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IncRNA ATXNS8OS promotes breast cancer
by sequestering miR-204
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Abstract. Breast cancer (BC) is a common malignancy
among women and the leading cause of female cancer
mortality worldwide. In recent years, increasing evidence
has shown that long non-coding RNAs (IncRNAs) can act
as competing endogenous RNAs (ceRNAs) in human cancer
and that they are involved in many biological processes,
including proliferation, migration, apoptosis and invasion.
In the present study, the biological function and molecular
mechanism of ataxin 8 opposite strand (ATXNS8OS) in BC
tissue and cell lines were investigated. It was found that
ATXNBOS was markedly up-regulated in BC tissue and cell
lines, and that its level of overexpression was inversely linked
with the overall survival rate of patients with BC. Knockdown
of ATXNS8OS inhibited proliferation, viability and invasion
in the human MCF7 and MDA-MB-231 BC cell lines. In
addition, microRNA-204 (miR-204) was negatively associ-
ated with the expression of ATXN8OS in BC tissues and cell
lines. A luciferase assay demonstrated a direct binding site
for miR-204 within ATXNS8OS, and inhibition of miR-204
stimulated the tumour-promoting effect of ATXN8OS on
BC cells. In conclusion, the present study suggested that
ATXNS8OS acts as a tumour promoter by sequestering
miR-204 during the development of BC, therefore providing
a mechanistic insight which may facilitate the diagnosis and
treatment of BC.
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Introduction

Breast cancer (BC) is one of the most common malignancies
worldwide, accounting for 29% of all female cancer cases,
and has a high mortality rate (1-3). Although advanced treat-
ments, such as early detection, mastectomy, radiotherapy,
chemotherapy, endocrine treatment, targeted therapy and
even systemic treatment, have greatly improved, the 5-year
overall survival rate for BC is low, especially when the
cancer becomes metastatic (4). A high proportion, ~90%,
of BC-related mortality is attributed to the formation of
metastatic lesions (5). Thus, this malignancy is a threat to the
health of women worldwide. Emerging molecular biomarkers
that can predict patient outcomes and therapy responses have
been identified, and researchers have shown that numerous
molecular triggers are important in the development of
BC (6-10).

Long non-coding RNAs (IncRNAs), with a length
of >200 nucleotides, are a class of RNA molecule that
lack the ability to produce functional proteins (11).
They have been demonstrated to be involved in complex
biological processes, including cell cycle regulation, cell
differentiation, transcriptional modification, chromosome
remodelling, epigenetic regulation and tumour progres-
sion (12-15). IncRNAs, which play an important role in
human cancer, are an area of emerging focus for clinical
applications (8,16,17).

IncRNAs can function as competing endogenous RNAs
(ceRNAs) by sequestering microRNAs (miRNAs/miRs) and
regulating downstream targets (18). In BC, previous studies
have revealed that the expression of IncRNAs is related to the
clinical features and overall survival rate of BC. Dong et al (19)
found that the IncRNA AGAP2 antisense RNA 1 promoted
BC growth and chemoresistance, by regulating the expression
of myeloid differentiation primary response protein MyD88
in vitro and in vivo. ATXN8OS is a IncRNA with a size of
1,236 bp located on chromosome 13q21 (20). Koob er al (21)
reported that abnormal expression of ATXN8OS occurs
in various brain tissues. A previous study revealed that
ATXN8OS was up-regulated in BC and was involved in the
IncRNA-miRNA-mRNA ceRNA network. However, the
specific function of this IncRNA, or its role in the development
and progression of BC, was not investigated (22). Therefore,
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the aim of the present study was to explore the underlying
molecular mechanism of ATXN8OS in BC, and to identify
its potential role as a putative diagnostic biomarker and thera-
peutic target.

Materials and methods

Patient samples. Human BC samples (n=120) and matched
non-tumour tissues were collected from patients who under-
went a radical mastectomy at 900th Hospital of the Joint
Logistics Support Force between August 2010 and October
2017. A 60-month follow-up survey was performed. The BC
tissues were reviewed blind by two pathologists based on the
American Society of Clinical Oncology guidelines (23). Fresh
surgical samples were frozen in liquid nitrogen and stored
at -80°C. No interventional or other treatments were performed
on the patients prior to surgery. The diagnoses of these
samples were verified by pathologists in the hospital. Written
informed consent was obtained from all of the patients, and
the study protocol (no. 20171026) was approved by the Ethics
Committee of 900th Hospital of the Joint Logistics Support
Force.

RNA extraction and reverse transcription-quantitative (RT-q)
PCR. In accordance with the manufacturer's instructions,
total RNA was isolated from tissues and cells using TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.). RT was performed
using a Thermo Scientific RT kit (Thermo Fisher Scientific,
Inc.). RT was performed by sequential incubations at 50 min
at 42°C, 15 min at 70°C and 20 min at 37°C. RT-qPCR was
performed using an ABI7500 qPCR instrument (Applied
Biosystems; Thermo Fisher Scientific, Inc.). In total, 5 ul
SYBR Premix Ex Taq II (Takara Biotechnology Co., Ltd.),
0.4 ul forward primer (10 gM), 0.4 ul reverse primer (10 M),
0.2 ul ROX Reference Dye (Takara Biotechnology Co., Ltd.),
1.0 ul cDNA template and 3.0 1 ddH20 were mixed in the
reaction solution. JPCR was performed as follows: Initial
denaturation for 10 sec at 95°C, followed by 45 cycles of 5 sec
at 95°C and 34 sec at 60°C. Relative ATXN8OS expression
was calculated using the comparative quantification cycle
(Cq) method. Fold changes were calculated using the 27444
method (24). GAPDH and U6 served as endogenous controls
for mRNA or IncRNA/miRNA expression, respectively. The
primer sequences used in the present study were as follows:
ATXNSOS primer forward, 5-GCGCGAGAGCCCCGTGTT
A-3" and reverse, 5S-TCTCTTGCCCTTCTGCCTTCTACT-3";
tyrosine protein kinase JAK?2 primer forward, 5'-GGGAGG
TGGTCGCTGTAAAA-3" and reverse, 5'-ACCAGCACTGTA
GCAC ACTC-3'; forkhead box Al (FOXA1) primer forward,
5-AATCATTGCCATCGTGTG-3' and reverse, 5'-CGCGGC
TTAAAATCTGGTAT-3'; miR-204 primer forward, 5'-CTG
TCACTCGAGCTGCTGGAATG-3' and reverse, 5'-ACCGTG
TCGTGGAGTCGGCAATT-3'; GAPDH primer forward,
5-GTCTCCTCTGACTTCAACAGCG-3 and reverse, 5-ACC
ACCCTGTTGCTGTAGCCAA-3; U6 primer forward, 5'-CTC
GCTTCGGCAGCACATA-3' and reverse, 5S'-AACGATTCA
CGAATTTGCGT-3".

Cell culture. MCF-10A, a normal breast epithelial cell line,
and two human BC cell lines, MCF7 and MDA-MB-231, were
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obtained from the Type Culture Collection of the Chinese
Academy of Sciences. All cells were cultured in DMEM
(Biological Industries) supplemented with 50 U/ml penicillin,
0.1 mg/ml streptomycin and 10% FBS (Biological Industries)
at 37°C in a 5% CO, atmosphere in a humidified incubator.

RNA oligonucleotides and transfection. The ATXN8OS
small interfering (si) RNA (si-ATXN8OS; 5'-TAAATG
TTTTTCTTCCCTCTC-3") and scrambled siRNA (si-ctrl;
5'-CGAGAATTTGGTCTAAAGAGAA-3") were purchased
from Shanghai GenePharma Co., Ltd. miR-204 mimic
(5'-AAGGGAAACAGTAGGAAGCGGA-3'), miR-204
inhibitor (5'-TCCGCTTCCTACTGTTTCCCTT-3'), control
miRNA mimic (miR-con; 5'-AAGTGACGGTGAGAT
CCAGGCT-3") and miR-con inhibitor (5'-AGCCTGGAT
CTCACCGTCACTT-3") were purchased from Shanghai
GenePharma Co., Ltd. Briefly, 1x10° cells were seeded into
a 6-well plate and transfected until they were 90% confluent.
Transfection of the cells with si-ATXN8OS or si-ctrl (10 nM)
and the miR-204 or miR-con mimic/inhibitor (10 nM)
was performed using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) with Opti-MEM serum-free
medium (Gibco; Thermo Fisher Scientific, Inc.) following
the manufacturer's protocol. The efficiency of transfection
was determined in each experiment using RT-qPCR 24 h
post-transfection. All functional experiments were carried
out 48 h post-transfection.

Cell viability assay. The Cell Counting Kit-8 (CCK-8, Dojindo
Molecular Technologies, Inc.) was used to evaluate MCF7 and
MDA-MB-231 proliferation. Cells were collected 48 h after
transfection and seeded at a density of 1,000 cells/well in
96-well plates. At 0, 2 or 4 days, the CCK-8 reagent was added
to the 96-well plate and the cells were cultured for a further
2 h at 37°C, according to the manufacturer's protocol. The
absorbance was measured at a wavelength of 450 nm using a
Benchmark Microplate Reader (Bio-Rad Laboratories, Inc.).
Each assay was performed in triplicate and repeated three
times.

Flow cytometry. Flow cytometry was used to analyse the
cell cycle. MCF7 and MDA-MB-231 cells transfected with
si-ATXNS8OS and si-ctrl were removed from the culture plates
using trypsin and washed three times with cold PBS until they
were 90% confluent. The cells were fixed with cold 70% ethanol
at 4°C overnight. The cells were then incubated with 20 ug/ml
propidium iodide (Sigma-Aldrich; Merck KGaA) for 30 min at
room temperature using the BD Cycletest Plus DNA Reagent
kit (BD Biosciences) to stain the cells. Cell cycle distribution
profiles were generated using a FACSCalibur Flow Cytometry
system (BD Biosciences) with FlowJo software version 7.6.1
(Tree Star, Inc.).

Transwell invasion assay. A Transwell invasion assay was
carried out to test the invasion ability of cells. The upper
Transwell chamber containing DMEM without FBS was
precoated with 100 p1 of Matrigel and 4x10° cells in 0.1 ml cell
suspension were then added to the coated membrane in the
chamber. The lower chamber was filled with 600 ul of 20%
FBS DMEM. After 24 h, the cells that did not pass through
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the membrane were cleared using cotton swabs and 4% para-
formaldehyde was added to fix the cells at room temperature
for 20 min, followed by staining the cells with 0.1% crystal
violet (Sigma-Aldrich; Merck KGaA) for 15 min at room
temperature. Images of five random fields were captured using
an optical microscope (magnification, x400).

Western blot analysis. Western blot analysis was performed
as described previously (25). The primary antibodies were
incubated at 4°C overnight and then incubated with the
secondary goat antibodies horseradish peroxidase-conjugated
(1:2,000; cat. no. ab6112; Abcam) for 2 h at room temperature.
The following primary antibodies were used: JAK2 (1:1,000;
cat. no. 3230; Cell Signaling Technology, Inc.), FOXA1
(1:1,000; cat. no. 53528; Cell Signaling Technology, Inc.),
angiopoietin 1 (ANGPTI; 1:500; cat. no. ab8451; Abcam),
TGF-f receptor type 2 (TGFPR2; 1:500; cat. no. ab186838;
Abcam) and GAPDH (1:1,000; cat. no. ab181602; Abcam).

Reporter vector construction and luciferase reporter assay.
StarBase V3.0 (http://starbase.sysu.edu.cn/index.php) was used
to search for potential miRNAs that can bind to ATXNSOS.
Through this analysis, ATXN8OS fragments containing
the proposed binding site of miR-204 were identified. The
ATXNSOS fragments were then amplified and integrated
into the pGL3-promoter vector (Promega Corporation),
between the Nhel and Bgl/II sites, to construct the reporter
vector ATNX8O0S-wild-type (Wt ATXN8OS). In parallel
with Wt ATXN8OS, the related mutant fragments were also
cloned to construct the reporter vector ATXN8OS-mutant
(Mut ATXN8OS). MCF7 and MDA-MB-231 cells were
co-transfected with 100 ng Wt ATXN8OS or Mut ATXN8OS
and 10 nM miR-204 or miR-con mimic/inhibitor using
Lipofectamine® 2000. Luciferase activity was measured 48 h
after transfection using a dual-luciferase reporter assay system
(Promega Corporation) according to the manufacturer's
protocol. Firefly luciferase activity was normalized to Renilla
(Promega Corporation) luciferase gene activity.

Statistical analysis. All statistical data were analysed using
SPSS 19.0 software (IBM Corp.) and GraphPad Prism 5.0
software (GraphPad Software, Inc.). Clinicopathological
characteristics were evaluated using the * test. The overall
survival rate was assessed using the Kaplan-Meier method.
The log-rank test was used to compare the survival data.
Student's t-test or the Wilcoxon signed-rank test was employed
to compare parameters between two groups, and one-way
ANOVA and the Dunnett's post hoc test was used to evaluate
the differences among three or more groups. Pearson analysis
was used to assess the correlation between the expression
of the related miR-204 and ATXNS8OS sequences. Data are
presented as the mean + SD. P<0.05 was considered to indicate
a statistically significant difference. The experiments were
performed >5 times.

Results
Clinical significance of ATXN8OS expression in BC.

The expression of ATXN8OS in BC tissues and matched
non-tumour tissues was analysed using RT-qPCR. The
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expression of ATXN8OS was found to be significantly
higher in the human MDA-MB-231 and MCF-7 BC cell lines
than in the MCF-10A normal breast cell line (Fig. 1A). The
expression of ATXN8OS was also significantly higher in BC
tissues than in the matched normal breast tissues (Fig. 1B).
Moreover, Kaplan-Meier analysis showed that the overall
survival rate of patients with BC was lower in the group with
high ATXNS8OS expression and higher in the group with low
ATXNSOS expression (P=0.0439; Fig. 1C). The correlations
between the expression of ATXNSOS and the clinicopatho-
logical characteristics were assessed with the %* test. High
ATXNS8OS was correlated with the size of the carcinoma
(P=0.0017), tumour-node-metastasis (TNM) stage (P=0.0038)
and lymphatic metastasis (P=0.0004). However, no significant
differences were found between the expression of ATXN8OS
and sex, age, oestrogen receptor status, progesterone receptor
status or human EGF receptor 2(Her2)/neu status (Table I).

Down-regulation of ATXNSOS inhibits BC cell proliferation
and invasion. To investigate the function of ATXN8OS in BC
cells, MDA-MB-231 and MCF7 BC cells were transfected
with si-ATXN8OS. RT-qPCR showed an efficient knockdown
of ATXNSOS in the cell lines (Fig. 2A). The CCK-8 assay was
used to measure the effect of ATXN8OS on the proliferation
of human BC cells. Cell viability was reduced significantly in
ATXN8OS-knockdown BC cells compared with the control
knockdown cells (Fig. 2B and C). Flow cytometry analysis
showed that transfection with si-ATXN8OS induced G,/G,
arrest and decreased the S phase population compared with
the control knockdown (Fig. 2D and E). A Transwell assay
was performed to determine whether ATXNSOS regulated
BC cell invasion. Knockdown of ATXN8OS in cells reduced
the number of invasive cells compared with the control knock-
down (Fig. 2F and G).

ATXNSOS directly inhibits miR-204 expression by targeting
its 3" untranslated region (UTR). To explore the molecular
mechanism of ATXNS8OS in BC, StarBase V3.0 was used
to predict the potential targets of ATXN8OS. The analysis
revealed that ATXN8OS contains complementary binding
sites to the 3'UTR of miR-204. RT-qPCR showed that the
expression level of miR-204 was negatively correlated with the
expression of ATXNSOS (P=0.0017; Fig. 3A). To identify the
relationship between ATXNSOS and miR-204, the expression
levels of miR-204 and its downstream genes in si-ATXN8OS
BC cells were determined. The results demonstrated that the
expression of miR-204 was significantly upregulated after
knockdown of ATXN8OS in human MDA-MB-231 and MCF-7
BC cells (Fig. 3B). The expression of downstream targets of
miR-204, including JAK2, FOXA1, ANGPT1 and TGFpR2,
was significantly decreased after the inhibition of ATXN8OS
in both of the human BC cell lines tested (Fig. 3C-E). To
determine whether ATXN8OS suppresses miR-204 by
directly binding miR-204 in BC cells, Wt ATXN8OS and Mut
ATXNSOS sequences containing the target sites of miR-204
were cloned into a luciferase reporter system (Fig. 3F). The
luciferase activity of Wt ATXN8OS was reduced in the BC
cells containing the miR-204 mimic; however, the luciferase
activity of Wt ATXNS8OS was increased in the BC cells
containing the miR-204 inhibitor (Fig. 3G).
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Table I. Correlation between ATXN8OS expression in breast cancer and clinical characteristics.

Relative ATXN8OS expression

Characteristic No. Low High P-value
Sex
Male 10 6 4 0.7445
Female 110 56 54
Age, years
>50 74 41 33 0.2602
<50 46 20 26
Size, cm
>2 65 20 45 0.0017
<2 55 33 22
Tumour-node-metastasis stage
I-1I 58 38 20 0.0038
III-1v 62 24 38
Lymphatic metastasis
Negative 72 47 25 0.0004
Positive 48 15 33
Oestrogen receptor status
Negative 36 12 24 0.3151
Positive 84 37 47
Progesterone receptor status
Negative 42 26 16 0.3367
Positive 78 40 38
Human EGF receptor 2/neu status
Negative 84 44 40 0.6915
Positive 36 17 19
ATXNS8OS, ataxin 8 opposite strand.
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Figure 1. Prognostic value and expression of ATXN8OS in BC specimens. (A) The expression of ATXN8OS was examined in BC cell lines (n=5) and
(B) specimens (n=120) by reverse transcription-quantitative PCR. (C) The correlation between ATXN8OS expression and overall survival rates determined by
Kaplan-Meier analyses. "P<0.05 vs. respective control. ATXN8OS, ataxin 8 opposite strand; BC, breast cancer.

Inhibition of miR-204 reverses ATXN8OS-induced effects on
BC.To confirm whether ATXN8OS exerts its biological func-
tion by targeting miR-204, BC cells were co-transfected with
si-ATXN8O and the miR-204 inhibitor. RT-qPCR showed a
reduced expression of miR-204 in BC cells after transfec-
tion with the miR-204 inhibitor (Fig. 4A). Proliferation
and cell cycle distribution were analysed using the CCK-8
assay and flow cytometry, respectively. The results showed

that cell growth was increased in the si-ATXN8OS cells
co-transfected with the miR-204 inhibitor (Fig. 4B). The
inhibition of miR-204 resulted in fewer BC cells in the G,/G,
phase and an increased percentage of cells in the S phase
(Fig. 4C). Invasion was increased in cells co-transfected with
si-ATXN8OS and the miR-204 inhibitor compared with cells
co-transfected with si-ATXN8OS and the miR-con inhibitor
(Fig. 4D).



MOLECULAR MEDICINE REPORTS 20: 1057-1064, 2019 1061

A B 23 C MCF-7
M Si-ctrl Si-ctrl I Sictrl m Si-ctrl
» O]OIS-ATXNBOS o, 151 SLATXNEOS 813 SFATXNSOS 5103 SIATXNSOS
Q o] g T4
@ @
2510 2540 26 ]
."_‘ ] Fal- A £ £3
3 =3 z4 §
28 R g2 22
E 05 2 %05 = >
T S g2 31
o s (] o
0.0 0.0 0 0
231 MCF-7 231 MCF-7 Oday 2days 4 days Oday 2 days 4 days
2 days 6 days
231
D 231 MCF-7 E =100 m Si-clrl
. . . o % g0 0 Si-ATXNBOS
E ?: 5 phase 37.1% 3 5 phase 23.6% -'ET § i 5 phase 23.5% § .. 5 phase 18.6% _,g &0
31 37 A LR 2 40
Ele] g 2l g £
171 B | sl | [
Sl=i A g 3|s g1 g,
DD R T g 8 6 1% S0 0 % ap e o o W e um 150, & GO/G1 S G2M
DMNA content DNA content
Si-ctrl Si-ATXNSOS Si-ctrl Si-ATXNBOS
MCF-7 F Si-ctrl Si-ATXNBOS G . Si-ctrl
100 m Sivctr B R /0010 SHATXNBOS
- I Si-ATXNBOS T - 7 @ 80
g % g
< 60 5860
5 2
& 40 g4
[] p—
§ 20 - 8 20
g0 0

GO/IG1 s G2M 231 MCF-7

Figure 2. Function of ATXN8OS in BC proliferation and invasion. MCF-7 and 231 human BC cell lines were transfected with si-ATXNS8OS or si-ctrl for 2
and 6 days. (A) Expression of ATXNS8OS in 231 and MCF-7 cells determined by reverse transcription-quantitative PCR analysis. The Cell Counting Kit-8
assay was used to analyse cell viability at the indicated time points in (B) 231 and (C) MCF-7 cells. (D) Flow cytometry analysis was performed to examine
the cell cycle distribution of MDA-MB-231 and MCF-7 cells following transfection with si-ATXN8OS. Blue, G,/G, phase; green, S phase; red, G,/M phase.
(E) Quantification of cell cycle distribution. (F) The number of invasive cells was assessed using a Transwell assay. Scale bar, 50 ym. (G) Quantification of
invasive cells. "P<0.05 vs. respective si-ctrl. n=5. ATXN8OS, ataxin 8 opposite strand; BC, breast cancer; si-ATXN8OS, small interfering RNA targeting
ATXNBOS; si-ctrl, control small interfering RNA; 231, MDA-MB-231.
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Figure 3. ATXNS8OS targets miR-204. (A) An inverse relationship was found between ATXN8OS and miR-204 in BC tissues. (B) Up-regulation of miR-204
was found in BC cells subjected to knockdown of ATXNS8OS. (C) Reverse transcription-quantitative PCR showed reduced expression of JAK2, FOXAI,
ANGPT! and TGFBR2 in 231 and MCF-7 cells 48 h post-transfection. (D) The protein levels of JAK2, FOXA1, ANGPT1 and TGFpR2 were determined by
western blot analysis. GAPDH was used as an internal control. (E) Relative protein expression was calculated based on the densitometric analysis of band
intensities. (F) Putative ATXN8OS target sequences in miR-204 are displayed. (G) Dual-luciferase reporter system analysis was conducted in 231 cells
co-transfected with Wt- or Mut-ATXN8OS and miR-204 or miR-con mimics/inhibitors. “P<0.05 vs. respective control. n=5. ATXN8OS, ataxin 8 opposite
strand; BC, breast cancer; miR-204, microRNA-204; miR-con, microRNA control; si-ATXN8OS, small interfering RNA targeting ATXN8OS; si-ctrl, control

small interfering RNA; 231, MDA-MB-231; JAK2, tyrosine protein kinase JAK2; FOXAI, forkhead box Al; ANGPTI, angiopoietin-1; TGFfR2, TGF-f
receptor type 2; Wt, wild type; Mut, mutant.
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Figure 4. Inhibition of miR-204 reverses the effect of ATXN8OS knockdown. MCF-7 and 231 cells were co-transfected with si-ATXN8OS or si-ctrl and the
miR-204 inhibitor or miR-con inhibitor for 48 h. (A) The inhibition of miR-204 was analysed by reverse transcription-quantitative PCR. (B) Cell growth was
determined using the Cell Counting Kit-8 assay. (C) The cell cycle distribution was examined by flow cytometry analysis. (D) The invasive ability of cells was
determined using a Transwell assay. "P<0.05 vs. si-ctrl+miR-con inhibitor; “P<0.05 vs. si-ATXN8OS+miR-con inhibitor. n=5. ATXN8OS, ataxin 8 opposite
strand; miR-204, microRNA-204; miR-con, microRNA control; si-ATXN8OS, small interfering RNA targeting ATXN8OS; si-ctrl, control small interfering

RNA; 231, MDA-MB-231.
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Figure 5. A schematic diagram illustrating the involvement of ATXN8OS
and miR-204 in breast cancer. IncRNA, long non-coding RNA; ATXN8OS,
ataxin 8 opposite strand; miR-204, microRNA-204; JAK?2, tyrosine protein
kinase JAK2; FOXAL, forkhead box Al; ANGPT1, angiopoietin-1; TGFBR2,
TGF-f receptor type 2; ORF, open reading frame; UTR, untranslated region.

Discussion

The identification of novel molecular targets for BC is
becoming increasingly important, with the aim of improving

the diagnosis, therapeutic strategies and clinical follow-up
of BC (26-28). Accumulating evidence supports the role
of IncRNAs functioning as ceRNAs in the occurrence and
progression of a number of human cancer types (29,30).
Despite rapid improvements in the detection, diagnosis, treat-
ment and prediction of the prognosis of BC, the recurrence and
mortality rates of BC remain some of the biggest challenges
for patients with BC. Therefore, it is important to determine
the exact molecular mechanism of action involved in the initia-
tion and progression of BC, and to explore possible prognostic
markers. Increasing experimental evidence indicates that
IncRNAs can exert important functions in many biological
processes and are closely associated with the development
and prognosis of cancer (31). Consequently, elucidation of the
relationship between IncRNAs and their downstream targets
would shed light on the diagnosis and treatment of patients
with BC.

The results of the present study found that ATXN8OS
was up-regulated in human BC tissues compared with
normal human tissues; an increased expression of
ATXN8OS was also found in the BC cell lines tested.
These data indicated that ATXN8OS might promote the
occurrence of carcinomas. In addition, the expression of
ATXNS8OS was found to be related to tumour size, TNM
stage and lymphatic metastasis, suggesting that ATXN8SOS
may be involved in the development of BC. Conversely, it
was found that the knockdown of ATXN8OS suppressed
proliferation, increased the percentage of cells in the G,/G,
phase of the cell cycle and decreased cell invasion in BC
cell lines. Therefore, ATXN8OS may be a novel factor
involved in the progression of BC, by arresting the cell cycle
in the G/G, phase. In addition, the overall survival rate was
low in patients with ATXN8OS overexpression according
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to the 60-month follow-up survival survey, indicating a
strong correlation between ATXNS8OS overexpression and
poor prognostic outcomes of BC. This result suggested
that ATXN8OS may be an important prognostic marker in
forecasting the prognosis of BC. There are three sub-types
of BC cell lines, two of which were used in the present
study. The luminal-like MCF7 cell line and the basal-like
MDA-MB-231 cell line were used; in addition, the normal
breast epithelium cell line MCF10A was used. The other
sub-type of BC cell lines, the Her-2 elevated type, including
SKBR3, will be investigated in future studies.

miR-204 was identified as a predicted target gene of
ATXNS8OS, and their expression was found to be inversely
correlated in BC tissues and cell lines. miR-204 has
been identified as an anti-oncogene and is reported to be
down-regulated in diverse human malignancies, including
intrahepatic cholangiocarcinoma, glioma, non-small cell lung
cancer, endometrial cancer, gastric cancer, head and neck
squamous cell carcinoma, and thyroid cancer (32-35). Previous
studies revealed that JAK2 and FOXAI are direct targets of
miR-204 through binding sites in their 3'UTRs in BC (2,36).
Another previous study showed that miR-204 functions by
down-regulating the expression of ANGPT1 and TGFfR2 by
targeting binding sites in their 3'UTRs in BC (37). Based on
these previous studies, it is proposed that the expression of
JAK2, FOXA1, ANGPT1 and TGFBR2 may be inhibited in
si-ATXNB8OS cells if miR-204 is a direct downstream target
of ATXNS8OS. The reduced expression of transcriptional
control genes downstream of miR-204 observed in the present
study suggested that miR-204 is a direct downstream target
of ATXNS8OS in BC cell lines (Fig. 5). More experiments
need to be performed to understand the binding interaction
between miR-204 and the IncRNA ATXN8OS. The inhibi-
tion of miR-204 expression reversed the enhancing effects
of ATXN8OS on proliferation, cell cycle and invasion of BC
cells in vitro.

In conclusion, the results of the present study showed that
ATXNS8OS was up-regulated in the tissues of patients with
BC and in BC cell lines, and that its aberrant overexpression
was significantly correlated with poor prognostic outcomes
and lower overall survival rates. The results of the present
study revealed the potential molecular mechanism by which
ATXNBS8OS exerts its stimulating functions on proliferation
and invasion in BC cells, by sequestering miR-204. The find-
ings of the present study indicated that ATXN8OS may be an
oncogenic factor that promotes the development and progres-
sion of BC, and might be a potential biomarker for the clinical
diagnosis and treatment of patients with BC.
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