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ABSTRACT

This study aimed to explore the role and potential mechanism of the long non-coding (IncRNA)
MBNL1-AS1 in human breast cancer. We included 80 patients with breast cancer in this study.
Breast cancer cell lines, including MCF7, SKBR3, MDA-MB-231 and MDA-MB-415, and the normal
human breast cell line MCF10A were used in this study. MBNL1-AS1, miR-889-3p mimics, si-
Krippel-like factor 9 (KLF9) or their controls were transfected in the cells. Quantitative reverse Breast cancer: IncRNA
transcription polymerase chain reaction (qRT-PCR), Western blotting and immunohistochemistry MBNL1-AS1; miR-889-3p;
assay were performed to detect the expression of MBNL1-AS1, miR-889-3p and KLF9. Cell KLF9

proliferation, invasion and migration were detected. Luciferase reporter gene and pull-down

assay were performed to verify the target relationship among MBNL1-AS1, miR-889-3p and

KLF9. Glycolysis was also detected after transfection. The expression of the IncRNA MBNL1-AS1

was low in the breast cancer tissues and cells. Lower expression levels of the IncRNA MBNL1-AS1

were associated with poor prognosis of breast cancer. Overexpression of the IncRNA MBNL1-AS1

decreased proliferation, invasion, migration and glycolysis of breast cancer cells. The IncRNA

MBNL1-AS1 could interact with miR-889-3p, and KLF9 was the downstream target of miR-889-

3p. Moreover, miR-889-3p was negatively correlated with KLF9 and IncRNA MBNL1-AS1. Both miR-

889-3p and si-KLF9 could reverse the overexpression of IncRNA MBNL1-AS1 in breast cancer

development. The INcRNA MBNL1-AS1 decreased proliferation, invasion, migration and glycolysis

of breast cancer via the miR-889-3p/KLF9 axis, which might be a potential biomarker for the

diagnosis of breast cancer.
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Breast cancer is the second most common cancer in
the world and the fourth leading cause of cancer-
related deaths in women [1]. The incidence and
mortality of female breast cancer in China has
increased gradually in recent years, and recurrence
and distant metastasis of breast cancer are the main
causes of cancer-related deaths [2]. Previous studies
have shown that hereditary factors and gene muta-
tions (including BRCAI, BRCA2 and other breast
cancer susceptibility genes) account for 5-10% of
the total cases of breast cancer, which indicates that
the treatment approach should focus on targeting
the genes [3]. Molecular therapy has become a new
biological treatment method for breast cancer in

including surgery, radiotherapy, chemotherapy and
endocrine therapy [4].

The expression of long non-coding RNA (IncRNA)
is one of the most common transcriptional changes in
cancer [5]. In addition, a previous study has demon-
strated that IncRNAs play an important role in tumor-
igenesis [6] and participates in the occurrence,
development, invasion and metastasis of breast cancer
through various pathways [7]. Moreover, various
IncRNAs related to the development of breast cancer
have been studied till date. The IncRNA UCA1 parti-
cipates in the Wnt/B-catenin signaling pathway,
accelerates the epithelial-to-mesenchymal transition
(EMT) and facilitates the development of breast
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cancer [8]. The levels of IncRNA GAS5 were low in
patients with breast cancer; additionally, it induced
apoptosis of breast cancer cells [9]. However, over-
expression of the IncRNA HOTAIR not only
improved the proliferation of breast cancer cells but
also accelerated tamoxifen resistance [10]. In addition,
the IncRNA HOTAIR interacted with FOXMI1
and then differentiated between the patients who
responded to endocrine therapy [11]. Although the
number of new IncRNAs have increased, <1% of the
functions of IncRNA have been examined to date
[12]. Therefore, in addition to discovering new
IncRNAs, their mechanism, function and potential
application should be determined.

Previous studies have reported abnormal
expression levels of MBNLI1-AS1 in various
malignant tumors, and MBNL1-AS1 is involved
in the malignant progression of human non-
small cell lung cancer [13], bladder cancer [14]
and colon cancer [15]. However, the biological
role of MBNL1-AS1 in human breast cancer
remains unclear. This study aimed to explore
the role and potential mechanism of action of
MBNLI-AS1 in human breast cancer. Our
results may provide important insights for
improving the prognosis of breast cancer.

Materials and methods
Patients and tissues

From June 2019 to April 2020, breast cancer tissue
and paired adjacent tissues of 80 cases were col-
lected in Shanghai Seventh People’s Hospital
Affiliated to Shanghai University of Traditional
Chinese Medicine. The patient age ranged from
34 to 79 years, with a median age of 56.0 years.
The American Cancer Council (AJCC) breast can-
cer staging system was used for clinical T staging,
and these patients included 39 cases of TI/II and
41 cases of TIII/IV. All patients did not receive
chemotherapy, endocrine therapy or molecular
targeted therapy before surgery. This study was
approved by the ethics committee of Shanghai
Seventh People’s Hospital Affiliated to Shanghai
University of Traditional Chinese Medicine, and
all patients signed the informed consent forms.
After the tissue sample was obtained, it was imme-
diately stored in the refrigerator at —80°C.
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Cell culture and transfection

Human breast cancer cell lines (MCF-7, SKBR3,
MDA-MB-231 and MDA-MB-415) and normal
breast epithelial cells (MCF-10A) were purchased
from the Cell Resource Center, Shanghai Institutes
for Biological Sciences and the Chinese Academy
of Sciences. The cells were cultured in RPMI1640
medium containing 10% fetal bovine serum. An
appropriate amount of penicillin-streptomycin-
gentamicin solution was added to the medium to
achieve a final concentration of 100-U/mL penicil-
lin, 100-pg/mL streptomycin and 0.05-mg/mL
gentamicin. The cells were cultured in an incuba-
tor at 37°C with 5% CO,.

One day before transfection, the cells in the loga-
rithmic growth phase were inoculated into a 6-well
plate. When the cell density reached 60-80%, trans-
fection was performed using Lipofectamine 2000
(Invitrogen, USA) according to the instructions of
the manufacturer. The plasmid overexpressing
MBNL1-AS1 and its negative control plasmid were
transferred into the cells. Both plasmids were
designed and constructed by The Beijing Genomics
Institute (BGI). Serum-free and antibiotic-free
RPMI1640 medium was used during transfection.
After 6 h of transfection, the medium was replaced
with RPMI1640 medium containing 10% fetal calf
serum. The cells were collected 24 h after transfec-
tion, and the expression level of IncRNA XIST in the
cells was detected using quantitative reverse tran-
scription-polymerase chain reaction (QRT-PCR) for
subsequent experiments.

Immunohistochemistry assay

Frozen breast cancer and adjacent tissue sections
were obtained, and then deparaffinized in xylene,
absolute ethanol, ethanol and phosphate-buffered
saline (PBS) solution. The sections were treated
with 3% hydrogen peroxide and washed thrice
with PBS solution, and the antigen was retrieved
using a microwave retrieval method and placed in
sodium citrate buffer. After heating in a microwave
oven to boiling, the slices were cooled, washed with
PBS and sealed for 10 min. The primary antibody
was added to the sectioned tissue and incubated at
4°C for 12 h. After washing, the sample was incu-
bated with the secondary antibody at 4°C for



910 Y. JIN ET AL.

20 min. 3,3'-diaminodbenzidine (DAB) chromo-
genic solution was added, and the sample was
counterstained with hematoxylin and dehydrated
in different gradients of ethanol, mounted with
neutral resin and observed under a microscope.
Five high-power fields were selected for counting
the number of stained cells.

qRT-PCR assay

According to the instructions in the kit, the total
RNA in the breast cancer tissue specimens was
extracted, and the absorbance value was measured
using an ultraviolet spectrophotometer. RNA sam-
ples with a ratio (260 nm/280 nm) between 1.8 and
2.0 were used for subsequent experiments. The
RNA samples were reverse transcribed into
cDNA using the Revertra Ace qRT-PCR Master
Mix reverse transcription kit (ToYoBo, Japan) and
stored at —80°C. The fluorescence quantitative
PCR kit was purchased from TaKaRa Company.
PCR detection was performed according to the
manufacturer’s instructions. The reaction system
included 10-uL SYBR Green Realtime PCR
MasterMix, 1 pL of 10-umol/L upstream and
downstream primers, 2.5-uL ¢cDNA templates and
5.5-uL ddH,0. The cycle parameters were 95°C for
60s, 95°C for 15s, 60°C for 34s and 72°C for 45s
for a total of 40 cycles. The fluorescence signal was
recorded at 60°C, and the purity of the product
was analyzed using the melting curve. The final
result was expressed using the 2-ACt method. The
experiment was repeated thrice.

Cell counting kit 8 assay for proliferation

The cell counting kit 8 (CCK-8) assay was used to
detect the growth and proliferation status of the
cells after transfection. In a 96-well plate, 100 pL of
suspension (concentration of 2,000 cells per
100 pL) was added to each well. After overnight
incubation, 10 pL of MBNL1-AS1, MBNLI-ASI
+ miR-889-3p or MBNLI1-AS1-si-Kriippel-like fac-
tor 9 (KLF9) and the control transfection solution
were added. Three multiple wells were set in each
group, and 90 pL of medium was added to each
well. After 24, 48 and 72 h of plating, the medium
was discarded individually from each well, and
100 pL of the medium containing 10% CCK-8

reagent was added. After incubating for 1 h at
37°C, the optical density (OD) value of each well
was measured at a wavelength of 450 nm.

Transwell assay

Pre-cooled Matrigel glue and serum-free RPMI
1640 medium were mixed in a ratio of 1:9, and
80 uL per well of this mixture was evenly coated
on the bottom membrane of the Transwell cham-
ber and was placed in an incubator. After 24 h of
transfection, the cells were digested and resus-
pended, and a single cell suspension was prepared
in a serum-free medium at a concentration of
3 x 10* cells/mL. Furthermore, 200 pL of the cell
suspension was added to the upper chamber of the
Transwell chamber, and 500 pL of RPMI1640
medium containing 10% fetal calf serum was
added to the lower chamber for culture. After
culturing for 24 h, the cells in the upper chamber
were carefully wiped off with cotton swabs. The
cells were washed thrice with PBS and fixed with
4% paraformaldehyde fixative solution for 20 min
at room temperature. The cotton swab was used to
suck up the liquid in the upper chamber, and the
cells were stained with 0.1% crystal violet at room
temperature and protected from light for 10 min.
After rinsing the chamber, stained cells were
photographed and counted.

Colony formation assay

Cells in each group were seeded in 6-well plates at
a density of 300 cells/well, and 2 mL of culture
medium was added to each well. After culturing
for 10 days, the cells were fixed with 4% parafor-
maldehyde for 15 minutes and stained with 1%
crystal violet for 4 h. After washing and drying,
images were taken to observe and count the num-
ber of cells. After washing and drying, the cells
were observed and the numbers of cells were
counted.

Scratch healing assay

Cells in the logarithmic growth phase were seeded
on a 6-well plate at 1 x 10° cells/well. After over-
night incubation, 10 pL of MBNL1-AS1, MBNL1-
AS1+ miR-889-3p or MBNL1-AS1-siKLF9 and the



control transfection solution were added. After
24 h of transfection, a pipette tip was used to
make a straight line on the cell surface. The cell
migration of each group was observed and mea-
sured after 24 h.

Glycolysis assay

Glucose uptake

Glucose oxidase catalyses the oxidation of the glu-
cose in the sample to produce gluconic acid and
hydrogen peroxide. Peroxidase catalyses the cou-
pling of the reducing 4-aminoantipyrin and phe-
nol and condensation into quinone compounds.
Briefly, the process was as follows: after transfec-
tion, the cells were plated in a 6-well plate at
a density of 1 x 10° cells/well. The final volume
of the medium was 3 mL, and the sample was
placed in an incubator at 37°C for 48 h. The
medium was collected 48 h after the cells were
cultured, and the medium collected at 0 h of
culture was used to determine the background
glucose concentration. Subsequently, 10 pL of the
sample was added to 1000 pL of the working
solution. The glucose uptake colorimetric assay
kit was purchased from Biovision Co. Ltd (USA).
After mixing the sample, it was added to a 96-well
plate (100 pL/well) and incubated in a water bath
at 37°C for 15 min. The absorbance was measured
at a wavelength of 505 nm.

Lactose production

Conversion of lactate to pyruvate was catalyzed by
lactate dehydrogenase, which converted NAD+
into NADH. Phenazine methosulphate (PMS)
mediated the reduction of nitroblue tetrazolium
(NBT), which appeared purple and could be
detected using a spectrophotometer at 530 nm.
Lactate assay kit was purchased from Biovision
Co. Ltd. The procedure performed was similar to
that of the glucose uptake assay.

Luciferase reporter experiment

The binding site in the 3’-untranslated region
(UTR) sequence of the target gene was mutated
and cloned into the p-LUC vector. The dual luci-
ferase reporter gene vector (PLU) containing
the 3'-UTR sequence of the target gene was
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synthesized by Guangzhou Ruibo Biotechnology
Co., Ltd. Lipofectamine 2000 (Invitrogen) was
used to transfect human embryonic kidney
(HEK293) cells with the pLUC vector with or
without the 3’-UTR sequence of the target gene.
The G418 antibiotic was used to screen stable
transfected cell lines. Subsequently, the chemically
synthesized miR-889-3p mimic or control was
transfected into stable cell lines. After 48 h of
transfection, the fluorescence intensity was mea-
sured according to the instructions of the Dual-
luciferase reporter assay system (Promega, USA).

RNA pull-down assay

The pGEM-T-IncRNA MBNL1-AS1 vector was
digested with Sall, purified using a gel, added to
the in vitro transcription mixture and incubated at
37°C for 3 h. After the colorless liquid became
turbid, DNase I was added to digest the DNA
template and incubated at 37°C for 15 min. RNA
was extracted using the kit to obtain biotin-labeled
RNA transcripts. Subsequently, 3 ug of the
obtained RNA was heated at 90°C for 2 min to
denature the RNA. Thereafter, an equal volume of
RNA-binding buffer was added, and the mixture
was incubated at room temperature for 30 min to
create the RNA fold into a high-level structure.
The folded RNA was mixed with 1 mg of total
cell protein solution, vortexed at room tempera-
ture and incubated for 1 h while leaving a portion
of the protein lysate as an input. A total of 40 uL
magnetic beads were added to each sample and
incubated overnight with vortexing at 4°C.
Subsequently, the magnetic beads were washed 8
times, and proteinase K buffer was added and
incubated in a molecular hybridization oven at
55°C for 30 min. The supernatant was transferred
to a new centrifuge tube, and RNA was extracted
via phenol-chloroform extraction. After reverse
transcription, QRT-PCR was performed to detect
the adsorbed miRNA.

Western blot assay

The cells were collected after 48 h of transfection.
Radioimmunoprecipitation assay (RIPA) cell
lysate (Beyotime Biotechnology, China) was used
to extract the total protein. A BCA kit was used to
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determine the protein concentration, and the
protein content of the sample was adjusted. We
added 50 pg of protein sample to each well, and
electrophoresis, membrane transfer and sealing
were performed. The sample was incubated with
the primary antibody (1:1000) and placed in
a refrigerator at 4°C overnight. After washing
the membrane thrice with PBS Tween 20
(PBST) buffer, secondary antibody was added to
the sample and incubated for 1 h. Finally, elec-
trochemiluminescence (ECL) was observed, and
the relative expression of KLF9 was calculated.

Statistical analysis

SPSS 17.0 statistical software was used for statis-
tics. The relative expression of genes was
expressed as mean * standard deviation, and
comparison between groups was performed by
t test. The survival curve was analyzed by
Kaplan-Meier. Pearson correlation coefficient
was applied to evaluation relevance among
IncRNA MBNL1-AS1, miR-889-3p and KLF9.
P less than 0.05 were considered statistically
significant.
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Results

Low expression levels of IncRNA MBNL1-AS1 are
associated with poor prognosis of breast cancer

Results of qRT-PCR performed to detect the
expression of IncRNA MBNLI1-AS1 in 80 pairs of
breast cancer tissues and adjacent tissues showed
that the expression of MBNL1-AS1 was downregu-
lated in breast cancer tissues (Figure 1(a)). In addi-
tion, the results of immunohistochemistry assay
were similar to those of qRT-PCR (Figure 1(b)).
Moreover, the expression of MBNLI-AS1 was
lower in patients with stage III/IV breast cancer
than in patients with stage I/II breast cancer
(Figure 1(c)). Furthermore, we determined the
expression of MBNL1-AS1 in controls relative to
that in breast cancer cells. MBNL1-AS1 expression
levels were lower in the breast cancer cells than in
controls (Figure 1(d)). The lowest expression of
MBNL1-AS1 was observed in MCF7 and SKBR3
cell lines; therefore, we used these two cell lines for
subsequent experiments. We divided all patients
into the high- and low-MBNLI-ASI1-expression
groups on the basis of the median value of MBNL1-
AS1. Clinical data indicated that low MBNL1-AS1
expression levels were associated with a poor
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Figure 1. Lower expressed IncRNA MBNL1-AS1 is associated with poor prognosis of breast cancer A.QRT-PCR assay for detecting the
expression of INcRNA MBNL1-AS1 in 80 pairs of breast cancer tissues and adjacent tissues. B. Immunohistochemistry assay for IncRNA
MBNL1-AS1 expression. C. IncRNA MBNL1-AST expression in different stage. D. The expression of IncRNA MBNL1-AS1 in breast cancer
and normal cells. E. Survival rate of patients with low and high IncRNA MBNL1-AS1 levels. *P < 0.05, **P < 0.01.



prognosis of breast cancer (Figure 1(e)).
Additionally, we analyzed the the -correlation
between MBNL1-AS1 expression and the clinical
pathology of breast cancer patients. It was found
that MBNL1-AS1 expression was related to the
tumor size, stage, and TNM stage of breast cancer
patients (Table 1).

Overexpression of IncRNA MBNL1-AS1 inhibits
proliferation, migration, and glycolysis of breast
cancer cells

A cell line overexpressing MBNLI1-AS1 was con-
structed, and the expression of MBNLI1-AS1 was
detected using qQRT-PCR. The expression levels of
MBNLI1-AS1 were higher in the MBNL1-AS1 group
than in the control group (Figure 2(a)). The CCK8
experiment was used to analyze the effect of MBNL1-
AS1 overexpression on the proliferation of MCF7 and
SKBR4 cells at 0, 24, 48 and 72 h. At 72 h
after MBNL1-AS1 transfection, the proliferation of
both  MCF7 and SKBR4 decreased significantly
(Figure 2(b)). In addition, we examined the effects of
MBNL1-AS1 overexpression on the clone formation
of MCF7 and SKBR4 cells. The number of cell
clones formed decreased significantly, indicating that
MBNLI1-AS1 overexpression inhibited the prolifera-
tion of breast cancer cells (Figure 2(c)). Moreover,
invasion and migration were suppressed by MBNL1-
AS1 (Figure 2(d,e)). Additionally, the results of the
glycolysis assay confirmed that relative glucose uptake
and lactate production were inhibited in the group
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overexpressing MBNL1-AS1 (Figure 2(f)). Therefore,
we inferred that overexpression of MBNLI1-AS1
inhibited the proliferation, migration and glycolysis
of breast cancer cells.

Interaction of IncRNA MBNL1-AS1 with miR-889-
3p

Bioinformatic databases Starbase and miRDB were
used to predict the candidate target miRNA of
MBNLI1-AS1. miR-889-3p, which was involved in
the progression of various cancers, was selected as
a candidate target. The binding site is shown in
Figure 3(a). We examined the expression of miR-
899-3p in 80 pairs of clinical samples, and the
results confirmed that miR-889-3p was upregu-
lated in tumor tissues (Figure 3(b)). Dual-
luciferase reporter assay showed the targeting
relationship between MBNLI1-AS1 and miR-
899-3p in HEK293T cells. The miR-889-3p
mimic decreased the relative luciferase activity
of MBNLI1-AS1 in the wild-type (wt) cells,
whereas no significant effect was observed in
the luciferase activity of MBNLI-AS1 in the
mutant (mut) groups (Figure 3(c)). RNA pull-
down assay was performed to verify the binding
between MBNL1-AS1 and miR-899-3p in MCEF7
and SKBR4 cells. The enrichment of miR-889-3p
was higher with the biotinylated WT IncRNA (bio-
MBNL1-AS1-WT) than with biotinylated mutant
IncRNA  (bio-MBNLI1-AS1-mut) (Figure 3(d)).
Additionally, we examined the effect of MBNLI1-

Table 1. The correlation between MBNL1-AS1 expression and breast cancer clinical pathology.

MBNL1-AS1 MBNL1-AS1
high expression low expression
Characteristics Number of patients (> median) (< median) P value
Number 80 39 41
Ages(years) 0.371
<50 38 21 17
=50 42 18 24
Tumor size 0.027
<5cm 43 26 17
>5cm 37 13 24
Stage 0.043
-1 39 24 15
n-1v 41 15 26
TMN stage 0.048
1=l 42 25 17
N-1v 38 14 24
Lymphatic metastasis 0.509
Yes 44 23 21
No 36 16 20
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Figure 2. Overexpression of INcRNA MBNL1-AS1 inhibits proliferation, migration and glycolysis of breast cancer cells A. The IncRNA
MBNL1-AS1 overexpression cell line was successfully constructed. B. LncRNA MBNL1-AS1 inhibited proliferation of MCF7 and SKBR4
cells. C. Clone formation after IncRNA MBNL1-AS1 transfection. D. Invasion of MCF7 and SKBR4 cells after IncRNA MBNL1-AS1
transfection. E. Migration of MCF7 and SKBR4 cells after IncRNA MBNL1-AS1 transfection. F. Glucose uptake and lactate production.

**P < 0.01.

AS1 overexpression on the expression of miR-889-
3p in MCF7 and SKBR4 cells. Overexpression of
MBNLI1-AS1 significantly decreased miR-899-3p
expression in both MCF7 and SKBR4 cells
(Figure 3(e)).

KLF9 is the downstream target of miR-889-3p

The downstream target mRNA of miR-889-3p
was predicted using the biological information
database TargetSCan and miRanda. KLF9 was
selected as a candidate target, which was
involved in the progression of multiple cancers.
The binding site of KLF9 and miR-889-3p is
shown in Figure 4(a). KLF9 expression in 80

pairs of clinical samples was analyzed using
qRT-PCR. The expression of KLF9 was down-
regulated in tumor tissues (Figure 4(b)). The
results of Western blotting and immunohisto-
chemical analysis in pairs of clinical samples
showed that KLF9 was downregulated in tumor
tissues (Figure 4(c,d)). Luciferase reporter
experiment was performed to verify the binding
of miR-889-3p mimics and KLF9. The miR-889-
3p mimic significantly decreased luciferase activ-
ity in the KLF9-wt group, whereas it did not
affect the KLF9-mut group (Figure 4(e)). qRT-
PCR and Western blotting were used to deter-
mine the effect of miR-889-3p mimics on the
expression of KLF9 in MCF7 and SKBR4 cells.
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**P < 0.01.
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Our results showed that miR-889-3p mimics
downregulated KLF9 expression in both MCF7
and SKBR3 cells (Figure 4(f)). These results con-
firmed that KLF9 was the downstream target of
miR-889-3p.

MiR-889-3p and si-KLF9 rescued the effect of
upregulated IncRNA MBNL1-AS1 in breast cancer

We performed a rescue experiment to determine
the effect of IncRNA MBNL1-AS1 upregulation.
MCF7 cells were divided into MBNL1-AS1,
MBNL1-AS1 + miR-889-3p, MBNLI1-AS1+ si
KLF9, and control groups based on the transfec-
tion. Western blotting was performed to deter-
mine the effect of miR-889-3p and si-KLF9
transfection on the expression of KLF9. MBNLI1-
AS1 upregulated KLF9 expression, whereas miR-
889-3p and si-KLF9 rescued the effects of MBNLI-
AS1 (Figure 5(a)). Moreover, MBNL1-AS1 inhib-
ited invasion, migration and progression of glyco-
lysis, whereas miR-889-3p and si-KLF9 rescued the
effects (Figure 5(c-e)).

Spearman correlation analysis

Spearman correlation analysis was used to evalu-
ate the correlation between the expression of
MBNLI1-AS1, miR-889-3p and KLF9 in 80 pairs
of tumor tissues. MiR-889-3p was negatively cor-
related with MBNL1-AS1 and KLF9 (Figure 6(a,
b)). MBNL1-AS1 was positively correlated with
KLF9 (Figure 6(c)).

Discussion

IncRNAs are abnormally expressed in various can-
cers and play a key role in promoting and main-
taining the formation and progression of tumors
[16]. Therefore, screening and identifying more
effective IncRNAs is important for the diagnosis
and treatment of breast cancer. Our results showed
that IncRNA MBNL1-AS1 was expressed in low
levels in breast cancer tissues and cells. We exam-
ined the effect of MBNL1-AS1 on the prolifera-
tion, invasion, migration and glycolysis of breast
cancer cells to determine the role and understand
the mechanism of action of MBNLI-AS1 in

human breast cancer. Additionally, we examined
the effect of miR-889-3p and KLF9.

MBNL1-AS1 inhibits proliferation, invasion and
migration in various cancers. MBNLI-AS1 was
downregulated in colon cancer, which regulated
the expression of miR-412-3p [15]. Furthermore,
upregulation of MBNL1-AS1 accelerated the apop-
tosis of non-small-cell lung cancer cells via miR-
135a-3p [13]. Furthermore, MBNL1-AS1 regulated
the miR-135a/PHLPP2/FOXO1 axis, increased
apoptosis and inhibited the proliferation of blad-
der cancer [14]. Among these miRNAs regulated
by MBNLI1-AS1, miR-135a regulates the expres-
sion of HOXA10 and then accelerates the invasion
and migration of breast cancer cells [17].
Moreover, miR-135a was involved in the infiltra-
tion and progression of breast cancer [[18]]. Our
results showed that low expression levels of
MBNLI1-AS1 were associated with a poor prog-
nosis of breast cancer. Overexpression of MBNL1-
AS1 decreases the proliferation, invasion, migra-
tion and glycolysis of breast cancer cells and hence
plays an important role in the invasion, migration
and proliferation of breast cancer.

Furthermore, our results showed that MBNLI1-
AS1 interacted with miR-889-3p. Results of pre-
vious studies showed that miR-889-3p increases
cell growth and progression in various cancers by
regulating different genes such as ZEBI [19], E2F7
[20] and DAB2IP [21]. Ge et al. reported that miR-
889-3p promoted the proliferation of osteosar-
coma through inhibiting the expression of myeloid
cell nuclear differentiation antigen (MNDA) [22].
Xu et al. showed that miR-889 overexpression
stimulated proliferation of EC109 and EC9706
cells by targeting DAB2IP in esophageal squamous
cell carcinomas [21]. Xiao et al. demonstrated that
miR-889-3p targeting DAB2IP/ZEBI regulated
the arsenite-induced acquisition of cancer stem
cells-like properties by human keratinocytes in
carcinogenesis [19]. ZEBI1 is an important tran-
scription factor that regulates EMT, and EMT is
an important process that promotes the invasion
of cancer cells to the adjacent tissues and their
infiltration and metastasis [23]. In addition,
E2F7 had additional cyclin binding domains,
which can simultaneously mediate cell prolifera-
tion and p53-dependent/independent apoptosis
[24,25]. DAB2IP hypermethylation was detected
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Figure 5. Rescue experiment MCF7 cells were divided into MBNL1-AS1, MBNL1-AS1+ miR-889-3p, MBNL1-AS1+ si KLF9 and control
groups based on the transfection. A. Western blot assay. B. Transwell assay was performed for verifying invasion. C. Scratch healing
assay was undertaken to detect mgration. E. Glucose uptake and lactate production. **P < 0.01.

in breast cancer cell lines and lymph node metastasis
samples, which suggested that DAB2IP methylation
was related to lymph node metastasis of breast cancer
[26]. Previous studies have shown that miR-889-3p-
related genes are closely associated with the metastasis
and proliferation of cancer. Hayes et al. [27]
showed that miR-889 was related to estrogen levels,

development of breast cancer and tamoxifen resis-
tance. In the present study, we found that miR-889-
3p was overexpressed in breast cancer samples, and
miR-889-3p could reverse the anti-tumor effect of
MBNLI1-AS1 on breast cancer cells. Thus, we pro-
posed that miR-889-3p might act as a tumorigenesis
role in breast cancer, and more detailed studies are
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needed. Therefore, the IncRNA MBNLI-ASI
decreased the proliferation, invasion, and migration
of cancer via miR-889-3p.

Our results showed that KLF9 was the downstream
target of miR-889-3p. KLF9 was a member of the KLF
family. The genes in the family are highly conserved
zinc finger proteins that played important roles in the
suppression and tumorigenicity of breast cancer
tumors [28]. For example, KLF4 was a tumor sup-
pressor, which was downregulated in human tumor
cell samples [29]. In addition, KLF4 promoted the
expression of CDHI, thereby inhibiting the process
of EMT in tumor cells [30]. KLF9 was involved in the
E2-mediated signal transduction and estrogen
response of breast cancer cells [31]. Additionally,
the methylation of KLF9 has been proven to be
a potential independent biomarker in breast cancer
[32]. Moreover, our results showed that both miR-
889-3p and si-KLF9 could rescue the effect of upre-
gulated IncRNA MBNLI1-AS1 in the development of
breast cancer. Therefore, KLF4 was a critical factor in
inhibiting the effects of MBNL1-AS1 in breast cancer.

Our results showed that MBNL1-AS1 decreased
the glycolysis of breast cancer. Breast cancer is
a highly heterogeneous malignant tumor, and differ-
ent types of breast cancer have different character-
istics of glycolytic metabolism [33]. Previous studies
have shown that the metastatic breast cancer cell line
MDA shows high levels of glycolysis under aerobic
conditions, whereas the non-metastatic breast cancer
cell line MCF-7 shows an increase in the levels of
glycolysis under low oxygen conditions [34]. High
levels of glycolysis can provide tumor cells with
sufficient ATP and NADPH to repair DNA damage
caused by anti-tumor drugs, promote intracellular
drug efflux, repair oxidative damage and promote

the drug resistance of breast cancer cells in the high-
level glycolysis state [35].

In conclusion, MBNLI-AS1 decreased the
proliferation, invasion, migration and glycolysis
of breast cancer cells via the miR-889-3p/KLF9
axis and may be a potential biomarker for the
diagnosis of breast cancer. However, to date,
a limited number of studies have investigated
the complex interactions between IncRNA
MBNL1-AS1 and related miRNAs and proteins
in breast cancer. Additional detailed studies are
required to identify the mechanisms underlying
the role of MBNL1-AS1 and design potential
targeted drugs for breast cancer.

Highlights

(1) Lower expressed IncRNA MBNLI1-ASI is
associated with poor prognosis of breast
cancer.

(2) Overexpression of IncRNA MBNLI1-AS1
inhibits proliferation and migration of
breast cancer cell.

(3) IncRNA MBNL1-AS1 can interact with
miR-889-3p.

(4) KLF9 is the downstream target of miR-889-3p.

(5) IncRNA MBNLI1-AS1 regulates proliferation
and migration of breast cancer cells through
miR-889-3p/KLF9
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