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Abstract. Long noncoding RNA (lncRNA) MAF BZIP transcription factor G antisense RNA 1 (MAFG‑AS1) has been
demonstrated to serve an important role in the progression of
various types of cancer, whereas its role in breast cancer has
not been fully elucidated. The present study aimed to explore
the potential role and underlying mechanism of MAFG‑AS1 in
breast cancer. To achieve this, the expression of MAFG‑AS1,
microRNA (miR)‑150‑5p and MYB was detected by reverse
transcription‑quantitative PCR. The binding between
miR‑150‑5p and MAFG‑AS1 or MYB was verified using
a luciferase reporter assay. Cell proliferation was analyzed
by MTS, apoptosis and cell cycle were detected by Annexin
V/propidium iodide, and cell migration was analyzed by wound
healing assay. The results demonstrated that the expression
levels of MAFG‑AS1 were significantly upregulated in breast
cancer tissues and cells compared with those in normal breast
tissues and cells. High MAFG‑AS1 expression promoted the
proliferation, migration and epithelial‑mesenchymal transition
of breast cancer cells. By contrast, miR‑150‑5p expression was
reduced in breast cancer tissues compared with that in healthy
breast tissues, and low expression of miR‑150‑5p was associated with poor overall survival in patients with breast cancer.
Bioinformatics and luciferase assay revealed that MAFG‑AS1
served as a sponge of miR‑150‑5p, and that miR‑150‑5p bound
to MYB. The functional rescue assay results demonstrated
that MAFG‑AS1 knockdown suppressed the proliferation and
migration of breast cancer cells by regulating miR‑150‑5p,
which in turn targeted MYB. In conclusion, the results of
the present study demonstrated that MAFG‑AS1 functioned
as a novel oncogenic lncRNA in the development of human
breast cancer via regulating the miR‑150‑5p/MYB axis, which
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suggested that MAFG‑AS1 may be a novel biomarker for the
diagnosis and prognosis of human breast cancer.
Introduction
Breast cancer is one of the most commonly diagnosed malignant cancers and is the second leading cause of cancer‑related
deaths among women worldwide (1). An estimated 36.1%
incidence and 8.8% mortality occurred in China in 2018 (2,3).
Although there are treatments for breast cancer, including
individualized treatment, the pathogenesis of breast cancer
has not yet been fully elucidated, leading to poor outcomes of
patients. The 5‑year survival rate of patients with breast cancer
is usually <30%, which requires improvement (4). Therefore,
there is an urgent need to further investigate the carcinogenesis and development of breast cancer.
Long non‑coding RNAs (lncRNAs) are a large group of
transcripts >200 nucleotides with limited protein‑coding
potential (5,6). Studies have demonstrated that lncRNAs serve
a range of specific functions in various pathophysiological
processes (6,7), especially in cancer (8,9). For example, HOX
transcript antisense RNA, an oncogenic lncRNA, is highly
expressed in breast cancer, and its expression is associated
with tumor invasiveness and migration (10,11). Upregulation of
lncRNA P21‑associated non‑coding RNA DNA damage‑activated is associated with poor prognosis and accelerates cell
proliferation in cervical cancer (12). The expression of lncRNA
paternally expressed 10 is upregulated in esophageal cancer
tissues compared with that in adjacent non‑neoplastic tissues,
and its depletion suppresses proliferation and invasion and
facilitates apoptosis in esophageal cancer cells (13). lncRNAs
have been recommended for use as indicators for tumor detection due to their key role in tumors and their stability in the
serum and plasma (14,15). lncRNA MAF BZIP transcription factor G antisense RNA 1 (MAFG‑AS1) is abnormally
expressed in various types of tumors and is involved in the
regulation of cancer cell proliferation and migration (16‑18).
However, the potential mechanisms of MAFG‑AS1 in breast
cancer have not been elucidated.
MicroRNAs (miRNAs) are a group of endogenous
non‑coding RNAs 21‑23 nucleotides long that are present in
eukaryotes (19). Numerous studies have revealed that miRNAs
participate in cancer progression. For example, miR‑195
expression is low in head and neck squamous cell carcinoma
tissues compared with that in normal tissues and is sponged
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by LINC00355 to affect cell viability, invasion, migration, the epithelial‑mesenchymal transition (EMT) process
and apoptosis of cancer stem cells (20). miR‑7‑5p inhibits
the proliferation, migration, invasion and EMT process of
non‑small cell lung cancer by suppressing neuro‑oncological
ventral antigen 2 (21). miR‑182 is sponged by prostate cancer
gene expression marker 1 and is involved in the progression of
cervical cancer (22). miR‑150‑5p has been reported to serve
an essential role in several types of cancer (23‑25). However,
whether miR‑150‑5p exerts a role in breast cancer remains
unknown.
The present study aimed to explore the role of MAFG‑AS1
and its regulatory mechanisms in breast cancer, which might
provide new targets for breast cancer treatment.
Materials and methods
GEPIA analysis. The GEPIA database (http://gepia.cancer‑pku.
cn/) was used to analyze the expression of MAFG‑AS1 in
breast cancer tissues. The breast cancer dataset was selected,
and the levels of MAFG‑AS1 in breast cancer tissues (n=1,085)
and non‑tumor tissues (n=291) were plotted.
Cell culture and clinical specimens. Breast cancer cells
(MDA‑MB‑231, MCF‑7 and MDA‑MB‑468) and the normal
epithelial breast cell line MCF‑10A were obtained from
ATCC. The cells were cultured in RPMI‑1640 (HyClone;
Cytiva) supplemented with 10% FBS (Gibco; Thermo Fisher
Scientific, Inc.) at 37˚C with 5% CO2.
A total of 20 samples of breast cancer tissues (median
age, 48 years; range, 37‑65 years) and 15 samples of adjacent
non‑tumor tissues (3‑5 cm distal to the edge of tumor) were
obtained after resection and immediately frozen at ‑80˚C at the
First Hospital of Jilin University (Changchun, China) between
April 2018 and June 2019. Based on the Tumor‑Node‑Metastasis
staging system (26), five cases were stage I, 11 cases were
stage II, and four cases were stage III. The clinical study was
approved by the Ethics Committee of the First Hospital of Jilin
University. All patients participating in the study provided
written informed consent. All procedures were performed
according to the guidelines revised by the First Hospital of
Jilin University and in accordance with the 1964 Declaration
of Helsinki and its later amendments. The diagnoses were
based on pathology reports. Patients with other tumors, tumor
history or those who received chemotherapy and radiotherapy
prior to the surgery were excluded.
Cell transfection. The MAFG‑AS1 sequence and negative
control were constructed by Shanghai GenePharma Co., Ltd.
and cloned into the pcDNA3.1 vector (Shanghai GenePharma
Co., Ltd.). The day before transfection, MCF‑7 cells were
seeded in 6‑well plates at the confluency of 25‑30%. miRNA
mimics, inhibitor, short hairpin (sh)RNA plasmids and the
corresponding negative controls (NC mimics, NC inhibitor
and sh‑NC) were purchased from Guangzhou RiboBio Co.,
Ltd. and were transfected at a final concentration of 50 nM
using Lipofectamine® RNAiMax (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions. The sequences were as follows: miR‑150‑5p mimics,
5'‑UCU C CC A AC C CU U GU ACC AGU G ‑3', NC mimics,

5'‑UUCUCCGAACGUGUCACGU TT‑3'; miR‑150‑5p inhibitor, 5'‑CACUGGUCAUCCU UCG GAGA‑3'; NC inhibitor,
5'‑UUGUACUACACAA AAGUAC UG‑3'; sh‑MAFG‑AS1,
5'‑TTATCTTCCTCCCGAGTCC‑3'; and sh‑NC, 5'‑AATTCT
CCGA ACGTGT CACGT‑3'. The breast cancer cells were
transfected with the above plasmids for 72 h for subsequent
functional experiments.
RNA isolation, reverse transcription‑quantitative (RT‑q)PCR.
Total RNA was extracted from breast cancer tissues and cells
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). RNA (500 ng) was reverse‑transcribed into cDNA using
a Reverse Transcription kit (Takara Bio, Inc.) for 5 min at 65˚C.
The reverse transcription products were diluted 1:5 with sterile
water and stored at ‑20˚C. The subsequent PCR ampliﬁcation
was performed on an Mx3000P instrument (Agilent
Technologies, Inc.) with SYBR® Premix Ex Taq II (Takara
Biotechnology Co., Ltd.). The thermocycling conditions were
as follows: Pre‑denaturation at 95˚C for 10 sec, followed by
40 cycles of denaturation at 95˚C for 10 sec and elongation
at 60˚C for 30 sec. GAPDH and U6 were used as internal
controls, and the fold‑changes were calculated using the 2‑ΔΔCq
method (27). The primer sequences used were as follows:
MAFG‑AS1 forward, 5'‑CGTTCTTAGT TGGTGGAGCG‑3'
and reverse, 5'‑CCGGACATCTAAGGGCATCA‑3'; GAPDH
forward, 5'‑ATGGGACGATGCTGGTACTGA‑3' and reverse,
5'‑TGC  T GA C AA C CT  T GA G TG  A AA T‑3'; miR‑150‑5p
stem‑loop, 5'‑GTCGTATCCAGTG CAG GGTCCGAGGTA
TTCGCACTGGATACGACCCACTGG‑3', forward, 5'‑TCTC
CCAACCC TTGTA‑3' and reverse, 5'‑GTGCAGG GTCCG
AGGT‑3'; U6 forward, 5'‑CTCGCTTCGGCAGCACA‑3' and
reverse, 5'‑AACG CTTCACGAATTT GCGT‑3'; and MYB
forward, 5'‑ACAGATGGGCAGA AATCGCA‑3' and reverse,
5'‑GCTGGCTGGCTTTTGAAGAC‑3'.
Western blotting analysis. Total cellular proteins from
MCF‑7 cells were extracted using RIPA lysis buffer
(Beyotime Institute of Biotechnology). Protein concentration
was determined using a bicinchoninic acid assay (Beyotime
Institute of Biotechnology), and 10 µg protein/lane was
separated by 10% SDS‑PAGE followed by transferring
to polyvinylidene fluoride membranes (EMD Millipore).
The membranes were blocked with 5% non‑fat milk for
1 h and incubated at 4˚C with the following primary antibodies overnight: Anti‑MYB (cat. no. ab191064; 1:1,000;
BD Biosciences), anti‑E‑cadherin (cat. no. ab269767;
1:1,000; BD Biosciences), anti‑N‑cadherin (cat. no. ab18203;
1:1,000; BD Biosciences), anti‑Bcl‑2 (cat. no. ab194583;
1:1,000; BD Biosciences), anti‑Bax (cat. no. ab104156;
1:1,000; BD Biosciences), anti‑cyclin A1 (cat. no. ab53699;
1:1,000; BD Biosciences), anti‑CDK2 (cat. no. ab64669;
1:1,000; BD Biosciences) and anti‑GAPDH (cat. no. ab9485;
1:1,000; Affinity Biosciences). The membranes were washed
three times using PBS, incubated with goat anti‑rabbit IgG
secondary antibody conjugated to horseradish peroxidase
(cat. no. ab7090; 1:5,000; Abcam) for 1 h at room temperature and visualized using a Pierce ECL Western Blotting
kit (Pierce; Thermo Fisher Scientiﬁc, Inc.). The protein
expression was quantiﬁed using Image‑Pro® Plus software
(version 6.0; Media Cybernetics, Inc.).
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Subcellular fractionation. The cytoplasmic and nuclear RNA
was isolated from MCF‑7 cells using a PARIS kit (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
instructions. The cells were lysed in the cell fractionation
buffer, followed by centrifugation for 5 min at 500 x g at 4˚C
and lysis in cell disruption buffer. RT‑qPCR was used to
determine the expression of MAFG‑AS1 in both fractions
as aforementioned, with GAPDH and U6 as cytoplasmic and
nuclear controls, respectively.
Luciferase reporter assay. The binding site between
miR‑150‑5p and MAFG‑AS1 was predicted using the starBase
website (28). The fragment of MYB or MAFG‑AS1 containing
the specific binding sites of miR‑150‑5p was transfected into
the pmirGLO Dual‑luciferase vector (Promega Corporation)
to construct the reporter vectors containing wild‑type MYB
(WT‑MYB) or wild‑type MAFG‑AS1 (WT‑MAFG‑AS1) 3'
untranslated region (3'UTR). Three online algorithms miRDB
(http://mirdb.org/), TargetScan (http://www.targetscan.
org/vert_72/) and miRanda (http://www.miranda.org/) were
used to predict the potential target genes of miR‑150‑5p.
The mutated MYB (Mut‑MYB) or mutated MAFG‑AS1
(Mut‑MAFG‑AS1) vectors contained mutated binding sites.
MCF‑7 cells were co‑transfected with WT‑MAFG‑AS1/MYB
or Mut‑MAFG‑AS1/MYB and miR‑150‑5p mimics using
Lipofectamine® RNAiMax for 48 h at 22˚C. The luciferase
activity was detected using the Dual‑Luciferase Reporter
Assay System (Promega Corporation). Renilla luciferase
activity was used to normalize the firefly luciferase activity.
Cell viability detection assay. After transfection with the indicated plasmids, MCF‑7 cells (2x103 cells/well) were re‑seeded
on 96‑well plates. The viability of breast cancer cells was
assessed by the MTS method (Promega Corporation) at daily
intervals for 3 days post‑transfection. At each time point, MTS
was added to the corresponding plates and then incubated
for 2 h at 37˚C according to the manufacturer's instructions.
The optical density values were measured at 490 nm using
a Multiskan EX microplate reader (Labsystems Diagnostics
Oy).
Wound healing assay. MCF‑7 were reseeded in a new 6‑well
plate (~5x105 cells/well) after transfection for 24 h and cultured
to 80‑90% confluence. Subsequently, a 200‑µl sterile pipette tip
was used to generate a straight scratch. The cells were cultured
in serum‑free medium in a humidified incubator at 37˚C
with 5% CO2. Finally, the migration distance was observed,
and images were captured at 0 h and 24 h post‑scratch. The
scratch area was recorded by a light microscope (Olympus
Corporation) and analyzed with ImageJ version 1.47 software
(National Institutes of Health). The distance of cell migration
into the wound was measured to calculate the wound healing
rate as follows: Wound healing rate (%)=(wound distance
at 0 h‑wound distance at 24 h)/wound distance at 0 h x 100%.
Cell c ycle a n d apoptosis a n alysis. MCF‑7 cells
(1x106 cells/well) were fixed with 70% pre‑cooled ethanol
overnight at 4˚C, treated with RNase A (Sigma‑Aldrich; Merck
KGaA) at 37˚C for 30 min and stained with propidium iodide
(PI) (Nanjing Keygen Biotech Co., Ltd.) staining solution
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at 4˚C for 30 min following transfection with miRNA mimics.
Subsequently, each group of cells was tested using a BD
FACSCalibur flow cytometer (BD Biosciences), and the results
were analyzed using FlowJo7.6 software (FlowJo Software,
LLC). For apoptosis, an Annexin V‑FITC/propidium iodide
(PI) staining kit (BD Biosciences) was used. Briefly, MCF‑7
cells suspended in 100 µl binding buffer (1x105 cells/ml) were
incubated at room temperature for 15 min in the dark with
5 µl Annexin V‑FITC and 5 µl PI solution. The apoptotic cells
were quantified using a BD FACSCalibur flow cytometer,
and the data were analyzed with BD Accuri™ C6 software
(BD Biosciences). The apoptotic rate was calculated using the
following formula: Apoptotic rate=(early apoptotic cells + late
apoptotic cells)/total cell number x100%.
Xenograft study. A total of 50 (n=6‑8 mice/group) female
BALB/C nude mice at age of 6‑8 weeks were obtained from
Beijing Vital River Laboratory Animal Technology Co.,
Ltd. The animal experiments were approved by the Ethics
Committee of Animal Experiments of the First Hospital of
Jilin University (approval no. DWLL‑2019‑0021). All mice
were housed in a 12‑h light/dark cycle at 22˚C with 40‑70%
humidity for at least 7 days before the experiments. Mozart
K448 sonata was used to alleviate fear and stress, and the mice
had free access to water and food. Animal health and behavior
was monitored every day. The mice were randomly divided into
five groups: pcDNA + NC mimics; MAFG‑AS1 + NC mimics;
MAFG‑AS1 + miR‑150‑5p mimics; pcDNA + miR‑150‑5p
mimics; and miR‑150‑5p mimics + MYB. MCF‑7 cells (5x106)
suspended in 150 µl PBS were subcutaneously injected into
the right armpit of mice. At 21 days post‑inoculation, the mice
were sacrificed by cervical dislocation. The xenograft tumors
were carefully excised from the sacrificed mice and weighted,
and the tumor volume was calculated using the following
formula: Volume=0.5 x length x width2.
Statistical analysis. Data are presented as the mean ± standard
deviation. All experimental data were processed and analyzed
using SPSS 22.0 statistical software (IBM Corp.). The
Kaplan‑Meier plotter database (http://kmplot.com/analysis/)
was used to analyze the association between miR‑150‑5p
expression and overall survival (OS) of patients with breast
cancer. The total number of patients was 1,262, and based on
the median expression of miR‑150, the patients were divided
into high and low expression groups. The Kaplan‑Meier
method was used for survival analysis, and the log‑rank test
was performed compare the two groups. Differences between
two groups were evaluated by two‑tailed Student's t‑test.
Statistical significance among three or more groups was
assessed by one‑ or two‑way ANOVA followed by Dunnett's
(for comparisons with one control) or Tukey's (for comparisons
among various groups) post hoc test. P<0.05 was considered to
indicate a statistically significant difference.
Results
MAFG‑AS1 is upregulated in breast carcinoma. In the present
study, the expression levels of MAFG‑AS1 were compared
between breast cancer and adjacent non‑tumor tissues from
patients using original published data available from the
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Figure 1. MAFG‑AS1 is upregulated in breast cancer tissues and cells. (A) GEPIA database analysis revealed high expression in MAFG‑AS1 breast cancer
tissues. *P<0.05 vs. normal tissues. (B) Reverse transcription‑quantitative PCR analysis demonstrated that the expression levels of MAFG‑AS1 were upregulated in breast cancer tissues compared with those in adjacent non‑tumor tissues. #P<0.05 vs. adjacent tissues. (C) MAFG‑AS1 expression levels were
upregulated in three breast cancer cell lines compared with those in the normal breast epithelial cell line MCF10A. #P<0.05 vs. MCF10A. MAFG‑AS1, MAF
BZIP transcription factor G antisense RNA 1.

GEPIA database. The results demonstrated that the expression
MAFG‑AS1 was significantly upregulated in breast cancer
samples compared with that in non‑tumor samples (Fig. 1A).
In addition, RT‑qPCR revealed that MAFG‑AS1 expression
levels were higher in cancer tissues compared with those in
adjacent non‑tumor tissues (Fig. 1B). Similarly, MAFG‑AS1
levels were significantly upregulated in three human breast
cancer cell lines (MDA‑MB‑468, MDA‑MB‑231 and MCF‑7)
compared with those in the normal breast epithelial cell line
MCF‑10A (Fig. 1C). These results suggested that MAFG‑AS1
may function as a tumor‑promoting lncRNA in breast cancer.
MAFG‑AS1 sponges miR‑150‑5p. Considering that the
competing endogenous RNA (ceRNA) hypothesis, which
indicates that lncRNAs can sponge miRNAs to upregulate
the expression of specific mRNAs and further regulate the
progression of diseases (29), is currently widely accepted,
we hypothesized that MAFG‑AS1 may also function in
this manner in breast cancer. Cytoplasmic lncRNAs have
been reported to present with a high probability of acting
as ceRNAs (30); thus, cytoplasmic and nuclear MAFG‑AS1
were extracted separately, and RT‑qPCR was used to
analyze the expression of MAFG‑AS1 in the nucleus and
cytoplasm of breast cancer cells. The results demonstrated
that MAFG‑AS1 was mainly concentrated in the cytoplasm
of breast cancer cells (Fig. 2A), suggesting that MAFG‑AS1
may be involved in a ceRNA network in breast cancer.
To identify the potential mechanism of MAFG‑AS1 in
the modulation of the development of breast cancer, the
miRNAs sponged by MAFG‑AS1 were predicted using the
online bioinformatics analysis tool starBase (28). The results
revealed that MAFG‑AS1 bound miR‑150‑5p (Fig. 2B). To
overexpress miR‑150‑5p, transfection of the miR‑150‑5p

mimics into breast cancer cells was used (Fig. S1A). The
subsequent luciferase reporter assay results demonstrated
that the luciferase activity of MCF‑7 cells was significantly decreased by miR‑150‑5p mimics compared with
that in the NC mimics group following transfection with
WT‑MAFG‑AS1, whereas miR‑150‑5p mimics exerted
no inhibitory effects on the luciferase activity of MCF‑7
cells transfected with Mut‑MAFG‑AS1 (Fig. 2C). Taken
together, these results indicated that MAFG‑AS1 sponged
miR‑150‑5p. The relationship between MAFG‑AS1 and
miR‑150‑5p was then further examined; as presented
in Fig. 2D, transfection with the miR‑150‑5p mimics
inhibited the expression of MAFG‑AS1 in MCF‑7 and
MDA‑MB‑468 cells compared with the NC mimics group.
Next, overexpression efficiency of MAFG‑AS1 was verified
by RT‑qPCR analysis (Fig. S1B). Similarly, the expression
of miR‑150‑5p was downregulated following overexpression of MAFG‑AS1 in breast cancer cells compared with
that in cells transfected with the empty vector (Fig. 2E). In
addition, the mean expression levels of miR‑150‑5p were
significantly reduced in cancer tissues compared with those
in the adjacent non‑tumor tissues (Fig. 2F). The association
between miR‑150‑5p expression and OS of patients with
breast cancer was analyzed using the Kaplan‑Meier plotter
database. Based on the median miR‑150 expression, the
patients were divided into high and low expression groups.
The OS time of patients with high miR‑150‑5p expression
was significantly longer compared with that of patients
with low miR‑150‑5p expression (Fig. 2G). In conclusion,
these results demonstrated that MAFG‑AS1 interacted with
miR‑150‑5p in breast cancer, and that high expression levels
of miR‑150‑5p was associated with a favorable prognosis in
patients with breast cancer.

INTERNATIONAL JOURNAL OF ONCOLOGY 58: 33-44, 2021

37

Figure 2. MAFG‑AS1 sponges miR‑150‑5p. (A) Subcellular fractionation of the expression of MAFG‑AS1 in the nucleus and cytoplasm of MCF‑7 cells.
#
P<0.05 vs. cytoplasm. (B) Target binding between MAFG‑AS1 and miR‑150‑5p. Red represents mutated bases. (C) The interaction between miR‑150‑5p and
MAFG‑AS1 was confirmed by luciferase reporter assay. #P<0.05 vs. NC mimics + WT‑pGLO‑MAFG‑AS1. (D) The expression of MAFG‑AS1 in MCF‑7 and
MDA‑MB‑468 cells transfected with miR‑150‑5p was determined by RT‑qPCR. #P<0.05 vs. NC mimics. (E) The expression of miR‑150‑5p in MCF‑7 and
MDA‑MB‑468 cells transfected with pcDNA‑MAFG‑AS1 or pcDNA was determined by RT‑qPCR. #P<0.05 vs. pcDNA. (F) RT‑qPCR was used to detect
the expression of miR‑150‑5p in breast cancer and adjacent tissues. #P<0.05 vs. adjacent tissues. (G) The Kaplan‑Meier plotter database was used to analyze
the association between miR‑150‑5p expression and overall survival of patients with breast cancer. Log‑rank test was performed to analyze the comparisons
between the groups. n=1,262; P=0.013. MAFG‑AS1, MAF BZIP transcription factor G antisense RNA 1; miR, microRNA; WT, wild‑type; Mut, mutant;
RT‑qPCR, reverse transcription‑quantitative PCR.

MAFG‑AS1/miR‑150‑5p regulates the viability and migra‑
tion of breast cancer cells. The biological role of the
MAFG‑AS1/miR‑150‑5p axis in the development of breast
cancer was further investigated. As presented in Fig. 3A,
compared with that in the pcDNA + NC mimics group, overexpression of MAFG‑AS1 significantly promoted the viability of
breast cancer cells, whereas the miR‑150‑5p mimics reduced
cell viability after 48 h. In addition, the results demonstrated
that co‑transfection with the miR‑150‑5p mimics significantly
abolished the increase in cell viability induced by MAFG‑AS1
overexpression. The cell cycle analysis demonstrated that
MCF‑7 cells accumulated in the S phase and were decreased

in the G1/G0 phase after pcDNA‑MAFG‑AS1 transfection,
whereas the miR‑150‑5p mimics induced cell cycle arrest at
the G1/G0 phase. However, the miR‑150‑5p mimics failed to
induce G1/G0 arrest in pcDNA‑MAFG‑AS1 co‑transfected
MCF‑7 cells (Fig. 3B). RT‑qPCR was conducted to determine
the expression of the cell cycle‑associated genes cyclin A1 and
CDK2. These results demonstrated that the expression levels
of cyclin A1 and CDK2 were significantly upregulated in
MCF‑7 cells transfected with the pcDNA‑MAFG‑AS1 vector,
but downregulated by the miR‑150‑5p mimics compared
with the pcDNA + NC mimics group (Fig. 3C). A wound
healing assay was conducted to assess the migratory ability
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Figure 3. MAFG‑AS1 and miR‑150‑5p regulate the biological functions of breast cancer cells. (A) MTS was used to detect cell proliferation in each group.
(B) The cell cycle was examined using FACS analysis, and the cell cycle distribution was quantified. (C) RT‑qPCR was used to detect the expression of
cyclin A1 and CDK2. (D and E) Wound healing assay was used to determine the migratory ability of cells in each group, and statistical analysis was performed.
(F and G) RT‑qPCR was used to assess the mRNA expression levels of E‑cadherin and N‑cadherin. (H) Representative flow cytometry images of apoptosis
analysis. (I) The percentage of apoptotic cells. (J) The mRNA and (K) protein expression of the apoptotic genes Bcl‑2 and Bax were detected by RT‑qPCR and
western blotting analysis, respectively, in each group of cells. #P<0.05 vs. pcDNA + NC mimics; ФP<0.05 vs. MAFG‑AS1 + miR105‑5p. MAFG‑AS1, MAF BZIP
transcription factor G antisense RNA 1; miR, microRNA; RT‑qPCR, reverse transcription-quantitative PCR.
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of breast cancer cells. The results revealed that transfection
with the miR‑150‑5p mimics inhibited, whereas overexpression of MAFG‑AS1 promoted cell migration compared with
that in the control group; in addition, the promotive effect of
MAFG‑AS1 overexpression on cell migration was attenuated
by the miR‑150‑5p mimics (Fig. 3D and E). EMT‑related gene
expression was subsequently assessed. The mRNA and protein
expression levels of E‑cadherin were significantly downregulated, and those of N‑cadherin were upregulated in breast cancer
cells transfected with pcDNA‑MAFG‑AS1 vectors compared
with those in the control cells, whereas co‑transfection with
the miR‑150‑5p mimics reversed the effects of MAFG‑AS1 on
the expression of these markers (Fig. 3F and G). Additionally,
overexpression of MAFG‑AS1 decreased the apoptotic rates
of breast cancer cells as measured by flow cytometry with PI
and Annexin V staining, whereas the numbers of apoptotic
cells were markedly increased by the miR‑150‑5p mimics
(Fig. 3 H and I). The inhibitory role of MAFG‑AS1 overexpression on apoptosis was reversed by the miR‑150‑5p mimics
(Fig. 3H and I). In addition, the mRNA and protein levels of
the apoptosis‑related gene Bcl‑2 was significantly upregulated,
whereas those of Bax was significantly downregulated in breast
cancer cells transfected with pcDNA‑MAFG‑AS1 vectors
compared with those in the control cells (Fig. 3J and K). By
contrast, the miR‑150‑5p mimics decreased the mRNA and
protein levels of Bcl‑2, but increased those of Bax; however,
the miR‑150‑5p mimics failed to induce Bcl‑2 downregulation
and Bax upregulation in MAFG‑AS1 vector co‑transfected
MCF‑7 cells (Fig. 3J and K). These results suggested that
the MAFG‑AS1/miR‑150‑5p axis may regulate the viability,
apoptosis and migration of breast cancer cells.
MYB is a functional target gene of miR‑150‑5p. Subsequently,
the downstream target of miR‑150‑5p was explored. Three
online algorithms (miRDB, TargetScan and miRanda) were
used to predict the potential target genes of miR‑150‑5p.
The results revealed that MYB was a candidate target gene
of miR‑150‑5p (Fig. 4A). The miR‑150‑5p inhibitor was used
to knock down miR‑150‑5p expression, and the knockdown
efficiency was validated by RT‑qPCR (Fig. S1C). As presented
in Fig. 4B, the luciferase activity was significantly weakened
by the miR‑150‑5p mimics compared with the NC mimics,
but exhibited no changes when the 3'UTR binding sites were
mutated. Co‑transfection of the miR‑150‑5p inhibitor and the
WT‑MYB 3'UTR plasmid resulted in a significant increase in
the luciferase signal. Additionally, MYB mRNA levels were
downregulated following transfection with the miR‑150‑5p
mimics, but upregulated when miR‑150‑5p expression was
inhibited (Fig. 4C). Similar results were obtained for MYB
protein expression by western blotting (Fig. 4D). In addition,
compared with adjacent normal breast tissues, MYB mRNA
expression was upregulated in breast cancer tissues (Fig. 4E).
For further experiments, a MYB overexpression vector was
used, and the transfection efficiency of MYB was verified
by RT‑qPCR (Fig. S1D). The MTS assay demonstrated that
MYB overexpression reversed the suppressive effect of the
miR‑150‑5p mimics on MCF‑7 cell viability (Fig. 4F). In
addition, overexpression of MYB inhibited the miR‑150‑5p‑induced cell cycle arrest (Fig. 4G). The miR‑150‑5p mimics
significantly inhibited cyclin A1, CDK2 and N‑cadherin
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mRNA and protein expression levels and increased the expression levels of E‑cadherin compared with those in the control
cells; following co‑transfection with the MYB overexpression
vector, these results were reversed (Fig. 4H‑K). Additionally,
the miR‑150‑5p mimics promoted apoptosis in breast cancer
cells, whereas the number of apoptotic cells was recovered
following MYB overexpression (Fig. 4L and M). The decreases
in Bcl‑2 and increases in Bax expression levels induced by the
miR‑150‑5p mimics were reversed by MYB overexpression
(Fig. 4N and O). Overall, these results demonstrated that MYB
was a functional target gene of miR‑150‑5p in breast cancer.
MAFG‑AS1 positively regulates the expression of the MYB
gene by sponging miR‑150‑5p. To confirm the relationship
between MAFG‑AS1/miR‑150‑5p and MYB expression, a
luciferase reporter assay was performed. As presented in
Fig. 5A, the MYB‑WT luciferase activity was significantly
increased by MAFG‑AS1 overexpression and decreased by the
miR‑150‑5p mimics. However, induction of luciferase activity
of MYB‑WT was abrogated following co‑transfection with
the MAFG‑AS1 overexpression vector and the miR‑150‑5p
mimics. The effects of MAFG‑AS1/miR150‑5p on MYB
mRNA and protein expression were also assessed; RT‑qPCR
and western blotting results demonstrated that MAFG‑AS1
overexpression upregulated the levels of MYB mRNA and
protein expression, whereas transfection with the miR‑150‑5p
mimics downregulated MYB mRNA and protein expression
levels. Furthermore, MAFG‑AS1 overexpression attenuated
the inhibitory effects of the miR‑150‑5p mimics on the mRNA
and protein expression of MYB (Fig. 5B‑D). These results
indicated that MAFG‑AS1 competitively bound miR‑150‑5p
to upregulate the expression of MYB.
MYB is a downstream molecule of MAFG‑AS1 in the regula‑
tion of cell biological functions. To further validate the effects
of MYB on the role of MAFG‑AS1 in breast cancer cells,
MAFG‑AS1 expression was knocked down by transfection of
shMAFG‑AS1 into MCF‑7 cells, and the knockdown efficiency
of MAFG‑AS1 was validated by RT‑qPCR analysis (Fig. S1E).
The MTS assay results demonstrated that compared with that in
the pcDNA group, cell proliferation was significantly inhibited
after silencing MAFG‑AS1 expression but restored following
co‑transfection with the MYB overexpression vector (Fig. 6A).
In addition, knockdown of MAFG‑AS1 induced breast cancer
cell cycle arrest in the G0/G1 phase and reduced the number
of cells in the S phase compared with that in the cells transfected with the control vector. The effects of shMAFG‑AS1
were reversed following co‑transfection with the MYB overexpression vector (Fig. 6B). The expression levels of cyclin A1
and CDK2 were downregulated after silencing MAFG‑AS1
compared with those in the control cells, whereas overexpression of MYB restored their expression (Fig. 6C). Similarly, the
expression levels of the EMT‑related protein E‑cadherin were
upregulated and those of N‑cadherin were downregulated in
the shMAFG‑AS1 group compared with those in the control
group, and overexpression of MYB restored their expression
(Fig. 6D and E). As presented in Fig. 6F and G, compared with
that in the control group, the apoptotic rate was increased in the
shMAFG‑AS1 group, but decreased following co‑transfection
with the MYB overexpression vector. The mRNA and protein
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Figure 4. MYB is directly targeted by miR‑150‑5p. (A) Predicted miR‑150‑5p target sites in the MYB 3'UTR. Lines indicate perfect matches. Mut represents
a mutation of G to C in the MYB 3'UTR. (B) Relative luciferase activity was detected by luciferase reporter assay. #P<0.05 vs. NC mimics; ФP<0.05 vs. NC
inhibitor. (C) RT‑qPCR assay was used to detect MYB mRNA expression in each group of cells. #P<0.05 vs. NC mimics; ФP<0.05 vs. NC inhibitor. (D) MYB
protein expression was determined by western blotting analysis. (E) The expression of MYB mRNA in clinical tissue samples was confirmed by RT‑qPCR.
#
P<0.05 vs. adjacent tissues. (F) MTS was used to detect cell proliferation of cells transfected with the miR‑150‑5p mimics and a MYB overexpression vector.
#
P<0.05 vs. miR‑150‑5p mimics + pcDNA. (G) The cell cycle was examined using FACS analysis, and the cell cycle distribution was quantified. (H) RT‑qPCR
was used to detect the expression of cyclin A1 and CDK2. (I) Western blotting analysis was used to detect the protein expression of cyclin A1 and CDK2.
(J) The mRNA level of E‑cadherin and N‑cadherin in MCF‑7 cells were detected by RT‑qPCR. (K) The protein level of E‑cadherin and N‑cadherin in
MCF‑7 cells were detected by western blotting analysis. (L and M) Annexin V‑FITC was used to detect the percentage of apoptotic cells in each group.
(N) RT‑qPCR was used to detect the expression of the Bcl‑2 and Bax mRNA. (O) Western blotting analysis was used to detect the protein levels of the Bcl‑2
and Bax. #P<0.05 vs. NC mimics + pcDNA; ФP<0.05 vs. miR‑150‑5p mimics + pcDNA group. miR, microRNA; UTR, untranslated region; RT‑qPCR, reverse
transcription‑quantitative PCR; OD, optical density.
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Figure 5. MAFG‑AS1 positively regulates MYB expression by sponging miR‑150‑5p. (A) Luciferase assay was used to detect the luciferase activity in
each group of cells. (B) Reverse transcription‑quantitative PCR was used to detect the effects of miR‑150‑5p and MAFG‑AS1 on MYB gene expression.
(C and D) Western blotting analysis of MYB protein expression of cells overexpressing MAFG‑AS1 and/or miR‑150‑5p. #P<0.05 vs. pcDNA + NC mimics;
Ф
P<0.05 vs. MAFG‑AS1 + miR150‑5p mimics. MAFG‑AS1, MAF BZIP transcription factor G antisense RNA 1; miR, microRNA.

expression levels of Bcl‑2 were downregulated, and those of
Bax were upregulated in breast cancer cells transfected with
shMAFG‑AS1 compared with those in cells transfected with
the control vector, whereas MYB overexpression increased the
levels of Bcl‑2 and inhibited the levels of Bax compared with
those in the shMAFG‑AS1 group (Fig. 6H and I). Overall,
these results demonstrated that MAFG‑AS1 may aggravate the
progression of breast cancer by upregulating MYB.
MAFG‑AS1 regulates the progression of breast cancer in vivo
by targeting the miR‑150‑5p/MYB axis. The present study
further investigated whether MAFG‑AS1 regulated breast
cancer tumor growth in vivo by sponging miR‑150‑5p. As
presented in Fig. S2A, MAFG‑AS1 overexpression increased
the xenograft tumor size, whereas the miR‑150‑5p mimics
reduced the tumor size in vivo; the miR‑150‑5p mimics

abolished the MAFG‑AS1 overexpression‑mediated increase
in tumor size. In addition, the elevated tumor volume and
tumor weight induced by MAFG‑AS1 overexpression were
abrogated by the miR‑150‑5p mimics (Fig. 2B and C). By
contrast, the tumor size, volume and weight suppressed by the
miR‑150‑5p mimics were recovered by MYB overexpression
(Fig. S2D‑F). These results suggested that MAFG‑AS1 regulated the progression of breast cancer in vivo by targeting the
miR‑150‑5p/MYB axis.
Discussion
Breast cancer is a major health threat to women worldwide (1,2). Although a number of studies have investigated the
cellular and molecular mechanisms underlying the occurrence
and development of breast cancer (31‑33), early detection is
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Figure 6. MYB is involved in the MAFG‑AS1‑mediated regulation of cell biological functions. (A) MTS was used to detect the proliferation in each group
of cells. (B) The cell cycle was examined using FACS analysis. (C) RT‑qPCR was used to detect the expression of the cell cycle‑related genes cyclin A1 and
CDK2. (D) RT‑qPCR was used to detect the expression of the epithelial‑mesenchymal transition‑related genes E‑cadherin and N‑cadherin. (E) Western
blotting analysis was used to detect the protein levels of E‑cadherin and N‑cadherin. (F and G) Annexin V‑FITC was used to detect the apoptotic rates.
(H) RT‑qPCR was used to detect the mRNA expression levels of Bcl‑2 and Bax. (I) Western blotting analysis was used to detect the protein expression levels of
Bcl‑2 and Bax. #P<0.05 vs. pcDNA; ФP<0.05 vs. pcDNA‑shMAFG‑AS1. MAFG‑AS1, MAF BZIP transcription factor G antisense RNA 1; RT‑qPCR, reverse
transcription‑quantitative PCR; sh, short hairpin RNA.

hindered by the lack of effective diagnostic biomarkers.
Numerous studies have indicated that lncRNAs may be used
as potential therapeutic targets or prognostic markers of breast
cancer (34). For instance, lncRNA SNHG14 induces breast
cancer cell chemoresistance to trastuzumab by regulating
poly(A)‑binding protein cytoplasmic 1 through trimethylation

of lysine 27 acetylation (35). In addition, lncRNA integrin
subunit β2 (ITGB2)‑AS1 promotes the migration and invasion of breast cancer cells through upregulating ITGB2 (36).
However, the role of MAFG‑AS1 in breast cancer has not
been explored. The results of the present study demonstrated
that the expression of MAFG‑AS1 in breast cancer tissues
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and cells was increased compared with that in non‑cancerous
tissues and cells. These results indicated that MAFG‑AS1 had
the potential to become a biomarker for breast cancer.
The canonical theory for the mechanism of lncRNAs
is that lncRNA serve as miRNA ‘sponges’ to antagonize
the inhibition of miRNAs on mRNAs, thus enabling the
expression of downstream target genes (15). For example,
the lncRNA growth arrest‑specific 5 regulates autophagy in
patients with breast cancer by sponging miR‑23a to upregulate autophagy related 3 homolog (37). lncRNA bladder
cancer‑associated transcript 1 induces breast cancer cell
proliferative, migratory and invasive abilities by regulating
C‑C chemokine receptor type 2 expression by binding to
the specific sequence of miR‑150‑5p (15). The androgen
receptor negatively induced lncRNA binds to miR‑204 to
increase the migration and invasion of triple‑negative breast
cancer cells (38). miRNAs serve important regulatory
roles in physiological activities and pathological processes
of breast cancer. miR‑1287‑5p suppresses the growth of
triple negative breast cancer growth via interaction with
phosphoinositide 3‑kinase CB (39). miR‑132‑3p inhibits
the migration and invasion of breast cells by targeting lysosomal‑associated protein transmembrane 4 beta (40). The
results of the present study confirmed that miR‑150‑5p was
sponged by MAFG‑AS1 in breast cancer cells. In addition,
miR‑150‑5p was downregulated in breast cancer cells and
tissues compared with normal adjacent tissues and normal
breast epithelial cells. The miR‑150‑5p mimics blocked the
progression of breast cancer and abolished the promotive
role of MAFG‑AS1 overexpression on the progression of
breast cancer. Additionally, the in vivo experiment results
demonstrated that the tumor size, volume and weight
increased by MAFG‑AS1 overexpression were abrogated
by the miR‑150‑5p mimics. These results demonstrated that
MAFG‑AS1 promoted the progression of breast cancer by
sponging miR‑150‑5p in vitro and in vivo.
Bioinformatics analysis in the present study demonstrated that the oncogene MYB was a candidate target gene
for miR‑150‑5p. Previous studies have demonstrated that
MYB exerts a cancer‑promoting effect in a variety of tumors,
including breast cancer (41‑44). However, the molecular
mechanism of how the oncogenic driver MYB affects breast
cancer progression has not yet been fully elucidated. In
the present study, the luciferase reporter assay confirmed
that miR‑150‑5p directly targeted the 3'UTR of MYB. In
addition, the miR‑150‑5p mimics significantly inhibited
the expression of MYB in MCF‑7 cells. The miR‑150‑5p
mimics also inhibited breast cancer tumor growth in vivo by
suppressing MYB expression. In addition, MYB overexpression abolished the miR‑150‑5p mimic‑mediated inhibition
of tumor size, volume and weight in vivo. Further experiments verified that MYB may be an important molecule in
the MAFG‑AS1‑mediated regulation of breast cancer cell
biological function.
In conclusion, the results of the present study revealed
a crucial role of lncRNA MAFG‑AS1 in the proliferation
and migration of breast cancer cells. MAFG‑AS1 may
promote human breast cancer tumorigenesis by targeting the
miR‑150‑5p/MYB axis, suggesting a novel molecular mechanism of breast cancer.
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