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Background: Long non-coding RNA (lncRNA) A2M-AS1 has been indicated to be aug-
mented in breast cancer (BC), with its specific function undetermined. Therefore, this study 
is designed to investigate the mechanism of lncRNA A2M-AS1 in BC.
Methods: The expression of A2M-AS1, microRNA (miR)-146b, and MUC19 in BC tissues 
and cells was measured. Then, the interaction among A2M-AS1, miR-146b, and MUC19 
was detected. After A2M-AS1, miR-146b, and MUC19 expression were altered in BC cells, 
cell proliferation, invasion, and apoptosis were detected, and the protein levels of Hippo- 
related proteins (YAP and p-YAP) were evaluated. Tumor growth assay was also performed 
to validate the effects of A2M-AS1 and miR-146b in vivo.
Results: A2M-AS1 and MUC19 were highly expressed in BC, while miR-146b was poorly 
expressed. A2M-AS1 acts as a molecular sponge for miR-146b, which targeted and nega-
tively modulated MUC19. A2M-AS1 accelerated BC cell proliferation, invasion, and colony 
formation and suppressed apoptosis via the miR-146b/MUC19/Hippo axis, which was con-
firmed in vivo.
Conclusion: Taken above together, an oncogenic role for A2M-AS1 in BC was elicited by 
acting as a miR-146b sponge to promote MUC19 expression. The findings will present some 
cues for a further approach to BC.
Keywords: breast cancer, long non-coding RNA A2M-AS1, microRNA-146b, Mucin19, 
Hippo signaling pathway

Introduction
Among the female population, breast cancer (BC) accounts for 11.6% of all cancers 
and 6.6% of cancer-related death in 2018 worldwide.1 Recently, there are great 
advances in therapeutic modalities, such as surgery, radiotherapy, and chemother-
apy, while the therapeutic efficacy for BC remains unsatisfactory.2,3 It has been 
unraveled that there are multiple pathological mechanisms underlying breast tumor-
igenesis which are still not fully elucidated.4 Therefore, it is essential to determine 
the molecular mechanisms of BC occurrence and progression to advance BC 
therapies.

Long non-coding RNAs (lncRNAs) have been indicted as important molecules 
in tumorigenesis in recent years.5 A prior study has proved that lncRNA A2M-AS1 
is involved in pancreatic cancer, with its specific role undetermined.6 Furthermore, 
A2M-AS1 elevation has been suggested to be related to poor recurrence-free and 
metastasis-free survival of BC patients, implying its possible prognostic and 
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therapeutic role in BC.7 However, whether A2M-AS1 
indeed modulates the progression of BC and how the 
mechanism works remain unsettled. LncRNAs act as com-
peting endogenous RNAs (ceRNAs) by competitively 
interacting with shared microRNAs (miRNAs).8 miRNAs 
are a group of non-coding RNAs that play an important 
part in cell proliferation and survival as well as tumorigen-
esis by binding to target mRNAs, contributing to mRNA 
translational inhibition or degradation.9 Moreover, in our 
research, LNCIPEDIA (https://lncipedia.org/) predicted 
that lncRNA A2M-AS1 sponged miR-146b. miR-146b is 
shown to inhibit invasion and migration of BC cells 
in vitro, and to suppress lung metastasis in vivo.10 

During the present study, TargetScan (http://www.targets 
can.org/) predicted a targeting relationship between miR- 
146b and Mucin19 (MUC19). Mucins are secreted by 
epithelial cells of many normal human organs, which are 
of significance in pancreatic cancer treatment.11 More 
specifically, MUC6 expression was tightly linked to higher 
histologic grade, lymph node metastasis and HER2- 
positivity in breast ductal carcinomas.12 Also, the driving 
role of MUC2 in cell proliferation, apoptosis and metas-
tasis has been indicated in BC.13 Intriguingly, MUC1-C 
suppressed the activation of the Hippo pathway through 
the dephosphorylation of the oncogenic YAP protein,14 

indicating the possible association between Mucins and 
the Hippo pathway. The Hippo pathway, evolutionarily 
conserved from Drosophila to mammals, modulates tissue 
growth and organ size by restraining cell proliferation and 
migration and enhancing apoptosis.15 On the basis of the 
aforementioned evidence, we hypothesized that lncRNA 
A2M-AS1 had the potency to mediate BC cell function 
through the miR-146b/MUC19/Hippo axis in vitro and 
in vivo. Our studies might provide more insights into 
A2M-AS1 as a potential prognostic biomarker and thera-
peutic target for BC.

Materials and Methods
Ethics Statement
This project was authorized by the Institutional Review 
Board of Guizhou Provincial People’s Hospital (Approval 
date: 2017.05.26) and informed consent was obtained from 
all patients. All clinic operations followed principles 
embodied in the Declaration of Helsinki. All animal stu-
dies were performed under the approval of the Ethics 
Committee of Guizhou Provincial People’s Hospital 

(Approval date: 2019.01.21). The report of animal experi-
ments is in accordance with the ARRIVE guidelines.

Study Subjects
From September 2017 to September 2018, BC tissues and 
its matched adjacent normal tissues (>5 cm from tumor 
tissues) of 26 BC patients (27–69 years with a median age 
of 49 years) treated in Guizhou Provincial People’s Hospital 
were collected. The inclusion criteria were as follows: (1) 
patients without severe pulmonary or renal impairment; (2) 
patients who agreed to be followed-up; (3) patients without 
a history of severe cardiovascular and immune system dis-
ease; and (4) patients without chronic or acute infectious 
diseases. Patients with preoperative adjuvant chemotherapy 
were excluded. The tissue samples were stored in liquid 
nitrogen at −80°C. All patients were diagnosed and con-
firmed pathologically. Detailed clinicopathological charac-
teristics of the patients are listed in Table 1.

Cell Culture and Grouping
BC cells MCF-7 (ZQ0071), MDA-MB-231 (ZQ0118), 
MDA-MB-468 (ZQ0373) (Shanghai Zhong Qiao Xin Zhou 

Table 1 The Clinicopathological Characteristics of Patients 
Included

Characteristics n p value

Age (years) p > 0.05

≥ 55 13
< 55 13

Menopause p > 0.05
No 14

Yes 12

TNM stage p < 0.05

I–II 9
III–IV 17

Lymph node metastasis p < 0.05
No 10

Yes 16

Tumor size p < 0.05

≥ 2 cm 15

< 2 cm 11

Subtype p > 0.05

TNBC 10
HER2 2

Luminal A 6

Luminal B 8

Abbreviations: TNM, tumor, node, metastases; TNBC, triple-negative breast 
cancer.
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Biotechnology Co., Ltd., Shanghai, China) and normal mam-
mary epithelial cells MCF-10A (American Type Culture 
Collection, Manassas, VA, USA) were maintained in 
Dulbecco’s modified Eagle’s medium (DMEM) comprised 
of 10% fetal bovine serum (FBS), maintained with 5% CO2 

at 37°C. After adherence, cells were detached by 0.25% 
trypsin (Hyclone, Marlborough, MA, USA) for the 
experiments.

Cells were transfected with miR-146b mimic, A2M- 
AS1 overexpression plasmid (oe-A2M-AS1), shRNA tar-
geting A2M-AS1 (sh-A2M-AS1), MUC19 overexpression 
plasmid (oe-MUC19), miR-146b mimic + oe-A2M-AS1, 
miR-146b mimic + oe-MUC19 or sh-A2M-AS1 + oe- 
MUC19 as well as their respective controls. The over-
expression vectors were packaged with adenovirus 
(Genomeditech, Shanghai, China, http://www.genomedi 
tech.com). After transfection, cells were maintained in an 
incubator (37°C, 5% CO2, saturated humidity) for 6 h. The 
medium containing the transfection solution was replaced 
by the DMEM with 10% FBS (Santa Cruz Biotechnology 
Inc., Santa Cruz, CA, USA) for another 48-h incubation.

5-Ethynyl-2ʹ-Deoxyuridine (EdU) Assay
Cells were seeded into 24-well plates with three replicates 
in each group. Cells were incubated with EdU (10 µmol/L, 
Thermo Fisher, Waltham, MA, USA) for 2 h. The cells 
were fixed and stained based on the instructions of the 
EdU kits. After being observed and photographed under 
a fluorescence microscope (FM-600, Pudan Optical 
Instrument, Shanghai, China), cells in 6–10 random fields 
of view were counted, and the EdU-positive rate was 
calculated.

Colony Formation Assay
The cells were seeded in 75-mm plates (800 cells/plate), 
cultured for 9 days, fixed in methanol for 20 min, stained 
with 10% Giemsa for 20 min, washed with deionized 
water, and dried. The number of colonies with more than 
20 cells per plate was counted under the anatomical micro-
scope, and the colony formation rate was calculated.

Transwell Assay
The Matrigel (356,234, BD Biosciences, NJ, USA) was 
placed at 4°C overnight, and cells were diluted by serum- 
free medium with 1:3. Matrigel (50 μL) was added on the 
transwell apical chamber and solidified in the incubator for 
30 min. Cells were suspended in serum-free medium (1 × 
105 cells/mL), incubated for 12 h. The basolateral chamber 

was supplemented with a medium containing 10% FBS. 
After the addition of 100 μL cell suspension, the chamber 
was cultured for 1 d at 37°C. The non-invaded cells in the 
Matrigel membrane were wiped off by cotton swabs. Cells 
were fixed with methanol, stained by toluidine blue 
(Sigma-Aldrich, MO, USA) and photographed under the 
inverted microscope (CarlZeiss, Oberkochen, Germany). 
The number of permeating cells was counted manually in 
five randomly selected areas.

Flow Cytometry
Flow cytometry was conducted using Annexin V-FITC/PI 
apoptosis detection kit (MA0220, Dalian Meilun Biotech 
Co., Ltd., Dalian, China). Cells (2–5 × 105 cell/mL) were 
subjected to a 5-mins centrifugation at 500 g. Cells were 
resuspended with 195 μL binding buffer, incubated avoid-
ing light exposure with 5 μL Annexin V-FITC for 10 min 
and with 10 μL PI (20 μg/mL) for 5 mins and detected by 
a flow cytometer.

Dual-Luciferase Reporter Gene Assay
LNCIPEDIA (https://lncipedia.org/) and TargetScan (http:// 
www.targetscan.org/) were used to predict the binding sites 
between lncRNA A2M-AS1 and miR-146b as well as 
between miR-146b and MUC19, which were verified by 
dual-luciferase reporter gene assay. The PGLO-A2M-AS1- 
WT, PGLO-A2M-AS1-MUT, PGLO-MUC19-WT, and 
PGLO-MUC19-MUT were constructed and co-transfected 
with miR-146b mimic into HEK293T cells for 48 h. The 
cells were lysed to obtain the supernatant using Trans 
Detect Double-Luciferase Reporter Assay Kit (FR201-01, 
TransGen Biotech, Beijing, China). Dual-luciferase repor-
ter gene assay system (E1910, Promega Corporation, 
Madison, WI, USA) was utilized to test luciferase activity. 
The relative luciferase activity = firefly luciferase activity/ 
renilla luciferase activity.

RNA-Fluorescence in situ Hybridization 
(FISH)
FISH was conducted using a specific probe of A2M-AS1 
sequence. In short, the Cy5-labeled probe was specific for 
A2M-AS1. DAPI was utilized to stain nuclei. The subcel-
lular localization of A2M-AS1 was detected by an RNA- 
FISH Probe Kit (Shanghai GenePharma Co., Ltd., 
Shanghai, China). Fluorescence images were captured by 
a Zeiss LSM880 NLO (2 + 1 with BIG) confocal scanning 
microscope (Leica Microsystems, Mannheim, Germany).

International Journal of General Medicine 2020:13                                                                      submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1307

Dovepress                                                                                                                                                               Liu et al

http://www.genomeditech.com
http://www.genomeditech.com
https://lncipedia.org/
http://www.targetscan.org/
http://www.targetscan.org/
http://www.dovepress.com
http://www.dovepress.com


RNA Immunoprecipitation (RIP) Assay
Using RIP kit (Millipore, Billerica, MA, USA), the cell 
extract supernatant with the treated beads for 6 h was sub-
jected to washing with RIP buffer (6 times). The purified 
RNA was used to assess A2M-AS1 expression by RT-qPCR.

RNA Pull-Down Assay
The 50 nM biotin-labeled WT-bio-LncRNA A2M-AS1 
and MUT-bio-LncRNA A2M-AS1 were transfected into 
MCF-7 cells. After 48 h, cells were maintained in the 
specific lysate (Ambion, Austin, TX, USA) for 10 min, 
and centrifuged at 14,000 g to obtain the supernatant. The 
remaining lysate was co-cultured with M-280 streptavidin 
magnetic beads (S3762, Sigma) that have been pre-coated 
by RNase-free and yeast tRNA (TRNABAK-RO, Sigma) 
for 3 h, then rinsed twice with cool lysis buffer, three times 
with low salt buffer and once with high salt buffer. The 
total RNA was extracted to determine A2M-AS1 expres-
sion with RT-qPCR.

RT-qPCR
TRIZOL reagents (15596–018, Solarbio, Beijing, China) 
were first applied for total RNA extraction from cells. BC 
and adjacent normal tissues were added to tubes (100 mg/ 
mL) with TRIzol, broken up with an ultrasonic breaker 
and incubated on ice for 10 min. After centrifugation at 
12000 g at 4°C for 10 min, 700 μL supernatant was 
incubated on ice with chloroform for 10 min, centrifuged 
again at 12000 g at 4°C for 10 min, and the supernatant 
was discarded. Cells in each tube were added with 1 mL 
freshly prepared 75% ethanol, centrifuged at 4°C at 

12,000 g for 15 min, and air-dried. Afterwards, 30 mL 
diethyl pyrocarbonate (DEPC) was added to dissolve the 
RNA. RNA concentration was determined by NanoDrop 
ND-2000 (Thermo Fisher scientific), and RNA quality was 
assessed using formaldehyde denaturing gels. Next, 
reverse transcription was implemented using TaqMan 
MicroRNA Assays Reverse Transcription primer 
(4427975, Applied Biosystems, Foster City, CA, USA)/ 
PrimeScript RT reagent Kit (RR047A, Takara). Reverse 
transcription system was prepared as follows: 5 μg total 
RNA, 1 μL Oligo(dT)20, 1 μL 10 mmol/L dNTP, 3 μL 
0.1mol/L DTT and 10 μL DEPC. The reaction cycle was 
pre-denaturation at 92°C for 2 min, denaturation at 95°C 
for 20 s, annealing at 60°C for 40 s, and extension at 72°C 
for 2 min for a total of 35 cycles. Fluorescence quantifica-
tion of cDNA was performed by SYBR Premix Ex Taq II 
Kit (Takara) with a PCR system of 2 μL cDNA, 12.5 μL 
SYBR premix, 1 μL Primer and 9.5 μL DEPC. TaKaRa 
was authorized to synthesize the primers (Table 2) used in 
the assay. ABI 7500 system (ABI, CA, USA) was 
employed for RT-qPCR. The target product was sequenced 
at Sangon Biological Engineering Technology & Services 
Co., Ltd. (Shanghai, China). The specificity of the gene 
and the origin of the product species were verified by the 
Blast program (NCBI, USA), and the primers and gene 
product were shown to be human-specific sequences in the 
Blast program. The relative expression of genes was deter-
mined by 2−ΔΔCt method. Glyceraldehyde phosphate 
dehydrogenase (GAPDH) and U6 were, respectively, 
used as normalization controls. The amplification efficien-
cies of the target and reference genes were calculated by 

Table 2 Primer Sequences for RT-qPCR

Targets Primer (5ʹ-3ʹ) Product Size (bp)

A2M-AS1 F: TGTCGCAATACTTACTGCAAAGA 381
R: AGGATTCATGCAGAAGCACG

miR-146b F: CCTGGCACTGAGAACTGAATTCCATAGGCTGTGAGCTCT 126
R: AGCAATGCCCTGTGGACTCAGTTCTGGTGCCCGG

MUC19 F: TATCTACCTGGAGCAAAGGAGC 234
R: CCTTCCACCTTACATCTTCCAG

U6 F: CTCGCTTCGGCAGCACA 159
R: AACGCTTCACGAATTTGCGT

GAPDH F: TGTTCGTCATGGGTGTGAAC 205
R: ATGGCATGGACTGTGGTCAT

Abbreviations: RT-qPCR, reverse transcription quantitative polymerase chain reaction; miR-146b, microRNA-146b; MUC19, Mucin19; GAPDH, 
glyceraldehyde phosphate dehydrogenase; F, forward; R, reverse.
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relative standard curves which were close to 100%, and 
the efficiency deviation was within 5%.

Immunoblotting
Total protein was extracted using radioimmunoprecipita-
tion assay lysis buffer (R0010, Solarbio), lysed for 15 min 
at 4°C, followed by a centrifugation (12000 rpm, 15 min). 
Bicinchoninic acid (20201ES76, Yisheng Biotechnology 
Co., Ltd., Shanghai, China) was utilized to assess the 
protein concentration. After separation by means of 8%– 
14% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis, the isolated proteins (15 μg) were transferred to 
the polyvinylidene fluoride membrane, which was blocked 
for a period of 1 h with the use of 5% BSA. The mem-
brane was subjected to an incubation overnight at 
a temperature of 4°C with diluted primary antibodies to 
MUC19 (ab123813, 1:1000, Abcam, Cambridge, UK), 
p-YAP (ab62751, 1:1000, Abcam), YAP (ab81183, 
1:1000, Abcam), and GAPDH (ab8245, 1:1000, Abcam). 
The membrane was subjected to additional incubation with 
horseradish peroxidase (HRP)-labelled goat anti-rabbit 
IgG (ab205718, 1:20000, Abcam) or goat anti-mouse 
(ab6789, 1:5000, Abcam) for a period of 1 h. After that, 
the membrane was visualized by chemiluminescence 
(ECL). Grayscale analysis was implemented with the use 
of ImageJ 1.48 u Software (National Institutes of Health). 
The relative ratio was calculated with GAPDH deemed as 
the internal reference.

Xenograft Studies
Twenty 6-week-old female nude mice (weighing 16–18 g) 
provided by Hunan SJA Laboratory Animal Co., Ltd. 

(Hunan, China) were housed in specific-pathogen-free condi-
tions at 24°C–26°C with the relative humidity of 40%~60%. 
MCF-7 cells stably transfected with sh-NC, sh-A2M-AS1, sh- 
A2M-AS1 + mimic NC, sh-A2M-AS1 + miR-146b mimic 
plasmids were dispersed into single-cell suspension, and 
0.1 mL cell suspension (1 × 106 cells/mL MCF-7 cells) was 
subcutaneously injected into each nude mouse. Volume 
changes in nude mice were recorded on the basis of the 
formula: V = (A × B2)/2 (A was long diameter, B was short 
diameter, mm3). After 35 days, the nude mice received eutha-
nasia by CO2, followed by the removal of tumors, photograph 
and weighing.

Statistical Analysis
The data were represented as mean ± standard deviation, 
which were implemented by means of unpaired t-test 
between two groups or one-way analysis of variance 
(ANOVA) or two-way ANOVA for more than two groups. 
The values were considered significantly different at ap 
< 0.05 using SPSS 21.0 software (IBM Corp. Armonk, 
NY, USA).

Results
LncRNA A2M-AS1 Expression is Elevated 
in BC Tissues and Cells
The quantitation by RT-qPCR showed that A2M-AS1 
expression in BC tissues was higher than that in adjacent 
normal tissues (p < 0.05) (Figure 1A). Consistently, A2M- 
AS1 expression was elevated in BC cells (MCF-7, MDA- 
MB-231, and MDA-MB-468) compared with MCF-10 
cells (p < 0.05) (Figure 1B).

Figure 1 LncRNA A2M-AS1 is upregulated in BC tissues and cells. (A) RT-qPCR quantitation of A2M-AS1 expression in BC tissues and adjacent normal tissues (n = 26). (B) 
RT-qPCR quantitation of A2M-AS1 expression in MCF-7, MDA-MB-231, and MDA-MB-468, and MCF-10 cells. *p < 0.05 vs adjacent normal tissues or MCF-10 cells.
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A2M-AS1 Knockdown Restrains BC Cell 
Malignant Phenotype
MCF-7 cells with the highest expression of A2M-AS1 were 
treated with A2M-AS1 knockdown, and MDA-MB-231 cells 
with the poorest expression of A2M-AS1 were treated with 
A2M-AS1 overexpression. RT-qPCR validated that A2M- 
AS1 expression was elevated in MDA-MB-231 cells trans-
fected with expression vectors containing A2M-AS1, and 
decreased in MCF-7 cells transfected with sh-A2M-AS1 
(p < 0.05) (Figure 2A).

EdU, Transwell, colony formation assay, and flow 
cytometry verified that overexpressed A2M-AS1 promoted 
MDA-MB-231 cell proliferation, invasion and colony for-
mation and delayed the apoptosis, while the opposite 
results were observed in MCF-7 cells which were treated 
by sh-A2M-AS1 (p < 0.05) (Figure 2B–E).

LncRNA A2M-AS1 Sponges miR-146b 
in BC Cells
The quantitation by RT-qPCR showed that miR-146b 
expression in BC tissues decreased (p < 0.05) (Figure 3A). 
Consistently, miR-146b expression decreased in BC cells 
(MCF-7, MDA-MB-231, and MDA-MB-468) compared 
with MCF-10 cells (p < 0.05) (Figure 3B).

LNCIPEDIA (https://lncipedia.org/) predicted the 
binding relationship between A2M-AS1 and miR-146b 

(Figure 3C). A dual-luciferase reporter assay (Figure 3D) 
displayed that elevated miR-146b reduced the A2M-AS1- 
WT luciferase activity (p < 0.05), while the A2M-AS1- 
MUT luciferase activity showed no obvious difference 
(p > 0.05). RNA-FISH showed that A2M-AS1 localized 
to the cytoplasm (Figure 3E). RIP demonstrated that Ago2 
was able to enrich A2M-AS1 compared with IgG 
(Figure 3F). In addition, the RNA pull-down assay showed 
that WT-miR-146b significantly increased the enrichment 
of A2M-AS1 (p < 0.05) (Figure 3G).

A2M-AS1 Accelerates BC Cell 
Proliferation, Invasion, and Colony 
Formation and Suppresses Apoptosis by 
Competitively Binding to miR-146b
In order to study the function of A2M-AS1 and miR-146b 
in BC, we upregulated miR-146b and/or A2M-AS1 in 
MCF-7 cells. RT-qPCR (Figure 4A) displayed that com-
pared with MCF-7 cells transfected with mimic NC, miR- 
146b expression elevated (p < 0.05), and A2M-AS1 
expression showed no obvious difference (p > 0.05) in 
MCF-7 cells treated with miR-146b mimic. Simultaneous 
overexpression of A2M-AS1 and miR-146b increased 
A2M-AS1 expression and reduced miR-146b expression 
in MCF-7 cells in comparison to miR-146b restoration 
alone.

Figure 2 Silencing of A2M-AS1 suppresses BC cell proliferation and invasion. MCF-7 cells were treated with A2M-AS1 knockdown (with sh-NC as control), and MDA-MB 
-231 cells were treated with A2M-AS1 overexpression (with oe-NC as control). (A) RT-qPCR quantitation of A2M-AS1 expression in MCF-7 and MDA-MB-231 cells. (B) 
EdU assay for MCF-7 and MDA-MB-231 cell proliferation. (C) MCF-7 and MDA-MB-231 cell colony formation detected by colony formation assay. (D) Transwell assay for 
MCF-7 and MDA-MB-231 cell invasion. (E) Flow cytometry for MCF-7 and MDA-MB-231 cell apoptosis. *p < 0.05 vs MCF-7 cells treated with sh-NC or MDA-MB-231 cells 
treated with oe-NC.
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Figure 4 A2M-AS1 accelerates BC cell proliferation, invasion, and colony formation and suppresses apoptosis by competitively binding to miR-146b. MCF-7 cells were 
transfected with miR-146b mimic (with mimic NC as control) or miR-146b mimic + oe-A2M-AS1 (with miR-146b mimic + oe-NC as control). (A) RT-qPCR quantitation of 
A2M-AS1 expression in MCF-7 cells. (B) EdU assay for MCF-7 cell proliferation. (C) MCF-7 cell colony formation detected by colony formation assay. (D) Transwell assay 
for MCF-7 cell invasion. (E) Flow cytometry for MCF-7 cell apoptosis. *p < 0.05 vs MCF-7 cells treated with mimic NC; #p < 0.05 vs MCF-7 cells treated with miR-146b 
mimic + oe-NC.

Figure 3 LncRNA A2M-AS1 competitively binds to miR-146b. (A) RT-qPCR quantitation of miR-146b expression in BC tissues and adjacent normal tissues (n = 26). 
*p < 0.05 vs adjacent normal tissues. (B) RT-qPCR quantitation of miR-146b expression in MCF-7, MDA-MB-231, and MDA-MB-468, and MCF-10 cells. *p < 0.05 vs 
MCF-10 cells. (C) An online prediction website identified the binding sites between A2M-AS1 and miR-146b. (D) Dual-luciferase reporter assay verified the 
interaction between A2M-AS1 and miR-146b. *p < 0.05 vs cells treated with NC mimic. (E) RNA-FISH detection of A2M-AS1 subcellular localization in prostate 
cancer cells. (F) RIP to assess the binding of AGO2 with A2M-AS1. *p < 0.05 vs Bio-NC. (G) RNA pull-down to detect the binding relationship between A2M-AS1 
and miR-146b. *p < 0.05 vs IgG.
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It was verified that MCF-7 cell proliferation, invasion 
and colony formation abilities were repressed, and the 
apoptosis was facilitated by the treatment of miR-146b 
mimic. Moreover, simultaneous restoration of A2M-AS1 
and miR-146b accelerated MCF-7 cell proliferation, inva-
sion and colony formation, and inhibited apoptosis in 
comparison to miR-146b restoration alone (p < 0.05) 
(Figure 4B–E). Overall, upregulation of miR-146b 
reversed the promoting effects of A2M-AS1 in BC cell 
activity.

miR-146b Targets and Negatively 
Regulates MUC19
The results of RT-qPCR and immunoblotting exhibited that 
MUC19 expression was elevated in BC cells (MCF-7, MDA- 
MB-231, and MDA-MB-468) compared with MCF-10A 
cells (p < 0.05) (Figure 5A and B).

TargetScan (http://www.targetscan.org/) predicted the 
targeting relationship between miR-146b and MUC19 
(Figure 5C). Moreover, the dual-luciferase reporter assay 

was used to verify the binding relationship between miR- 
146b and MUC19 (Figure 5D). miR-146b mimic reduced 
the luciferase activity of MUC19-3ʹ-UTR-WT (p < 0.05), 
while the MUC19-3ʹ-UTR-MUT luciferase activity 
showed no evident difference (p > 0.05). Therefore, the 
obtained data suggested that miR-146b could target 
MUC19 and inhibited MUC19 expression.

A2M-AS1 Inhibition Prevents the BC 
Progression in vitro via the miR-146b/ 
MUC19/Hippo Axis
MCF-7 cells treated with miR-146b mimic or A2M-AS1 
knockdown were transfected with MUC19 overexpression, 
respectively. MUC19 expression increased in MCF-7 cells 
received miR-146b mimic + oe-MUC19 relative to MCF-7 
cells treated with miR-146b mimic + oe-NC. Similar upre-
gulation of MUC19 was observed in MCF-7 cells treated 
with sh-A2M-AS1 + oe-MUC19 relative to sh-A2M-AS1+ 
oe-NC (p < 0.05) (Figure 6A and B).

Figure 5 miR-146b could target MUC19 and suppresses its expression. (A) RT-qPCR quantitation of MUC19 mRNA level in MCF-7, MDA-MB-231, and MDA-MB-468, and 
MCF-10 cells. (B) Immunoblotting of MUC19 protein level in MCF-7, MDA-MB-231, and MDA-MB-468, and MCF-10 cells. (C) Binding sites between miR-146b and MUC19 
predicted using TargetScan. (D) Target relationship between miR-146b and MUC19 detected using dual-luciferase reporter gene assay. *p < 0.05 vs MCF-10 cells or MCF-7 
cells treated with NC mimic.
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EdU, Transwell, colony formation assay, and flow 
cytometry confirmed that both upregulating miR-146b 
and MUC19 accelerated cell proliferation, invasion and 
colony formation and diminished the apoptosis compared 
with MCF-7 cells treated with miR-146b mimic + oe-NC. 
The treatment of sh-A2M-AS1+ oe-MUC19 contributed 
to the consistent results in comparison to MCF-7 cells 
treated with sh-A2M-AS1 + oe-NC (p < 0.05) 
(Figure 6C–F).

Immunoblotting (Figure 6G) presented that YAP 
expression showed no evident difference (p > 0.05) and 
p-YAP expression reduced (p < 0.05) in MCF-7 cells 
received miR-146b and MUC19 upregulation relative to 
MCF-7 cells received miR-146b mimic + oe-NC. 
Compared with MCF-7 cells treated with sh-A2M-AS1 + 
oe-NC, A2M-AS1 knockdown and overexpressed MUC19 
exerted no effects on YAP expression (p > 0.05), while 
reduced p-YAP expression (p < 0.05). This evidence 

Figure 6 A2M-AS1 knockdown suppresses the BC progression in vitro by disrupting the miR-146b/MUC19/Hippo axis. MCF-7 cells were treated with miR-146b mimic + oe-MUC19 
(with miR-146b mimic + oe-NC as control) or sh-A2M-AS1 + oe-MUC19 (with sh-A2M-AS1+ oe-NC as control). (A) RT-qPCR quantitation of expression of A2M-AS1 and miR-146b 
and MUC19 mRNA level in MCF-7 cells. (B) Immunoblotting of MUC19 protein level in MCF-7 cells. (C) MCF-7 cell proliferation detected by EdU assay. (D) MCF-7 cell colony 
formation detected by colony formation assay. (E) MCF-7 cell invasion detected by Transwell assay. (F) MCF-7 cell apoptosis detected by flow cytometry. (G) Immunoblotting of YAP 
and p-YAP protein level in MCF-7 cells. *p < 0.05 vs MCF-7 cells transfected with miR-146b mimic + oe-NC. #p < 0.05 vs MCF-7 cells treated with sh-A2M-AS1+ oe-NC.
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shows that A2M-AS1 regulated miR-146b/MUC19/Hippo 
axis, thus promoting BC progression.

Overexpression of A2M-AS1 Promotes 
the Tumor Growth in vivo by 
Downregulating miR-146b
Finally, we tested the effect of A2M-AS1 and miR-146b in 
tumorigenesis of BC cells in nude mice. Results (Figure 7A–C) 
displayed that A2M-AS1 upregulation potently increased the 
subcutaneous tumor volume and weight, which was reversed 
by miR-146b mimic (p < 0.05). In conclusion, A2M-AS1 
overexpression contributed to tumorigenesis of BC cells 
in vivo, while elevated miR-146b exerted opposite effects 
on BC development.

Discussion
BC, the most prevalent malignant tumor in women around 
the world, remains the second most common factor for 
cancer-associated death in women despite the decreasing 
mortality rates.16 Existing literature has confirmed that 
lncRNAs function as a ceRNA to affect the BC progression 
by regulating miRNAs.17 Presently, lncRNA A2M-AS1 and 
MUC19 expression were much higher in BC tissues and 
cells, whereas miR-146b expression was lower. 
Downregulated A2M-AS1 suppressed BC cell prolifera-
tion, colony formation and invasion, and facilitated apop-
tosis. Moreover, A2M-AS1 was identified to be bound to 
miR-146b, and miR-146b expression could be conversely 
regulated by A2M-AS1 in BC cells. Dual-luciferase 

reporter assay presented that MUC19 3ʹ-UTR was targeted 
by miR-146b in BC cells. A2M-AS1 and miR-146b regu-
lated the activity of the Hippo pathway via MUC19.

Our initial observations revealed that lncRNA A2M- 
AS1 was highly expressed in BC, and downregulated 
A2M-AS1 restrained BC cell proliferation and invasion 
and promoted apoptosis. LncRNA A2M-AS1 is demon-
strated to influence the progression of pancreatic cancer.6 

Interestingly, Fang et al have elucidated that lncRNA 
A2M-AS1 was also enriched in BC, which facilitated BC 
cell proliferation, invasion, and migration,7 while the roles 
of lncRNA A2M-AS1 in BC remain to be further 
explored. Following the evaluation of the functional rele-
vance of lncRNA A2M-AS1 to BC cell function, this 
study demonstrated that lncRNA A2M-AS1 regulated BC 
cell biological activity by sponging miR-146b. LncRNAs 
mediated gene expression at transcriptional, translational, 
and post-translational levels.18 Since the proposal of 
ceRNA hypothesis in 2011,19 emerging evidence indicated 
that there are communications among all classes of RNA 
transcripts to modulate the expression patterns of each 
other via competing for shared sequences in miRNAs.20 

In our study, dual-luciferase, RNA-FISH, RIP, and RNA 
pull-down assays verified that A2M-AS1 bound to miR- 
146b and downregulated miR-146b expression. Similar to 
our observations, Lnc-AL445665 promoted the progres-
sion of multiple uterine leiomyomas by sponging miR- 
146b-5p.21 Meanwhile, lncRNA SOX2-OT played as 
a tumor-supporting gene in nasopharyngeal carcinoma 
progression by interacting with miR-146b-5p.22 miR- 

Figure 7 A2M-AS1 downregulation hinders tumorigenesis of BC cells in vivo by binding to miR-146b. Mice were treated with oe-A2M-AS1 (with sh-NC as control) or oe- 
A2M-AS1 + miR-146b mimic (with oe-A2M-AS1 + mimic NC as control). (A) Tumors in nude mice after tumorigenesis. (B) Tumor volume in nude mice. (C) Tumor weight 
in nude mice. *p < 0.05 vs mice injected with oe-NC. #p < 0.05 vs mice injected with oe-A2M-AS1 + mimic NC. N = 5.
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146b expression was reduced in multiple human cancers, 
such as glioma and hepatocellular carcinoma, which was 
correlated with repressed cell invasion, migration, and 
viability.23,24 Consistently, miR-146b expression was 
decreased in BC in the current study. Hurst et al have 
found that miR-146b was downregulated in BC, and its 
overexpression limited BC cell migration and invasion to 
delay the BC development.10 Therefore, these findings 
support that lncRNA A2M-AS1 has the potential to func-
tion as a possible biomarker to hamper BC development 
by sponging miR-146b.

In addition, this study demonstrated that miR-146b 
targeted MUC19 and miR-146b elevation consequently 
suppressed its expression. Mucins, high molecular weight 
and multifunctional glycoproteins, are reported to protect 
and lubricate the luminal surfaces of epithelium-lined 
ducts in the human body.25 In addition, the secreted and 
transmembrane mucins are being recognized as effectors 
of carcinogenesis.26 It was noted that MUC2 are upregu-
lated in BC, which could drive the cancer progression.13 

A recent study has investigated that MUC4 conferred 
Trastuzumab resistance to HER2-positive BC cells.27 

Also, MUC1 was also proved to predict the BC 
metastasis.28 Under the context of MUC19, MUC19 
expression was notably increased in BC tissues and cells, 
and MUC19 was found to be targeted by miR-593.29 

Furthermore, the Hippo pathway is known as a tumor 
inhibitor to participate in BC development.30 Hippo sig-
naling pathway is involved in proliferation, migration, 
invasion, and stemness to affect BC progression.31 

However, the linkage between miR-146b and the Hippo 
signaling pathway has not yet been explored. Our data 
provided that overexpression of MUC19 abrogated the 
stimulative role of miR-146b mimic or sh-A2M-AS1 on 
the Hippo signaling pathway by reducing the extent of 
YAP phosphorylation. Thus, overexpressed miR-146b 
activated Hippo signaling, which was negatively regulated 
by MUC19, thereby inhibiting cell proliferation, invasion, 
and colony formation and promoting apoptosis in BC.

Conclusions
To briefly conclude, the present study determined that 
lncRNA A2M-AS1 accelerated BC cell proliferation, inva-
sion, and colony formation and delayed apoptosis by 
sponging miR-146b to upregulate MUC19 and disrupt 
Hippo signaling pathway. The result could open a new 
treatment target in BC treatment field. Further investiga-
tion into the specific regulatory mechanisms of the 

lncRNA A2M-AS1/miR-146b/MUC19/Hippo axis in BC 
will be summarized in our next study due to the limited 
reports on the relationship between lncRNA A2M-AS1 
and the miR-146b/MUC19/Hippo axis.
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