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Abstract. MicroRNAs (miRNAs) are widely expressed in 
human cells and closely associated with various types of 
cancer, including breast cancer. miR‑876‑5p has been indicated 
to participate in the tumorigenesis of certain types of cancer, 
such as hepatocellular carcinoma. Nevertheless, the roles of 
miR‑876‑5p in breast cancer remain unclear. In the present 
study, it was revealed that miR‑876‑5p expression levels were 
decreased in breast cancer cells compared with a normal cell 
line. miR‑876‑5p ectopic expression suppressed breast cancer 
cell proliferation and arrested progression of the cell cycle. In 
addition, miR‑876‑5p suppressed breast cancer cell migration 
and invasion. miR‑876‑5p was demonstrated to directly target 
transcription factor AP‑2‑α (TFAP2A) in breast cancer cells, 
and restoration of TFAP2A rescinded the suppressive role of 
miR‑876‑5p. In summary, the results from the present study 
provide evidence that miR‑876‑5p suppresses breast cancer 
progression by regulating cell proliferation, migration and 
invasion in a TFAP2A‑dependent manner.

Introduction

Breast cancer has developed into the most common and 
aggressive cancer among women around the world  (1). In 
2012, breast cancer accounted for 25% of all cancer cases 
and 15% of all cancer deaths amongst females worldwide (1). 
Evidence has revealed that there are a number of risk factors 
that increase the incidence of breast cancer, such as obesity, 
alcohol abuse and genetic mutations (3). Despite numerous 
advances in breast cancer therapy, the mortality remains to 
increase (4). Currently, the major approaches for breast cancer 
treatment include surgery, radiotherapy, chemotherapy and 

hormonotherapy (5). The outcomes of patients with breast 
cancer remain poor. Thus, it is crucial to investigate the 
potential molecular mechanisms underlying breast cancer and 
develop novel therapeutic strategies.

MicroRNAs (miRNAs or miRs) are one group of small 
non‑coding RNAs that are approximately 22 nucleotides in 
length (6). Like long non‑coding RNAs, miRNAs are impli-
cated in the development of multiple cancers, such as liver 
cancer (7,8). miRNAs may regulate gene expression through 
interacting with the 3'‑untranslated region (3'‑UTR) of target 
mRNAs (9). Evidence has demonstrated that miRNAs initiate 
or suppress cancer development by regulating cell prolifera-
tion, metastasis, apoptosis or differentiation (10). For example, 
miR‑495 regulates the progression of gastric cancer via the 
mammalian target of rapamycin pathway  (11). miR‑150 
suppresses thyroid cancer development by modulating 
Ras‑related protein Rab‑11A/WNT/β‑Catenin signaling (12). 
miR‑1179 inhibits the proliferation of non‑small cell lung 
cancer cells through the protein kinase B pathway (13). In addi-
tion, miR‑125b‑5p has been reported to repress breast cancer 
cell growth and metastasis via targeting uncharacterized 
protein KIAA1522 (14). Thus, identification of key miRNAs 
involved in breast cancer will be important for understanding 
its potential underlying molecular mechanism.

miR‑876‑5p was previously been proven to inhibit metas-
tasis of head and neck squamous cell carcinoma, liver cancer 
and lung cancer (15‑17). However, its function in breast cancer 
development remains unclear. The aim of the present study 
was to analyse miR‑876‑5p expression in breast cancer and 
evaluate its effects on tumor cell malignant behaviors, whilst 
emphasizing the essential roles of the miR‑876‑5p/transcrip-
tion factor AP‑2‑α (TFAP2A) axis in breast cancer.

Materials and methods

Cell culture and transfection. Breast cancer cell lines 
(MCF‑7, MDA‑MB‑231 and T47D) and the normal breast 
epithelial cell line MCF‑10A were obtained from the Institute 
of Biochemistry and Cell Biology, Chinese Academy of 
Sciences (Shanghai, China). These cell lines were cultured 
with RPMI 1640 medium containing 10% fetal bovine serum 
(both Invitrogen; Thermo Fisher Scientific, Inc.) in a humid 
cell incubator at 37˚C. miR‑876‑5p inhibitors (5'‑UGG​UGA​
UUC​ACA​AAG​AAA​UCC​A‑3'), miR‑876‑5p mimics (5'‑UGG​
AUU​UCU​UUG​UGA​AUC​ACC​A‑3') and negative controls 
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(5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3') were synthesized 
by GenePharma Biotech Corp., and transduced into cell lines 
at a concentration of 50 nM using Lipofectamine™ 2000 
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. For the rescue assay, the coding sequence of 
TFAP2A was cloned into pcDNA3 vector (Invitrogen; Thermo 
Fisher Scientific, Inc.) and transfected into cells (1 µg per well) 
using Lipofectamine™ 2000. Following 48 h, transfection effi-
ciency was confirmed using reverse transcription‑quantitative 
(RT‑qPCR) as described below.

RNA extraction and RT‑qPCR. RNAs were isolated from 
cultured cells using TRIzol® Reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.). cDNAs were reverse transcribed using a 
PrimeScript RT reagent kit (Takara Bio, Inc.) according to the 
manufacturer's protocol. qPCR analysis were performed using 
a SYBR Green I Master Mix kit (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. miRNA relative 
expression was normalized to U6 while mRNA expression was 
normalized to actin, cytoplasmic 1 (ACTB). Thermocycling 
conditions were as follows: Denaturation at 95˚C for 10 min, 
followed by 40 cycles of denaturation at 95˚C for 15 sec and 
elongation at 60˚C for 1 min. Gene expression was calculated 
according to the 2‑ΔΔCq method (18). The primers were synthe-
sized by Sangon Biotech Co., Ltd. The primer sequences 
were as follows: miR‑876‑5p: Forward, 5'‑TGG​ATT​TCT​
TTG​TGA​ATC​ACC​A‑3'; reverse, 5'‑AAC​GAG​ACG​ACG​ACA​
GAC‑3'; U6: Forward, 5'‑GCA​AAT​TCG​TGA​AGC​GTT​CCA​
TA‑3'; reverse, 5'‑AAC​GAG​ACG​ACG​ACA​GAC‑3'; TFAP2A: 
Forward, 5'‑TGC​TAC​ACT​GAG​ACT​CCC​GT‑3'; and reverse, 
5'‑GAA​TGC​CTG​GAA​ATC​GAG​CG‑3'; and ACTB: Forward 
5'‑CGG​CGC​CCT​ATA​AAA​CCC​A‑3' and reverse, 5'‑GAG​
GCG​TAC​AGG​GAT​AGC​AC‑3'.

Cell proliferation assay. A total of 2,000 cells per well were 
seeded in the 96‑well plate and cultured for 1, 2, 3 or 4 days at 
37˚C. Then 10 µl Cell Counting Kit (CCK) 8 solution (Dojindo 
Molecular Technologies) was added and incubated according 
the manufacturer's protocol. Finally, the absorbance at 
450 nm was determined using a multimode microplate reader 
(Berthold Technologies GmbH & Co. KG).

Transwell assay. Cell migration and invasion was assessed 
using Transwell chambers (8 µm pore size; Corning Inc.). 
Briefly, 2x104 tumor cells per well were seeded into the upper 
chamber in serum‑free RPMI 1640 medium (Invitrogen; 
Thermo Fischer Scientific, Inc.), and the lower chamber was 
filled with 600 µl complete RPMI 1640 medium with 10% 
FBS. Following incubation for 48 h at 37˚C, the cells in the 
lower chamber were fixed with 4% paraformaldehyde for 1 h 
at 25˚C and stained with 0.1% crystal violet for 30 min at 25˚C. 
The cell number was counted using a light microscope under 
x200 magnification. During invasion assay, Matrigel (Becton, 
Dickinson and Company) was used to pre‑coat the upper 
chamber.

Western blotting. Breast cancer cells were lysed in cold radio-
immunoprecipitation assay buffer (Thermo Fisher Scientific, 
Inc.), and protein concentration was determined using a 
Pierce™ BCA Protein Assay kit (Thermo Fisher Scientific, 

Inc.). Protein (40 µg/lane) was separated via SDS‑PAGE (10% 
gel) and transferred to a polyvinylidene difluoride (PVDF) 
membrane (Thermo Fisher Scientific, Inc.). The membrane 
was blocked using 5% non‑fat milk in PBS (Thermo Fisher 
Scientific, Inc.) containing 0.1% Tween‑20 (Sigma‑Aldrich; 
Merck KGaA) at room temperature for 2 h. Subsequently, the 
PVDF membrane was incubated with anti‑Cyclin D1 (1:1,000; 
cat. no. ab16663), anti‑TFAP2A (1:1,000; cat. no. ab52222) 
and anti‑GAPDH (1:1,000; cat. no. ab9485; all from Abcam) 
primary antibodies at room temperature for 2 h. Following 
washing with PBS for 10 min, the PVDF membrane was incu-
bated with horseradish peroxidase‑conjugated goat anti‑rabbit 
secondary antibodies (1:5,000; cat. no. ab7090; Abcam) at 
room temperature for 1 h. Membranes were then washed with 
PBS for 10 min and the protein bands were visualized using the 
Pierce™ ECL Western Blotting Substrate kit (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
Protein densitometry was performed using ImageJ Software 
(version 1.41; National Institutes of Health).

Dual‑luciferase reporter assay. The TargetScan7 tool 
(http://www.targetscan.org/vert_71/) was used to predict the 
potential interaction between miR‑876‑5p and TFAP2A. The 
TFAP2A 3'‑UTR sequence containing wild‑type (WT) or 
mutant (MUT) binding site for TFAP2A was constructed into 
pGL3‑reporter luciferase vector (Promega Corporation). For 
the luciferase reporter assay, tumor cells were co‑transfected 
with TFAP2A reporter vector and miR‑876‑5p mimics or 
control using Lipofectamine™ 2000 (Thermo Fisher Scientific, 
Inc.). Following 48 h, luciferase activity was measured using 
a dual‑luciferase reporter assay system (Promega Corporation) 
following the manufacturer's protocol. Luciferase activities 
were normalized to that of Renilla luciferase activity.

Statistical analysis. All experiments were repeated in triplicate 
and analyzed using SPSS software (version 22.0; IBM Corp.). 
The differences were determined via unpaired Student's 
t‑test or a one‑way analysis of variance followed by a Tukey's 
post‑hoc test. Results were presented as the mean ± standard 
deviation. P<0.05 was considered to indicate a statistically 
significant result.

Results

miR‑876‑5p suppresses breast cancer cell proliferation. 
Expression patterns of miR‑876‑5p in breast cancer cells 
were analyzed using RT‑qPCR. The results indicated that 
miR‑876‑5p expression levels are significantly downregulated 
in tumor cells when compared with MCF‑10A cells (Fig. 1A). 
Among these three breast cancer cell lines, the expression 
levels of miR‑876‑5p were the lowest in MCF‑7 and T47D 
cells. Thus, these two cell lines were selected for functional 
experiments. Using miR‑876‑5p mimics and inhibitors, the 
miR‑876‑5p expression levels were significantly upregulated 
and downregulated, respectively, in MCF‑7 and T47D cells 
compared with NC‑miRNA‑transfected cells (Fig.  1B). 
According to the CCK8 assay, miR‑876‑5p upregulation 
suppressed the proliferation of breast cancer cells on day 
4 compared to the NC‑miRNA group while inhibition of 
miR‑876‑5p significantly promoted proliferation compared to 
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the control (Fig. 1C and D). In addition, miR‑876‑5p upregu-
lation inhibited the protein levels of Cyclin D1 in MCF‑7 
and T47D cells (Fig. 1E), indicating miR‑876‑5p prevents 
cell‑cycle progression.

miR‑876‑5p inhibits migration and invasion of breast cancer 
cells. Furthermore, the effect of miR‑876‑5p on migra-
tion and invasion was evaluated using Transwell assays. 
Following miR‑876‑5p mimic transfection, the cell numbers 
of migration and invasion were significantly decreased 
compared with NC‑miRNA‑transfected cells (Fig. 2A and B). 
Inhibition of miR‑876‑5p significantly decreased the migra-
tion and invasion of MCF‑7 and T47D cells compared with 
NC‑miRNA‑transfected cells.

miR‑876‑5p targets TFAP2A in breast cancer cells. In order to 
investigate the underlying molecular mechanism of miR‑876‑5p, 
the TargetScan7 tool was used to predict the potential target 
gene of miR‑876‑5p. Among all candidates, TFAP2A ranked 
top. The potential binding site for miR‑876‑5p was identified 
in the 3'‑UTR region of TFAP2A and it was mutated for the 
luciferase reporter assay (Fig. 3A). According to the lucif-
erase reporter assay in MCF‑7 and T47D cells, miR‑876‑5p 
mimic transfection significantly suppressed the activity of 
WT‑reporter plasmid compared with NC‑miRNA‑transfected 
cells (Fig. 3B). Mutation of this site in the reporter plasmid 
rescinded the decrease in luciferase activity (Fig.  3B). 
Furthermore, miR‑876‑5p mimics significantly suppressed the 
mRNA levels compared with NC‑miRNA‑transfected cells, 

and markedly suppressed protein levels of TFAP2A in MCF‑7 
and T47D cells (Fig. 3C and D). These results demonstrated that 
miR‑876‑5p directly targets TFAP2A in breast cancer cells.

Restoration of TFAP2A rescinds the effect of miR‑876‑5p 
mimics in MCF‑7 cells. Finally, to validate whether miR‑876‑5p 
suppresses breast cancer progression through targeting 
TFAP2A, rescue assays were conducted. RT‑qPCR analysis 
validated that co‑transfection with pcDNA3‑TFAP2A vector 
and miR‑876‑5p mimics significantly and successfully restored 
the expression of TFAP2A in MCF‑7 cells compared with cells 
transfected with the miR‑876‑5p mimics alone (Fig. 4A). The 
CCK8 assay demonstrated that TFAP2A restoration markedly 
rescued the suppressed proliferation by miR‑876‑5p in MCF‑7 
cells (Fig. 4B). Furthermore, individual ectopic expression 
of TFAP2A further promoted MCF‑7 cell proliferation. 
Similarly, TFAP2A restoration following co‑transfection 
significantly rescued the migration and invasion abilities in 
MCF‑7 cells compared with miR‑876‑5p mimics‑transfected 
cells (Fig. 4C and D). Overall, these results demonstrated that 
miR‑876‑5p suppresses breast cancer progression by targeting 
TFAP2A.

Discussion

Breast cancer remains to be a significant challenge for the health 
of women worldwide. However, the outcomes and survival rate 
urgently require improvement. A number of studies have indi-
cated that miRNAs are involved in the progression of breast 

Figure 1. miR‑876‑5p suppresses breast cancer cell proliferation. (A) RT‑qPCR analysis demonstrated that miR‑876‑5p level was downregulated in breast 
cancer cell lines. (B) RT‑qPCR analysis for miR‑876‑5p expression following transfection with miR‑876‑5p mimics, miR‑876‑5p inhibitors or negative 
controls. Cell Counting Kit‑8 assays revealed that miR‑876‑5p mimics suppress proliferation of (C) MCF‑7 and (D) T47D cells. (E) Western blot analysis indi-
cated that miR‑876‑5p mimics suppress the expression of Cyclin D1 in MCF‑7 and T47D cells. *P<0.05 with comparisons indicated by lines. miR, microRNA; 
RT‑qPCR, reverse transcription‑quantitative PCR; OD, optical density.
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Figure 3. miR‑876‑5p targets TFAP2A in breast cancer cells. (A) Predicted binding site for miR‑876‑5p in the 3'‑UTR of TFAP2A by bioinformatics analysis. 
(B) Luciferase reporter assay revealed that miR‑876‑5p upregulation suppressed the activity of TFAP2A WT reporter but not the MUT one. (C) Reverse tran-
scription‑quantitative PCR and (D) western blot analysis revealed that TFAP2A mRNA and protein levels were suppressed by miR‑876‑5p mimics. *P<0.05 
vs. NC‑miRNA group. miR, microRNA; TFAP2A, transcription factor AP‑2 α; WT, wild‑type; MUT, mutant; NC, negative control; UTR, untranslated region.

Figure 2. miR‑876‑5p inhibits the migration and invasion of breast cancer cells. miR‑876‑5p upregulation suppresses the (A) migration and (B) invasion of 
MCF‑7 and T47D cells (magnification, x200). *P<0.05 with comparisons indicated by lines. miR, microRNA; NC, negative control.
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cancer (19) and may be good biomarkers for tumor diagnosis 
and prognosis (20). Furthermore, uncovering the functional 
mechanism of pivotal miRNAs involved in breast cancer will 
be helpful for developing novel therapeutic targets against 
this disease. The results from the present study indicated that 
miR‑876‑5p expression was decreased in breast cancer cell 
lines. miR‑876‑5p upregulation suppresses the proliferation, 
migration and invasion of tumor cells, which, to the best of 
our knowledge, indicates its anti‑cancer role in breast cancer 
for the first time.

Up until now, the roles of miR‑876‑5p in tumorigenesis 
have been poorly understood. Xu  et  al  (21) reported that 
elevated levels of miR‑876 promotes apoptosis of endothelial 
cells. Bao et al (17) demonstrated that miR‑876‑5p inhibits 
metastasis in lung cancer through targeting bone morpho-
genetic protein 4. Sang et al (22) revealed that miR‑876‑5p 
targets the melanoma‑associated antigen family to suppress 
the development of esophageal squamous cell carcinoma. 
Furthermore, previous studies have proved that miR‑876‑5p 
also prevents cell invasion in liver cancer (16,21). In addition, 
Dong et al (15) proved that miR‑876‑5p impeded the migra-
tion of head and neck squamous cancer cells via inhibiting 
vimentin. Currently, the way in which miR‑876‑5p regulates 
breast cancer remains unknown. In the present study, it was 
revealed that miR‑876‑5p expression levels were signifi-
cantly decreased in breast cancer cell lines. A CCK8 assay 
demonstrated that miR‑876‑5p upregulation attenuates tumor 
cell growth. Furthermore, a Transwell assay demonstrated 
that miR‑876‑5p mimic transfection impaired the migration 
and invasion ability in breast cancer cell lines. The results 

from the present study indicate that miR‑876‑5p suppresses 
breast cancer progression. However, the expression levels of 
miR‑876‑5p should be investigated in the future, and analyzing 
the association between miR‑876‑5p and the clinical severity of 
breast cancer may further validate whether miR‑876‑5p could 
be a therapeutic target. Furthermore, whether miR‑876‑5p 
could serve as a diagnostic or prognostic marker for patients 
with breast cancer needs to be determined, alongside whether 
miR‑876‑5p regulates breast cancer cell apoptosis.

A number of studies have demonstrated that miRNAs exert 
roles through targeting the complementary sequence in the 
3'UTR region of mRNAs (12,16). For example, miR‑363‑3p 
promotes glioma cell proliferation and metastasis through 
targeting pyruvate dehydrogenase B (22). miR‑214 contributes 
to osteosarcoma progression via targeting tumor necrosis 
factor receptor‑associated factor 3 (23). miR‑543 enhances 
metastasis of gastric cancer cells by targeting speckle‑type 
POZ protein  (24). Furthermore, miR‑1258 upregulation 
suppresses the growth of colon cancer cells and arrests 
cell‑cycle progression through targeting transcription factor 
E2F8 (25). Through bioinformatics analyses, it was revealed 
that TFAP2A may be targeted by miR‑876‑5p. The luciferase 
reporter assay demonstrated the direct interaction between 
miR‑876‑5p and TFAP2A in breast cancer cells. Furthermore, 
it was also revealed that TFAP2A expression could be 
suppressed by miR‑876‑5p, suggesting that TFAP2A may be a 
downstream signal of miR‑876‑5p.

TFAP2A is a transcription factor involved in many 
different types of cancer  (26). For example, Shi et al  (27) 
revealed that TFAP2A promotes nasopharyngeal carcinoma 

Figure 4. Restoration of TFAP2A rescinds the effect of miR‑876‑5p mimics in MCF‑7 cells. (A) Relative expression levels of TFAP2A in transfected MCF‑7 
cells. (B) Cell Counting Kit‑8 assay revealed that TFAP2A restoration rescued MCF‑7 cell proliferation. Transwell assays indicated that TFAP2A restoration 
promoted the (C) migration and (D) invasion of MCF‑7 cells (magnification, x200). *P<0.05 with comparisons indicated by lines. TFAP2A, transcription factor 
AP‑2‑α; miR, microRNA; NC, negative control; OD, optical density; oe, overexpressed.
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cell proliferation and inhibits apoptosis. Notably, studies 
have indicated that TFAP2A promotes breast cancer progres-
sion (28,29). In the present study, it was also revealed that 
TFAP2A overexpression promotes the proliferation, migration 
and invasion of breast cancer cells. Furthermore, restoration 
of TFAP2A in miR‑876‑5p‑upregulated breast cancer cells 
could abolish the suppressive effects of miR‑876‑5p mimics. 
Overall, the results from the present study demonstrated that 
miR‑876‑5p exerts roles by targeting TFAP2A.

To the best of our knowledge, the present study demon-
strates for the first time that miR‑876‑5p suppresses breast 
cancer progression through attenuating proliferation, migra-
tion and invasion by targeting TFAP2A directly. Findings 
suggested that miR‑876‑5p may be a promising therapeutic 
target for breast cancer treatment.
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