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Down-regulated IncRNA SBF2-AS1 inhibits ")
tumorigenesis and progression of breast
cancer by sponging microRNA-143 and
repressing RRS1
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Abstract

Background: Recently, the roles of long non-coding RNAs (IncRNAs) and microRNAs (miRNAs) in human diseases
have been unveiled, this research was conducted to explore the impacts of INcRNA SET-binding factor 2-antisense
RNAT (SBF2-AS1), miR-143 and resistance to ralstonia solanacearum 1 (RRS1T) on breast cancer (BC) development.

Methods: The expression of SBF2-AST, miR-143 and RRS1 in BC tissues, as well as in MDA-MB-231 and MCF-7 cell
lines were assessed. Subsequently, the cells were transfected with miR-143 mimics or/and silenced or overexpressed
SBF2-AS1 plasmids, and their negative controls. Then the proliferation, colony formation ability, cell cycle arrest,
apoptosis, invasion and migration of the cells were assessed through gain- and loss-of-function experiments.
Furthermore, the tumor growth, ki-67 expression and apoptosis in vivo were observed by subcutaneous
tumorigenesis in nude mice. Binding relation between SBF2-AST and miR-143, and that between miR-143 and RRS1
were confirmed.

Results: SBF2-AS1 and RRS1 were amplified, while miR-143 was reduced in BC tissues and cells. Reduced SBF2-AS1
and elevated miR-143 could repress the proliferation, invasion and migration via restraining RRS1 expression.
Moreover, knockdown of SBF2-AS1 up-regulated miR-143 to promote the apoptosis of BC cells by downregulating
RRST, resulting in a prohibitive effect on the tumorigenesis and progression of BC. Results of in vivo experiments
indicated that the inhibited SBF2-AS1 and overexpressed miR-143 could restrict BC cell proliferation and promote
apoptosis, and decelerate tumor growth in xenografts.

Conclusion: We have discovered in this study that down-regulated SBF2-AS1 could inhibit tumorigenesis and
progression of BC by up-regulation miR-143 and repressing RRS1, which provides basic therapeutic considerations
for a novel target against BC.
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Background

Breast cancer (BC) is a kind of cancer that specific-
ally occurs in mammary epithelial tissues, and is the
commonest cancer in women all over the world with
a morbidity of 25.1% among all the cancers, causing
breast cancer the 2nd contributory factor of cancer-
related death after lung cancer in the world [1]. The
mortality of BC has been reduced in recent years in
most high-income countries owing to the developed
therapy and earlier diagnosis. Nevertheless, an ele-
vating mortality was still existed in certain countries
[2]. The factors including gender, age, obesity, alco-
hol consumption, oral contraceptive, hormone re-
placement treatment, hereditary tendency and family
history are all demonstrated to be implicated in the
BC tumorigenesis [3]. Moreover, some clinicopatho-
logical parameters including histological type, histo-
logical grade, lymph node metastasis (LNM), and
clinical stages have been generally applied in the
management of BC, yet some patients with the same
clinicopathological features have distinct prognosis
[4]. In order to promote the therapeutic efficiency
and prognosis of BC, critical mechanisms that modu-
late the tumor growth and progression of BC are
sorely needed.

Long non-coding RNAs (IncRNAs) have been af-
firmed in human cancers and were found to exert
critical functions via interacting with DNA, RNA,
protein molecules and their combinations [5].
LncRNA SBF2 antisense RNA 1 (SBF2-AS1) is one of
the IncRNAs that situated at human chromosome
11p15.1 and contains 2708 nucleotides (nt) [6]. The
modulatory impacts of SBF2-AS1 have been verified
in several kinds of human diseases, for example, Chen
et al. have discovered that SBF2-AS1 was related to
the procedure of early-stage lung adenocarcinoma [7].
More than that, the promotive role of SBF2-AS1 in
the procedures of cervical cancer has also been clari-
fied in a recent research [8], while the function mech-
anisms of SBF2-AS1 in BC have not been illustrated
yet. Furthermore, the microRNAs (miRNAs) are small
noncoding RNAs of about 22nt that modulate gene
expression to repress target mRNAs to affect onco-
genes or tumor inhibitor genes [9]. As one of the
miRNAs, microRNA-143 (miR-143) has been identi-
fied as a tumor repressor [10], and it has been dem-
onstrated that miR-143 was implicated in the
progression of BC [11-13]. Besides, it has been dem-
onstrated that resistance to ralstonia solanacearum 1
(RRS1) serves as a ribosome biogenesis protein in
yeast and plants [14], which has also been clarified to
be associated with BC [15, 16].

The IncRNAs were recently defined as competing
endogenous RNAs (ceRNAs) of miRNAs to affect the
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tumor progression, and IncRNA SBF2-AS1 has been
suggested to participate in the development of hu-
man cancers, such as liver cancer, cervical cancer,
esophageal squamous carcinoma, non-small cell lung
cancer and gastric cancer [8, 17-20]. However, the
functional mechanism of IncRNA SBF2-AS1 in BC
remains unknown. In order to fill the research gap,
here we aim to investigate the role of IncRNA SBF2-
AS1 as a sponge absorbing miR-143 in BC progres-
sion by regulating RRS1. We studied whether
IncRNA SBF2-AS1 could be a novel target for BC
treatment, thereby helping to find efficient thera-
peutic strategies for BC, and we deduced that SBF2-
AS1 could serve as a ceRNA to modulate the
tumorigenesis and progression of BC by regulating
miR-143 and RRS1.

Materials and methods

Ethics statement

Written informed consents were acquired from all pa-
tients prior to the study. The protocols of this study
were affirmed by the Ethic Committee of Tongji Hos-
pital, Tongji Medical College, Huazhong University of
Science and Technology and based on the ethical
principles for medical research involving human sub-
jects of the Helsinki Declaration. Animal experiments
were strictly in line with the Guide to the Manage-
ment and Use of Laboratory Animals issued by the
National Institutes of Health. The protocol of animal
experiments was approved by the Institutional Animal
Care and Use Committee of Tongji Hospital, Tongji
Medical College, Huazhong University of Science and
Technology.

Study subjects

A total of 50 BC tissues from BC patients (mean age
of 52.50 + 6.89 years old) that have received operative
treatment in Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Tech-
nology from January 2016 to January 2017 were col-
lected, and 50 adjacent normal tissues were also
harvested (over 5cm from the cancer tissue). The
pathological patterns of the BC samples were all in-
vasive BC. Patients that have received neoadjuvant
chemotherapy, radiotherapy or endocrinotherapy
were excluded. The general information, pathological
diagnosis and treatment information of the BC pa-
tients were analyzed.

Cell culture

Normal mammary epithelial cell line MCF-10A and
BC cell lines (MCF-7 and MDA-MB-231) were all
obtained from Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences (Shanghai,
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China), and were cultured in Dulbecco’s modified
Eagle medium (DMEM) containing 10% fetal bovine
serum (FBS) in an incubator with 95% air and 5%
CO,, and the temperature was set at 37 °C. After the
cells were detached by 0.25% trypsin and passaged,
the expression of SBF2-AS1 and miR-143 in cells
were evaluated using reverse transcription quantita-
tive polymerase chain reaction (RT-qPCR), and the
mRNA and protein expression of RRS1 were
assessed by RT-qPCR and Western blot analysis.

Cell grouping and transfection

MDA-MB-231 and MCF-7 cells were selected to explore
the impacts of SBF2-AS1 on BC cells, which were sepa-
rated into 7 groups: the blank group (the cells without
any transfection); the si-negative control (NC) group
(cells were transfected with silenced SBF2-AS1 NC vec-
tor); the si-SBF2-AS1 group (cells were transfected with
silenced SBF2-AS1 vector); the mimics NC group (cells
were introduced with miR-143 mimics NC); the miR-
143 mimics group (cells were introduced with miR-143
mimics); the overexpressed (oe)-SBF2-AS1 + mimics NC
group (cells were transfected with oe-SBF2-AS1 vector
and miR-143 mimics NC); the oe-SBF2-AS1 + miR-143
mimics group (cells were transfected with oe-SBF2-AS1
vector and miR-143 mimics). Mimics NC, miR-143
mimics, si-NC, si-SBF2-AS1 and oe-SBF2-AS1 were all
designed and synthesized by Shanghai GenePharma Co.,
Ltd. (Shanghai, China). The medium was changed to
the serum-free medium that without penicillin and
streptomycin in the transfection. According to the in-
structions of Lipofectamine™ 2000 reagent, the sil-
cenced or overexpressed plasmids, and mimics or its
NC were mixed and placed for 20 min. The medium
was replaced by normal complete medium after the
cells were transfected for 6-8 h.

5-Ethynyl-2'-deoxyuridine (EdU) assay

Cells in the logarithmic growth phase were collected
after transfection, and were seeded onto 96-well plates
at 6000 cells/well for 24-h incubation. When the cell
confluence reached 60%, each well was incubated with
100 pL diluted EAU solution for 2 h. The EdU kits were
purchased from Guangzhou RiboBio Co., Ltd. (Guang-
dong, China). The cells were fixed and stained based on
the instructions of the EdU Kkits. After observed and
photographed under a fluorescence microscope, cells in
four random fields of view were counted, and the prolif-
eration rate was calculated.

Colony formation assay

Cells in the logarithmic growth phase were detached
by trypsin and made into cell suspension after trans-
fection. The counted cells were paved on the 6-well
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plates at 300 cells/well. Three duplicate wells were set
in each group. After cultured for 14 d, the cells were
washed by phosphate buffered saline (PBS) 3 times.
Next, the cells were successively fixed by 4% parafor-
maldehyde and stained with 0.1% crystal violet stain-
ing solution for 30 min. With the dye removed, the
colony formation rate was calculated under an
inverted microscope.

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium
bromide (MTT) assay

Cells in the logarithmic growth phase were detached by
trypsin and made into cell suspension after transfection.
Afterwards, the cells were seeded onto 96-well plates at
1x10° cells/well, each well was appended with 200 uL
medium and marked, and the cells were incubated with
5% CO, at 37°C for 48 h. After the medium was re-
moved, each well was supplemented with 100 pL serum-
free DMEM and 10 pL MTT solution, and the plates
were incubated with 5% CO, at 37 °C for 4 h. Next, every
well was added with 100 pL dimethyl sulfoxide, and the
absorbance (A) value at 490 nm of each well was deter-
mined, the larger A value expressed for higher cell
viability.

Flow cytometry

Cells in the logarithmic growth phase were detached
by trypsin and made into cell suspension after trans-
fection. Then the cells were resuspended by 70%
ethanol, fixed at 4°C overnight, and centrifuged at
1000 r/min. Subsequently, the cells were appended
with 100 uL RNAse, incubated in water bath at 37°C
for 30 min, and supplemented with 100 pL propidium
iodide (PI), then incubated at 4°C without light ex-
posure for 30min. The cell cycle was analyzed by
flow cytometer.

Cells in the logarithmic growth phase were collected
after transfection, and detached by trypsin, then made
into cell suspension. Next, the cells were fixed by
cold ethanol at 4°C overnight, centrifuged for 5 min,
and added with 5puL Annexin V-fluoresceine isothio-
cyanate. After 3min, the cells were then appended
with 10 uL PI, and incubated at 37°C without light
exposure for 15 min. Afterwards, the cells were centri-
fuged and resuspended in 0.5mL pre-cooled buffer
solution, and the cell apoptosis was observed by flow
cytometer.

Transwell assay

Cells in the logarithmic growth phase were collected
after transfection, and treated with serum-free medium
for more than 8-12h. The Transwell chambers were
coated with matrigel (matrigel was used in invasion
experiment but not in the migration experiment). The
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cells were detached by trypsin, and 5 x 10* cells were
suspended by 250 pL serum-free medium, incubated at
37 °C for 48 h. Next, the cells were fixed by 4% parafor-
maldehyde for 15min, stained by 0.1% crystal violet
staining solution for 15 min, and photographed under a
microscope.

Subcutaneous tumorigenesis in nude mice

Eighty-four BALB/c nude mice (aging 4-5 w, weigh-
ing 15-30g) were all acquired from Shanghai La-
boratory Animal Center, Chinese Academy of
Sciences (Shanghai, China). The nude mice were fed
in specific pathogen-free environment (temperature
at 18-23°C, humidity at 50-60%, and 12 h day/night
cycle) for 1 w, the food and water were all
disinfected. The nude mice were randomly divided
into 14 groups (6 nude mice in each group): the
blank group (the nude mice were injected with
MDA-MB-231 or MCF-7 cells without any transfec-
tion); the si-NC group (the nude mice were injected
with MDA-MB-231 or MCF-7 cells with silenced
SBF2-AS1 NC vector); the si-SBF2-AS1 group (the
nude mice were injected with MDA-MB-231 or
MCEF-7 cells with silenced SBF2-AS1 vector); the
mimics NC group (the nude mice were injected with
MDA-MB-231 or MCF-7 cells with miR-143 mimics
NC); the miR-143 mimics group (the nude mice
were injected with MDA-MB-231 or MCEF-7 with
miR-143 mimics); the oe-SBF2-AS1 + mimics NC
group (the nude mice were injected with MDA-MB-
231 or MCF-7 cells with oe-SBF2-AS1 vector and
miR-143 mimics NC); the oe-SBF2-AS1 + miR-143
mimics group (the nude mice were injected with
MDA-MB-231 or MCEF-7 cells with oe-SBF2-AS1
vector and miR-143 mimics). The cells were made
into cell suspension by trypsin, and the cell density
was adjusted into 1x 10" cells/mL. The nude mice
were partially disinfected and subcutaneously
injected with 0.5mL cell suspension at the root of
thigh, then general circumstance of the nude mice
was observed, and the tumors were measured by a
vernier caliper every 5 d. After injected for 25 d, the
nude mice were euthanized with their tumors ex-
tracted, and the weight of the tumors was measured,
based on which the growth curve was graphed, and
the tumor weight of each group was compared.

Immunohistochemical staining

The xenografts were cut into 3 pm thick sections, and
the sections were normally embedded by paraffin,
toasted, dewaxed and hydrated according to the in-
structions. After toasted at 600°C in a drying oven
(DHG-9140A, Shanghai Huitai Instrument Manufac-
turing Co., Ltd, Shanghai, China) for 12h, the
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sections were conducted with Ventana BenchMark
GX staining (Ventana Medical Systems, Inc., AZ,
USA) to evaluate the expression of Ki-67. The Ki-67
rabbit anti-human monoclonal antibody (GB13030-2),
secondary antibody (GB23204) and diaminobenzidine
(DAB) buffer solution (G1211) were all acquired from
Servicebio Co., Ltd. (Hubei, China), and the steps
were in line with the kit directions. The nuclei were
stained into blue by hematoxylin and the DAB posi-
tive expression was brown or brownish-yellow. The
results were evaluated by semi quantitative integration
method and the brown or brownish-yellow particles
were defined as positive cells; (1) staining intensity as
the standard: unstained, O score; pale yellow, 1 score;
brownish-yellow, 2 scores; brown, 3 scores; (2) per-
centage of stained cells in total cells as the standard:
< 5%, 0 score; 6-25%, 1 score; 26—50%, 2 scores; 51—
75%, 3 scores; = 76%, 4 scores. The score of each
sample was calculated as the product of scores in (1)
and (2).

Terminal deoxynucleotidyl transferase-mediated dUTP
nick end-labeling (TUNEL) staining

The paraffin sections were dewaxed and added with pro-
teinase K at 30°C for 20 min, then incubated with en-
dogenous peroxidase blocking buffer for 5min. After
stained with TUNEL solution (Beyotime Institute of Bio-
technology, Shanghai, China) at 37 °C without light ex-
posure for 60 min, the sections were developed by DAB
solution and counterstained by hematoxylin. The
TUNEL positive cells were brown while the normal cells
were blue.

Fluorescence in situ hybridization (FISH)

The subcellular localization of SBF2-AS1 was assessed
by FISH technique according to the direction of Ribo™
IncRNA FISH Probe Mix (Red) (Guangzhou RiboBio
Co., Ltd., Guangdong, China). The cells were seeded
onto 24-well plates at 6 x 10* cells/well, when the cell
confluence reached 80%, cells were fixed by 1 mL 4%
paraformaldehyde, treated with proteinase K, glycine,
and acetylation reagent, then appended with 250 uL pre-
hybridization solution and incubated at 42°C for 1h.
With the pre-hybridization solution removed, the cells
were supplemented with 250 uL SBF2-AS1 hybridization
solution containing probe (300 ng/mL) at 42°C over-
night. Afterwards, the cells were stained by phosphate
buffered solution with tween (PBST)-diluted 4’,6-diami-
dino-2-phenylindole 2 hci (ab104139, 1: 100, Abcam Co.,
Ltd., Shanghai, China) for 5 min on 24-well plates. After
washed by PBST for 3 times (3 min/time), the cells were
sealed by anti-fluorescence quencher, then observed and
photographed by a fluorescence microscope (Olympus
Optical Co., Ltd., Tokyo, Japan).
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RT-qPCR

The total RNA in tissues and cells were extracted by Tri-
zol kits (Invitrogen, Carlsbad, CA, USA), and the concen-
tration and optical density (OD) were assessed by a
spectrophotometer. The value of RNA A260nm/A280nm that
ranged from 1.8 to 2.0 indicated a well purity of the ex-
tracted RNA. Next, the RNA of mRNA and IncRNA was
reversely transcripted into cDNA by GoldScript one-step
RT-PCR Kit (Applied Biosystems, Carlsbad, CA, USA),
and the RNA of miRNA was reversely transcripted into
c¢DNA by Hairpin-itTM miRNA detection kits (Shanghai
GenePharma Co., Ltd., Shanghai, China). The PCR was
conducted by SYBR premix Ex Taq™ II PCR Kit (TaKaRa
Biotechnology Co. Ltd., Liaoning China) on the ABI7500
PCR instrument. The primers (Table 1) were designed
and synthesized by Beijing ComWin Biotech Co., Ltd.
(Beijing, China), U6 and glyceraldehyde phosphate de-
hydrogenase (GAPDH) were taken as the internal refer-
ences. The data were analyzed by 27°““* method.

Western blot analysis

The total protein in tissues and cells was extracted, which
was then added into 1/4 volume of 5 x sodium dodecyl sul-
fate buffer solution at 100°C for 5min, conducted with
electrophoresis by 12% separation gel and 4% spacer gel,
and transferred onto the membranes. Consequently, the
membranes were blocked by bovine serum albumin that
had been diluted by tris buffer solution with tween for 60
min. The membranes were added with primary antibodies
RRS1 (1: 1000), Bax (1:1000), Bcl-2 (1: 2000), Ki-67 (1:
5000), CyclinD1 (1: 1000), matrix metalloprotease (MMP)-
2 (1: 500) and MMP-9 (1: 1000) (all from Abcam, Cam-
bridge, MA, USA) at 4°C overnight after the transfection.
Next, the membranes were incubated with relative second-
ary antibodies for 2 h. After developed by enhanced chemi-
luminescent and exposure, the gray values of the protein
bands were analyzed by software.

Table 1 Primer sequence

Gene
MiR-143

Primer sequence (5'— 3')

F: TGAGATGAAGCACTGTAGCTC
R: GCGAGCACAGAATTAATACGAC
ué F: TTATGGGTCCTAGCCTGAC

R: CACTATTGCGGGCTGC

F: AGACCATGTGGACCTGTCACTG
R: GTTTGGAGTGGTAGAAATCTGTC
RRS1 F: CCGAAAAGGGGTTGAAACTTCC
R: CCCTACCGGACACCAGAGTAA
F: CCACATCGCTCAGACACCAT

R: ACCAGGCGCCCAATACG

F forward, R reverse, miR-143 microRNA-143, SBF2-AS1 SET-binding factor 2-
antisense RNA1, RRST resistance to ralstonia solanacearum 1, GAPDH
glyceraldehyde phosphate dehydrogenase

SBF2-AS1

GAPDH
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Dual luciferase reporter gene assay

The binding sites between SBF2-AS1 and miR-143 were
predicted by a bioinformatic website (https://cm.jeffer-
son.edu/rna22/Precomputed/), and the binding relation
between SBF2-AS1 and miR-143 was evaluated by dual
luciferase reporter gene assay. The gene fragment of syn-
thesized SBF2-AS1 3’-untranslated region (3’'UTR) was
introduced into pMIR-reporter (Huayueyang Biotechnol-
ogy Co., Ltd, Beijing, China) by endonuclease sites
Bamhl and Ecorl. Mutation sites of complementary se-
quence of the seed sequence was designed on SBF2-AS1
wild type (WT), which were then digested by restriction
endonuclease, and the target fragment was inserted into
pMIR-reporter plasmid by T4 DNA ligase. The correctly
identified luciferase reporter plasmids WT and mutation
type (MUT) with mimics NC and miR-143 mimics were
co-transfected into MDA-MB-231 and MCEF-7 cells.
After 48-h transfection, the cells were lysed, and the lu-
ciferase activity was assessed by luciferase detection kits
(BioVision, San Francisco, CA, USA) and Glomax20/20
luminometer (Promega, Madison, W1, USA).

The target relation between miR-143 and RRS1, as
well as the binding sites between miR-143 and RRS1
3UTR were predicted by a bioinformatic software
(http://www.targetscan.org). RRS1 3’'UTR promoter re-
gion sequence containing binding sites of miR-143 was
synthesized, and RRS1-WT was established, based on
which the binding sites were mutated, thereby RRSI-
MUT was established. MDA-MB-231 and MCEF-7 cells
in the logarithmic growth phase were seeded onto 96-
well plates, when the cell confluence reached 70%,
RRS1-WT and RRS1-MUT with mimics NC and miR-
143 mimics were co-transfected into MDA-MB-231 and
MCE-7 cells. After 48-h transfection, the cells were
lysed, and the luciferase activity was measured by lucif-
erase detection kits.

RNA pull-down assay

The cells were respectively transfected with biotin-
labeled miR-143 WT plasmid (50 nM) and biotin-labeled
miR-143 MUT plasmid (50 nM) for 48 h, and cultured
by lysis solution (Ambion, Company, Austin, TX, USA)
for 10 min, then 50 mL cell lysis was subpackaged. The
remained lysate was co-cultured with M-280 streptavidin
magnetic beads that have been pre-coated by RNase-free
and yeast tRNA (all from Sigma, St. Louis, MO, USA) at
4°C for 3h. Antagonism miR-143 probe was taken as
the NC, the total RNA was extracted by Trizol, and the
expression of SBF2-AS1 was evaluated by RT-qPCR.

Statistical analysis

All data analyses were conducted using SPSS 21.0 soft-
ware (IBM Corp. Armonk, NY, USA). The enumeration
data were expressed as rate or percentage, and analyzed
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by chi-square test or Fisher exact test. The measurement
data conforming to the normal distribution were
expressed as mean + standard deviation. The t-test was
performed for comparisons between two groups and
one-way analysis of variance (ANOVA) was used for
comparisons among multiple groups, and the Fisher’s
least significant difference t (LSD-t) test was used for
pairwise comparisons after one-way ANOVA. P value <
0.05 was indicative of statistically significant difference.

Results

General data analysis of study subjects

We have found in the general data analysis of study sub-
jects (Table 2) that the mean age of patients in the BC
group was 52.50 + 6.89 years, the main histological type
was ductal carcinoma (90%), and the major histological
grade was stage II (52%), followed by stage I (28%) and
stage III (20%); as for LNM, patients with LNM accounted
for 60%, and patients without LNM made up for 40%; the
tumor, node and metastasis (TNM) stage successively was
stage II (72%), stage III (20%) and stage I (8%); the tumor
size of 62% patients was >2 cm, and that of 38% patients
was <2cm; the clinical stage successively was stage II
(56%), stage III (34%) and stage I (10%).

Table 2 General data analysis of BC patients

Characteristic Value
Age (year) 5250+6.89
Histological type

Ductal 90% (45)

Lobular 4% (2)

Other 6% (3)
Histological grade

| 28% (14)

Il 52% (26)

Il 20% (10)
Lymph node metastasis

Yes 40% (20)

No 60% (30)
TNM stage

I 8% (4)

Il 72% (36)

Il 20% (10)
Tumor size

<2cm 38% (19)

>2cm 62% (31)
Clinical stage

| 10% (5)

Il 56% (28)

Il 34% (17)
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SBF2-AS1 and RRS1 are highly expressed, and miR-143 is
poorly expressed in BC tissues

The expression of SBF2-AS1, RRS1 and miR-143 in BC
tissues and adjacent normal tissues was assessed by RT-
qPCR, the results (Fig. 1a) reflected that relative to the
adjacent normal tissues, the mRNA expression of SBF2-
AS1 and RRS1 was elevated, and miR-143 expression
was repressed in the BC tissues (all P < 0.05). Outcomes
of Western blot analysis (Fig. 1b—c) revealed that the
protein expression of RRS1 was enhanced in the BC tis-
sues (P < 0.05).

Pearson correlation analysis was employed to
analyze the relation among the expression of SBF2-
AS1, miR-143 and RRS1, the results (Fig. 1d—f) im-
plied that SBF2-AS1 expression was negatively related
with miR-143 expression (r=-0.728), SBF2-AS1 ex-
pression was in positive correlation with the mRNA
expression of RRS1 (r=0.727), and miR-143 was
negatively correlated with the mRNA expression of
RRS1 (r=-0.747, all P<0.001).

SBF2-AS1 expression is related with LNM, tumor size and
clinical stage of the BC patients

The relation between SBF2-AS1 expression and clinico-
pathological features of BC patients was analyzed, the re-
sults (Table 3) unveiled that: the mean value of relative
expression of SBF2-AS1 in BC tissues was taken as the
demarcation line, the 50 BC tissues were divided into the
SBF2-AS1 high expression group (n = 39) and the SBF2-
AS1 low expression group (n=11). The correlation
between SBF2-AS1 and different clinicopathological pa-
rameters of BC patients was analyzed by chi-square test
or Fisher exact test. The outcomes reflected that SBF2-
AS1 expression was not related with age, histological
type, histological grade and TNM stage (all P>0.05),
while was correlated with LNM, tumor size and clinical
stage of BC patients (all P < 0.05).

SBF2-AS1 and RRS1 are highly expressed, and miR-143 is
poorly expressed in BC cell lines

The expression of SBF2-AS1 and miR-143 in normal
mammary epithelial cell line MCF-10A and BC cell lines
(MCF-7 and MDA-MB-231) was measured by RT-
qPCR, we have found that (Fig. 1g) SBF2-AS1 expression
in BC cell lines was broadly higher and miR-143 expres-
sion was markedly lower than in the normal mammary
epithelial cell line MCF-10A, showing that SBF2-AS1
was upregulated, and miR-143 was poorly expressed in
BC cells (all P < 0.05).

RRS1 expression in normal mammary epithelial cell
line MCF-10A and BC cell lines (MCF-7 and MDA-MB-
231) was assessed by RT-qPCR and Western blot
analysis, the results (Fig. 1h—i) suggested that RRS1 ex-
pression in BC cell lines MCF-7 and MDA-MB-231 was
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Fig. 1 SBF2-AS1 and RRS1 are highly expressed, and miR-143 is poorly expressed in BC tissues and cell lines. a The expression of SBF2-AS1, miR-
143 and RRS1 in BC tissues and adjacent normal tissues; b Protein band of RRS1 in BC tissues and adjacent normal tissues; ¢ Statistical results of
protein expression of RRS1; d The relation between SBF2-AST expression and miR-143 expression in BC patients was analyzed by Pearson
correlation analysis; e The relation between SBF2-AS1 expression and RRS1T expression in BC patients was analyzed by Pearson correlation analysis;

P <0.05 vs the oe-SBF2-AS1 + mimics NC group

f Relation between miR-143 expression and RRS1 expression in BC patients was analyzed by Pearson correlation analysis. g The expression of
SBF2-AS1, miR-143 and RRS1 in MCF-10A, MCF-7 and MDA-MB-231 cells; h Protein bands of RRS1 in MCF-10A, MCF-7 and MDA-MB-231 cells in
Western blot analysis; i Statistical results of the protein expression of RRS1; j Expression of SBF2-AS1, miR-143 and RRS1 in MDA-MB-231 cells; k
Protein band of RRST in MDA-MB-231 cells; | Protein expression of RRST in MDA-MB-231 cells; m Expression of SBF2-AST, miR-143 and RRS1 in
MCF-7 cells; n Protein band of RRS1 in MCF-7 cells; o Protein expression of RRS1T in MCF-7 cells. The measurement data conforming to the normal
distribution were expressed as mean + standard deviation. a-c: The t-test was performed for comparisons between two groups, n =50, * P < 0.05
vs the adjacent normal tissues. g-o: One-way ANOVA was used for comparisons among multiple groups, and LSD-t test was used for pairwise
comparisons after one-way ANOVA, N =3, A P <0.05 vs the MCF-10A cells; * P < 0.05 vs the si-NC group; # P < 0.05 vs the mimics NC group; &

amplified, which was relative to that in normal mam-
mary epithelial cell line MCF-104, indicating that RRS1
was highly expressed in BC cells (P < 0.05).

The expression levels of SBF2-AS1, miR-143 and RRS1
in MDA-MB-231 and MCEF-7 cells were determined by
RT-qPCR and Western blot analysis, we have found that
(Fig. 1j—o) there were no significant difference in the ex-
pression of SBF2-AS1 and miR-143 among the blank
group, the si-NC group and the mimics NC group, and
also in RRS1 expression among the blank group, the si-
NC group, the mimics NC group and the oe-SBF2-
AS1 + miR-143 mimics group (all P>0.05); in contrast
to the si-NC group, levels of SBF2-AS1 and RRS1 were
declined, while miR-143 expression was augmented in
the si-SBF2-AS1 group; relative to the mimics NC group,
miR-143 expression was enhanced while RRS1 expres-
sion was decreased in the miR-143 mimics group; in

comparison to the oe-SBF2-AS1 + mimics NC group,
miR-143 expression was heightened while RRS1 expres-
sion was suppressed in the oe-SBF2-AS1 + miR-143
mimics group (all P <0.05).

SBF2-AS1 competitively regulates miR-143 and RRS1 is
targeted by miR-143

To investigate the function mechanism of SBF2-AS1, we
firstly employed online analysis website (http://Incatlas.
crg.eu/), the results (Fig. 2a) revealed that SBF2-AS1 was
mainly expressed in cytoplasm, which was confirmed
again by RNA-FISH assay (Fig. 2b), reflecting that SBF2-
AS1 functioned in cytoplasm. The outcomes that ana-
lyzed by RNA22 website (https://cm.jefferson.edu/rna22/
Precomputed/) revealed that SBF2-AS1 could bind to
miR-143 (Fig. 2c—d). According to the results of dual lu-
ciferase reporter gene assay, the luciferase activity was
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Table 3 Relation between clinicopathological parameter and
SBF2-AS1 expression of BC patients

Clinicopathological SBF2-AS1 P value
parameter High expression  Low expression
(n=39) (n=11)
Age (years)
<50 29 24 5 0491
250 21 15 6
Histological type
Ductal 45 36 9 0.167
Lobular 21 2
Other 32 1
Histological grade
I 14 10 4 0.142
Il 26 23 3
Il 10 6 4
Lymph node metastasis
YES 20 12 8 0.012
NO 30 27 3
TNM stage
| 4 3 1 0977
Il 36 28 8
Il 10 8 2
Tumor size
<2cm 19 10 9 0.001
22cm 31 29 2
Clinical stage
I 5 1 4 0.004
Il 28 24 4
Il 17 14 3

degraded in the WT SBF2-AS1 + miR-143 mimics group,
which was relative to the mimics NC group (P < 0.05),
while the luciferase activity didn’t obviously change in
the MUT SBF2-AS1 + miR-143 mimics group (P > 0.05),
suggesting that there existed binding relation between
SBF2-AS1 and miR-143. The competitive adsorption of
SBF2-AS1 on miR-143 was affirmed by RNA pull-down
assay, and the outcomes (Fig. 2e) unraveled that relative
to the Bio-probe NC group, the enrichment of SBF2-
AS1 was elevated in the Bio-miR-143-WT group (P<
0.05), while no observable difference could be found in
the enrichment of SBF2-AS1 between the Bio-miR-143-
MUT group and the Bio-probe NC group (P > 0.05). The
above results indicated that SBF2-AS1 could adsorb
miR-143 as a ceRNA, thereby modulate the expression
of miR-143.

The binding sites between RRS1 and miR-143 were
predicted by online prediction software (http://www.tar-
getscan.org), the binding sequence of 3'-UTR of RRS1

(2020) 39:18
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mRNA and miR-143 was shown in Fig. 2f. The out-
comes of dual luciferase reporter gene assay (Fig. 2g) in-
dicated that miR-143 mimics exerted no evident impact
on the luciferase activity of MUT-miR-143/RRS1 plas-
mid (P> 0.05), while the luciferase activity of WT-miR-
143/RRS1 plasmid was reduced (P < 0.05).

Reduced SBF2-AS1 and overexpressed miR-143 inhibit the
viability of BC cells

EdU assay, colony formation assay and MTT assay were
employed to measure the proliferation of MDA-MB-231
and MCF-7 cells, the results reflected that (Figs. 3,4a—f)
there was no apparent difference in proliferation rate,
colony formation rate and cell viability among the blank
group, the si-NC group, the mimics NC group and the
0e-SBF2-AS1 + miR-143 mimics group (all P> 0.05); in
contrast to the si-NC group and the mimics NC group,
the proliferation rate, colony formation rate and cell via-
bility were reduced in the si-SBF2-AS1 group and the
miR-143 mimics group; relative to the oe-SBF2-AS1 +
mimics NC group, the proliferation rate, colony forma-
tion rate and cell viability were restrained in the oe-
SBF2-AS1 + miR-143 mimics group (all P < 0.05).

The protein expression of Ki-67 and CyclinD1 in
MDA-MB-231 and MCF-7 cells of each group was mea-
sured by Western blot analysis, the results unearthed
that (Fig. 4g—j) no noticeable difference could be ob-
served in protein expression of Ki-67 and CyclinD1
among the blank group, the si-NC group, the mimics
NC group and the oe-SBF2-AS1 + miR-143 mimics
group (all P>0.05); contrasted to the si-NC group and
the mimics NC group, the protein expression of Ki-67
and CyclinD1 was attenuated in the si-SBF2-AS1 group
and the miR-143 mimics group; in contrast to the oe-
SBF2-AS1 + mimics NC group, the protein expression of
Ki-67 and CyclinD1 was declined in the oe-SBF2-AS1 +
miR-143 mimics group (all P < 0.05).

Reduced SBF2-AS1 and overexpressed miR-143 accelerate
cell cycle arrest and apoptosis of BC cells

The cell cycle arrest and apoptosis of MDA-MB-231 and
MCE-7 cells were measured by flow cytometry, and we
have discovered that (Fig. 5a—h) there was no remark-
able difference could be found in cell cycle arrest and
apoptosis of MDA-MB-231 and MCF-7 cells among the
blank group, the si-NC group, the mimics NC group and
the oe-SBF2-AS1 + miR-143 mimics group (all P> 0.05);
relative to the si-NC group and the mimics NC group,
MDA-MB-231 and MCF-7 cells in GO/G1 stage were el-
evated, cells in S stage was reduced, and the apoptotic
rate was increased in the si-SBF2-AS1 group and the
miR-143 mimics group, while cells in G2/M stage didn’t
significantly change; in comparison to the oe-SBF2-
AS1 + mimics NC group, MDA-MB-231 cells in GO/G1
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Fig. 2 SBF2-AS1 competitively regulates miR-143 and RRS1 is targeted by miR-143. a the Subcellular localization of SBF2-AS1 was analyzed by
online prediction website; b the subcellular localization of SBF2-AS1 was confirmed by FISH assay; ¢ The binding sites between SBF2-AS1 and
miR-143 were predicted by RNA22 website; d The binding relation between SBF2-AST and miR-143 was affirmed by dual luciferase reporter gene
assay; e The enrichment of miR-143 on SBF2-AS1 was detected by RNA pull-down assay; f The binding sites of RRS1 and miR-143 were predicted
by http://www.targetscan.org; g The binding relation between miR-143 and RRS1 was affirmed by dual luciferase reporter gene assay. * P < 0.05,

The measurement data conforming to the normal distribution were expressed as mean + standard deviation. The t-test was performed for
comparisons between two groups, N=3

stage were augmented, cells in S stage was reduced, and
the apoptotic rate was boosted in the oe-SBF2-AS1 +
miR-143 mimics group (all P <0.05), while cells in G2/
M stage didn’t significantly change.

The protein expression of Bax and Bcl-2 in MDA-
MB-231 and MCF-7 cells were measured by

Western blot analysis, the outcomes indicated that
(Fig. 5i-1) there was no broad difference could be
found in the protein expression of Bax and Bcl-2 in
MDA-MB-231 and MCEF-7 cells among the blank
group, the si-NC group, the mimics NC group and
the oe-SBF2-AS1 + miR-143 mimics group (all P>
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Fig. 3 Reduced SBF2-AS1 and overexpressed miR-143 prohibit the proliferation of BC cells. a Proliferation of MDA-MB-231 cells was detected by
EdU assay; b Statistical results of MDA-MB-231 cell proliferation of each group; ¢ Proliferation of MCF-7 cells was detected by EdU assay; d
Statistical results of MCF-7 cell proliferation of each group; The measurement data conforming to the normal distribution were expressed as
mean + standard deviation. One-way ANOVA was used for comparisons among multiple groups, and LSD-t test was used for pairwise
comparisons after one-way ANOVA, N= 3, * P < 0.05 vs the si-NC group; # P < 0.05 vs the mimics NC group; & P < 0.05 vs the oe-SBF2-AST +
mimics NC group

0.05); relative to the si-NC group and the mimics
NC group, the protein expression of Bcl-2 in MDA-
MB-231 and MCF-7 cells was declined, and that of
Bax was amplified in the si-SBF2-AS1 group and the
miR-143 mimics group; contrasted to the oe-SBF2-
AS1 + mimics NC group, protein expression of Bcl-2
in MDA-MB-231 and MCF-7 cells was suppressed,
and that of Bax was enhanced in the oe-SBF2-
AS1 + miR-143 mimics group (all P<0.05).

Reduced SBF2-AS1 and overexpressed miR-143 restrain
the invasion and migration of BC cells

Transwell assay was employed to evaluate the migra-
tion and invasion of MDA-MB-231 and MCF-7 cells,
the results reflected that (Fig. 6a—d) no apparent dif-
ference could be observed in invasion and migration

abilities of MDA-MB-231 and MCE-7 cells among
the blank group, the si-NC group, the mimics NC
group and the oe-SBF2-AS1 + miR-143 mimics group
(all P>0.05); contrasted to the si-NC group and the
mimics NC group, the invasion and migration abil-
ities of MDA-MB-231 and MCEF-7 cells were inhib-
ited in the si-SBF2-AS1 group and the miR-143
mimics group; in contrast to the oe-SBF2-AS1 +
mimics NC group, the invasion and migration abil-
ities of MDA-MB-231 and MCF-7 cells were pre-
vented in the oe-SBF2-AS1 + miR-143 mimics group
(all P<0.05).

The protein expression of MMP-2 and MMP-9 in
MDA-MB-231 and MCE-7 cells was identified by
Western blot analysis, the outcomes unveiled that
(Fig. 6e—h) there was no noticeable difference in
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Fig. 4 Reduced SBF2-AS1 and overexpressed miR-143 prohibit the viability of BC cells. a The colony formation ability of MDA-MB-231 cells in
each group was detected by colony formation assay; b Statistical results of colony formation ability of MDA-MB-231 cells in each group; ¢ The
colony formation ability of MCF-7 cells in each group was detected by colony formation assay; d Statistical results of colony formation ability of
MCF-7 cells in each group; @ MDA-MB-231 cell viability was detected by MTT assay; f MCF-7 cell viability was detected by MTT assay; g Protein
bands of Ki-67 and CyclinD1 in MDA-MB-231 cells in Western blot analysis; h Statistical results of the protein expression of Ki-67 and CyclinD1 in
MDA-MB-231 cells; i Protein bands of Ki-67 and CyclinD1 in MCF-7 cells in Western blot analysis; j Statistical results of the protein expression of Ki-
67 and CyclinD1 in MCF-7 cells. The measurement data conforming to the normal distribution were expressed as mean + standard deviation.
One-way ANOVA was used for comparisons among multiple groups, and LSD-t test was used for pairwise comparisons after one-way ANOVA,
N=3,* P<0.05 vs the si-NC group; # P < 0.05 vs the mimics NC group; & P < 0.05 vs the oe-SBF2-AST + mimics NC group

N

protein expression of MMP-2 and MMP-9 in MDA-
MB-231 and MCF-7 cells among the blank group,
the si-NC group, the mimics NC group and the oe-
SBF2-AS1 + miR-143 mimics group (all P>0.05);
relative to the si-NC group and the mimics NC
group, protein expression of MMP-2 and MMP-9 in

MDA-MB-231 and MCEF-7 cells was reduced in the
si-SBF2-AS1 group and the miR-143 mimics group;
contrasted to the oe-SBF2-AS1 + mimics NC group,
the protein expression of MMP-2 and MMP-9 in
MDA-MB-231 and MCF-7 cells was declined in the
o0e-SBF2-AS1 + miR-143 mimics group (all P <0.05).
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Fig. 5 Reduced SBF2-AS1 and overexpressed miR-143 accelerate cell cycle arrest and apoptosis of BC cells. a Apoptotic rate of MDA-MB-231 cells
in each group was detected by flow cytometry; b Statistical results of the apoptotic rate of MDA-MB-231 cells in each group; ¢ Apoptotic rate of
MCF-7 cells in each group was detected by flow cytometry; d Statistical results of the apoptotic rate of MCF-7 cells in each group; e Cell cycle
distribution of MDA-MB-231 cells was detected by flow cytometry; f Statistical results of MDA-MB-231 cell cycle distribution of each group; g Cell
cycle distribution of MCF-7 cells was detected by flow cytometry; h Statistical results of MCF-7 cell cycle distribution of each group; i Protein
bands of Bax and Bcl-2 in MDA-MB-231 cells in Western blot analysis; j Statistical results of the protein expression of Bax and Bcl-2 in MDA-MB-
231 cells; k Protein bands of Bax and Bcl-2 in MCF-7 cells in Western blot analysis; | Statistical results of the protein expression of Bax and Bcl-2 in
MCF-7 cells. The measurement data conforming to the normal distribution were expressed as mean + standard deviation. One-way ANOVA was
used for comparisons among multiple groups, and LSD-t test was used for pairwise comparisons after one-way ANOVA, N=3, * P <0.05 vs the si-
NC group; # P < 0.05 vs the mimics NC group; & P < 0.05 vs the 0e-SBF2-AST + mimics NC group
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Fig. 6 Reduced SBF2-AS1 and overexpressed miR-143 restrain the invasion and migration of BC cells. a Invasion and migration abilities of MDA-
MB-231 cells were detected by Transwell assay; b Statistical results of the number of migrated and invasive MDA-MB-231 cells; ¢ Invasion and
migration abilities of MCF-7 cells were detected by Transwell assay; d Statistical results of the number of migrated and invasive MCF-7 cells; e
Protein bands of MMP-2 and MMP-9 in MDA-MB-231 cells in Western blot analysis; f Statistical results of the protein expression of MMP-2 and
MMP-9 in MDA-MB-231 cells; g Protein bands of MMP-2 and MMP-9 in MCF-7 cells in Western blot analysis; h Statistical results of the protein
expression of MMP-2 and MMP-9 in MCF-7 cells. The measurement data conforming to the normal distribution were expressed as mean +
standard deviation. One-way ANOVA was used for comparisons among multiple groups, and LSD-t test was used for pairwise comparisons after
one-way ANOVA, N=3, * P<0.05 vs the si-NC group; # P < 0.05 vs the mimics NC group; & P < 0.05 vs the oe-SBF2-AS1 + mimics NC group

Reduced SBF2-AS1 and overexpressed miR-143 suppress mimics group; contrasted to the oe-SBF2-ASI1 +
the tumor growth in nude mice with BC mimics NC group, the weight and volume of the tu-
The impacts of SBF2-AS1 on the tumor growth in mors were restrained in the si-SBF2-AS1 + miR-143
BC nude mice were observed by subcutaneous mimics group (all P<0.05), unraveling that the re-
tumorigenesis in nude mice, and the results reflected duced SBF2-AS1 and overexpressed miR-143 could
that (Fig. 7a—f) no evident difference could be found suppress the tumor growth in BC.

in the weight and volume of the tumors among the Expression of Ki-67 in xenografts was determined
blank group, the si-NC group, the mimics NC group by immunohistochemical staining, it came out that
and the oe-SBF2-AS1+ miR-143 mimics group (all (Fig. 7g—j) there were no remarkable difference in Ki-
P> 0.05); relative to the si-NC group and the mimics 67 expression among the blank group, the si-NC
NC group, the weight and volume of the tumors were group, the mimics NC group and the oe-SBF2-AS1 +
reduced in the si-SBF2-AS1 group and the miR-143 miR-143 mimics group (P>0.05); in contrast to the
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Fig. 7 Reduced SBF2-AS1 and overexpressed miR-143 suppress the tumor growth in BC nude mice. a The impacts of SBF2-AS1 and miR-143 on
MDA-MB-231 tumor growth, the volume of tumor = length x width x height; b Representative images of MDA-MB-231 cell tumors in nude mice;
¢ Statistical results of the weight of MDA-MB-231 cell tumors in each group; d The impacts of SBF2-AS1 and miR-143 on MCF-7 tumor growth,
the volume of tumor = length x width X height; e Representative images of MCF-7 cell tumors in nude mice; f Statistical results of the weight of
MCF-7 cell tumors in each group; g Ki-67 expression in MDA-MB-231 cell tumors (SABC, x 200); h Statistical results of Ki-67 expression in MDA-
MB-231 cell tumors; i Ki-67 expression in MCF-7 cell tumors (SABC, x 200); j Statistical results of Ki-67 expression in MCF-7 cell tumors; k
Representative images of TUNEL staining in MDA-MB-231 cell tumors (x 400); | Apoptosis rate in MDA-MB-231 cell tumors; m, Representative
images of TUNEL staining in MCF-7 cell tumors (x 400); n Apoptosis rate in MCF-7 cell tumors. The measurement data conforming to the normal
distribution were expressed as mean + standard deviation. One-way ANOVA was used for comparisons among multiple groups, and LSD-t test
was used for pairwise comparisons after one-way ANOVA, n=6 mice, * P <0.05 vs the si-NC group; # P < 0.05 vs the mimics NC group; & P < 0.05
vs the oe-SBF2-AS1 + mimics NC group
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corresponding NC groups, the expression of Ki-67
was reduced in the si-SBF2-AS1 group and the miR-
143 mimics; relative to the oe-SBF2-AS1 + mimics NC
group, Ki-67 expression was decreased in the oe-
SBF2-AS1 + miR-143 mimics group (all P<0.05).
TUNEL staining was used to evaluate the apoptosis of
MDA-MB-231 and MCE-7 cells in xenografts. The results
(Fig. 7k—n) mirrored that no significant difference could
be observed in apoptosis among the blank group, the si-
NC group, the mimics NC group and the oe-SBF2-AS1 +
miR-143 mimics group (P> 0.05); the apoptosis rate was
heightened in the si-SBF2-AS1 group and the miR-143
mimics group, which were respectively compared with
their NC groups; in comparison to the oe-SBF2-AS1 +
mimics NC group, the apoptosis rate was advanced in the
oe-SBF2-AS1 + miR-143 mimics group (all P < 0.05).

Discussion

BC is the most continually diagnosed malignant tumor
among women globally, and is the 3rd largest cause of
deaths that related to cancers in China [21]. It has been
reported that the miRNAs played a significant role of
leading molecules in RNA silencing [22], and the critical
impacts of IncRNAs on the progressions of multiple
complex diseases have been verified [23]. Our research
was performed to investigate the roles of IncRNA SBF2-
AS1, miR-143, and RRS1 in progression of BC.

We have summarized some results in this study,
and one of them showed that SBF2-AS1 was highly
expressed in both BC tissues and cells. This ectopic
expression of SBF2-AS1 has been revealed by other
studies as well. For instance, Chen et al. have unrav-
eled the overexpression of SBF2-AS1 in esophageal
squamous cell carcinoma [18], and Zhang et al. have
also given out evidence to prove that SBF2-AS1 ex-
pression was elevated in both small-cell lung cancer
tissues and cell lines [6]. Additionally, we have found
that miR-143 was poorly expressed in BC tissues and
cells. In accordance with this finding, a recent re-
search has testified that miR-143 was downregulated
in patients with BC [24, 25]. Moreover, we have veri-
fied that RRS1 was overexpressed in BC patients, and
the amplification of RRS1 in BC cell line has also
been reported by Song et al. in their study [16].

Furthermore, the inhibitory impacts of reduced SBF2-
AS1 and elevated miR-143 with the involvement of
inhibited RRS1 on the proliferation of BC cells have
been noted in our research. Similar to this outcome,
Tian et al. have illuminated that the knockdown of
SBF2-AS1 could repress the proliferation ability of acute
myeloid leukemia cells in vitro [26], and the suppressive
effects of miR-143 on the proliferation of BC cells have
been revealed by a previous publication [27]. Addition-
ally, Song et al. have discovered that the degradation of
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RRS1 has the ability to prevent the proliferation and in-
duce apoptosis and cell cycle arrest of BC cell lines [15].
Interestingly, this result was in line with one of our es-
sential findings that the knockdown of SBF2-AS1 could
bind to miR-143 to promote cell cycle arrest and cell
apoptosis in BC by repressing RRS1. Similarly, a recent
research has suggested that reduced SBF2-AS1 was able
to suppress the cell cycle progression of lung adenocar-
cinoma cells [7], and Zhang et al. have pointed out that
the overexpression of miR-143 could induce the apop-
tosis of bovine granulosa cells [28]. The next outcome in
our study reflected that SBF2-AS1 inhibition could up-
regulate miR-143 to restrain the invasion and migration
of BC cells via prohibiting RRS1. The functional role of
decreased SBF2-AS1 in cell invasion and migration has
been unraveled in colorectal cancer as well [29], and
Soheilyfar et al. have clarified that miR-143 could repress
the invasion as well as metastasis of BC [30]. What's
more, the similar function of RRS1 knockdown in cer-
vical cancer cells has also been uncovered [31]. Besides,
we have found that downregulated SBF2-AS1 and over-
expressed miR-143 could decline the growth of BC
tumor in vivo. Consistent to our result, it has been re-
vealed that reduced SBF2-AS1 could decelerate the
tumor growth of acute myeloid leukemia in vivo [26],
and it has been unveiled that overexpressed miR-143
served as a tumor repressor in glioma [32]. Innovatively,
the binding relation between SBF2-AS1 and miR-143, as
well as the target relation of miR-143 and RRS1 has been
verified in this research, which have not been studied be-
fore. All of the data were conducive to the investigation
process of molecular mechanisms in human diseases.

Conclusion

In summary, our research demonstrated that the down-
regulation of IncRNA SBF2-AS1 could inhibit tumori-
genesis and progression of BC by sponging miR-143 and
repressing RRS1, which may provide novel targets for
the management of BC. Nevertheless, more efforts re-
main to be done to further elucidate the effects of SBF2-
AS1, miR-143 and RRS1 on the progression of BC.

Abbreviations

3'UTR: 3-untranslated region; ANOVA: Analysis of variance; BC: Breast cancer;
ceRNA: Competing endogenous RNA; DMEM: Dulbecco’s modified Eagle
medium; FBS: Fetal bovine serum; FISH: PBST phosphate buffered solution
with tween; GAPDH: Glyceraldehyde phosphate dehydrogenase;

INcRNAs: Long non-coding RNAs; LSD-t: Least significant difference t;
miRNAs: MicroRNAs; NC: Negative control; OD: Optical density;

oe: Overexpressed; PBS: Phosphate buffered saline; PI: Propidium iodide; RT-
gPCR: Reverse transcription quantitative polymerase chain reaction; SBF2-
AS1: SET-binding factor 2-antisense RNAT; TNM: Tumor, node and metastasis

Acknowledgements
We would like to acknowledge the reviewers for their helpful comments on
this paper.



Xia et al. Journal of Experimental & Clinical Cancer Research (2020) 39:18

Authors’ contributions

Guarantor of integrity of the entire study:WX. Study design:YL, TC.
Experimental studies:TX, MD. Manuscript editing: XH. All authors read and
approved the final manuscript.

Funding
The current research was funded by National Natural Science
Foundation(Grant No. 81502373).

Availability of data and materials
Not applicable.

Ethics approval and consent to participate

This study was approved and supervised by the animal ethics committee of
Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology. The treatment of animals in all experiments conforms to the
ethical standards of experimental animals.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Breast and Thyroid surgery, Division of General Surgery,
Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology, No. 1095, Jiefang Avenue, Qiaokou District, Wuhan City, Hubei
Province 430030, People’s Republic of China. Department of ENT, Tongji
Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan City, Hubei Province 430030, People’s Republic of China.

Received: 18 November 2019 Accepted: 6 January 2020
Published online: 17 January 2020

References

1. Ghoncheh M, Pournamdar Z, Salehiniya H. Incidence and mortality and
epidemiology of breast cancer in the world. Asian Pac J Cancer Prev. 2016;
17(S3):43-6.

2. DeSantis CE, et al. International variation in female breast cancer incidence
and mortality rates. Cancer Epidemiol Biomark Prev. 2015;24(10):1495-506.

3. Cuchra M, et al. The role of base excision repair in pathogenesis of breast
cancer in the polish population. Mol Carcinog. 2016;55(12):1899-914.

4. Zeng B, et al. Downregulated miR-1247-5p associates with poor prognosis
and facilitates tumor cell growth via DVL1/Wnt/beta-catenin signaling in
breast cancer. Biochem Biophys Res Commun. 2018;505(1):302-8.

5. Yang G, Lu X, Yuan L. LncRNA: a link between RNA and cancer. Biochim
Biophys Acta. 2014;1839(11):1097-109.

6. Zhang Y, et al. SBF2-AS1: an oncogenic IncRNA in small-cell lung cancer. J
Cell Biochem. 2019;120(9):15422-8.

7. Chen R, et al. Long noncoding RNA SBF2-AS1 is critical for tumorigenesis of
early-stage lung adenocarcinoma. Mol Ther Nucleic Acids. 2019;16:543-53.

8. Gao F, et al. LncRNA SBF2-AS1 promotes the progression of cervical cancer
by regulating miR-361-5p/FOXM1 axis. Artif Cells Nanomed Biotechnol.
2019:47(1):776-82.

9. LiD, etal MiR-519d-3p suppresses breast cancer cell growth and motility
via targeting LIM domain kinase 1. Mol Cell Biochem. 2018;444(1-2):169-78.

10. Wang L, et al. Suppression of miR-143 contributes to overexpression of IL-6,
HIF-1alpha and NF-kappaB p65 in Cr(Vl)-induced human exposure and
tumor growth. Toxicol Appl Pharmacol. 2019;378:114603.

11, Jiang S, et al. A novel miR-155/miR-143 cascade controls glycolysis by
regulating hexokinase 2 in breast cancer cells. EMBO J. 2012;31(8):1985-98.

12, Zhai L, et al. miR-143 suppresses epithelial-mesenchymal transition and
inhibits tumor growth of breast cancer through down-regulation of ERKS.
Mol Carcinog. 2016;55(12):1990-2000.

13. Ng EK et al. MicroRNA-143 is downregulated in breast cancer and regulates
DNA methyltransferases 3A in breast cancer cells. Tumour Biol. 2014;35(3):
2591-8.

14. Chen F, et al. RRST gene expression involved in the progression of papillary
thyroid carcinoma. Cancer Cell Int. 2018;18:20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 16 of 16

Song J, et al. Functional role of RRST in breast cancer cell proliferation. J Cell
Mol Med. 2018;22(12):6304-13.

Hua YN, et al. Effect of RRST gene knockdown on BT549 cell line
proliferation and apoptosis in breast cancer. Neoplasma. 2019,66(1):28-32.
Zhang YT, et al. LncRNA SBF2-AS1 promotes hepatocellular carcinoma
metastasis by regulating EMT and predicts unfavorable prognosis. Eur Rev
Med Pharmacol Sci. 2018;22(19):6333-41.

Chen R, et al. Upregulated long non-coding RNA SBF2-AST promotes
proliferation in esophageal squamous cell carcinoma. Oncol Lett. 2018;15(4):
5071-80.

Lv J, et al. High expression of long non-coding RNA SBF2-AS1 promotes
proliferation in non-small cell lung cancer. J Exp Clin Cancer Res. 2016;35:75.
Huarte M, Rinn JL. Large non-coding RNAs: missing links in cancer? Hum
Mol Genet. 2010;19(R2):R152-61.

Yu Y, et al. miR-190 enhances endocrine therapy sensitivity by regulating
SOX9 expression in breast cancer. J Exp Clin Cancer Res. 2019;38(1):22.

Ha M, Kim VN. Regulation of microRNA biogenesis. Nat Rev Mol Cell Biol.
2014;15(8):509-24.

Chen X, Yan GY. Novel human IncRNA-disease association inference based
on IncRNA expression profiles. Bioinformatics. 2013;29(20):2617-24.
Garcia-Vazquez R, et al. MicroRNA-143 is associated with pathological
complete response and regulates multiple signaling proteins in breast
cancer. Technol Cancer Res Treat. 2019;18:1533033819827309.

Tuo YL, Li XM, Luo J. Long noncoding RNA UCAT modulates breast cancer
cell growth and apoptosis through decreasing tumor suppressive miR-143.
Eur Rev Med Pharmacol Sci. 2015;19(18):3403-11.

Tian YJ, et al. Long noncoding RNA SBF2-AS1 act AS a ceRNA to modulate
cell proliferation via binding with miR-188-5p in acute myeloid leukemia.
Artif Cells Nanomed Biotechnol. 2019;47(1):1730-7.

Yan X, et al. miR-143 and miR-145 synergistically regulate ERBB3 to suppress
cell proliferation and invasion in breast cancer. Mol Cancer. 2014;13:220.
Zhang Z, et al. MiR-31 and miR-143 affect steroid hormone synthesis and
inhibit cell apoptosis in bovine granulosa cells through FSHR.
Theriogenology. 2019;123:45-53.

Chen G, et al. Long noncoding RNA SBF2-AST promotes colorectal cancer
proliferation and invasion by inhibiting miR-619-5p activity and facilitating
HDAC3 expression. J Cell Physiol. 2019,234(10):18688-96.

Soheilyfar S, et al. In vivo and in vitro impact of miR-31 and miR-143 on the
suppression of metastasis and invasion in breast cancer. J BUON. 2018;23(5):
1290-6.

Zhang Y, et al. Up-regulation of miRNA-148a inhibits proliferation, invasion,
and migration while promoting apoptosis of cervical cancer cells by down-
regulating RRS1. Biosci Rep. 2019;39(5). https://doi.org/10.1042/BSR20181815.
Wang L, et al. MiR-143 acts as a tumor suppressor by targeting N-RAS and
enhances temozolomide-induced apoptosis in glioma. Oncotarget. 2014;
5(14):5416-27.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1042/BSR20181815

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Materials and methods
	Ethics statement
	Study subjects
	Cell culture
	Cell grouping and transfection
	5-Ethynyl-2′-deoxyuridine (EdU) assay
	Colony formation assay
	3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay
	Flow cytometry
	Transwell assay
	Subcutaneous tumorigenesis in nude mice
	Immunohistochemical staining
	Terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL) staining
	Fluorescence in situ hybridization (FISH)
	RT-qPCR
	Western blot analysis
	Dual luciferase reporter gene assay
	RNA pull-down assay
	Statistical analysis

	Results
	General data analysis of study subjects
	SBF2-AS1 and RRS1 are highly expressed, and miR-143 is poorly expressed in BC tissues
	SBF2-AS1 expression is related with LNM, tumor size and clinical stage of the BC patients
	SBF2-AS1 and RRS1 are highly expressed, and miR-143 is poorly expressed in BC cell lines
	SBF2-AS1 competitively regulates miR-143 and RRS1 is targeted by miR-143
	Reduced SBF2-AS1 and overexpressed miR-143 inhibit the viability of BC cells
	Reduced SBF2-AS1 and overexpressed miR-143 accelerate cell cycle arrest and apoptosis of BC cells
	Reduced SBF2-AS1 and overexpressed miR-143 restrain the invasion and migration of BC cells
	Reduced SBF2-AS1 and overexpressed miR-143 suppress the tumor growth in nude mice with BC

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

