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ABSTRACT

Purpose: The purpose of the current study was to explore the functions and potential 
mechanism of miR-451a in breast cancer (BC).
Methods: Quantitative reverse transcription real-time polymerase chain reaction was used 
to analyze the expression of miR-451a in human normal mammary cells (MCF-10A) and BC 
cells. Colony formation assay, terminal-deoxynucleoitidyl transferase mediated nick end 
labeling assay and transwell assays were conducted to validate the effect of miR-451a on 
proliferation, apoptosis, migration and invasion of BC cells, respectively. RNA pull-down, 
RNA immunoprecipitation and luciferase reporter assays were applied to investigate the 
upstream and downstream mechanisms of miR-451a in BC cells.
Results: MiR-451a was expressed at a low level in BC cells. Overexpression of miR-451a 
repressed BC cells proliferation, migration and invasion. Moreover, long non-coding RNA 
AC092127.1 acted as a sponge of miR-451a to enhance the expression level of AE binding 
protein 2 (AEBP2) that was demonstrated to be the target gene of miR-451a in BC cells. 
Finally, rescue experiments validated that miR-451a and AEBP2 involved in AC092127.1-
mediated BC cell growth, migration and invasion.
Conclusion: In a word, AC092127.1/miR-451a/AEBP2 axis contributes to BC cell growth, 
migration and invasion. Our results may help to find novel potential targets for BC treatment.
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INTRODUCTION

Breast cancer (BC) is a malignant tumor, which has become the most major cause of cancer-
related death among women worldwide [1]. At present, surgery, chemotherapy, radiotherapy 
and endocrine therapy are the main treatment options for BC. Nevertheless, the prognosis 
of BC patients at advanced stage is still poor [2, 3]. So, it is significant to understand the 
mechanisms underlying BC pathology in finding novel therapeutic targets.

MicroRNAs (miRNAs) are a class of non-coding RNAs (ncRNAs) with the length of 20-22 
nucleotides [4]. MiRNAs usually exert functions at the post-transcriptional level to regulate 
their target genes [5]. According to previous studies, miRNAs exert important functions in 
BC. For example, miR-183-5p facilitates BC cell proliferation via suppressing PDCD4 [6]. MiR-
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145 influences BC cell proliferation and migration via regulating OCT4 expression [7]. MiR-451a 
has been reported as a potential biomarker for cancer treatment [8]. The role of miR-451a in 
biological processes of cancers has also been elucidated. For instance, miR-451a functions as 
a tumor suppressor gene to affect non-small cell lung cancer via targeting ATF2 [9]. MiR-451a 
negatively regulates thyroid cancer development via targeting PSMB8 [10]. Moreover, miR-451a 
inhibits cell proliferation and enhances tamoxifen sensitive in BC via modulating macrophage 
migration inhibitory factor [11]. However, the molecular mechanisms of miR-451a in regulating 
the malignant phenotype of BC cells have not been fully elucidated.

Long ncRNA (lncRNAs) belong to transcribed RNA molecules, which are longer than 200 
nucleotides and lack of protein-coding potential [12]. In recent years, numerous studies 
have disclosed that lncRNAs are closely related to various biological processes, including 
proliferation, apoptosis, migration, and invasion [13, 14]. Moreover, increasing reports have 
suggested that lncRNAs can serve as oncogenes or tumor suppressor genes to affect the 
occurrence and development of BC [15]. For examples, MALAT1 exerts inhibitory function 
in BC metastasis [16]. NEAT1 acts as an oncogene to facilitate BC cell proliferation and 
metastasis [17]. However, the biological roles of most lncRNAs in BC are still unknown.

This study focused on exploring the role of miR-451a and its relevant regulatory mechanism 
in BC.

METHODS

Assays to culture cells
Cell culture
BC cells (MCF-7, BT-549, MDA-MB-468, and MDA-MB-231) and human normal mammary 
cells (MCF-10A) were purchased from ATCC (Manassas, USA). MCF-7 cells were grown in 
Dulbecco's Minimum Essential Medium (Gibco, Grand Island, USA). BT-549 cells were grown 
in Roswell Park Memorial Institute (RPMI)-1640 Medium (Gibco). MDA-MB-468 and MDA-
MB-231 cells were grown in Leibovitz's L-15 Medium (Gibco). MCF-10A cells were grown in 
MEGM (Lonza/Clonetics Corporation, San Diego, USA). All cells were cultured in a humid 
atmosphere with 5% CO2 at 37oC.

Cell transfection
MiR-451a mimics and NC mimics, sh-AC092127.1#1/2 and sh-NC, miR-451a inhibitor and 
NC inhibitor, pcDNA3.1-AE binding protein 2 (AEBP2) and pcDNA3.1 were synthesized by 
GenePharma (Shanghai, China). Lipofectamine 3000 (Life Technologies, Carlsbad, USA) was 
used for transfection. The concentrations of plasmids were all listed in Supplementary Table 1.

Assays to determine the expression level
Quantitative reverse transcription real-time polymerase chain reaction
Total RNA was isolated from cells using Trizol reagent (Invitrogen, Carlsbad, USA). And then, 
RNA was reversely transcribed into complementary DNA using M-MLV reverse transcriptase 
(Promega, Madison, USA). Target primers were amplified and the expression levels of RNAs 
were quantified using SYBR Green PCR Master Mix (Applied Biosystems, Foster City, USA) 
based on 2−ΔΔCt method and normalized to U6 or glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH). Sequences of all primers were listed in Supplementary Table 2. The experiment 
was conducted at least 3 times.
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Western blot
RIPA lysis buffer (Thermo Fisher, Waltham, USA) was used to extract total proteins from 
cells. Proteins were separated by 10% sodium dodecyl sulphate–polyacrylamide gel 
electrophoresis and then transferred to polyvinylidene fluoride membranes (Millipore, 
Burlington, USA), followed by incubation with primary antibodies, including anti-AEBP2 
(community state type [CST], 1/1,000) and anti-GAPDH (CST, 1/1,000) at 4oC overnight. 
Next, the membranes were incubated with the horseradish peroxidase-conjugated secondary 
antibodies at room temperature for 1 h. Finally, the ECL Western Blotting Detection Kit was 
utilized to detect the protein levels. The experiment was conducted at least 3 times.

Assays to investigate the biological behaviors of cells
Colony formation assay
Cells were grown in 6-well plates for 10 days' incubation, and then fixed with 4% 
paraformaldehyde and stained with 0.1% crystal violet. The numbers of colonies were 
counted manually when the colonies could be observed by naked eyes. The experiment was 
conducted at least three times.

Terminal-deoxynucleoitidyl transferase mediated nick end labeling
Terminal-deoxynucleoitidyl transferase mediated nick end labeling (TUNEL) assay 
(Beyotime, Shanghai, China) was implemented on the basis of manufacturer's protocol. Cells 
were washed twice with PBS and fixed with 4% paraformaldehyde, and then treated with 
0.3% Triton X-100. The TUNEL detection solution was then added to measure cell apoptosis. 
The experiment was conducted at least three times.

Transwell assays
For transwell migration assay, 1 × 105 cells were grown in the upper transwell chamber 
(Millipore). For transwell invasion assay, 1 × 105 cells were grown in the matrigel-coated upper 
chamber (BD Biosciences, San Jose, USA). For both assays, the upper chamber was added with 
serum-free RPMI-1640 medium while the lower chamber was added with 10% fetal bovine 
serum-contained RPMI-1640 medium. After incubated for 24 hours, cells in the upper surface 
were wiped off. The migrated and invaded cells in the lower chamber were fixed in methanol 
and dyed with 0.1% crystal violet. Finally, the migrated or invaded cells was observed under 
microscope and counted manually. The experiment was conducted at least three times.

Assays to investigate the relationship between RNAs
RNA immunoprecipitation
Cells were lysed in a RNA immunoprecipitation (RIP) lysis buffer kit (Millipore), and 
then the cell extract was incubated with anti-Ago2 (Millipore) or anti-immunoglobulin G 
(Millipore) conjugated with magnetic beads at 4oC for 6 hours. The antibody-beads complex 
was resuspended in proteinase K Buffer. After removing the precipitation, RNA in the 
supernatant was purified. At last, quantitative reverse transcription real-time polymerase 
chain reaction (RT-qPCR) was applied to detect the enrichment of purified RNAs. The 
experiment was conducted at least three times.

Luciferase reporter assay
The fragments of AC092127.1 and AEBP2 3′UTR wild-type or mutant-type containing the 
binding sites of miR-451a were cloned into a pmirGLO Vector. The constructed vectors were 
co-transfected into cells along with miR-451a mimics or NC mimics using Lipofectamine 
3000 (Life Technologies). Forty-eight hours after transfection, the dual-luciferase reporter 
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assay kit was applied to detect luciferase activities. The experiment was conducted at least 
three times.

RNA pull down assay
Biotin-labeled miR-451a probe and biotin-labled NC probe were transfected into cells and 
incubated for 48 hours. And then, cells were incubated in lysis buffer with streptavidin-
coupled agarose beads (Thermo Fisher) to pull down the complex. After the complex was 
washed, RNAs were isolated and measured using RT-qPCR. The experiment was conducted 
at least 3 times.

Statistical analysis
The data were expressed as the mean value ± standard deviation. SPSS 19.0 software (SPSS 
Inc., Chicago, IL, USA) and GraphPad Prism 6 (GraphPad Software Inc., San Diego, CA, USA) 
were employed for statistical analysis. The differences were calculated by Student's t-test 
or analysis of variance analysis, and p < 0.05 was regarded as statistical significance. The 
experiment was conducted at least 3 times.

RESULTS

MiR-451a inhibited BC cell proliferation, migration and invasion
MiR-451a has been reported to be a potential risk marker of BC, but its detailed mechanism 
remains to be further elucidated [18]. Herein, we used RT-qPCR to detect the expression 
of miR-451a in BC cells. In contrast to human normal mammary cells (MCF-10A), BC cells 
presented significantly low level of miR-451a, among which, MDA-MB-468 and MDA-MB-231 
presented the lowest level of miR-451a (Figure 1A). Thus MDA-MB-468 and MDA-MB-231 
cells were selected for further gain-of function experiments. RT-qPCR verified miR-451a 
expression was elevated by miR-451a mimics in MCF-10A, MDA-MB-468 and MDA-MB-231 
cells (Figure 1B, Supplementary Figure 1A). Colony formation assays revealed that the 
number of colonies was declined when miR-451a was up-regulated in MCF-10A, MDA-
MB-468 and MDA-MB-231 cells (Figure 1C, Supplementary Figure 1B). In addition, the results 
from TUNEL assays showed that transfection with miR-451a mimics increased apoptosis 
rate of MDA-MB-468 and MDA-MB-231 cells (Figure 1D). Moreover, it was discovered in 
transwell assays that the number of migrated and invaded cells was reduced after miR-451a 
overexpression (Figure 1E). To sum up, miR-451a inhibited cell proliferation, migration and 
invasion while facilitated cell apoptosis in BC.

AC092127.1 is a sponge of miR-451a in BC cells
Next, we investigated the upstream mechanism of miR-451a in BC cells. Recent studies have 
implied that lncRNAs can serve as miRNA sponges. Here, we investigated whether miR-451a 
could interact with a certain lncRNA in BC cells. According to the data of TCGA (https://
www.cancer.gov/about-cancer) and starBase (http://starbase.sysu.edu.cn) databases, we 
found that AC092127.1 was the only lncRNA that could bind with miR-451a and also was 
up-regulated in BC tissues (Figure 2A). Next, we identified the high level of AC092127.1 in BC 
cells via RT-qPCR (Figure 2B). Moreover, we validated that both AC092127.1 and miR-451a 
were enriched in Ago2 groups, indicating that AC092127.1 and miR-451a co-existed in the 
RNA-induced silencing complex (RISC) (Figure 2C). Meanwhile, we obtained the binding 
sequence of AC092127.1 with miR-451a via starBase database and mutated AC092127.1 for 
subsequent experiments (Figure 2D). Through luciferase reporter assays, we found that miR-
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451a overexpression reduced the luciferase intensity of AC092127.1-wild type (WT) while had 
no influence on that of AC092127.1-Mut (Figure 2E). In a word, miR-451a could interact with 
AC092127.1 in BC cells.

AC092127.1 facilitated BC cell proliferation, migration and invasion via miR-451a
To investigate the role of AC092127.1/miR-451a axis in BC cellular processes, we silenced 
knocked down AC092127.1 and miR-451a with specific short hairpin RNA and inhibitor, 
respectively (Figure 3A, Supplementary Figure 1C). It was validated in colony formation assays 
that the proliferation ability was repressed when AC092127.1 was silenced in MCF-10A, MDA-
MB-468 and MDA-MB-231 cells, while co-transfection of miR-451a inhibitor reversed this 
effect (Figure 3B, Supplementary Figure 1D). Furthermore, the results from TUNEL assays 
indicated that miR-451a inhibitor reduced the elevated apoptosis rate induced by AC092127.1 
down-regulation (Figure 3C). In addition, transwell assays revealed that AC092127.1 deletion-
mediated suppression on cell migration and invasion were attenuated by co-transfection of 
miR-451a inhibitor (Figure 3D). In conclusion, AC092127.1 facilitated proliferation, migration 
and invasion but suppressed apoptosis of BC cells and MCF-10A cells via miR-451a.
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Figure 1. MiR-451a inhibited BC cell proliferation, migration and invasion. (A) MiR-451a was verified to be lowly expressed in BC cells compared with MCF-10A via RT-
qPCR analysis. (B) MiR-451a expression was demonstrated to be elevated in MDA-MB-468 and MDA-MB-231 cells transfected with miR-451a mimics via quantitative 
reverse transcription real-time polymerase chain reaction. (C) Colony formation assays verified the proliferation ability of MDA-MB-468 and MDA-MB-231 cells was 
repressed after transfection of miR-451a mimics. (D) TUNEL assay revealed the apoptosis rate of miR-451a up-regulated MDA-MB-468 and MDA-MB-231 cells. (E) 
Transwell assays elucidated migration and invasion abilities of MDA-MB-468 and MDA-MB-231 cells were weakened after miR-451a overexpression. 
NC = negative control; TUNEL = terminal-deoxynucleoitidyl transferase mediated nick end labeling; DAPI = 4′,6-diamidino-2-phenylindole; BC = breast cancer. 
*p < 0.05, †p < 0.01.



AEBP2 was targeted by miR-451a in BC cells
Since miRNAs usually exert functions via directly regulating their target genes. Herein, 
we further explored the downstream gene of miR-451a. On the basis of microT, miRanda, 
and TargetScan databases, we found 5 messenger RNAs (mRNAs) possibly combined with 
miR-451a (Figure 4A), among which EMSY, CAB39 and PSMB8 have been reported to be 
directly targeted by miR-451a in cancers. Thus, we applied RNA pull down assays to detect 
the correlation of AEBP2 or SAMD48 with miR-451a. Compared with Bio-NC and Bio-miR-
452a-Mut groups, AEBP2 was abundant in Bio-miR-452a-WT groups, while SAMD48 had 
no obvious abundance (Figure 4B). Subsequently, we validated that AC092127.1, miR-451a 
and AEBP2 were highly enriched in Ago2 precipitates through RIP assay, suggesting that 
AC092127.1 might act as a competing endogenous RNA (ceRNA) to regulate miR-451a/AEBP2 
axis (Figure 4C). In addition, we discovered the binding sites between AEBP2 3′UTR and 
miR-451a via starBase database (Figure 4D). Moreover, we found the luciferase intensity was 
obviously reduced in MDA-MB-468 and MDA-MB-231 cells co-transfected with AEBP2 3'UTR 
WT and miR-451a mimics, while no significant difference of that in MDA-MB-468 and MDA-
MB-231 cells co-transfected with AEBP2 3′UTR Mut and miR-451a mimics (Figure 4E). In 
brief, AEBP2 was targeted by miR-451a in BC cells.

AC092127.1 affected BC cells proliferation, apoptosis, migration and invasion 
via regulating AEBP2
To further determine the involvement of AEBP2 in AC092127.1-mediated BC cell activities, we 
designed rescue assays. First, we up-regulated the mRNA and protein levels of AEBP2 in MCF-
10A, MDA-MB-468 and MDA-MB-231 cells and found that overexpression of AEBP2 reversed the 
inhibited mRNA and protein levels of AEBP2 mediated by AC092127.1 deletion (Figure 5A and B, 
Supplementary Figure 1E and F). Next, we found that AEBP2 up-regulation rescued the repressed 
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proliferation ability of BC cells and MCF-10A cells caused by AC092127.1 depletion (Figure 5C, 
Supplementary Figure 1G). Meanwhile, TUNEL assays indicated that AEBP2 overexpression 
reduced the enhanced apoptosis rate of MDA-MB-468 and MDA-MB-231 cells transfected with 
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Figure 3. AC092127.1 facilitated BC cells proliferation, migration and invasion via miR-451a. (A) Quantitative reverse transcription real-time polymerase chain 
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NC = negative control; BC = breast cancer; TUNEL = terminal-deoxynucleoitidyl transferase mediated nick end labeling; DAPI = 4′,6-diamidino-2-phenylindole. 
*p < 0.01.



sh-AC092127.1#1 (Figure 5D). Finally, through transwell assays, we confirmed that the migration 
and invasion abilities of MDA-MB-468 and MDA-MB-231 cells inhibited by sh-AC092127.1#1 
were restored by co-transfection of pcDNA3.1-AEBP2 (Figure 5E). All above results indicated that 
AC092127.1 promoted cell proliferation, migration and invasion and suppressed cell apoptosis via 
regulating AEBP2.

DISCUSSION

BC is the most commonly diagnosed cancer in women and a leading cause of cancer-related 
mortality [19]. It is a heterogeneous disease in urgent need for developing novel research, 
classification, and therapy approaches [20]. Therefore, finding novel therapeutic targets are 
important for improving BC treatment.

Emerging evidences have demonstrated that miRNAs are important regulators in the 
development of many cancers, including BC [21]. For example, miR-362-3p functions as 
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Figure 5. AC092127.1 affected breast cancer cells proliferation, apoptosis, migration and invasion via regulating AEBP2. (A) AEBP2 overexpression in MDA-MB-468 
and MDA-MB-231 cells was verified via RT-qPCR and WB. (B) Rescue experiments were carried out in MDA-MB-468 and MDA-MB-231 cells transfected with sh-
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pcDNA3.1-AEBP2. (C) Colony formation assays demonstrated the number of colonies of MDA-MB-468 and MDA-MB-231 cells was reduced by sh-AC092127.1#1 and 
partially recovered by pcDNA3.1-AEBP2. (D) TUNEL assays proved the apoptosis rate of MDA-MB-468 and MDA-MB-231 cells was facilitated by sh-AC092127.1#1 
and recovered by pcDNA3.1-AEBP2. (E) Transwell assays detected the properties of migration and invasion of MDA-MB-468 and MDA-MB-231 cells were refrained 
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AEBP2 = AE binding protein 2; GAPDH = glyceraldehyde-3-phosphate dehydrogenase; RT-qPCR = quantitative reverse transcription real-time polymerase chain 
reaction; NC = negative control; DAPI = 4′,6-diamidino-2-phenylindole. 
*p < 0.01.



a tumor inhibitor in BC [22]. MiRNA-21 and let-7 are potential prognostic biomarkers for 
patients with BC [23]. Additionally, miR-451a has been reported to be lowly expressed in 
osteosarcoma and can suppress the growth of osteosarcoma cells by targeting TRIM66 
[24]. Moreover, miR-451a is also lowly expressed in colorectal cancer tissues and miR-451a 
weakens colorectal cancer cell proliferation via interacting with endoplasmic reticulum stress 
[25]. However, the molecular mechanism involving miR-451a in BC cells has not been clearly 
elucidated. In the current study, we found that miR-451a demonstrated a low expression 
level in BC cells. Through gain-of function assays, we validated that miR-451a played a tumor 
suppressive role in BC.

The recent study has pointed out that lncRNA SNHG12 affects BC progression via interacting 
with miR-451a [26]. Consistently, our present study also investigated the upstream 
mechanism of miR-451a in BC cells. We found that AC092127.1 functioned as a ceRNA to 
interact with miR-451a in BC cells. As reported previously, the competitive relation between 
lncRNAs and miRNAs in BC was well documented. SNHG6 targets miR-26a to facilitate BC 
cell proliferation and invasion [27]. NEAT1 promotes BC cell growth via targeting miR-211 
[28]. In this study, we found AC092127.1 was the upstream lncRNA of miR-451a and was 
highly expressed in BC cells. We also demonstrated that miR-451a inhibitor could restore the 
inhibiting effects of AC092127.1 deletion on BC cell proliferation, migration and invasion. 
Meanwhile, it has been reported that miRNAs function at the post-transcription level usually 
by base-pairing to the mRNA 3′-untranslated regions [29]. MiR-451a has been reported to 
repress BC cell proliferation via targeting MIF [11]. Through bioinformatics analysis and RNA 
pull down assays, we confirmed that AEBP2 could bind with miR-451a in BC cells. AEBP2 has 
been reported to participate in the cisplatin resistance in ovarian cancer [30]. However, the 
reports between miRNA and AEBP2 are rare. Our study found for the first time that AEBP2 
was the target gene of miR-451a in BC cells. Moreover, we also arranged rescue experiments 
to validate the interaction between AC092127.1 and AEBP2. We found that AC092127.1 
influenced BC cell proliferation, apoptosis, migration and invasion via regulating AEBP2 
expression. All above results suggested that AC092127.1, miR-451a and AEBP2 formed a 
ceRNA network to regulate BC progression.

Conclusively, our study investigated the interaction among miR-451a, AC092127.1 and AEBP2 in 
BC development. AC092127.1 acted as a ceRNA to upregulate AEBP2 in BC cells through sponging 
miR-451 (Figure 6). Our findings may provide a novel sight for better understanding of BC.
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Supplementary Figure 1
The transfection efficiency of different plasmids and supplementary functional assays. (A) 
MiR-451a overexpression in MCF-10A cells was verified via RT-qPCR. (B) Colony formation 
assays demonstrated the number of colonies of MCF-10A cells was decreased after transfecting 
miR-451a mimics. (C) RT-qPCR detected the expression of AC092127.1 and miR-451a in MCF-
10A cells transfected with sh-AC092127.1 or miR-451a inhibitor. (D) Colony formation assays 
discovered the number of colonies of MCF-10A cells was reduced by sh-AC092127.1#1 and 
recovered by miR-451a inhibitor. (E) AEBP2 overexpression in MCF-10A cells was verified via 
RT-qPCR and WB. (F) Rescue experiments were carried out in MCF-10A cells transfected with 
sh-NC, sh-AC092127.1#1, sh-AC092127.1#1+pcDNA3.1 or sh-AC092127.1#1+pcDNA3.1-AEBP2. 
RT-qPCR and WB indicated effect of sh-AC092127.1#1 could be offset by pcDNA3.1-AEBP2. (G) 
Colony formation assays demonstrated the number of colonies of MCF-10A cells was reduced by 
sh-AC092127.1#1 and recovered by pcDNA3.1-AEBP2.
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