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Abstract. MicroRNAs (miRs/miRNAs) play important roles 
in the occurrence, metastasis and prognosis of multiple types 
of cancers. However, the specific role of miR‑302d‑3p and 
its underlying mechanism in breast cancer (BC) have not yet 
been reported. The present study aimed to identify the role of 
miR‑302D‑3p in BC and its potential mechanism using BC cell 
lines MCF7 and MDA‑MB‑231 and normal breast epithelial 
cell MCF‑10A. Cancer and paracancerous tissue from patients 
with BC were also used. Reverse transcription‑quantitative PCR 
was performed to detect the expression of miR‑302d‑3p and 
transmembrane Bax inhibitor motif containing 6 (TMBIM6). 
Dual‑luciferase reporter assays verified the binding sites of 
miR‑302d‑3p and TMBIM6. Immunohistochemistry was 
used to measure the expression of TMBIM6. Cell transfec‑
tion techniques were used to overexpress or interfere with 
miR‑302d‑3p and TMBIM6. A Cell Counting Kit‑8 assay was 
performed to detect cell viability, and migration was measured 
using a wound healing assay. Apoptosis was detected by flow 
cytometry. The expression levels of apoptosis‑related proteins 
and pathway‑related proteins were detected by western blot‑
ting. The expression of miR‑302d‑3p in BC cell lines was 
found to be downregulated. It was also demonstrated that 
miR‑302d‑3p could inhibit cell viability and migration and 
promote apoptosis. The expression of TMBIM6 in BC cell 
lines and tissues was upregulated. Upregulated miR‑302d‑3p 
was shown to inhibit viability and migration, and promote 
apoptosis by targeting TMBIM6, during which extracellular 
signal‑regulated kinase (ERK) and its phosphorylation were 
inhibited in the ERK signaling pathway in cells. Overall, the 

present study demonstrated that miR‑302d‑3p could regulate 
the viability, migration and apoptosis of BC cells through 
regulating TMBIM6‑mediated ERK signaling pathway.

Introduction

Breast cancer (BC) is a malignant tumor occurring in the 
epithelial tissues of the mammary gland. The incidence of 
BC worldwide has been on the rise since the late 1970s, with 
~1.7 million new cases detected annually (1). Furthermore, 
the incidence and mortality of BC are predicted to increase 
significantly over the next 5‑10 years, along with a decrease 
in the age of patients with BC (2). At present, the treatment 
of BC mainly comprises surgical resection and postoperative 
chemotherapy or radiotherapy, but the overall survival rate 
after treatment is low and the prognosis is poor (3). Therefore, 
identifying effective targets for the treatment of BC at the 
molecular level may significantly improve the survival rates 
of patients.

Low expression of microRNA (miR/miRNA)‑302d‑3p 
has been reported in endometrial cancer cells, while over‑
expression of miR‑302d‑3p was revealed to inhibit the 
epithelial‑to‑mesenchymal transformation, viability and 
migration and promote the apoptosis of endometrial cancer 
cells  (4,5). However, it was found that the expression of 
miR‑302d‑3p was abnormally increased in the tumor tissues 
of patients with hepatocellular carcinoma (HCC), and the 
survival time of patients with HCC and lower expression of 
miR‑302d was longer compared with that of patients with 
HCC and higher expression of miR‑302d (6). Therefore, the 
role of miR‑302d in cancer varies according to the type of 
the cancer. Chen and Yang (7) observed that miR‑302d was 
closely associated with the occurrence and development 
of BC through analyzing microarray data and identifying 
differentially expressed genes in BC. However, the specific 
role of miR‑302d‑3p in BC and its possible underlying 
mechanism have yet to be reported.

Therefore, the aim of the present study was to investigate 
the effect of miR‑302d‑3p on the viability, migration and 
apoptosis of BC cells and discuss the underlying mechanism, 
in order to provide a valuable reference for identifying novel 
therapeutic targets for BC.
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Materials and methods

BC tissue samples. Between August 2019 and August 2020, 
a total of 30 pairs of BC tissue samples and matched adjacent 
normal tissue (distance, 2 cm) were collected from female 
patients (age range, 20‑55 years) who underwent surgery at the 
Baoan Central Hospital of Shenzhen (Shenzhen, China). All 
fresh specimens were immediately placed in liquid nitrogen 
following surgery. All cases were diagnosed using postop‑
erative pathological examination, and other major diseases 
were excluded. The present study was approved by the Ethics 
Committee of Baoan Central Hospital of Shenzhen and all 
patients provided written informed consent. All the procedures 
complied with the principles outlined in the Declaration of 
Helsinki and relevant policies in China. Inclusion criteria were 
as follows: i) Diagnosis by postoperative pathology; ii) imaging 
examination showed no active lesions; iii) aged 18‑65 years; 
iv) no history of smoking, drinking or recreational drug use; 
v) provision of signed informed consent. Exclusion criteria 
were as follows: i) Patients with diabetes or other diseases 
undergoing treatment; ii)  surgery, chemotherapy, nuclear 
medicine or immunotherapy <3 months before enrollment; 
iii) other malignant tumors; iv) drug treatment <7 days before 
enrollment; v) pregnancy and lactation; vi) blood transfusions 
<4 months before enrollment; vii) hepatitis C, syphilis or HIV 
antibody‑positive.

Cell culture. All cell lines (MCF‑10A, MCF7 and 
MDA‑MB‑231) were purchased from The Cell Bank of Type 
Culture Collection of the Chinese Academy of Sciences. The 
cells were cultured and stored as follows: DMEM (Gibco; 
Thermo Fisher Scientific, Inc.) was supplemented with 10% 
FBS (Gibco; Thermo Fisher Scientific, Inc.) for these cell 
lines, according to the manufacturer's instructions. All cell 
lines were maintained in a humidified cell incubator at 37˚C 
with an atmosphere of 5% CO2. ERK pathway inhibitor U0126 
(10 ng/ml) and agonist EGF (30 ng/ml; both pretreatment for 
2 h at 37˚C; both 98% pure; both MedChem Express) were 
used to induce cells.

Reverse transcription‑quantitative PCR (RT‑qPCR) analysis. 
The cells were seeded into 6‑well plates at a density of 
1x106  cells/well. Total RNA was extracted using RNA 
Purified Total RNA Extraction Kit (Invitrogen; Thermo Fisher 
Scientific, Inc.), and then subjected to reverse transcription to 
cDNA using SMART MMLC Reverse Transcriptase (Takara 
Biotechnology Co., Ltd.) at ~65˚C for 10 min. The qPCR reac‑
tion mixture contained 10 µl 2X Power Taq PCR MasterMix 
(cat. no. PR1702; BioTeke Corporation), 0.5 µl of each primer 
[miR‑302d‑3p forward, 5'‑GCG​TAA​GTG​CTT​CCA​TGT​TTG​
TGT​GT‑3'; transmembrane Bax inhibitor motif containing 
6 (TMBIM6) forward, 5'‑TCC​CTC​GAC​ACA​GCA​GCA​
CCT‑3' and reverse, 5'‑CCC​CAG​AGA​GGA​CAG​GAG​CAT‑3'; 
GAPDH forward, 5'‑AAC​TTT​GGC​ATT​GTG​GAA​GG‑3' 
and reverse, 5'‑GGA​TGC​AGG​GAT​GAT​GTT​CT‑3'; and U6 
forward, 5'‑AAC​TTT​GGC​ATT​GTG​GAA​GG‑3' and reverse, 
5'‑GGA​TGC​AGG​GAT​GAT​GTT​CT‑3'], 1 µl cDNA template 
and 8 µl RNase free H2O. GAPDH acted as an endogenous 
control of TMBIM6 and U6 was used as an endogenous 
control of miR‑302d‑3p. The thermocycling conditions were 

as follows: 95˚C for 10 min, 40 cycles of 95˚C for 10 sec, 
55˚C for 10 sec, and 72˚C for 30 sec. The amplification was 
performed with the Exicycler™ 96 (Bioneer Corporation) and 
relative expression levels were calculated according to the 
2‑∆∆Cq method (8).

Cell Counting Kit-8 (CCK‑8) assay. The CCK‑8 assay 
(Dojindo Molecular Technologies, Inc.) was used for the detec‑
tion of cell viability, according to the manufacturer's protocol. 
Briefly, cells were seeded in 96-well plates (1x104 cells/well) 
and examined at 24 h. The detection buffer (100 µl; ratio of 
medium to CCK-8, 9:1) was added to each well. After incuba‑
tion for 3 h at 37˚C, the absorbance at 450 nm was detected by 
a microplate reader.

Wound healing assay. Cells were seeded at 6‑well plates 
(1x106 cells/well)and grown to 80% confluence in 12‑well 
plates. Two linear scratches were created in the cell monolayer 
with a 200‑µl micropipette tip in each well, after which time the 
cells were treated in serum‑free media and allowed to migrate 
for 24 h. Images of the wound areas were captured under 
an AxioVert 200M fluorescence microscope (magnification, 
x100; Carl Zeiss AG) at 0 and 24 h. Migration was calculated 
according to the following formula: Cell mobility=(0 h scratch 
width‑scratch width after culture)/0 h scratch width.

TUNEL assay. The cells were collected and washed with PBS 
three times. Cells were fixed with 4% paraformaldehyde for 
30 min at room temperature and washed with PBS. Then, 0.3% 
Triton X‑100 in PBS was added and incubated for 5 min at 
room temperature. Subsequently, 50 µl TUNEL assay solu‑
tion (Roche Diagnostics GmbH) was added to the cells and 
incubated at 37˚C in the dark for 60 min. Next, cells were incu‑
bated with DAB and stained with hematoxylin and eosin for 
5 min at room temperature. The detection solution was then 
discarded and the cells were washed with PBS three times and 
sealed with anti‑fluorescence quenched sealing solution. A 
total of 3 visual fields were randomly selected for observation 
under a fluorescence microscope (magnification, x200; Carl 
Zeiss AG). The available excitation wavelength range was 
450‑500 nm and the emission wavelength range was 515‑565 
nm (green fluorescence).

Western blot analysis. The samples were treated with 
RIPA lysis buffer (Beyotime Institute of Biotechnology), 
incubated on ice for 30  min and later centrifuged at 
300  x g for 20  min (4˚C). The protein concentration was 
determined using a bicinchoninic acid assay protein assay 
kit (Beyotime Institute of Biotechnology). Total protein 
(30 µg) was collected and separated via 10% SDS‑PAGE, 
and subsequently transferred to PVDF membranes and 
blocked in 5% non‑fat milk at room temperature for 1 h. 
The membranes were incubated overnight at 4˚C with poly‑
clonal rabbit anti‑Bcl‑2 antibody (1:1,000; cat. no. ab32124; 
Abcam), rabbit anti‑Bax antibody (1:1,000; cat. no. ab32503; 
Abcam), anti‑caspase‑3 antibody (1:1,000; cat. no. ab197202; 
Abcam), anti‑cleaved caspase‑3 (1:1,000; cat. no. PA5‑17913; 
Thermo Fisher Scientific, Inc.), anti‑caspase‑9 antibody 
(1:1,000; cat. no. ab219590; Abcam), anti‑cleaved caspase‑9 
(1:1,000; cat. no. PA5‑17605; Thermo Fisher Scientific, Inc.), 
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anti‑extracellular signal‑regulated kinase (ERK) antibody 
(1:1,000; cat. no.  ab32537; Abcam), anti‑phosphorylated 
(p)‑ERK antibody (1:1,000; cat. no. ab192591; Abcam) and 
anti‑β‑actin antibody (1:1,000; cat. no. ab179467; Abcam), 
followed by incubation with HRP‑labeled goat anti‑rabbit 
secondary antibody (1:5,000; cat. no.  A‑11012; Thermo 
Fisher Scientific, Inc.) for 1 h at room temperature. Proteins 
were visualized using ImageQuant™ LAS 4000 (Cytiva) and 
semi‑quantified using ImageJ software (version 1.46; National 
Institutes of Health).

Dual‑luciferase reporter assay. Bioinformatics software 
TargetScan (http://www.targetscan.org) was used to predict 
the target genes of miR‑302d‑3p, and TMBIM6 was 
determined as a potential target. The wild‑type (WT) or 
mutant (MUT) miR‑302d‑3p‑binding site was subcloned 
into a pCDNA3.1 plasmid purchased from Thermo Fisher 
Scientific, Inc. The cells were plated in the 24‑well plates 
(1x104 cells/well) 24 h before transfection. miR‑302d‑3p‑mimic, 
miR‑302d‑3p‑inhibitor and corresponding controls were 
co‑transfected with 10  µg pCDNA3.1‑WT‑miR‑302d‑3p 
or pCDNA3.1‑MUT‑miR‑302d‑3p for 48  h at 37˚C using 
Lipofectamine®  2000 (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. The luciferase 
activity was measured using a plate reader (BD Biosciences) 
and was normalized to Renilla luciferase activity (pRL‑TK) 
using the Luc‑Screen™ Extended‑Glow Luciferase Reporter 
Gene Assay system (cat. no. E1910; Promega Corporation). 

Immunohistochemical analyses. Tissue samples (0.2 cm) were 
fixed in 10% formalin for 24 h at room temperature, embedded 
in paraffin, and analyzed by immunohistochemistry. The 
samples were blocked in 5%  normal goat serum (Gibco; 
Thermo Fisher Scientific, Inc.) for 1 h at room temperature, 
probed with anti‑TMBIM6 (1:150; cat. no. ab18852; Abcam) 
at 4˚C overnight and labeled with biotinylated secondary anti‑
bodies (1:2,000; cat. no. ab205718; Abcam) for 1 h at 37˚C. 
The immunoreaction signal was developed with DAB staining, 
and the slides were counterstained in hematoxylin for 5 min at 
room temperature. Stained tissue sections were viewed under 
a light microscope (magnification, x200; ECLIPSE Ni‑U; 
Nikon Corporation). Histological score (H‑score) was used to 
calculate staining score as follows: H‑score=intensity x total 
number of positive cells x 100%.

Cell transfection. The mimic and the inhibitor of hsa-miR-
302d‑3p, miRNA negative controls (miR‑302d‑3p‑NC), 
TMBIM6‑smalll interfering (si)RNA and negative control 
vector (TMBIM6‑NC) at a concentration of 20 nM were 
synthesized by Shanghai GenePharma Co., Ltd. Cells 
at a final concentration of 25 nM (1x106 cells/well) were 
transfected using Lipofectamine® 3000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufac‑
turer's protocol. Following incubation for 48  h at 37˚C, 
cells were used for subsequent experiments. Transfection 
efficiency was detected via RT‑qPCR. The sequences of 
mimics/inhibitors/siRNAs were as follows: NC‑mimic, 
5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'; NC‑inhibitor, 
5'‑CAG​UAC​UUU​UGU​GUA​GUA​CAA‑3'; miR‑302d‑3p 
mimic, 5'‑UAA​GUG​CUU​CCA​UGU​UUG​AGU​GU‑3'; 

miR‑302d‑3p inhibitor, 5'‑ACA​CUC​AAA​CAU​GGA​AGC​
ACU​UA‑3'; si‑TMBIM6 forward, 5'‑GUG​GAA​GGC​CUU​
CUU​UCU​A‑3' and reverse, 5'‑UAG​AAA​GAA​GGC​CUU​
CCA​C‑3'; and TMBIM6‑NC forward, 5'‑CUG​AAC​AAC​
CAA​UGC​AAA​U‑3' and reverse, 5'‑AUU​UGC​AUU​GGU​
UGU​UCA​G‑3'. The cells were grouped as follows: Control, 
miR‑302d‑3p‑NC, TMBIM6‑NC, miR‑302d‑3p mimics, 
miR‑302d‑3p mimics + si‑TMBIM6, miR‑302d‑3p inhib‑
itor, miR‑302d‑3p inhibitor + si‑TMBIM6 and si‑TMBIM6. 
Subsequently, the cells were divided into control, 
miR‑302d‑3p‑NC, miR‑302d‑3p mimics, miR‑302d‑3p 
mimics + U0126, miR‑302d‑3p mimics + EGF, miR‑302d‑3p 
inhibitor, miR‑302d‑3p inhibitor + U0126 and miR‑302d‑3p 
inhibitor + EGF groups. 

Statistical analysis. All data are presented as the mean ± stan‑
dard deviation. Multiple comparisons among three groups 
were performed using one‑way ANOVA followed by Tukey's 
post hoc test. Error bars represent standard deviation. P<0.05 
was considered to indicate a statistically significant differ‑
ence. 

Results

miR‑302d‑3p inhibits viability and migration and promotes 
apoptosis of BC cells. The expression of miR‑302d‑3p in the BC 
cell lines MCF7 and MDA‑MB‑231 was significantly downregu‑
lated compared with normal breast epithelial cells, as determined 
via RT‑qPCR (Fig. 1A). The decrease in miR‑302d‑3p expres‑
sion levels was greatest in MCF‑7 cells, therefore MCF7 cells 
were selected for subsequent experiments. miR‑302d‑3p mimics, 
miR‑302d‑3p inhibitor and miR‑302d‑3p‑NC were transfected 
into MCF7 BC cells. The transfection efficiency was confirmed 
by RT‑qPCR analysis  (Fig.  1B). Subsequently, the CCK‑8 
assay demonstrated that, compared with the miR‑302d‑3p‑NC, 
the cell survival rate of the miR‑302d‑3p mimics group was 
decreased, whereas that of the miR‑302d‑3p inhibitor group was 
increased (Fig. 1C). The wound healing assay also demonstrated 
that the cell migration rate of the miR‑302d‑3p mimics group 
was decreased, whereas that of the miR‑302d‑3p inhibitor group 
was increased (Fig. 1D and E). The TUNEL assay revealed 
increased apoptosis in the miR‑302d‑3p mimics group, whereas 
no apoptosis was observed in the miR‑302d‑3p inhibitor group 
(Fig. 2A). Western blot analysis of the expression levels of the 
apoptosis‑related proteins Bcl‑2, Bax, caspase‑3 and caspase‑9 
revealed a consistent trend. Compared with miR‑302d‑3p‑NC 
group, Bcl‑2 was decreased and Bax, caspase‑3 and caspase‑9 
were increased in miR‑302d‑3p mimic group. Compared 
with miR‑302d‑3p‑NC group, Bcl‑2 was increased and Bax, 
caspase‑3 and caspase‑9 were decreased in miR‑302d‑3p 
inhibitor group (Fig. 2B). The aforementioned results indicated 
that miR‑302d‑3p may inhibit the viability and migration, and 
promote the apoptosis, of BC cells.

miR‑302d‑3p inhibits the viability and migration of BC 
cells and promotes apoptosis by targeting the expres‑
sion of TMBIM6. The binding site of miR‑302d‑3p and the 
3'‑untranslated region (UTR) of TMBIM6 were predicted 
using TargetScan (Fig. 3A) and the binding site of miR‑302d‑3p 
and TMBIM6 was verified with a dual‑luciferase reporter assay 
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(Fig. 3B). Subsequently, immunohistochemistry was used to 
detect the expression of TMBIM6 in BC samples and normal 
adjacent tissues, and it was observed that the expression of 
TMBIM6 in BC tissues was increased (Fig. 3C and D). In addi‑
tion, RT‑qPCR assays were performed to detect the expression 
of TMBIM6 in the serum of 30 samples from patients with BC 
(Fig. 3E) and in BC cell lines (Fig. 3F), which were both consis‑
tent with the results presented in Fig. 3D.

In order to further test the role of TMBIM6 in the viability, 
migration and apoptosis of BC cells, miR‑302d‑3p mimics, 
miR‑302d‑3p inhibitor, si‑TMBIM6 and the corresponding 
NC groups miR‑302d‑3p‑NC and TMBIM6‑NC were synthe‑
sized and transfected into MCF7 cells. It was observed that 
the expression of TMBIM6 decreased when miR‑302d‑3p was 
overexpressed and increased when miR‑302d‑3p was inhibited 
compared with miR‑302d‑3p‑NC (Fig. 4A). Compared with 
miR‑302d‑3p‑NC, expression of miR‑302d‑3p increased in 
miR‑302d‑3p mimic, whereas expression of miR‑302d‑3p 
decreased in miR‑302d‑3p inhibitor group (Fig. 4B). This 
finding further indicated that miR‑302d‑3p may target 
TMBIM6. As shown in Fig. 4C, cell viability significantly 
decreased when cells were transfected with miR‑302d‑3p 
mimics compared with miR‑302d‑3p‑NC, and a further 
decrease in the cell survival rate was observed following 
transfection with si‑TMBIM6 compared with miR‑302d‑3p 
mimics. Cell viability was increased in the miR‑302d‑3p 

inhibitor group compared with that of the miR‑302d‑3p‑NC 
group, and further interference with TMBIM6 resulted in 
a significant decrease in cell viability. Compared with the 
TMBIM6‑NC group, the cell viability of the si‑TMBIM6 
group decreased. The wound healing assay revealed that, 
compared with the si‑TMBIM6 group, cell migration exhibited 
a decreasing trend in the miR‑302d‑3p mimics + si‑TMBIM6 
group, whereas cell migration increased in the miR‑302d‑3p 
inhibitor  +  si‑TMBIM6 group. Moreover, the rate of cell 
migration was always decreased following transfection with 
si‑TMBIM6 compared with miR‑302d‑3p mimics, despite 
miR‑302d‑3p knockdown or overexpression (Fig. 4D and E). 
The results revealed that, compared with TMBIM6‑NC, the 
si‑TMBIM6 group had fewer apoptotic cells. After knockdown 
or overexpression of miR‑302d‑3p, the rate of apoptosis was 
notably increased after further interference with si‑TMBIM6 
(Fig. 5A). Next, western blotting was used to detect the expres‑
sion of apoptosis‑related proteins (Fig. 5B and C), and the 
findings were consistent with those shown in Fig. 5A. These 
results suggested that miR‑302d‑3p inhibited viability and 
migration, and promoted apoptosis of BC cells by targeting 
the expression of TMBIM6.

miR‑302d‑3p regulates the ERK signaling pathway via 
targeting TMBIM6 to inhibit viability and migration and 
promote apoptosis of BC cells. In this experiment, changes were 

Figure 1. miR‑302d‑3p inhibits viability and migration of BC cells. (A) RT‑qPCR was performed to detect the expression of miR‑302d‑3p in BC cell lines. 
(B) RT‑qPCR was used to measure the expression of miR‑302d‑3p in cells following transfection. (C) Cell Counting Kit‑8 assay was performed to detect 
cell viability. (D and E) Wound healing assay was used to detect cell migration (scale bar, 100 µm). *P<0.05, **P<0.01, ***P<0.001 vs. miR‑302d‑3p‑NC. 
miR, microRNA; BC, breast cancer; RT‑qPCR, reverse transcription‑quantitative PCR; NC, negative control.
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also found in the expression of ERK pathway‑related proteins. It 
was observed that, compared with the miR‑302d‑3p‑NC group, 
the expression of p‑ERK was decreased following overexpres‑
sion of miR‑302d‑3p (Fig. 6A), whereas p‑ERK expression 
was significantly increased after knockdown of miR‑302d‑3p 
expression (Fig.  6B). Compared with TMBIM6‑NC, the 
expression of p‑ERK significantly decreased after transfec‑
tion with si‑TMBIM6. Compared with miR‑302d‑3p mimics, 
the expression of p‑ERK was further decreased after knock‑
down of TMBIM6. Compared with miR‑302d‑3p inhibitor, 
the expression of p‑ERK decreased after transfection with 
si‑TMBIM6. These results suggested that miR‑302d‑3p 
inhibited viability and migration and promoted apoptosis of 
BC cells via targeting TMBIM6, which may be related to the 
ERK signaling pathway. Therefore, in the following experi‑
ments, an inhibitor of the ERK pathway, U0126, and an EGF 
agonist were added after cell transfection to further test the 
underlying mechanism. After overexpression or knockdown 
of miR‑302d‑3p through cell transfection, there was no signifi‑
cant change in the expression of the ERK protein, whereas the 
expression of p‑ERK was altered following the addition of 

U0126 or EGF. Compared with the miR‑302d‑3p‑NC group, 
the expression of p‑ERK decreased after overexpression 
of miR‑302d‑3p. Compared with the miR‑302d‑3p mimics 
group, the expression of p‑ERK was further inhibited after the 
addition of U0126, and the decreasing trend in p‑ERK expres‑
sion was reversed following the addition of EGF (Fig. 7A). 
Compared with the miR‑302d‑3p‑NC group, the expression 
of p‑ERK increased after the inhibition of miR‑302d‑3p. This 
increase in p‑ERK was reversed following the addition of 
U0126, whereas the expression of p‑ERK was enhanced after 
the addition of EGF, compared with the miR‑302d‑3p inhibi‑
tion group (Fig. 7B). 

Subsequently, it was observed that, compared with 
miR‑302d‑3p mimics and miR‑302d‑3p inhibitor, the addi‑
tion of U0126 reduced cell viability (Fig. 8A) and migration 
(Fig. 8B and C), and notably increased apoptosis (Fig. 9A). 
The addition of EGF promoted an increase in cell viability and 
cell migration, and cell apoptosis was markedly decreased. 
Subsequently, the expression levels of apoptosis‑related 
proteins were detected by western blotting. The results demon‑
strated that, compared with miR‑302d‑3p‑NC, the expression 

Figure 2. miR‑302d‑3p promotes apoptosis of BC cells. (A) TUNEL assay was performed to detect the apoptosis rate of BC cells (scale bar, 100 µm). 
(B) Western blotting was used to determine the expression of apoptosis‑related proteins. *P<0.05, **P<0.01, ***P<0.001 vs. miR‑302d‑3p‑NC. miR, microRNA; 
BC, breast cancer; NC, negative control.
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of Bcl‑2 was decreased and the expression levels of Bax 
and caspase‑3/9 were increased following overexpression of 
miR‑302d‑3p. Furthermore, after the addition of U0126, the 
expression of Bcl‑2 was further decreased, whereas the expres‑
sion levels of Bax and caspase3/9 were further increased, 
compared with the miR‑302d‑3p mimics group. Following the 
addition of EGF, the changes in the expression of all proteins 
were the opposite of those induced by U0126 (Fig.  9B). 
Compared with miR‑302d‑3p‑NC, expression of Bcl‑2 
increased, and the expression levels of Bax and caspase‑3/9 
decreased following inhibition of miR‑302d‑3p. Following the 
addition of U0126, compared with the miR‑302d‑3p inhibition 
group, the expression of Bcl‑2 was decreased, and the expres‑
sion levels of Bax and caspase‑3/9 were increased, which were 
both reversed after the addition of EGF (Fig. 9C). Therefore, 
these results indicated that miR‑302d‑3p regulates the ERK 
signaling pathway via targeting TMBIM6 to inhibit viability 
and migration and promote apoptosis of BC cells.

Discussion

miR‑302d‑3p is a recently identified cancer‑regulating gene that 
plays a key role in cancer development (9). miR‑302d may bind 
to the 3'‑UTR of cyclin D1 mRNA, thus inhibiting the viability 
of bladder cancer cells (10). The expression of miR‑302d was 
found to be downregulated in human glioblastoma cells, and 
miR‑302d inhibited the occurrence of tumors in xenograft 
model mice (11). However, the effect of miR‑302d‑3p on the 
viability, migration and apoptosis of BC cells and its under‑
lying mechanism have not been reported to date. The present 
study demonstrated that the expression of miR‑302d‑3p in 
BC cell lines was decreased. Subsequently, the expression of 
miR‑302d‑3p was promoted or inhibited through cell transfec‑
tion, and it was observed that miR‑302d‑3p inhibited viability 
and migration, and promoted apoptosis of BC cells.

Using TargetScan bioinformatics software, it was predicted 
that the 3'‑UTR region of TMBIM6 had binding sites for 

Figure 3. Expression of TMBIM6 in BC. (A) Binding sequence of miR‑302d‑3p and TMBIM6. (B) Dual‑luciferase reporter assay was performed to verify the 
binding site between miR‑302d‑3p and TMBIM6. ***P<0.001 vs. TMBIM6 + mimic‑NC. (C) Immunohistochemistry was used to detect TMBIM6 expression in 
patients with BC (scale bar, 100 µm). ***P<0.001. (D) Statistical analysis of immunohistochemistry score. (E) RT‑qPCR was performed to detect the expression 
of TMBIM6 in patients with BC. ***P<0.001 vs. para‑carcinoma tissues. (F) RT‑qPCR was used to detect the expression of TMBIM6 in BC cells. **P<0.01, 
***P<0.001 vs. MCF‑10A cells. miR, microRNA; BC, breast cancer; RT‑qPCR, reverse transcription‑quantitative PCR; NC, negative control; TMBIM6, trans‑
membrane Bax inhibitor motif containing 6.
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miR‑302d‑3p. TMBIM6, also referred to as Bax inhibitor-1, 
is an evolutionarily conserved transmembrane protein that is 
primarily located in the endoplasmic reticulum (12). TMBIM6 
has been identified as an anti‑apoptotic protein due to its 
protective effect against the pro‑apoptotic protein Bax (13). 
TMBIM6 is upregulated in a number of tumors and is involved 
in metastasis, whereas the downregulation of TMBIM6 
may lead to cancer cell death (14). It has been reported that 
TMBIM6 is highly expressed in the cells and serum of patients 
with BC (15). In the present study, the targeting association 
between miR‑302d‑3p and TMBIM6 was first verified through 
a dual‑luciferase reporter assay. Moreover, the expression of 
TMBIM6 was found to be significantly increased in BC tissues 

and cell lines. Next, miR‑302d‑3p overexpression and interfer‑
ence with the expression of miR‑302d‑3p and TMBIM6 was 
achieved through cell transfection, and cell viability, migration 
and apoptosis were detected. The findings demonstrated that 
knockdown of TMBIM6 could further inhibit cell viability 
and migration and further promote apoptosis induced by 
miR‑302d‑3p.

ERK is an important member of the mitogen‑activated 
protein kinase (MAPK) family and plays an important role 
in regulating different biological processes in different cells, 
including proliferation, differentiation, survival and apop‑
tosis (16). The results of the present study indicated that the 
activation of the ERK signaling pathway exerted anti‑apoptotic 

Figure 4. miR‑302d‑3p inhibits the viability and migration of BC cells by targeting the expression of TMBIM6. (A) RT‑qPCR was performed to detect 
the expression of TMBIM6 in cells following cell transfection. (B) RT‑qPCR was used to determine the expression of miR‑302d‑3p in cells following cell 
transfection. (C) Cell Counting Kit‑8 was performed to measure cell viability. (D and E) A wound healing assay was conducted to detect cell migration 
(scale bar, 100 µm). **P<0.01, ***P<0.001 vs. miR‑302d‑3p‑NC; ###P<0.001 vs. miR‑302d‑3p mimics; ∆∆∆P<0.001 vs. miR‑302d‑3p inhibitor; $$$P<0.001 vs. 
TMBIM6‑NC. &&P<0.01 and &&&P<0.001 vs. miR‑302d‑3p inhibitor+si-TMBIM6. miR, microRNA; BC, breast cancer; RT‑qPCR, reverse transcription‑quan‑
titative PCR; NC, negative control; TMBIM6, transmembrane Bax inhibitor motif containing 6; si‑, small interfering RNA.
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effects on cancer cells, which could therefore promote the 
occurrence and development of BC, as commonly observed 
in other types of cancer, including pancreatic cancer, esopha‑
geal squamous cell carcinoma and thyroid cancer  (17‑20). 

Zhao et al  (21) investigated the sensitivity of BC cells to 
Adriamycin and found that miR‑302d regulated cell sensitivity 
to Adriamycin by regulating MAPK/ERK kinase kinase 1 
to inhibit the expression of p‑glycoprotein. Therefore, the 

Figure 5. miR‑302d‑3p promotes apoptosis by targeting TMBIM6. (A) TUNEL assay was performed to determine the apoptosis rate of cells following 
transfection (scale bar, 100 µm). (B and C) Western blotting was performed to detect the expression of apoptosis‑related proteins. *P<0.05, **P<0.01, ***P<0.001 
vs. miR‑302d‑3p‑NC; ∆P<0.05, ∆∆P<0.01, ∆∆∆P<0.001 vs. miR‑302d‑3p mimics or inhibitor; #P<0.05, ##P<0.01, ###P<0.001 vs. TMBIM6‑NC. miR, microRNA; 
NC, negative control; TMBIM6, transmembrane Bax inhibitor motif containing 6; si‑, small interfering RNA.
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Figure 6. Expression of ERK pathway‑related proteins. Western blotting was performed to detect the expression of ERK pathway‑related proteins following 
transfection with (A) miR‑302d‑3p mimics or (B) miR‑302d‑3p inhibitor plus si‑TMBIM6. **P<0.01 vs. miR‑302d‑3p‑NC; ∆∆∆P<0.001 vs. miR‑302d‑3p mimics 
or inhibitor; ###P<0.001 vs. TMBIM6‑NC. miR, microRNA; NC, negative control; TMBIM6, transmembrane Bax inhibitor motif containing 6; si‑, small 
interfering RNA; ERK, extracellular signal‑regulated kinase; p‑, phosphorylated.

Figure 7. Expression of ERK pathway‑related proteins following the addition of agonists and inhibitors. Western blotting was performed to detect the expres‑
sion of ERK pathway‑related proteins following transfection with (A) miR‑302d‑3p mimics or (B) miR‑302d‑3p inhibitor plus U0126 or EGF. **P<0.01, 
***P<0.001 vs. miR‑302d‑3p‑NC; #P<0.05, ##P<0.01, ###P<0.001 vs. miR‑302d‑3p mimics or inhibitor. miR, microRNA; NC, negative control; ERK, extracel‑
lular signal‑regulated kinase; p‑, phosphorylated.
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ERK protein may be a regulatory target for miR‑302d‑3p. 
Moreover, overexpression of TMBIM6 can activate the ERK 
signaling pathway in order to inhibit apoptosis (22). It was 
observed that, after promoting the expression of miR‑302d‑3p, 
the expression of p‑ERK decreased, while further inhibiting 
the expression of TMBIM6 further decreased the expression 
of p‑ERK. When inhibiting the expression of miR‑302d‑3p, 
p‑ERK increased, while upon further inhibition of TMBIM6, 
the expression of p‑ERK decreased. Therefore, these results 
suggested that miR‑302d‑3p may regulate the ERK signaling 

pathway by targeting TMBIM6 to affect the viability, migra‑
tion and apoptosis of BC cells. Addition of the inhibitor 
U0126 further aggravated the miR‑302d‑3p‑induced decrease 
in cell viability and migration. Furthermore, U0126 could 
further increase miR‑302d‑3p‑induced apoptosis, whereas 
this phenomenon was reversed following the addition of an 
EGF agonist. These results indicated that miR‑302d‑3p may 
regulate the ERK signaling pathway via targeting TMBIM6 
to inhibit viability and migration and promote apoptosis of 
BC cells.

Figure 8. miR‑302d‑3p regulates ERK signaling pathway by targeting transmembrane Bax inhibitor motif containing 6 to inhibit the viability and migration 
of breast cancer cells. (A) Cell Counting Kit‑8 assay was performed to determine cell viability. (B and C) A wound healing assay was conducted to measure 
cell migration (scale bar, 100 µm). *P<0.05, ***P<0.001 vs. miR‑302d‑3p‑NC; ###P<0.001 vs. miR‑302d‑3p mimics; ∆P<0.05, ∆∆P<0.01 vs. miR‑302d‑3p inhibitor. 
miR, microRNA; NC, negative control; ERK, extracellular signal‑regulated kinase.
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Figure 9. miR‑302d‑3p regulates ERK signaling pathway by targeting transmembrane Bax inhibitor motif containing 6 to promote apoptosis of BC cells. 
(A) TUNEL assay was performed to detect the apoptosis rate of BC cells (scale bar, 100 µm). Western blotting was performed to measure the expres‑
sion of apoptosis‑related proteins following transfection with (B) miR‑302d‑3p mimics or (C) miR‑302d‑3p inhibitor plus U0126 or EGF. *P<0.05, **P<0.01, 
***P<0.001 vs. miR‑302d‑3p‑NC; #P<0.05, ##P<0.01, ###P<0.001 vs. miR‑302d‑3p mimics or inhibitor. miR, microRNA; NC, negative control; ERK, extracel‑
lular signal‑regulated kinase; BC, breast cancer.
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In conclusion, the present study revealed that miR‑302d‑3p 
regulated the viability, migration and apoptosis of BC cells via 
the regulation of TMBIM6‑mediated ERK signaling, which 
may provide a novel experimental basis for targeted gene 
therapy for BC.
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