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A B S T R A C T

Breast cancer (BC) is one of the leading cause of cancer-related death among females worldwide. Mounting
evidences indicate that long non-coding RNAs (lncRNAs) were involved in tumor progression by acting as either
oncogenes or tumor suppressors in multiple cancers. In this study, we focused on the function and mechanism of
lncRNA Migration Inhibitory Factor Antisense RNA 1 (MIF-AS1) in BC. qRT-PCR showed that MIF-AS1 was
upregulated in BC tissues and cells. To detect its bio-function, a series of loss-of-function assays were carried out.
Thereafter, we found that MIF-AS1 depletion inhibited BC cell proliferation, migration and epithelial-me-
senchymal transition (EMT). Recently, increasing studies indicate that lncRNAs can function as competing en-
dogenous RNAs (ceRNAs). Using bioinformatics analysis and luciferase reporter assay, we identified that MIF-
AS1 regulated the level of Homeobox B8 (HOXB8) via binding to miR-1249-3p. Taken all together, our findings
proved that MIF-AS1 acted as a ceRNA by modulating miR-1249-3p/HOXB8 axis in breast cancer. LncRNA MIF-
AS1 might be a new biomarker and therapeutic target for BC patients.

1. Introduction

Breast cancer (BC) is one of the most prevalent malignancies and
ranked the second leading cause of cancer-related death among females
worldwide [4,9,31,32,35]. Although the combination of surgery and
adjuvant therapy is constantly improved, BC is still characterized by
high morbidity and unsatisfactory prognosis [7,23–25]. Therefore, the
molecular mechanisms involved in the initiation and development of
BC still need to be explored, which will contribute to finding new
biomarkers or therapeutic strategies for BC patients.

As a sub-group of non-coding RNAs (ncRNAs) family, long non-
coding RNAs (lncRNAs) are identified as a type of RNA molecules that
are longer than 200 nucleotides and unable to code protein [36]. Recent
years, lncRNAs have attracted more and more attentions due to their
comprehensive regulatory roles in human diseases, particularly in tu-
mors [34,38]. Increasing studies show that the dysregulation of
lncRNAs plays a crucial role in regulating biological processes of tu-
mors, including cell proliferation, migration and epithelial-mesench-
ymal transition (EMT) [11,20,22,44,45]. More importantly, lncRNAs
usually exert functions by regulating gene expressions at multiple le-
vels, such transcriptional, post-transcriptional or translational
[1,16,29]. Some lncRNAs are located mainly in cytoplasm and can

regulate gene expression levels post-transcriptionally. They are identi-
fied as competing endogenous RNAs (ceRNAs) to modulate the ex-
pressions of specific mRNAs through binding to miRNAs [2,3,5,27,42].
Based on previous studies, numerous lncRNAs were reported to regulate
BC progress [12,18,26,30,39]. As an emerging lncRNA, migration in-
hibitory factor antisense RNA 1 (MIF-AS1) was reported to promote cell
proliferation and reduce apoptosis in gastric cancer [19]. So far, no
relevant report concerns the role of MIF-AS1 in BC. Therefore, this
study aimed to explore the bio-function and mechanism of MIF-AS1 in
BC.

In the study, MIF-AS1 was upregulated in BC and associated with
poor prognosis in BC patients. To explore the function of MIF-AS1, we
designed and conducted loss-of-function assays. Based on results, we
determined the oncogenic role of MIF-AS1 in BC. Mechanistically,
bioinformatics analysis and luciferase reporter assay were utilized to
investigate the underlying mechanism that involved in the MIF-AS1-
mediated development of BC. According to mechanism experiments, a
new ceRNA network (MIF-AS1/miR-624-3p/HOXB8) was identified.
Rescue assays were performed to confirm that MIF-AS1 promoted BC’s
development in a miR-624-3p/HOXB8 manner. In summary, our study
provided a promising biomarker for the treatment of BC.
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2. Materials and methods

2.1. Clinical specimens

A total of 82 patients with breast cancer were recruited for this
study from August 2012 to July 2017 at Ningbo Medical Center Lihuili
Eastern Hospital. Patients free from chemotherapy and radiotherapy
prior to mastectomy were qualified for this study. Cancerous and paired
normal paracancerous tissues (3–5 cm distal to the edge of tumor) of 82
cases were excised during the surgery and snap-frozen in liquid ni-
trogen. Tissue specimens were then stored at−80 °C until required. The
written informed consents from 82 patients were reviewed and ap-
proved by the Ethic Committee of Ningbo Medical Center Lihuili
Eastern Hospital (approval number: DYLL2012086).

2.2. Cell lines and culture

Human mammary epithelial cell line (MCF-10A) and three human
breast cancer cell lines, including MCF-7, MDA-MB-231 and MDA-MB-
468, were all purchased from American Type Culture Collection (ATCC,
Rockville, Maryland, USA). Cell lines grown routinely in Dulbecco’s
Modified Eagle’s Medium (DMEM, Invitrogen, Carlsbad, CA, USA) at
37 °C in a humidified incubator containing 5% CO2. 10% fetal bovine
serum (FBS, Gibco, Carlsbad, USA) and double antibiotics (100 U/ml
penicillin and 100 μg/ml streptomycin, Invitrogen, USA) were used to
supplement culture medium. The replacement of medium was per-
formed every third day. Cells were passaged as soon as attachment rate
reached approximately 80–90%.

Fig. 1. Upregulation of MIF-AS1 BCE was as-
sociated with the patients’ prognosis. A. Box
plot presented the expression pattern of MIF-
AS1 in TCGA database. Two horizontal lines
represent the mean values. B. MIF-AS1 ex-
pression in tumor tissue and paired adjacent
normal tissues. C. The expression level of MIF-
AS1 was detected in three BC cell lines and a
human mammary epithelial cell (MCF-10A). D.
The survival curve revealed the correlation
between different expressions of MIF-AS1 and
the prognosis of BC patients. *P < 0.05,
**P < 0.01 and ***P < 0.001 indicate data
are statistically significant.

Table 1
Correlation between lncRNA MIF-AS1 Expression and Clinical Features.
(n=82).

Variable MIF-AS1 Expression P-value

low high

Age
＜50 16 13 0.645
≥50 25 28

Menopause
pre 32 30 0.798
post 9 11

Tumor size
≤2.0 25 23 0.823
＞2.0 16 18

Node status
Negative 27 29 0.813
Positive 14 12

TNM
I+ II 24 10 0.003**

III 17 31

HR status
Negative 30 33 0.002**

Positive 11 8

HER-2 status
Negative 25 10 0.602
Positive 16 31

Low/high expression was obtained by the sample mean. Pearson χ2 test.
**P < 0.01 was considered statistically significant.
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2.3. RNA extraction and quantitative real-time polymerase chain reaction
(qRT-PCR)

Total RNA was extracted from specimens and cultured cells using
Trizol reagent (Life Technologies, CA, USA) in accordance with user
manual. A spectrophotometer (Bio-Rad, Hercules, CA, USA) was uti-
lized to assess the concentration and purity of the extracted RNA.
Afterwards, the RNAs were converted into complementary DNA (cDNA)
with specific primers based on the instruction book of PrimeScript™ RT
Master Mix Kit (Takara, Tokyo, Japan). SYBR® Green PCR Kit (Takara,
Japan) was used to conduct quantitative real-time PCR on Thermal
Cycler CFX6 System (Bio-Rad, California, USA). The thermal cycling
parameters were described as below: denatured at 95 °C for 10min,
following 40 cycles of denaturation at 95 °C for 30 s, annealing at 60 °C

for 30 s and extension at 72 °C for 1min. The relative expression levels
of RNAs were quantified by 2−ΔΔCt method, normalizing to GAPDH or
U6. The primers used for qRT-PCR were described as below: MIF-AS1
forward primer: 5′-CCCGACAAAAAGCCCAACTG-3′, MIF-AS1 reverse
primer: 5′-CCCCGTTTTCACGCATTTGT-3′; miR-1249-3p forward
primer: 5′-ACGAAATTAACCTCCGGCTTTA-3′; miR-1249-3p reverse
primer: 5′-CTCTACAGCTATATTGCCAGCCA-3′; HOXB8 forward
primer: 5′-TTGGCTGGTGGGTTGACATT-3′, HOXB8 reverse primer:
5′-TTCCAGGATTTCTGGGCCAC-3′; GAPDH forward primer: 5′-ATTTC
TCCTCCGGGTGATGC-3′, GAPDH reverse primer: 5′-GCCATTTTGCGG
TGGAAATGT-3′; U6 forward primer: 5′- GCAGACCGTTCGTCAAC
CTA-3′, U6 reverse primer: 5′- AATTCTGTTTGCGGTGCGTC-3′.

Fig. 2. MIF-AS1 knockdown inhibited cell proliferation, migration and EMT in BC. A. MIF-AS1 was silenced by specific shRNAs (sh-MIF-AS1#1, sh-MIF-AS1#2, sh-
MIF-AS1#3) in MDA-MB-231 and MCF-7 cell lines. B–C. CCK-8 assay and colony formation assay were used to detect the effect of MIF-AS1 knockdown on BC cell
viability. D. Transwell migration assay revealed how MIF-AS1 knockdown affected tumor cell migratory ability. E. Western blot assay was conducted to detect the
protein levels of EMT markers in response to the depletion of MIF-AS1. *P < 0.05, **P < 0.01 and ***P < 0.001 indicate data are statistically significant.
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2.4. Cell transfection

The short hairpin RNAs (shRNAs) against MIF-AS1 (termed sh-MIF-
AS1#1, sh-MIF-AS1#2, sh-MIF-AS1#3), the shRNA targeted to HOXB8
(termed sh-HOXB8), pcDNA 3.1 vector specific to MIF-AS1 (termed
MIF-AS1) and relative controls (sh-NC, empty pcDNA vector) were
designed and synthesized by Genechem Company (Shanghai, China).
The miR-1249-3p mimics (termed miR-1249-3p) and corresponding
control (termed miR-NC) were simultaneously synthesized by
Genechem. MDA-MB-231 and MCF-7 cell lines were seeded into 6-well
plates in DMEM containing 10% FBS, followed by incubation at 37 °C.
Transfection was performed using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA). 48 h after transfection, cells were harvested for
subsequent experiments. Each procedure of transfection assay was re-
peated for more than three times.

2.5. Nuclear-cytoplasmic fractionation

Nuclear-cytoplasmic fractionation assay was performed using
PARIS™ Kit (Invitrogen, CA, USA) in line with the specification pro-
vided by supplier. Firstly, cells were lysed in cell fractionation solution
to separate the nuclear and cytoplasmic fractions. Afterwards, cell su-
pernatant was transferred into a fresh RNase-free tube, the remaining
lysate was rinsed with cell fractionation buffer. After centrifugation, the
lysate was subjected to cell disruption buffer to obtain the cell nucleus,
following incubation on ice to remove the residual cytoplasmic fraction.
Thereafter, lysates and cell supernatant were re-suspended in 2 × lysis/
binding and equal volume of ethyl alcohol. After elution, the cyto-
plasmic and nuclear RNAs were extracted using TRIzol (Life
Technologies, CA, USA). U6 and GAPDH were seen as the nuclear and
cytoplasmic internal references, respectively. Experiment was con-
ducted independently in triplicate.

Fig. 3. MIF-AS1 acted as a sponge for miR-1249-3p in BC cells. A. The location of MIF-AS1 in MDA-MB-231 and MCF-7 cell lines was detected by nuclear-cytoplasmic
fractionation. B. The putative binding sites of MIF-AS1 and miR-1249-3p were predicted using Starbase prediction website. C. Luciferase reporter assay was per-
formed to verify whether MIF-AS1 could bind to miR-1249-3p. D. qRT-PCR was applied to analyze miR-1249-3p expression level in breast cancer tissues. E.
Spearman’s correlation analysis revealed the negative relation between MIF-AS1 and miR-1249-3p. F. The different expression levels of miR-1249-3p in BC cell lines.
*P < 0.05, **P < 0.01 and ***P < 0.001 indicate data are statistically significant.
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2.6. Luciferase reporter assay

The wild-type and mutant reporter plasmids of MIF-AS1 (termed
MIF-AS1-WT/MUT) and HOXB8 (termed HOXB8-WT/MUT) were con-
structed by Promega Corporation (Fitchburg, Wisconsin, USA).
Luciferase reporter assay was performed using a Dual Luciferase re-
porter assay system (Promega). MDA-MB-231 and MCF-7 cell lines were
seeded into 96-well plates and cultured until cell attachment rate
reached to 80%. Thereafter, MIF-AS1-WT and MIF-AS1-MUT were co-
transfected with miR-1249-3p mimics and NC using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA). HOXB8-WT and HOXB8-MUT
were co-transfected with miR-1249-3p mimics, mimics plus pcDNA-
MIF-AS1 and negative control, respectively. 48 h later, luciferase ac-
tivities were monitored and normalized to Renilla. The replication of
this assay was performed for at least three times.

2.7. Cell counting Kit-8 (CCK-8) assay

To estimate the cell viability of the MDA-MB-231 and MCF-7 cell
lines, CCK-8 assay was performed in accordance with user’s guidebook.
Cells were seeded into 96-well plates (2× 103 cells per well) supple-
mented with complete culture medium. Afterwards, cells were trans-
fected and incubated at 37 °C with 5% CO2. 12 h later, CCK-8 solution
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan) were added
to each well, following further incubation at 37 °C for 2 h. Cell viability
was determined via measuring the absorbance at 450 nm using a mi-
croplate reader (Bio-Rad, Hercules, CA, USA) at various time points
(24 h, 48 h, 72 h and 96 h). CCK-8 assay was carried out independently
for three times.

2.8. Colony formation assay

For colony formation assay, MDA-MB-231 and MCF-7 cell lines were
transfected for 48 h and placed into 6-well plates with medium at a
density of 1×103 cells/well. Cells were cultured in an incubator at

37 °C with 5% CO2. Medium was replaced every three days. The in-
cubation was terminated after two weeks. Subsequently, cells were
washed three times with the phosphate-buffered saline (PBS,
Invitrogen, CA, USA). After fixation with 4% paraformaldehyde for
30min, remaining liquid was removed. Cells were stained with 0.1%
crystal violet for 30min. Next, excessive crystal violet solution was
removed, cells were rinsed with PBS until the solution became clear.
Visible colonies were counted manually and recorded. Colony forma-
tion assay was performed more than three times.

2.9. Transwell migration assay

The transfected cells were harvested and seeded onto the upper
chamber of 24-well transwell plates (8-μm-pore size). Lower chamber
was filled with DMEM supplemented with 10% FBS. After incubation at
37 °C for 48 h, cells remaining on the upper surface were removed with
cotton swabs, whereas cells in the lower chamber were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet solution. Cells
migrating through the membrane were counted at five random fields
under optical microscope (magnification ×200, Thermo, CA, USA).
Three replicates of each group were conducted.

2.10. Western blot assay

Total protein was isolated from cell lines using RIPA buffer reagent
(Sigma, St. Louis, MO, USA) containing proteinase. Each protein band
was separated by the sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE, Thermo Fisher Scientific, Inc. Rochester, New
York, USA), then transferred onto polyvinylidene fluoride membrane
(PVDF, Millipore, Billerica, MA, USA). Thereafter, PVDF membranes
were blocked with 5% bovine serum albumin solution (BSA, Beyotime,
Shanghai, China) in Tris buffered saline with Tween 20 (TBST) at room
temperature for two hours. The membranes were incubated with spe-
cific primary antibodies (at 1:1000 dilution) against E-cadherin
(Abcam, Santa Cruz Biotechnology, Inc. Dallas, TX, USA, ab76055), N-

Fig. 4. Influence of miR-1249-3p overexpression on the BC cell viability, migration and EMT process. A. qRT-PCR revealed that the expression level of miR-1249-3p
was enhanced successfully in MDA-MB-231 and MCF-7 cell lines. B–C. After transfection with miR-1249-3p mimics, BC cell proliferative ability was assessed by CCK-
8 assay and colony formation assay. D. Transwell assay demonstrated the impact of miR-1249-3p mimics on the BC cell migratory capacity. E. The protein levels of
EMT markers influenced by miR-1249-3p mimics were detected by western blot assay. *P < 0.05, **P < 0.01 and ***P < 0.001 indicate data are statistically
significant.
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cadherin (Abcam, ab18203), HOXB8 (Abcam, ab125727) and GAPDH
(Abcam, ab9485) at 4 °C overnight. After rinsing with TBST, mem-
branes were incubated with horseradish peroxidase (HRP)-conjugated
secondary antibodies (at 1:2000 dilution) at room temperature for two
hours. Finally, the protein bands were visualized using the enhanced
chemiluminescence reagent (ECL, Bio-Rad, Hercules, CA, USA). GAPDH
was seen as an internal reference. Results were determined after

performing experiment for three times.

2.11. Bioinformatics analysis

The expression of MIF-AS1 in BC samples were downloaded from
Cancer Genome Atlas (TCGA) database (http://gepia.cancer-pku.cn/
index.html). Starbase version 2.0 (http://starbase.sysu.edu.cn/) was

Fig. 5. MIF-AS1 competed with HOXB8 for binding to miR-1249-3p. A. Bioinformatics analysis (Targetscan, microT, miRmap and PicTar) was used to screen the
potential target genes of miR-1249-3p. B. The putative binding sites of HOXB8 and miR-1249-3p were obtained. C. Luciferase reporter assay was used to identify the
binding sites of HOXB8 and miR-1249-3p. D–E. qRT-PCR was applied to detect the expression levels of HOXB8 in breast cancer tissues and cells. F. Spearman’s
correlation analysis was performed to evaluate the relation between HOXB8 and MIF-AS1 or miR-1249-3p. G. The coordinated regulation of MIF-AS1 and miR-1249-
3p to HOXB8 expression level was measured by qRT-PCR. H. The protein level of HOXB8 was measured by western blot assay. *P < 0.05, **P < 0.01 and
***P < 0.001 indicate data are statistically significant.

Fig. 6. The miR-1249-3p/HOXB8 axis was involved in the oncogenic function of MIF-AS1 in BC cell. A–B. CCK-8 and colony formation assays were conducted to
detect the impact of anti-miR-1249-3p or anti-miR-1249-3p plus HOXB8 knockdown on sh-MIF-AS1#2-mediated breast cancer cell viability. C. The migratory cells
were quantified after treatment separately with silencing miR-1249-3p and silencing both miR-1249-3p and HOXB8. D. The sh-MIF-AS1#2-mediated protein levels of
EMT markers were effected by miR-1249-3p inhibitor or the combination of miR-1249-3p inhibitor and HOXB8 knockdown. *P < 0.05, **P < 0.01 indicate that
data are statistically significant.
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applied to predict the potential miRNAs regulated by MIF-AS1.
Bioinformatics analysis tools (TargetScan, microT, miRmap and PicTar)
were utilized to search out the putative targets of miR-1249-3p.

2.12. Statistical analysis

In the study, each experimental procedure was repeated in-
dependently at least three times. Data were expressed as mean ±
standard deviation (SD) and analyzed using SPSS version 22.0 software
(IBM, Chicago, IL, USA). One-way analysis of variance (ANOVA) or
two-tailed Student's t-test was utilized to compare the group differ-
ences. The survival curve was plotted by Kaplan-Meier method and
analyzed by log-rank test. Difference were significant when p values
were less than 0.05.

3. Results

3.1. Upregulation of MIF-AS1 BCE was associated with the patients’
prognosis

According to TCGA database (http://gepia.cancer-pku.cn/index.
html), we found that the expression level of MIF-AS1 in BC tissues
was much higher than that in normal tissues (Fig. 1A). Moreover, the
expression level of MIF-AS1 was detected in tissues collected from 82
BCE patients. Comparing with normal tissues, MIF-AS1 was promi-
nently upregulated in tumor tissues (Fig. 1B), which was consistent
with TCGA data analysis. As illustrated in Fig. 1C, the expression level
of MIF-AS1 in BC cell lines (MCF-7, MDA-MB-231 and MDA-MB-468)
were obviously more abundant compared to that in human mammary
epithelial cell (MCF-10A). Based on the mean expression level of MIF-
AS1 in 82 BCE tissues, all patient samples were divided into MIF-AS1
high or low groups. Through analyzing the correlation between MIF-
AS1 expression and clinicopathological features of BC, we observed that
the high expression of MIF-AS1 was closely related to the advanced BC
TNM stage, whereas no significant relations to other clinical features
(Table 1). Besides, we plotted survival curve using Kaplan-Meier
method and log-rank test. We found that the high expression level of
MIF-AS1 was closely associated with poor overall survival (OS) of pa-
tients with BC (Fig. 1D). Therefore, we hypothesized the regulatory role
of MIF-AS1 in BC progression.

3.2. MIF-AS1 knockdown inhibited cell proliferation, migration and EMT in
BC

In order to explore the biological function of MIF-AS1 in BC, loss-of-
function assays were carried out. According to Fig. 1C, MIF-AS1 ex-
pression levels were highest in MDA-MB-231 and MCF-7 cell lines.
Therefore, the two cells were chosen for subsequent experiments. qRT-
PCR detection indicated that MIF-AS1 was efficiently silenced via
transfection with the short hairpin RNAs specific to MIF-AS1 (sh-MIF-
AS1#1, sh-MIF-AS1#2, sh-MIF-AS1#3). As illustrated in Fig. 2A, MIF-
AS1 expression level was reduced most efficiently by sh-MIF-AS1#2
compared to sh-MIF-AS1#1 and sh-MIF-AS1#3. With that, sh-MIF-
AS1#2 was chosen for subsequent functional assays. CCK-8 assay in-
dicated that MIF-AS1 knockdown efficiently repressed cell viability
(Fig. 2B). Additionally, the visible colonies were decreased in response
to transfection with sh-MIF-AS1#2 (Fig. 2C). Next, Results of transwell
assay suggested that silencing of MIF-AS1the capacity of cells to mi-
grate (Fig. 2D). Thus, we further explored whether MIF-AS1 could alter
the protein levels of EMT-related markers. Western blot assay showed
that the inhibition of MIF-AS1 enhanced E-cadherin protein level and
decreased the levels of N-cadherin, Slug, Snail, Vimentin and Fi-
bronectin (Fig. 2E). Thus, the oncogenic role of MIF-AS1 in BC pro-
gression was determined.

3.3. MIF-AS1 acted as a sponge for miR-1249-3p in BC cells

Generally, lncRNAs can act as competing endogenous RNAs
(ceRNAs) to sequester miRNAs, contributing to the releasing of corre-
sponding miRNAs-targeted mRNAs transcripts [12,28]. This notion
prompted us to further investigate whether MIF-AS1 could function as a
ceRNA in BC cells. Firstly, nuclear-cytoplasmic fractionation assay
identified that MIF-AS1 was largely enriched in the cytoplasm of MDA-
MB-231 and MCF-7 cell lines (Fig. 3A). Thus, MIF-AS1 can regulate
gene expression at post-transcription level. Then, we searched for
miRNAs that contains complementary base pairs with MIF-AS1 using
the bioinformatics prediction tool. Data showed that five miRNAs
containing putative binding sites with MIF-AS1, among which, miR-
1249-3p has not been reported in breast cancer. With that, we focused
on miR-1249-3p in the following experiments. The putative binding
sites of MIF-AS1 and miR-1249-3p were shown in Fig. 3B. Luciferase
reporter assay revealed that miR-1249-3p overexpression markedly
reduced the luciferase intensity of wild-type MIF-AS1 (MIF-AS1-WT),
rather than that of mutant MIF-AS2 (MIF-AS1-MUT) (Fig. 3C). In con-
trast to MIF-AS1, qRT-PCR showed that miR-1249-3p was notably
downregulated in BC tissues (Fig. 3D). As displayed in Fig. 3E, we found
the negative relevance between MIF-AS1 expression and miR-1249-3p
expression. Besides, we examined relative low expression level of miR-
1249-3p in BC cells (Fig. 3F). Furthermore, knockdown of MIF-AS1
strengthened the expression level of miR-1249-3p in BC cells. The
specific reaction condition for miR-1249-3p expression in MIF-AS1-
downregulated BC cells was observed in a time-dependent manner
(Supplementary Fig. 1A).

3.4. Influence of miR-1249-3p overexpression on the BC cell viability,
migration and EMT process

To detect the biological function of miR-1249-3p in breast cancer,
we overexpressed miR-1249-3p in MDA-MB-231 and MCF-7 cells
(Fig. 4A). CCK-8 assay and colony formation assay showed that over-
expression of miR-1249-3p dramatically inhibited cancer cell pro-
liferative ability (Fig. 4B-C). Transwell assay demonstrated that
strengthened miR-1249-3p led to a reduction of migratory cells
(Fig. 4D-E). Moreover, the enhanced miR-1249-3p expression led to the
increased level of E-cadherin and decreased level of N-cadherin, Slug,
Snail, Vimentin and Fibronectin (Fig. 4F), indicating the suppressive
role of miR-1249-3p overexpression in EMT process. Additionally, we
overexpressed MIF-AS1 and silenced miR-1249-3p in MCF-10A cells
(Supplementary Fig. 1B) and found that there were no changes in cell
viability (Supplementary Fig. 1C).

3.5. MIF-AS1 competed with HOXB8 for binding to miR-1249-3p

Using bioinformatics analysis tools (TargetScan, microT, miRmap
and PicTar), we found that HOXB8 was the putative downstream target
gene of miR-1249-3p (Fig. 5A). MiR-1249-3p was found to have com-
plementary base pairing with HOXB8 3′UTR (Fig. 5B). Luciferase re-
porter assay was performed and indicated that the luciferase intensity
of HOXB8-WT was strongly suppressed by miR-1249-3p mimics
(termed miR-1249-3p or mimics), but partly recovered via enhancing
MIF-AS1 expression (Fig. 5C). Nevertheless, there was no significant
effect on HOXB8-MUT. Besides, qRT-PCR testified that HOXB8 was
upregulated in breast cancer tissues and cell lines (Fig. 5D-E). Corre-
lation analysis demonstrated the negative relevance between HOXB8
expression and miR-1249-3p expression as well as the positive re-
levance between HOXB8 expression and MIF-AS1 expression (Fig. 5F).
What’s more, it is observed that miR-1249-3p mimics downregulated
the mRNA and protein levels of HOXB8, which was restored by MIF-
AS1 overexpression (Fig. 5G-H).
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3.6. MiR-1249-3p/HOXB8 axis was involved in the oncogenic function of
MIF-AS1 in BC cell

For purpose of further verifying that MIF-AS1 promoted BC cell
proliferation, migration and EMT process through miR-1249-3p/
HOXB8 axis, we designed and performed rescue assays in MDA-MB-231
cells. Cells stably transfected with sh-MIF-AS1#2 were taken as the
negative control (termed NC). On the basis of MIF-AS1 knockdown,
cells were co-transfected with miR-1249-3p inhibitor or
inhibitor+ sh−HOXB8. CCK-8 and colony formation assays demon-
strated that anti-miR-1249-3p improved the sh-MIF-AS1#2-mediated
cell proliferative ability, but this favorable effect was attenuated in
response to HOXB8 knockdown (Fig. 6A-B). By comparison to the NC
group, the anti-miR-1249-3p-induced cell migration was abrogated by
inhibiting HOXB8 expression (Fig. 6C-D). What’s more, the sh-MIF-
AS1#2-mediated N-cadherin protein level was enhanced after repres-
sing miR-1249-3p, but reversed partially by inhibiting HOXB8. The
opposite impact was observed in the level’s alteration of E-cadherin.
Western blot assay revealed that sh-MIF-AS1#2-mediated EMT process
was accelerated by silencing miR-1249-3p, but this acceleration was
attenuated after suppressing HOXB8 expression (Fig. 6E).

4. Discussion

Breast cancer includes four subtypes (basal-like, HER2+, luminal A
and luminal B). Statistically, HER2+BC is acknowledged as the highly
aggressive breast cancer subtype [15]. Up till now, surgery remains a
mainstay therapy for BC [14]. Early diagnosis via biomarkers is the key
to decrease the morbidity and mortality of patients with BC. Although
BC development is an elusive and complex process, a great number of
lncRNAs were reported to involve in BC biological processes, including
cell proliferation, migration and epithelial-mesenchymal transition
(EMT) [10,17,40]. It has been proved that lncRNAs are of great sig-
nificance for breast cancer development. Hence, this study focused on a
certain lncRNA and aimed to explore functional lncRNAs in BC.

MIF-AS1, a new-found lncRNA, was reported to exert an oncogenic
role in gastric cancer by Linhai Li et al. [19]. Based on TCGA dataset,
MIF-AS1 was expressed higher in BC tissues. To our knowledge, it has
not been studied in BC. Thus, our present study revealed the role of
MIF-AS1 in BC progression. The aberrant expression of MIF-AS1 in-
dicated the potential involvement of MIF-AS1 in BC development.
What’s more, we found that the high expression level of MIF-AS1 was
closely related to the poor overall survival rate of BC patients. Thus,
investigating the specific role of MIF-AS1 in BC progression is sig-
nificant. Meanwhile, it prompted us to further investigate the biological
function of MIF-AS1 in BC. Loss-of-function assays revealed that
knockdown of MIF-AS1 inhibited BC cell proliferation, migration and
epithelial-mesenchymal transition (EMT). With that, we concluded that
MIF-AS1 functioned as an oncogene in breast cancer and it might pre-
dict a poor prognosis value for BC patients.

A growing number of studies showed that lncRNAs can act as
competing endogenous RNAs (ceRNAs) to modulate mRNAs by com-
peting for shared miRNAs [6,13,33,37,41,43]. For this reason, the
ceRNA mechanism was given a great concern in the present study. With
the help of online bioinformatics analysis, miR-1249-3p was screened
out to do duty for a connecting carrier, targeting both MIF-AS1 and
HOXB8. Luciferase reporter assays provided new evidences that both
MIF-AS1 and HOXB8 could bind to miR-1249-3p in BC cells. In addi-
tion, MIF-AS1 could promote both mRNA level and protein level of
HOXB8 through competitively absorbing miR-1249-3p. To detect the
function of miR-1249-3p in BC cellular processes, we overexpressed it
for gain-of function assays. Intriguingly, upregulation of miR-1249-3p
suppressed cell migration and proliferation, reversed EMT progress ef-
ficiently. Moreover, previous reports have elucidated that HOXB8 is an
oncogene in colorectal cancer [21] and gastric cancer [8]. In current
study, we found that HOXB8 promoted cell proliferation and migration

in MIF-AS1-downregulated BC cells. According to the results of rescue
assays, we confirmed that miR-1249-3p/HOXB8 axis involved in MIF-
AS1-mediated BC progression. On the whole, we drew a conclusion that
a new MIF-AS1-mediated ceRNA network was identified in breast
cancer.

In present study, we provided the evidence that MIF-AS1 exerts an
oncogene in BC and contributes to BC cell viability, migration and EMT
process. Particularly, we found a MIF-AS1/miR-1249-3p/HOXB8
pathway that conduced to initiation and development of BC. These
findings enrich the theory of knowledge about the underlying mole-
cular mechanism of MIF-AS1, providing a new potential biomarker and
therapeutic target for patients with breast cancer. Further mechanism
associated with the function of MIF-AS1 in BC will be studied in future.
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