockdown suppresses MCF-7 cell migration. A
Transwell migration assay demonstrated that the number of
migrated cells was significantly decreased following SEMA3C
knockdown (104.71+3.01) compared with the number of
migrated cells in the control (198.16+9.07) and siRNA-NC
groups (179.34+6.48) (P<0.05; Fig. 4). No significant
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differences in the number of migrated cells were observed
between the control and siRNA-NC groups (P>0.05). These
results suggest that SEMA3C knockdown inhibits MCF-7
breast cancer cell migration.

Discussion

Semaphorins are a family of secreted proteins that have been
identified as novel tumor-associated factors (15). Based on
their structural similarity, semaphorins are divided into eight
classes that contain ~25 proteins. Semaphorins serve crucial
roles in the nervous system, immune system, bone remod-
eling and cancer (8,16). Previous studies have demonstrated
that in the tumor microenvironment, SEMA3C promotes
endotheliocyte migration, cancer metastasis and angiogen-
esis (17-20). By contrast, deletion of SEMA3C suppresses
tumorigenesis and angiogenesis (21). However, the functions of
SEMAS3C in breast cancer cell growth and migration remain
unknown. In the present study, the expression of SEMA3C in
MCEF-7 breast cancer cells was suppressed using RNAi. Treating
MCEF-7 cells with SEMA3C siRNA significantly inhibited
cell proliferation and migration. These results, together with
previous studies, suggest that SEMA3C serves an important
role in breast tumorigenesis and metastasis, indicating that
SEMAS3C may be a potential target for breast cancer therapy.
The combination of specific molecular targeted therapy
and conventional chemotherapy may allow a reduction of
the chemotherapy dose, increase the sensitivity of tumors
to therapy, and reduce adverse reactions (22,23). Data from
the present study demonstrated that an siRNA sequence
effectively suppresses SEMA3C expression in vitro.
Knockdown of SEMA3C significantly inhibited breast
cancer cell growth and migration. These findings suggest that
SEMA3C may be a promising target for breast cancer therapy
and SEMA3C siRNA may be a novel therapy for the treat-
ment of breast cancer. However, further studies are required to
investigate the molecular mechanisms underlying the effect of
SEMAS3C on breast cancer cell growth and migration.
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