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Abstract
Background: Emerging studies suggested the notion that long noncoding RNAs (lncRNAs) were key
regulators of cancer progression. In this research, the expression and roles of MBNL1-AS1 were explored
in breast cancer (BC).

Methods: In the present research, the MBNL1-AS1 expression in breast cancer tissue, as well as in cell line
was studied by qRT-PCR assays. The effects of MBNL1-AS1 on proliferation and stemness were
evaluated by MTT assays, colony formation assays, orthotopic breast tumor mice models, and sphere
formation assays. Flexmap 3D assays were performed to show that MBNL1-AS1 downregulated the
Centromere protein A (CENPA) secretion in BC cells. Western blot, RNA pull-down assays, RNA
immunoprecipitation (RIP) assays, and Fluorescence in situ hybridization (FISH) were conducted to
detect the mechanism.

Results: The results revealed that the expression levels of MBNL1-AS1 were downregulated in breast
cancer tissues and cell lines. In vitro and in vivo studies demonstrated that overexpression of MBNL1-AS1
markedly inhibited BC cells proliferation and stemness. RNA pull-down assay, RIP assay, western blot
assay, and qRT-PCR assay showed that MBNL1-AS1 downregulated CENPA mRNA via directly interacting
with Zinc Finger Protein 36 (ZFP36) and subsequently decreased the stability of CENPA mRNA.
Restoration assays also con�rmed that MBNL1-AS1 suppressed the CENPA-mediated proliferation and
stemness in breast cancer cells.

Conclusions: We elucidated a new mechanism for how MBNL1-AS1 regulated the phenotype of BC and
targeting the MBNL1-AS1/ZFP36/CENPA axis might serve as therapeutic targets for BC patients.

Introduction
Female breast cancer has surpassed lung cancer as the most common cancer, with about 2.3 million new
cases (11.7%)(1). It is the main cause of cancer-associated death for women around the
world(2).Approximately 15.4% of the women died of breast cancer, although the diagnosis and treatment
strategies improved greatly over the past several decades(1). The abnormal proliferation of tumor cells is
a striking feature of malignant tumors. Cancer stem cells (CSCs) have vital roles in intra- and intertumoral
heterogeneity, which are related to tumor progression, treatment resistance, and disease relapse(3,
4).Therefore, exploring the potential molecular mechanisms underlying breast cancer proliferation and
stemness is of paramount importance in identifying effective and novel therapeutic strategies.

LncRNAs, classes of non-coding RNAs (ncRNAs) have greater than 200 nucleotides length(5, 6).
LncRNAswere able to modulateseveral phenotypes such as proliferation, metastasis, stemness and
progression of cell cycle(7-10). Accumulating research hadshowed that the expression pattern of
lncRNAswas correlated with cancer progression,proliferation, and stemness(10-13)[9-11].Emerging
evidence demonstrated that lncRNAs regulated the expression level of a target gene by binding to RNA-
binding proteins(RBPs).For instance,the LncRNAs interacted with the RBPs and subsequently regulated
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cancers progression(14, 15). These researchersshowed that lncRNAswere pivotal players in cancer
pathogenesis and vital new biomarkers in cancer early detection and therapy. Recently,two cohorts were
analyzed to �nd LncRNAs of differential expression by research in BC. MBNL1-AS1 was regarded as one
of the down-regulated lncRNAs in BC(13). However, the phenotype and mechanism of MBNL1-AS1 in BC
have not been detected.

CENPA (a 17 kDa variant of histone H3)was located in the active centromeres(16, 17). A previous study
has found that CENPAwas correlated with human pluripotent stem cell self-renewal(18). Low expression
of CENPA induced cell cycle arrest and promoted apoptosis(19). Subsequent evidence showed that
upregulation of CENPA promoted initiation and progression in several cancers(17, 20). Higher expression
of CENPAwas correlated with increased invasiveness and higher-grade cancers(19, 21). In contrast,
downregulation of CENPAshowed to inhibit the HCC cells proliferation(19). What's more, CENPA had
predictive value in breast cancer and could contribute to disease progression as a marker of
proliferation(21, 22). In thisresearch, we found thatMBNL1-AS1 markedlydecreased the expression of
CENPAmRNA.

Here, we showed that MBNL1-AS1 in BC was down-regulated and the decreased expression of MBNL1-
AS1 was correlated with survival. MBNL1-AS1 inhibitedBC proliferation and stem-cell properties were
con�rmed by functional studiesin vitro and in vivo. Mechanistically, MBNL1-AS1 directly interactedwith
ZFP36, an RNA-binding protein, subsequently reduced the stabilization of CENPA mRNA. This study
might bring new insights into therapeutic targets for BC.

Methods
Cell lines and human BC specimens

Human BC cell lines (MCF-7, MDA-MB-468 and MDA-MB-231) and the immortalized normal breast cell
line MCF-10A were purchased from the Cell Bank of Chinese Academy of Sciences (Shanghai, China).
Indicated cells were cultured in DMEM containing 10% FBS (Thermo Fisher Scienti�c) was supplied at
37°C in a humidi�ed atmosphere of 5% CO2. 60 BC samples were obtained from the Department of
General Surgery, the Second A�liated Hospital of Harbin Medical University. Fresh BC tissues and paired
adjacent normal tissues were frozen in liquid nitrogen immediately after surgical excision and saved at
-80°C. This research was approved by the Ethic Committee of Harbin Medical University.

qRT-PCR assay

To isolate total-RNA, the TRIzol reagent (Life Technologies, Carlsbad, CA, USA) was performed. For cDNA
synthesis, the total RNA was retrotranscribed with the PrimeScript® RT Reagent Kit (Takara). The SYBR
Premix Ex Taq™ Kit (Takara, Tokyo, Japan) was utilized to carry out qPCR. And RT-PCR was conducted on
a 7500 RealTime PCR System. GAPDH was measured as the internal control. The sequences of the
primers that were used as follows: for MBNL1-AS1: 5′- CTCCCGCTTCTTCTACCGAC -3′ (forward), 5′-
TTGGTGCATTTTAAGGCGGC -3′ (reverse); for CENPA: 5′- GATTCTGCGATGCTGTCTG -3′ (forward), 5′-
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GCCTTTGGAACGGTGTT -3′(reverse); for ZFP36: 5′- TCCACAACCCTAGCGAAGAC -3’ (forward), 5′-
GAGAAGGCAGAGGGTGACAG -3’ (reverse); for GAPDH, 5′- CTCCTCCACCTTTGACGCTG -3′ (forward), 5′-
TCCTCTTGTGCTCTTGCTGG - 3′ (reverse). All data were calculated by 2−ΔΔCT method.

Cell transfection

In order to assess the MBNL1-AS1 overexpression vector, the lentiviral vector-MBNL1-AS1 and lentiviral
vector -convirus (Genepharma, Shanghai, China) were transfected in cells. sh-MBNL1-AS1#1,sh-MBNL1-
AS1#2 and sh-control were obtained from GenScript (Nanjing, China). The qRT-PCR assays were used to
detect the expression of MBNL1-AS1. The sequences of the MBNL1-AS1 targeting shRNAs were: for
MBNL1-AS1-shRNA#1: 5′-
GATCCGAACGAAAGGAGCAGGGTATTTCAAGAGAATACCCTGCTCCTTTCGTTTTTTTA-3′ (sense), 5′-
AGCTTAAAAAAACGAAAGGAGCAGGGTATTCTCTTGAAATACCCTGCTCCTTTCGTTCG-3′ (anti-sense); for
MBNL1-AS1-shRNA#2: 5′-
GATCCGCCAGAACCTAGTCTCATGTTTCAAGAGAACATGAGACTAGGTTCTGGTTTTTA-3’ (sense), 5′-
AGCTTAAAAACCAGAACCTAGTCTCATGTTCTCTTGAAACATGAGACTAGGTTCTGGCG-3′ (anti-sense); for
NC-shRNA: 5′- GATCCCCTTCTCCGAACGTGTCACGTTTCAAGAGAACGTGACACGTTCGGAGAATTTTT -3′
(sense), 5′- AGCTAAAAATTCTCCGAACGTGTCACGTTCTCTTGAAACGTGACACGTTCGGAGAAGGG -3′ (anti-
sense). siRNA, si-ZFP36, si-NC were obtained from RiboBio (Shanghai, China). Cells were transfected
using the Lipofectamine 2000 (Invitrogen).

MTT study

Transfected cells were seeded in a 96-well plate whichhad 3 × 103 cells/well. Each well was added with
10 μL MTT (5 mg/mL) for different periods of time. After 4 hours of incubation, 150μl of dimethyl
sulfoxide was added to dissolve the precipitates.The absorbance was then measured by detection at 560
nm using a microplate reader. The experiment was performed independently in triplicate.

Colony formation analysis

The BC cells were harvested and plated in a 6-well plate (0.2 × 103 cells/well) and cultured in incubators.
After 14 days of culture, the plate was washed 3 times with PBS. The indicated BC cells were dried at
37°C for 15 minutes. Then the cell colonies formed was numbered under a digital camera.

Sphere formation assay

A total of 5 × 103 cells were plated in 6-well plates (Corning Life Science). EGF (20 ng/ml, Invitrogen),
bFGF (10 ng/ml, Invitrogen), and 2% B27 (Invitrogen, Carlsbad, CA) was formulated in a medium. After 2
weeks, the number of spheroids was counted manually by a microscope.

Flow cytometry assay
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Using �ow cytometry with the use of propidium iodide (Sigma‐Aldrich, MO China) staining (5 μg/ ml), cell
cycle analysis was performed after transfection. Then, the indicated cells were added with chilled ethanol
and saved at 4 °C overnight. Then, the BC cells were centrifuged and resuspended in PBS and appended
with 100μL RNase at room temperature. After 30 min, 100μl PI was appended, cells were incubated at
37°C in dark for 60 minutes. Cell cycle was determined by FACScaliber Flow Cytometer.

Western blot

Total protein from tumor lysateby a lysis buffer (Beyotime, Jiangsu, China) and separated using 10%
SDS-PAGE. A PVDF membrane was transferred by the indicated protein, which was blocked with 5% non-
fat dry milk. Primary antibodies, namely, Ab against ZFP36, Ab against CENPA, and Ab against GAPDH
was incubated with the membrane. Subsequently, the secondary antibodies were incubated with the
membrane for 1 h. After developed by enhanced chemiluminescent and exposure, immunoreactive
protein band intensities were analyzed by Image software.

RNA pull-down

The biotin-labeled MBNL1-AS1 plasmid and biotin-labeled antisense RNA plasmid were respectively
transfected in BC cells. Biotin-labeled RNA was bound to the Streptavidin agarose Beads, next mixed with
indicated cell lysates. Indicated bound RNAs were isolated from the beads by washed and boiled for
normal western blot. The assays were experimented in RNase-free conditions.

RNA immunoprecipitation (RIP) assay

RIP was performed with the use of the Magna RIP kit (Millipore, USA). The spectrophotometer (Thermo
Scienti�c, USA) was used to examine the RNA concentration, and the bio-analyzer (Agilent, USA) was
utilized to detect the RNA quality. The input control was the total RNA. Following, qRT-PCR analysis was
used to test the results in order to demonstrate the bound targets.

Magnetic Luminex® performance assay

Magnetic Luminex® performance assay was performed based on our previous study(14). Brie�y, NC or
MBNL1-AS1 were transfected in MDA-MB-231 cells, which were incubated for 1 day. Following
centrifugation, the supernatant was collected. Then the following human cytokines: PLK1, PAF, CENPA,
YB-1, TWIST, YY1, KLF4, CUG2, E2F8, SALL4, RAE1 and PTPA were analyzed by FlexMAP 3D (Luminex®)
platform.

Fluorescence in situ hybridization (FISH) assay

The MBNL1-AS1 subcellular localization was assessed by a FISH kit was obtained from Guangzhou
RiboBio Co., Ltd. The 4% paraformaldehyde‐�xed cells were �xed in PBS. After washed by phosphate
buffered solution with tween for three times, the anti-�uorescence quencher sealed the indicated cells, the
images were taken by the FV1000 laser microscope (Olympus, Japan).
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mRNA decay assay

Stable cells were added with 5 μg/mL actinomycin D. Following, qRT-PCR was performed to determine the
CENPA mRNA. The data was performed independently in triplicate.

Animal studies

Animal studies were rati�ed by ethics committee of Harbin Medical University (Harbin, China). The BC
cells were injected in the �ank of four-week-old female nude mice (each group has 3 mice). The volume
of tumor was recorded every week. Euthanasia of mice by overdose of pentobarbital sodium(200 mg/kg,
intraperitoneally) and tumors were measured after 4 weeks.

Statistical analysis

All analysis were experimented three times at least. The measurement data in this study were exhibited
as means ± SD. Student’s t-test was applied to compare the numeric variables between two groups. R
software package version 3.0.0 and Graphpad Prism 5 were used. A p-value<0.05 was regarded as
signi�cant, P-value < 0.01 was very signi�cant.

Results
MBNL1-AS1 expression was downregulated in BC cells which was correlated with poor prognosis

MBNL1-AS1 was regarded as one of the LncRNA suppressor genes associated with breast cancer,
according to the bioinformatics analysis(13). However, expression and function in breast tissue have not
been con�rmed yet.Therefore, the MBNL1-AS1 expression was detected inthe cancer genome atlas
(TCGA) database. As indicated in Figure1A, the MBNL1-AS1expression pattern was marked lower than
normal tissues in BC tissues.The MBNL1-AS1 levels in different BC subtypes were explored for the
following study. The MBNL1-AS1 levels in tumor tissues were found markedly decreased in HER2+,
Luminal A, and Luminal B subtypes compared with normal tissues.However, no statistical signi�cance of
MBNL1-AS1 expression was found in basal-like subtype between tumor tissues and normal tissues
(Figure 1B). Next, we examined the MBNL1-AS1 expression level in 60 BC tissues and normal breast
tissues. According to using the qRT-PCR,MBNL1-AS1 expression signi�cantly decreased in the BC tissues
and the normal tissues (Figure 1C). Then, we linked the expression of MBNL1-AS1 with the
clinicopathological features of the BC patients. We observed that the expression of MBNL1-AS1 had
negatively relationship with TNM stage and lymph node metastasis. (Figure 1D and Table 1). Then, we
detected the MBNL1-AS1 expression in severalBC cell lines. The MBNL1-AS1 expression levelswere
observed to be much lower in BC cell lines, particularly in MDA-MB-468 and MDA-MB-231 cell lines
withthe higher metastatic features, compared with the immortal MCF-10A cells and low-metastatic BC
cell line-MCF-7 (Figure 1E). Given this expression mode, we selected MCF-7 and MDA-MB-231 cell lines to
perform the following functional study. We used a Kaplan-Meier Plotter to make clear the relationship
between the expression levels of MBNL1-AS1 and the patients' survival. The results showed that
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lowerMBNL1-AS1 expression was markedly correlated to worse relapse-free survival(RFS) (Figure 1F).
Altogether, the resultsdemonstrated that the downregulated MBNL1-AS1 in BC might associate with a
poor prognosis.

MBNL1-AS1 inhibited proliferation and stemness of BCin vitro and in vivo

We examined the biological functions of MBNL1-AS1 in BC by observing the relationship between
expression of MBNL1-AS1 and BC prognosis.MBNL1-AS1 levels weresilenced by shRNA in MCF-7
cellsand overexpressed in MDA-MB-231 cells.RT-PCR analysis wasalso utilized to con�rm the e�ciency
(Figure2A). As shown in Figure2B, knockdown of MBNL1-AS1 by shRNA markedly enhanced
the growth of MCF-7 cells. In contrast, MBNL1-AS1 over-expressionsigni�cantly inhibited the
proliferation abilities of MDA-MB-231 cells. Colony formation assays further con�rmed the anti-
proliferation of MBNL1-AS1 in the BC cells (Figure2C). Next,the sphere formation assay was usedto
detectthe stemness of BCcells. The stemness propertiesof MCF-7 cells increased signi�cantly by
knockdown of MBNL1-AS1, whereas the stemness properties of MDA-MB-231 cells decreased markedly
as overexpression of MBNL1-AS1 (Figure2D).Flow cytometry assays con�rmed that MBNL1-AS1
in�uencedthe cell cycle, evidenced by the G0/G1- cells were increased and the S- and G2/M- cells were
reduced (Figure2E). To con�rm the effect of MBNL1-AS1 in vivo, MCF-7 cells transfected with sh-MBNL1-
AS1 showed dramatically increased tumorigenic abilities in vivo. Tumorigenic abilitieswere signi�cantly
inhibited in MBNL1-AS1 over-expressionmicecompared with control mice(Figure2F). Collectively, the
results revealed that MBNL1-AS1 suppressed the BC cells proliferation and stemnessabilities.

MBNL1-AS1 suppressed the expression of CENPAby reducing the stability of CENPA mRNA

To elucidate the mechanism which MBNL1-AS1 suppress the proliferation and stemness of breast cancer
cells, we analyzed some known factors closely related to the proliferation and stemness of
BCby�exmapliquichip assays.The results showed that overexpression of MBNL1-AS1 in MDA-MB-231
cells signi�cantly inhibited the CENPAsecretion, however, other proteinsdid not have statistical
signi�cance (Figure3A, B). We, therefore, set out to detect the regulatory effect of MBNL1-AS1 on
CENPAin BCcells. Interestingly, MBNL1-AS1 signi�cantly reduced the levels of CENPAprotein and mRNA in
BC cell lines (Figure3C, D). Since the subcellular location of LncRNAs determined the functions, FISH
assaywas utilizedto detect MBNL1-AS1 and CENPA immuno�uorescence staining to explore the possible
mechanism of MBNL1-AS1 downregulating CENPA expression (Figure3E). We detected that MBNL1-AS1
localized mainly in cytoplasm of breast cancer cells, implying that CENPAmight be regulated in a post-
transcriptional manner. As shown in Figure3E, MBNL1-AS1 knockdown markedly upregulated the
CENPAexpression in MCF-7 cells and vice versa in another cell lines. We next detectedMBNL1-
AS1whetheror notregulated the CENPAmRNA in breast cancer cells. As expected,after the treatmentof
actinomycin D (an RNA synthesis inhibition agent), the CENPA mRNA half-life in MBNL1-AS1-silenced
MCF-7 cells wasdramaticallyprolonged while the CENPA mRNA half-life shortened after MBNL1-AS1 was
transferred to MDA-MB-231 cells(Figure3F). In conclusion, MBNL1-AS1 inhibited the CEPNA expression
by reducing the stability of CENPA mRNA.
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MBNL1-AS1 directly interacted with ZFP36 and subsequently reduced the stability of CENPA mRNA

To investigate how MBNL1-AS1 regulated CENPA, the RBPDB software was used to predicted target
proteins of MBNL1-AS1. ZFP36 was found that could directly bind with MBNL1-AS1.Besides, researchers
showed that ZFP36 can speci�cally bind to AU-rich elements (ARE) in the mRNA 3’UTR and subsequently
induce mRNA decay(23, 24). RIP assays were used to examine whether MBNL1-AS1 was physically
associated with ZFP36. As indicated in Figure4A, these results demonstrated that MBNL1-AS1 could
directly bind with ZFP36 in indicated cells. RNA pull-down analysisfurther demonstrated the interaction of
MBNL1-AS1 and ZFP36. ZFP36 proteins were pulled down by MBNL1-AS1, but the antisense RNA was
not pulled down (Figure4B). To examine whether MBNL1-AS1 bound to ZFP36 and modulated the CENPA
mRNA stability, we tested the CENPA mRNA half-life in indicated cells after ZFP36 was silenced. Before
that, western blot assay was used toexamine the ZFP36 knockdown e�ciency in the BC cells (Figure4C).
As shown in Figure4C, D, MBNL1-AS1 could not affect the CENPA mRNA stability after ZFP36 silenced,
nor decrease the protein pattern ofCENPAin indicated cells. To conclude, MBNL1-AS1 directly interacted
with ZFP36 and reduced the CENPA mRNA stability.

MBNL1-AS1 suppressed proliferation and stemness of breast cancer cells by interacting with ZFP36

To further validate our �ndings, MTT assays, colony formation assays, and sphere formation assays
were performed to examine the function of ZFP36 in breast cancer cell lines and xenograft tumor models.
ZFP36 knockdown signi�cantly enhanced the growth of MCF-7 cells, however knockdown of MBNL1-
AS1did not revert the proliferation abilities (Figure5A, B). The same results also showed that MBNL1-AS1
overexpression did not affect the growth of MDA-MB-231 cells after ZFP36 knockdown. Next,we
examined the stemness abilities of indicated cells. As indicated in Figure5C,ZFP36 knockdown enhanced
the stemness abilities of MCF-7 cells. However, knockdown of MBNL1-AS1 did not revert the stemness
abilities of indicated cells.Similarly, sphere formation assays showed that MBNL1-AS1 knockdown or
overexpression failed to revert the increase of sphere numbers in si-ZFP36 transfected BC
cells.Meanwhile, the results in vivo assays also con�rmed that transfection of MBNL1-AS1 or si-MBNL1-
AS1 did not revert the tumorigenic abilities after ZFP36 knockdown in orthotopic breast cancer mice
models(Figure5D). Ourdata revealed that the interaction of MBNL1-AS1 and ZFP36 inhibitedthe
proliferation and stemness of BC cells.

Discussion
LncRNAsare known as diagnostic markers forkinds of cancers including BC. Previous research
demonstrated various lncRNAs as vital players in BC progression(13, 25). In the presentresearch, the
MBNL1-AS1 expression in breast cancer patients and its functions in BCcells were detected and
investigated. The results indicated that expression of MBNL1-AS1 markedly decreased in breast cancer
and high-metastatic BC cell lines, which wasin line with the studies revealed that MBNL1-AS1 levels were
down-regulated incolorectal cancer,NSCLC,and bladder cancer.(26-30).Thesedemonstrated that MBNL1-
AS1 mightbe a reliable biological marker to diagnose BC.The clinical signi�cance of MBNL1-AS1 still



Page 10/21

needs to be further veri�ed in moresamples for the limitations of the present study. Moreover, MBNL1-AS1
inhibited the proliferation and stemness of breast cancercells in vitro and inhibited the tumorigenesis of
breast cancer cells in vivo was demonstrated by these results of gain- or loss of- function studies.These
results indicated that MBNL1-AS1 played antioncogenic roles in BC.

Mounting evidence showed that lncRNAs regulated the downstream genes expression by binding to RBPs
and competing endogenous RNAs (ceRNAs)(14, 25, 31, 32).ZFP36was known as RBP, which bound to the
target mRNAs untranslated regionssubsequently reducedtheir stability(31, 33-35).Itwas studiedthat the
ZFP36 expression was downregulated in BC and regulated the stability of CENPA mRNA(34).However, the
upstream regulating factors except ZFP36 are still being researched.Our study demonstrated that the
ability of ZFP36 to modulatethe stability of CENPA mRNA was regulated by MBNL1-AS1. MBNL1-AS1
directly interacted with ZFP36 and subsequently reduced the stabilization of CENPA mRNA. Similar
regulatorymechanisms were also found in previous studies(31, 36).In this research, the stability of
CENPAmRNA was modulated by MBNL1-AS1. However, the possibility of translation of the MBNL1-AS1
control CENPA mRNA has not yet been detected. Thus, to contribute to the development of howMBNL1-
AS1 regulated the CENPAexpression, further study is still needed.

MBNL1-AS1 was regarded as one of the tumor suppressorslncRNAs in BC(13). Nevertheless, no studies
had con�rmed the MBNL1-AS1 expressionpattern in BC. Therefore, the expression pattern of MBNL1-AS1
was detected for the �rst time in breast cancer tissues and cell lines. MBNL1-AS1 was con�rmed that the
expression in breast cancerand highly metastatic cells was downregulated. That result was consistent
with the bioinformatic data from TCGA. In functional assays, ananti-stemness and anti-proliferation
function of MBNL1-AS1 was showed by decreasing CENPA expression. In accordance with our study,
theresearchersalso con�rmed that MBNL1-AS1 was a tumor-suppressive lncRNA (26-29).We
demonstrated that MBNL1-AS1 attenuatedthe abilities of breast cancer stemness and proliferation
through reduced the stability of CENPA mRNA, which unraveled a novel mechanism of MBNL1-AS1.
Undoubtedly, the MBNL1-AS1 and the interplay network and the vital roles of MBNL1-AS1 in BC were
enriched and veri�ed by this study.

Conclusions
We demonstrated that MBNL1-AS1 levels were downregulated in BC tissues, which were correlated with
prognosis. In vitro and in vivo assays unraveledtheanti-stemness and anti-proliferation roles of MBNL1-
AS1. In mechanism, MBNL1-AS1 interacted with ZFP36 and subsequently reduced the stabilization of
CENPA mRNA(Figure5E). Therefore, we elucidated a novel mechanism for how MBNL1-AS1 regulated the
phenotype of BC and targeting the MBNL1-AS1/ZFP36/CENPAaxis might serve as therapeutic targets for
breast cancer patients.
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Tables
Table 1 Relationship between MBNL1-AS1 expression and clinicopathologic features of BC patients (n =
60)
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Variable Relative MBNL1-AS1 expression P-value

  Low (n=30) High (n=30)  

Age     NS

50    16 13  

50   14 17  

       

Histological differentiation     NS

Well 9 13  

Moderate 12 12  

Poor 9 5  

       

Tumor size     NS

2cm 8 17  

2-5cm 11 6  

5cm 11 7  

       

Lymph node metastasis     P 0.05

Yes 18 9  

No 12 21  

       

Tumor stage     P 0.05

I 6 16  

II 13 9  

III 11 5  

Note: BC patients were divided into MBNL1-AS1 high group and low group according to the analysis of
qRT-PCR detection. NS, not signi�cant between different groups. Differences among variables were
evaluated by χ2 or Fisher's exact χ2 -test

Figures
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Figure 1

MBNL1-AS1 was decreased in breast cancer and correlated with survival. (A)The TCGA data set from the
GEPIA2 Platform revealed that the expression levels of MBNL1-AS1 were downregulated in BC tissues
compared with normal breast tissues.(B)The MBNL1-AS1 expression in different BC subtypes.(C)qRT-PCR
revealed a markedly lower level of MBNL1-AS1 in BC.(D)The expression levels of MBNL1-AS1were
detected in different TNM stages.(E)qRT-PCR analysis of MBNL1-AS1 pattern in different cell lines. (F)
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Kaplan-Meier analysis indicated a better RFS in patients with highMBNL1-AS1expression. *P < 0.05, **P <
0.01

Figure 2

Biological functions of MBNL1-AS1 in BC.(A)qRT-PCR of MBNL1-AS1 in indicated cells transfected with
shRNA-MBNL1-AS1#1/#2 (sh-MBNL1-AS1#1/#2) or shRNA-control (sh-NC) and MBNL1-AS1 or the
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scramble control sequence. MTT assays (B) and colony formation assays (C) were used to examine the
proliferation of MCF-7 cells with MBNL1-AS1 knockdown and MDA-MB-231 cells with MBNL1-AS1
overexpression. (D) Number of tumor spheres inindicated cells. (E) The BC cells in different phases were
detected by �ow cytometry analysis. (F) Orthotopic breast tumor mice models were used to explore the
growth of tumors. Tumor diameters were evaluated every week

Figure 3
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MBNL1-AS1 inhibited the expression of CEPNA by reducing the stability of CENPA mRNA.The
proliferation- and stemness-associated factors were detected and shown by Flexmapliquichip assays (A)
and the heatmap (B).The expression levels of CENPA in the BC cells were tested by western blot assays
(C) and qRT-PCR (D).(E)Subcellular localization in indicated cells was examined by combined IF/FISH
assays. (F) The abundance of CENPA in indicated cells treated with actinomycin D was detected by qRT-
PCR. *P < 0.05, **P < 0.01

Figure 4
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MBNL1-AS1 interacted with ZFP36 and reduced the CENPA mRNA stability.(A) RIP assays and (B) RNA
pull-down assays were used to examinethe combination of MBNL1-AS1 and ZFP36 in MCF-7 and MDA-
MB-231 cells. (C)The expression of ZFP36 and CENPAwere detected using western blot. (D)qRT-PCR
assays were performed to examine the half-life of CENPA mRNA in the BC cells

Figure 5
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MBNL1-AS1 suppressed proliferation and stemness abilities of BC cells by interacting with ZFP36.MTT
assay (A) and colony formation assay (B) was performed to measure the proliferation of the cells.
(C)Sphere formation assay wasperformed to analyze the stemness of indicated cells. (D) Orthotopic
breast tumor mice models were used to explore the growth of tumors. Tumor diameters were evaluated
every week.(E)The MBNL1-AS1/ZFP36/CENPA axis regulated proliferation and stemness in BC cells and
then affected BC progression


