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Abstract. The expression and functions of microRNA 
(miR)‑411 have been investigated in several types of cancer. 
However, until now, miR‑411 in human breast cancer has not 
been examined. The present study investigated the expression, 
biological functions and molecular mechanisms of miR‑411 
in human breast cancer, discussing whether it offers potential 
as a therapeutic biomarker for breast cancer in the future. The 
expression levels of miR‑411 in human breast cancer tissues 
and cells were measured using reverse transcription‑quantita-
tive polymerase chain reaction analysis. Following transfection 
with miR‑411 mimics, an MTT assay, cell migration and 
invasion assay, western blot analysis and luciferase assay 
were performed in human breast cancer cell lines. According 
to the results, it was found that miR‑411 was significantly 
downregulated in breast cancer, and associated with lymph 
node metastasis and histological grade. Additionally, it was 
observed that miR‑411 suppressed cell growth, migration 
and invasion in the breast cancer cells. The present study also 
provided the first evidence, to the best of our knowledge, that 
miR‑411 was likely to directly target specificity protein 1 in 
breast cancer. These findings indicated that miR‑411 may be 
used a therapeutic biomarker for the treatment of breast cancer 
in the future.

Introduction

Breast cancer, the second most common type of malignancy 
worldwide, is the most frequent type of cancer among 
women and accounts for 29% of all new cancer diagnoses 

in women (1,2). Every year, ~1,300,000 women are newly 
diagnosed with breast cancer, with a mortality rate of almost 
40,000  (3). Breast cancer is a heterogeneous and complex 
disease. The carcinogenesis of breast cancer involves 
genetic alterations, epigenetic alterations and environmental 
factors  (4,5). Currently, the primary therapeutic strategies 
for patients with early breast cancer are surgery, followed by 
hormonal therapy, chemotherapeutic approaches, radiotherapy 
and biological therapies. However, for patients with advanced 
disease, it remains a prevalent and life threatening malig-
nancy (6,7). Although several oncogenic and tumor‑suppressive 
genes have been demonstrated to have important functions 
in the carcinogenesis and progression of breast cancer, the 
molecular mechanisms underlying this process remain to be 
fully elucidated. Therefore, it is important to understand these 
molecular mechanisms and to develop novel targeted therapies 
for breast cancer.

In breast cancer, changes in the expression of microRNAs 
(miRNAs) have been demonstrated  (8‑10). miRNAs are a 
group of non protein‑coding, signal‑stranded, small RNAs, 
which are ~19‑25 nucleotides in length (11). miRNAs function 
as negative regulators of the expression of target mRNAs, and 
are involved in cell proliferation, differentiation, cell cycle, 
survival and all fundamental cellular processes implicated in 
carcinogenesis (12). Accumulating evidence suggests that over 
one third of all human genes may be targeted by miRNAs (13). 
miRNAs inhibit the translation or degradation of target 
mRNAs through binding to the complementary 3' untrans-
lated region of target mRNAs by base‑pairing  (14). There 
is also increasing evidence to suggest that specific miRNAs 
can be downregulated or upregulated in the different types of 
tumor (15‑17). The upregulation of miRNAs can result in the 
degradation of tumor suppressor genes, whereas the downreg-
ulation of miRNAs can lead to an increase in the expression 
of oncogens (18). Therefore, identification of the targets of 
miRNAs is important to understand the functions of miRNAs 
in tumorigenesis and cancer development. It also suggests that 
miRNAs may be a target for breast cancer therapy.

The expression and functions of miR‑411 have been 
investigated in several types of cancer. However, until now, 
miR‑411 has not been investigated in human breast cancer. 
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In the present study, the expression, biological functions and 
molecular mechanisms of miR‑411 in human breast cancer 
were examined. The results showed that the expression 
of miR‑411 was significantly decreased in human breast 
cancer, and was associated with lymph node metastasis and 
histological grade. In addition, miR‑411 suppressed cell 
proliferation, migration and invasion by directly targeting 
specificity protein 1 (SP1). These findings have therapeutic 
implications, which may be exploited for the treatment of 
human breast cancer.

Materials and methods

Clinical specimens. The present study was approved by the 
Protection of Human Subjects Committee of The Second 
People's Hospital of Shenzhen (Shenzhen, China). Written 
informed consent was obtained from all patients (age range, 
26‑75 years; stage range, 50 cases of stage I-II, 64 cases of 
stage III) involved in the study. In total, 114 pairs of human 
breast cancer tissues and their corresponding adjacent 
non‑neoplastic tissues were obtained with patients' approval. 
The tissue samples were snap frozen in liquid nitrogen at the 
time of surgery and stored at ‑80˚C in a refrigerator.

Cell culture and transfection. The human breast cancer 
cell lines, MCF‑7, MDA‑MB‑231 and SKBR3, and normal 
mammary epithelial cell line, MCF‑10A, were purchased 
from American Type Culture Collection (Manassas, VA, 
USA). The cells were maintained in RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
containing 10% fetal bovine serum (FBS; Gibco; Thermo 
Fisher Scientific, Inc.), 100 IU/ml penicillin (Gibco; Thermo; 
Fisher Scientific, Inc.) and 100 ug/ml streptomycin (Gibco; 
Thermo Fisher Scientific, Inc.) in a humidified 5% CO2 cell 
incubator at 37˚C.

The mature miR‑411 mimics, negative control (NC) and 
the luciferase reporter plasmid were synthesized and verified 
by GenePharma (Shanghai, China). The cells were seeded into 
a 6‑well plate and cultured in RPMI‑1640 medium without 
antibiotics. When the cell density reached 30‑40%, tansfec-
tions were performed using Lipofectamine 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol.

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR) analysis. Total RNA 
was isolated from homogenized tissues and cells using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
The RT process was performed using an M‑MLV Reverse 
Transcription system (Promega Corporation, Madison, WI, 
USA) in a 25 µl volume. The temperature protocol for RT was 
as follows: 95˚C for 2 min; 20 cycles at 94˚C for 1 min, 55˚C 
for 1 min and 72˚C for 2 min; and 72˚C for 5 min. Following 
RT, qPCR was performed using the reagents of the SYBR 
green I mix (Takara Bio, Dalian, China) in a 20 µl reaction 
volume, according to the manufacturer's protocol. The reac-
tion system contained 10 µl SYBR Green I mix, 2 µl cDNA, 
2 µl forward primer, 2 µl reverse primer (Guangzhou RiboBio 
Co., Ltd., Guangzhou, China) and 4 µl double‑distilled water. 
The temperature protocol for the reaction was as follows: 95˚C 

for 10 min; 40 cycles at 95˚C for 15 sec and 60˚C for 1 min. 
Each sample was analyzed in triplicate. U6 small RNA was 
used as an internal control. Gene expression was quantified 
using the 2-ΔΔCq method (19).

MTT assay. The assessment of cell proliferation was performed 
using an MTT assay, according to the manufacturer's protocol. 
Following transfection for 24 h, the transfected cells were 
seeded into 96‑well plates at a density of 3,000 cells/well. 
The MTT assay was performed every 24 h until 96 h. A 20 µl 
volume of MTT solution (5 mg/ml; Sigma‑Aldrich, St. Louis, 
MO, USA) was added into each well. Following incubation for 
4 h at 37˚C, the MTT solution was removed and the formazan 
precipitates were dissolved in 200 µl DMSO. The A490 of 
each well was measured using a plate reader. The suppression 
rate was calculated using the following formula: Suppression 
rate = (1 ‑ A490miR‑411 / A490NC) x 100%. All experiments were 
performed in triplicate.

Cell migration and invasion assays. The migration and inva-
sion potentials of the cells were evaluated using Transwell 
chambers with an 8‑µm pore polycarbonate membrane 
(Corning Costar, Cambridge, MA, USA). For the invasion 
assay, the Transwell chambers were coated with Matrigel 
(BD Biosciences, San Jose, CA, USA). Following transfection 
for 24 h, 5x104 of the transfected cells in 300 µl serum‑free 
medium were added into the upper chamber. A 500 µl volume 
of medium containing 20% FBS was then added to the lower 
chamber as a chemoattractant. Following 12 h incubation for 
the migration assay 24 h incubation for the invasion assay, 
cells, which had not migrated or invaded through the pores 
were carefully removed using a cotton swab. The chambers 
were then fixed with 100% methanol and stained with 0.5% 
crystal violet (Beyotime Institute of Biotechnology, Haimen, 
China). The migrated or invaded cells were counted under 
a light microscope (CKX41; Olympus Corporation, Tokyo, 
Japan).

Western blot analysis. The rabbit anti‑human monoclonal SP1 
(1:1,000; cat. no. 9389) and rabbit anti‑human monoclonal 
GADPH (1:1,000; cat.  no.  2118) primary antibodies used 
in the present study were purchased from Cell Signaling 
Technology, Inc. (Danvers, MA, USA). The cells were washed 
and lysed using RIPA lysis buffer (Beyotime Institute of 
Biotechnology) 72 h post‑transfection. Protein concentration 
was determined using the bicinchoninc acid protein assay kit 
(Beyotime Institute of Biotechnology). Equal quantities of 
protein (20 µg) were separated by 10% SDS‑PAGE and elec-
troblotted onto a PVDF membrane (EMD Millipore, Billerica, 
MA, USA). The membrane was blocked in phosphate‑buffered 
saline (PBS) containing 0.1% Tween‑20 (Beyotime Institute 
of Biotechnology) and 5% non‑fat dry milk. The membrane 
was then probed with a primary antibodies for overnight 
incubation at 4˚C. Horseradish peroxidase‑conjugated goat 
anti‑rabbit secondary antibody (1:2,000; cat. no. BS13278; 
Bioworld Technology, Inc., St. Louis Park, MN, USA) was 
then added for 1 h at room temperature, followed by incuba-
tion at 1:1,000 dilution in Tris‑buffered saline with Tween‑20. 
Finally, the protein bands were detected using ECL solution 
(Pierce Biotechnology, Inc., Rockford, IL, USA) and images 
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were captured using a FluorChem imaging system (Alpha 
Innotech, San Leandro, CA, USA). GADPH was used as a 
loading control.

Luciferase assay. A luciferase assay was performed to deter-
mine whether SP1 was a direct target of miR‑411. The cells 
were seeded into 12‑well plates at 50% confluence. After 24 h 
at 37˚C in an atmosphere containing 5% CO2, the cells were 
transfected with the luciferase reporter plasmid, miR‑411 
mimics or NC using Lipofectamine 2000 reagent, performed 
in three independent experiments. At 48 h post‑transfection, 
the activities of firefly and Renilla luciferase were examined 
using a Dual‑Luciferase Reporter Assay system (Promega 
Corporation). The activity of firefly luciferase was normal-
ized to the activity of Renilla luciferase, respectively.

Statistical analysis. Data are presented as the mean ± standard 
deviation, and were compared using SPSS 17 software (SPSS, 
Inc., Chicago, IL, USA) using the Student's t-test or one‑way 
analysis of variance followed by least significant difference 
test. The associations between miR‑411 expression and clini-
copathological factors were analyzed using the χ2 test. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑411 is downregulated in breast cancer tissues and cell 
lines. The expression levels of miR‑411 in breast cancer tissues 
and their corresponding adjacent non‑neoplastic tissues were 
measured using RT‑qPCR. As shown in Fig. 1A, miR‑411 
was significantly downregulated in the breast cancer tissues, 
compared with the corresponding adjacent non‑neoplastic 
tissues (P<0.05).

In addition, the expression levels of miR‑411 were detected 
in breast cancer cell lines and the normal mammary epithelial 
cell line, MCF‑10A. As shown in Fig. 1B, downregulation 
in the levels of miR‑411 were also observed in the MCF‑7, 
MDA‑MB‑231 and SKBR3 cells, compared with the MCF‑10A 
cells (P<0.05). In these three cell lines, the expression levels 
in the MCF‑7 and SKBR3 cells were lowest, compared with 
that in the MDA‑MB‑231 cells. Therefore, MCF‑7 and SKBR3 
were selected for use in the present study to examine the func-
tions of miR‑411 in breast cancer.

Association between the expression of miR‑411 and clini‑
copathological features in patients with breast cancer. To 
further assess the association between the expression of 
miR‑411 and clinicopathological features in patients with 
breast cancer, statistical analysis was performed. As shown 
in Table I, a low expression level of miR‑411 was closely 
associated with lymph node metastasis (P=0.034) and histo-
logical grade (P=0.003). However, no correlation was found 
between the expression of miR‑411 and other clinicopatho-
logical factors, including age, tumor diameter, stage, and the 
expression of human epidermal growth factor receptor 2, 
Ki‑67 or P53 (P>0.05).

miR‑411 is upregulated in breast cancer cells following 
transfection with miR‑411 mimics. In order to investigate 
the effects of miR‑411 on breast cancer, the present study 

transfected the miR‑411 mimic into the MCF‑7 and SKBR3 
cells. RT‑qPCR was performed to assess transfection effi-
ciency. At 72 h post‑transfection, miR‑411 was significantly 

Figure 1. Expression levels of miR‑411 in breast cancer tissues and cell lines. 
(A) Levels of miR‑411 in the breast cancer tissues were significantly lower 
than in their corresponding adjacent non‑neoplastic tissues. (B) Levels of 
miR‑411 were also lower in the MCF‑7, MDA‑MB‑231 and SKBR3 cell lines, 
compared with the MCF‑10A cell line. Expression levels of miR‑411 were 
determined by reverse transcription-quantitative polymerase chain reaction 
analysis and normalized to U6. Data are presented as the mean ± standard 
deviation. *P<0.05, compared with their respective controls. miR, microRNA.

Figure 2. Effect of miR‑411 mimic transfection on the expression of miR‑411. 
Transfection of miR‑411 mimics into MCF‑7 and SKBR3 cells significantly 
increased the expression of miR‑411. Data are presented as the mean ± stan-
dard deviation. *P<0.05, compared with their respective NC. miR, microRNA; 
NC, negative control.

  A

  B
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overexpressed in the cells transfected with miR‑411 mimics, 
compared with the cells transfected with NC (Fig. 2; P<0.05).

miR‑411 suppresses the proliferation of breast cancer cells. An 
MTT assay was performed to examine the effect of miR‑411 
on cell proliferation. It was revealed that the upregulation of 

miR‑411 significantly inhibited cell proliferation in the MCF‑7 
and SKBR3 cells (Fig. 3; P<0.05). At 96 h post‑transfection, 
the inhibitory rates were 28.55±4.34% in the MCF‑7 cells and 
33.09±5.17% in the SKBR3 cells. These results verified that 
miR‑411 functioned as a tumor suppressor in human breast 
cancer.

Table I. Association between the expression of miR‑411 and clinicopathological factors.

	 miR‑411 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical feature	 Cases (n)	 Low	 High	 P‑value

Age				    0.257
  <50 years	 59	 37	 22
  ≥50 years	 55	 28	 27
Tumor diameter				    0.230
  <2 cm	 76	 40	 36
  ≥2 cm	 38	 25	 13
Lymph node metastasis				    0.034
  Negative	 46	 32	 14
  Positive	 68	 33	 35
Stage				    0.349
  I‑II	 50	 26	 24
  III	 64	 39	 25
Histological grade				    0.003
  I‑II	 72	 49	 23
  III	 42	 16	 26
HER2 expression				    0.456
  Negative	 56	 34	 22
  Positive	 58	 31	 27
Ki‑67 expression				    0.848
  Negative	 46	 27	 19
  Positive	 68	 38	 30
P53 expression				    0.835
  Negative	 33	 18	 15
  Positive	 81	 47	 34

miR, microRNA; HER2, human epidermal growth factor receptor 2.

Figure 3. Cell proliferation. MTT assays revealed significantly inhibited proliferation in miR‑411‑transfected cells, compared with NC cells of the MCF‑7 
and SKBR3 cell lines. Data are presented as the mean ± standard deviation. *P<0.05, compared with respective NC. miR, microRNA; NC, negative control.
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miR‑411 decreases the migration and invasion of breast 
cancer cells. To investigate the effect of miR‑411 on cell 
motility, cell migration and invasion assays were performed. 
As shown in Fig. 4A and B, the migration and invasive abilities 
of the MCF‑7 and SKBR3 cells transfected with miR‑411 were 
significantly downregulated, compared with those of the cells 
transfected with the NC (P<0.05). These results indicated that 
miR‑411 decreased the migration and invasive abilities of the 
breast cancer cells.

SP1 is a direct target gene of miR‑411 in vitro. To identify the 
target of miR‑411, TargetScan was used. SP1 was predicted to 
be a target of miR‑411 (Fig. 5A). To verify whether miR‑411 
directly targets SP1, western blot analysis was performed to 
determine whether SP1 was downregulated at the protein level 
in breast cancer cells following transfection with miR‑411. As 
shown in Fig. 5B, SP1 was significantly downregulated in the 
MCF‑7 and SKBR3 cells following transfection with miR‑411 
(P<0.05).

Luciferase assays were also performed to determine 
whether miR‑411 directly targeted SP1. As shown in Fig. 5C, 
miR‑411 significantly inhibited the luciferase activity of 
SP1 WT, but not SP1 Mut, in the MCF‑7 and SKBR3 cells 
(P<0.05). Taken together, these results indicated SP1 was a 
direct target gene of miR‑411 in vitro.

Discussion

In the last decade, accumulating evidence has suggested that 
the aberrant expression of miRNAs is a characteristic of 

malignancies, including breast cancer (8,20,21). miR‑411 is 
located at the 14q32 region (22). In hepatocellular cell carci-
noma (HCC), miR‑411 has been found to be overexpressed 
in HCC tissues, compared with adjacent non‑neoplastic 
tissues, and its expression was also found to be significantly 
upregulated in eight HCC cell lines, compared with the human 
hepatic cell line, LO2. Harafuji et al (23) reported that miR‑411 
was upregulated in primary and immortalized myoblasts of 
facioscapulohumeral muscular dystrophy (FSHD), compared 
with control myoblasts. However, the present study demon-
strated that miR‑411 was downregulated in breast cancer 
tumor samples and cell lines. These conflicting results suggest 
that the expression of miR‑411 in cancer is tissue‑type depen-
dent, and the present study expanded current knowledge of the 
expression of miR‑411 in cancer.

Previous studies have demonstrated that miRNAs are 
important in tumorigenesis and development  (24). Studies 
have also indicated that the expression of miRNAs is signifi-
cantly associated with the clinical recurrence and progression 
of metastasis (25,26). In HCC, miR‑411 enhances cell growth 
and has been confirmed as an oncogene through the regula-
tion of ITCH  (27). In FSHD, miR‑411 has been found to 
inhibit myogenic factors and may have an important function 
in myogenesis (23). However, there are no previous reports 
on the functions of miR‑411 in breast cancer. In the present 
study, it was found that miR‑411 suppressed breast cancer cell 
proliferation, migration and invasion. These results indicated 
that miR‑411 has important functions in the tumorigenesis and 
development of breast cancer, and may have clinical implica-
tions in the treatment of breast caner.

Figure 4. Overexpression of miR‑411 inhibits the migration and invasion of breast cancer cells. (A) miR‑411 decreased the migration abilities of the MCF‑7 
and SKBR3 cells. (B) miR‑411 decreased the invasive abilities of the MCF‑7 and SKBR3 cells. Magnification, x200. Data are presented as the mean ± standard 
deviation. *P<0.05, compared with their respective NC. miR, microRNA; NC, negative control.
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The identification of miR‑411 target genes is essential for 
understanding its functions in the carcinogenesis and progres-
sion of breast cancer. It is also important for investigating 
novel targeted therapies for breast cancer. In the present study, 
a molecular link between miR‑411 and SP1 was identified. 
SP1, a member of the Sp/Krüppel‑like factor transcription 
factor family, was the first transcription factor to be cloned 
from mammalian cells in 1983  (28). SP1 regulates gene 
expression through binding to GC‑rich sequences  (29). It 
has been found to be upregulated in several types of cancer, 
including breast cancer (30), gastric cancer (31), hepatocellular 
carcinoma (32), thyroid cancer (33), colorectal cancer (34), 
pancreatic cancer  (35) and lung cancer  (36). Accumulated 
evidence has indicated that SP1 is critical in a variety of physi-
ological processes, including cell proliferation, apoptosis, cell 

cycle, differentiation, tumor metastasis and tumor develop-
ment (37‑40). The elevated expression of SP1 has also been 
found to be associated with poor prognosis in gastric cancer 
and breast cancer (41,42). These findings suggest that selecting 
SP1 as a therapeutic approach is practicable for breast cancer.

SP1 has been found to be regulated by multiple miRNAs 
in several types of cancer. For example, in HCC, miR‑324‑5p 
inhibits cell invasion by targeting SP1 (43). In addition, in 
gastric cancer, miR‑145, miR‑133a, miR‑133b, miR‑22 and 
miR‑335 act as tumor suppressors via the direct inhibition 
of SP1 (31,44,45). In non‑small cell lung cancer, miR‑27b 
decreases cell proliferation and invasion through the regu-
lation of SP1  (46). In addition, in human glioblastoma, 
miR‑377 suppresses cell growth and invasion by inhibiting 
the activity of SP1 (47). In ovarian cancer, miR‑145 enhances 

Figure 5. SP1 is a direct target gene of miR‑411 in vitro. (A) TargetScan revealed that SP1 mRNA contained an miR‑411 seed match at position 3,325‑3,331 of 
the SP1 3'UTR. (B) Western blot analysis revealed that SP1 was significantly downregulated in MCF‑7 and SKBR3 cells following transfection with miR‑411. 
(C) Overexpression of miR‑411 significantly inhibited the luciferase activity of SP1 Wt, but not SP1 Mut in the MCF‑7 and SKBR3 cells. Data are presented 
as the mean ± standard deviation. *P<0.05, compared with their respective NC. SP1, specificity protein 1; miR, microRNA; Wt, wild‑type; Mut, mutant; NC, 
negative control; 3' UTR, 3' untranslated region.

  A

  B

  C
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cell chemosensitivity to paclitaxel through targeting SP1. In 
esophageal carcinoma, miR‑429 targets SP1 to inhibit cell 
invasion and enhance cell apoptosis (48). In prostate cancer, 
miR‑330 decreases cell migration and invasion through the 
downregulation of SP1 (49). Studies have also revealed that 
miRNAs regulate the expression of SP1 (50‑52). For example, 
miR‑200b functions as a tumor suppressor by directly targeting 
SP1. In the present study, it was demonstrated that miR‑411 
has a suppressive role in breast cancer through the regulation 
of SP1. Therefore, miR‑411/SP1‑based targeted therapy may 
offer potential as a novel treatment for breast cancer.

In conclusion, the present study showed that miR‑411 
was downregulated in breast cancer, and was associated 
with lymph node metastasis and histological grade. It was 
also demonstrated that miR‑411 inhibited breast cancer cell 
proliferation, migration and invasion by directly targeting SP1. 
Therefore, miR‑411 may offer potential as a targeted therapy 
for breast cancer. Future investigations are required to address 
whether the potential of miR‑411 may be fully realized in 
breast cancer therapy.
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