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cancer.
Methods: In the present study, we

cancer patients and in a human bre

olecules in proliferation, invasion and migration
g to explore possible targets of NEAT1 and
EAT1 expression.

in breast cancer tissue and also closely related to
ive lymph node metastases. NEAT1 levels were also tightly
or breast cancer patients in survival analyses. Cellular function
pwnregulation of NEAT1 could inhibit breast cancer cell viability,
» Western blotting revealed down-regulation of CBX7 and up-
ollowing NEAT1 inhibition. Based on the cytoplasmic and nuclear
of NEATI1, we investigated the possible regulation of CBX7 and RTCB by

Conclusion: The current results suggest that the IncRNA NEAT1 is upregulated in breast
cancer and facilitates tumor cell viability, invasion and migration via CBX7 and RTCB.
Keywords: breast cancer, clinical biomarkers, NEAT1, CBX7, RTCB

Introduction

Breast cancer is the most prevalent malignant tumor in females, holding a high
incidence and mortality rate.' At least 1 million women are diagnosed with breast
cancer annually, and worse, about four hundred thousand people lose their lives due
to breast cancer each year.” Although considerable progress has been made in the
detection of breast cancer and therapeutic approach to breast cancer and survival
rate has improved, long-term survival is still a challenge. Overall prognosis remains
poor, particularly in patients at advanced stages or with metastases.” Breast cancer
pathogenesis has not been fully clarified and there are currently no clinical biomar-
kers that are accurate and sensitive enough to predict breast cancer prognosis. There
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is an urgent need to identify biomarkers that are both
closely related to the pathogenesis of breast cancer and
useful for predicting prognosis of patients with breast
cancer.

Long non-coding RNAs (IncRNAs) are a set of non-
coding transcripts more than 200 nucleotides in length that
are often related to proliferation and migration in multiple
types of tumours.® IncRNAs act as signaling molecules,
scaffolds, and instructors, and exert their influence at sev-
eral levels including transcription, post-transcription, and
translation.” In recent years, abundant evidence has
revealed that anomalous expression of IncRNAs such as
HOXD-AS1, H19, CASC9, and NORAD®® may drive the
pathogenesis of breast cancer. In addition, anomalous
expression of IncRNAs may serve as a biomarker for
breast cancer.'®'?

The IncRNA nuclear paraspeckle assembly transcript 1
(NEAT1), a potential cancer-related IncRNA, is abnormally
expressed in various types of tumours including colorectal
cancer,13 lung cancer, hepatocellular carcinoma'® and, breast
cancer.">'® Moreover, upregulation of NEAT1 is related to
poorer prognosis.'* Previous work has shown that NEAT1 is
expressed in breast cancer and associated with cell prolifera-
tion and chemoresistance,'”*'® but the role and mechanis
of NEAT1 in breast cancer are far from fully elucidate
Here, we provide evidence for NEAT1’s functigmmin cell
nuclei, revealed a new carcinogenic role i
addition to its inclusion among the compé

All work was ducted with the formal approval of the

Ethics Committees@pDongying People’s Hospital. Every

patient understood and signed the informed consent
paperwork.

Specimen Collection

106 breast cancer tissues and para-carcinoma tissue were
collected from patient volunteers who had their tumor
removed at Dongying People’s Hospital. Those patients
that had received chemotherapy prior to the operation or

had other tumor types were excluded from the study. The
para-carcinoma tissues were taken from approximately
2.5 cm beyond from the tumor margin. As the fresh tissues
were collected, they were immediately snap frozen in
liquid nitrogen and stored at —80°C.

TCGA Database Analysis
Existing TCGA data for IncRNA NEAT1 expression in
breast cancer tissues and clinicopathological data from the
associated patients were downloaded from https://gdc.can
cer.gov/. We selected for inclusio i

exclusion criteria those
malignant neoplasms
all survival was

st cancer. A statistical cut-off value—
index (specificity+sensitivity-1) from
characteristic (ROC) curves—was used
ne high and low IncRNA NEAT1 expression. Using
A expression values >20 defined high IncRNA
EAT1 expression, and mRNA expression values <4
fined low IncRNA NEAT1 expression.

Cell Culture and Transfection

For in vitro experiments, we used human breast cancer cell
lines and normal breast MCF10A cells. We obtained all cell
lines from the American Type Culture Collection. Cells were
incubated at 37°C with 5% CO, in Dulbecco’s modified
Eagle’s medium (DMEM) obtained from Invitrogen with
added fetal bovine serum (FBS; Sigma-Aldrich, St. Louis,
MO), penicillin (100 pL/mL), streptomycin (100 mg/mL)
and glutamine. MCF-7 and SUM-159PT cells were trans-
fected with NEAT1 silencing siRNAs (si-NEAT1#1 and si-
NEAT1#2, 100 nmol/L, C02004) or negative control siRNA
(si-NC, 100 nmol/L, C03002) obtained from Shanghai
GenePharma company. Besides, sSiRNAs to RTCB (#1 and
#2) and a pcDNA3.1 vector targeting CBX7#1, CBX7#2 and
NEAT1 constructed by Genechem (Shanghai, China) was
added when MCF-7, SUM-159PT or MCF10A cells reached
40% confluence. Lipofectamine 3000 (Invitrogen) was used
for all cell transfections. After transfection for 36 h, we
performed reverse transcription quantitative polymerase
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chain reaction (qQRT-PCR) for verification of transfection
efficiency and further functional assays.

RNA Extraction and qRT-PCR

Homogenized tissues and cell lines underwent RNA
extraction and purification performed with TRIzol reagent
and RNase-Free DNase, respectively, both obtained from
Invitrogen. RNA concentration and purity were assayed
with a NanoDrop 2000c spectrophotometer (Thermo
Fisher Scientific, Inc). cDNA was then synthesized from
100 pg RNA with the Primer-Script 1st Strand cDNA
Synthesis Kit (Invitrogen). IncRNA NEAT1 levels (in
tissues and cell lines) were determined by gqRT-PCR in
the Roche LightCycler 480 gqRT-PCR System with SYBR-
Green PCR Master mix (Roche, Mannheim, Germany).
Relative IncRNA NEATI levels were compared between
groups via the 272" method after normalization to
GAPDH. Primer sequences are as follows: NEATI
(sense) CAGTTAGTTTATCAGTTCTCCCATCCA; NE
AT1 (antisense): GTTGTTGTCGTCACCTTTCAACTCT;
GAPDH (sense): GATATTGTTGCCATCAATGAC; G
APDH (antisense): TTGATTTTGGAGGGATCTCG; Ul
(sense):  5-CCGAATTCATGGCAGGAAGAAGCGGA
-3’; Ul (antisense): 5'-AAGGATCCGTTCACTA
ATGGA-3'; CBX7 (sense): 5'- CATGGAGCTGTCA
ATC-3'; CBX7 (antisense): 5'- CTGTACT
CA-3'; RTCB (antisense): 5'-
AAGTTTG-3'

Briefly, 3x10° t

translation F-7 cells; pcDNA-

NEAT1- translation for MCF10A
cells) -well plates and cultivated for 8
h. CCK- L) solution was added to each well and

recorded every ¥ h (total 72 h) using an ELISA micro-

plate reader.

Cell Invasion Assay

Transwell assays were used to assess tumor cells’ invasion
capacity. In short, an equal number (50,000/well) of trans-
fected cells with were loaded into a transwell chamber (BD
Biosciences, New York, NJ, USA) with Matrigel. 450 pL
DMEM and 50 pL. FBS were added to each well as

attractors. The breast cancer and MCF10A transfected cells
were allowed to invade for 36 h. After 36 h, the cells that did
not invade through the membrane were washed away and
the cells that invaded through the membrane were stained
with crystal violet (1%). The number of invaded breast
cancer cells was calculated in triplicate (three random, non-
overlapping places) using a light microscope (Leica
Microsystems GmbH) under white light at a magnification
of x100.

Wound Healing Assay

Transfected cells were added 4

photographed for
following the wound

-ncRNA and RBP-mRNA interactions from
-seq, degradome-seq and RNA-RNA interactome
data. In the current study, the RBP-mRNA section of
StarBase v3.0 (http://starbase.sysu.edu.cn/index.php) was
used to predict targets of NEAT1.

Western Blot Assay

Si-NEAT1- or si-NC-transfected cell lysates were har-
vested and washed after 36 h transfection. Ice-cold radio-
immunoprecipitation assay (RIPA) buffer was utilized for
cell disruption. Homogenization centrifugation was carried
out and the supernatant collected. Homogenous protein
separation and transfer was conducted using 12% sodium-
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and polyvinylidene difluoride (PVDF) membranes.
Membranes were saturated with 5% skim milk for 2 h then
incubated with primary rabbit polyclonal anti-CBX7
(1:1000), anti-RTCB (1:1000), or anti- GAPDH (1:1000;
Wuhan Fine Biotech Co., Ltd., Wuhan, China) at 4°C for
24 h. The membranes were then incubated with HRP-
conjugated goat anti-rabbit antibody (1:1000, Sigma) for
120 min and exposed to enhanced chemiluminescence
substrate (Millipore, Rockford, USA). Bands were visua-
lized with the Bio-Rad Gel Doc XR + system (Bio-Rad,
Hercules, CA, USA).
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Subcellular Fractionation Assay

RNA was isolated from either the nuclear or cytoplasmic
fraction using the Nuclear/Cytosol Fractionation Kit
(Biovision, San Francisco Bay, CA, USA) and was mea-
sured with qRT-PCR. Ul or GAPDH served as the identi-
fiers for the nuclear and cytoplasmic fractions, respectively.

Cell Immunofluorescence

Cells were briefly fixed in paraformaldehyde and permeabi-
lized with 0.1% Triton X-100 (Sigma-Aldrich) followed by
incubation in normal goat serum for 30 min, then incubation
with anti-human Ki-67 antibody (1:100) overnight. Cells
were then washed and incubated with secondary anti-
Rabbit IgG (H+L) antibody conjugated to Alexa Fluor 488
(A21442, Invitrogen, ThermoFisher) followed by additional
washing and counterstaining with DAPI. Slides were
mounted and coverslipped with FluorSave (Calbiochem).
Fluorescence was imaged using an Axio Observer Z1 immu-
nofluorescence microscope (Carl Zeiss Inc).

Statistical Analysis
Data analysis was conducted using SPSS 21.0 and
Graphpad prism 7. The variance between groups w
assessed by student’s #-test. Chi-square test or Fishe
exact test were used to evaluate associations betwee
NEAT1 and

expression levels

features. The Kaplan-Meier method was applied to eval-
uate the prognostic value of NEATI in breast cancer.
P<0.05 was considered the cutoff value for a significant
difference.

Results
IncRNA NEAT | Is Up-Regulated in Breast

Cancer Tissues and Cell Lines
NEAT]1 levels were measured in 106 cases of breast cancer

and normal tissues. We found that ) levels were

a noteworthy correlation between

clinical stage (p=0.003) and lymph
=0.001; Table S1). Specifically, breast
s with low NEAT1 expression were more

ustain advanced clinical stage and positive
mph node metastasis.
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Figure | NEAT| expression in breast cancer tissues and cell lines. (A) Relative levels of NEAT | in breast cancer tissues and normal tissues from in-house patient data. (B)
Relative levels of NEAT| in breast cancer tissues and normal tissues from TCGA data. (C) Relative levels of NEAT| in breast cancer cell lines. (D) Kaplan-Meier survival
curves of NEAT| for breast cancer prognosis. (E-F) Transfection efficacy measurements after 36h transfection with si-NEAT| (#| and #2) in MCF-7 (E) and SUM-|59PT
(F) cells. BC, breast cancer; NC, negative control; blank-control, without transfection. *p<0.05, **p<0.01, ***p< 0.001.
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The Prognostic Value of IncRNA NEAT |

in Breast Cancer

The prognostic value of NEAT1 as a biomarker for breast
cancer was estimated by Cox proportional hazard regres-
sion analyses (univariate analysis and multivariate analy-
sis, Table S2) and Kaplan-Meier survival curves. In the
univariate analysis, clinical stage (HR=6.723, 95%
CI=3.136-14.145, p=0.001), lymph node metastasis
(HR=8.731, 95% CI=3.742-20.371, p=0.001), and
NEAT1 expression (HR=6.357, 95% CI=2.431-16.718,
p=0.001) were independent causes impacting overall sur-
vival of breast cancer patients. The multivariate analysis
suggested that lymph node metastasis (HR=3.990, 95%
CI=1.316-12.091, p=0.014) and NEATI1 expression
(HR=3.042, 95% CI=1.034-8.910, p=0.043) were inde-
pendent causes impacting overall survival of patients.
Furthermore, the Kaplan-Meier curves demonstrated
a relatively poor survival in breast cancer individuals
with high NEAT1 expression levels (p<0.001, Figure 1D).

IncRNA NEAT | Promoted Cell Viability,

Invasion and Migration
Changes in NEAT! expression in breast cance
(MCEF-7 and SUM-159PT) transfected with si-NE
and si-NEAT1#2 or Negative Control (NC) 2

Figure 1E). We found si
cells, where cells transfe

remarkably
(»<0.05, Figure
cancer cells can be remarkably suppressed by down-
regulation of NEAT1 (p<0.01, Figure 2E and F). In addition,
immunofluorescent staining showed that compared with con-
trol cells, MCF-7 cells with si-NEAT 1#1 had lower levels of
Ki-67, a marker of cellular proliferation (Figure 2G and H).

pressed by down-regulation of NEAT1
and D). Similarly, the migration of breast

We also analyzed the role of overexpression of NEAT1 on
proliferation and invasive behavior of normal MCF10A cells.
As expected, CCK-8 assays demonstrated that MCF10A cell

viability was remarkably enhanced by up-regulation of
NEAT1 (all p < 0.05, Figure 2I). Moreover, the invasive
ability of MCF10A cells was remarkably accelerated by up-
regulation of NEAT1 (p < 0.001, Figure 2J and K). Taken
together, our results suggest that higher NEAT1 expression
promotes breast cancer cell viability, invasion and migration.

NEAT | Regulates CBX7 and RTCB Target

Gene Expression
In the current study, StarBase 3.0 interaction target analyses
revealed that CBX7 is positively,

egatively co-
3B). Western

that protein levels
were remarkab

d si-NEAT 1#2. Moreover, a pcDNA3.1 vec-
X7#1 and CBX7#2 and shRNAs to RTCB

r simultaneous transfection (Figure 3G and H).
ndings demonstrate that CBX7 and RTCB may be
two target genes regulated by NEAT1 in breast cancer.

NEAT | Regulates the Expression of
CBX7 and RTCB to Facilitate Cellular

Proliferation, Invasion and Migration

To investigate the mechanism by which the IncRNA
NEAT1 exerts its effects in breast cancer, we first deter-
mined its cellular location. A subcellular fractionation assay
revealed that NEAT1 is predominantly located in the cyto-
plasm but can also be found in the nucleus (Figure 4A). In
addition, the two previously identified proteins (CBX7 and
RTCB), which may be regulated by NEAT1, are very close
to each other on the long arm of chromosome 22
(Figure 4B). Based on these findings, we considered that
IncRNA NEAT1 may play a regulatory role in chromatin
state, DNA binding, or the fate of newly-transcribed mRNA
in the nucleus to regulate the expression of CBX7 and
RTCB. To test this hypothesis, a subcellular fractionation
along with qRT-PCR was used to determine mRNA levels
of CBX7 and RTCB in the nucleus and cytoplasm in two
cell lines. The results indicated that si-NEAT1 can effec-
tively regulate mRNA expression of CBX7 and RTCB in
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T1#2+CBX7#1S@QRTCB#1 and SUM-159PT cells were
separately transfect@® with either si-NC, si-NEATI1#1,
SINEAT1#1+CBX7#2, si-NEAT1#1+sh-RTCB#2 or siNE
AT1#1+CBX7#2+sh-RTCB#2. CCK-8 assays also demon-
strated that the decrease in cellular proliferation observed
after silencing NEAT1 was rescued by direct promotion of
CBX?7 or inhibition of RTCB (Figure 4E and F). In addition,
the inhibition of cellular invasion and migration after silen-
cing NEAT1 was recovered with CBX7 addition or RTCB
repression, as observed from transwell and wound healing

cells after down-regulation of NEAT|. (E-F) Wound-healing assay results detecting BC cell
uorescent staining showing that MCF-7 cells transfected with si-NEAT| had lower levels of Ki-67, a cell
on normal breast MCFI0A cells was examined by CCK-8 assay () and transwell assay (J-K). OD, optical
100um. Original magnification in (G) is X20. *p<0.05, **p< 0.01, ***p< 0.001.

experiments (Figure 4G-J). Overall, these results support
the idea that NEAT1 regulates cellular proliferation and
migration through regulation of CBX7 and RTCB expres-
sion in breast cancer.

Discussion

Breast cancer holds the second highest rate of cancer-
related death among women worldwide.'® Accurate post-
operative prediction of breast cancer patient prognosis is
essential for cancer treatment and control. If accurate
prognosis prediction can be achieved, individualized post-
operative treatment and follow-up will become more man-
ageable, which will ultimately reduce the economic
burden of patients, reduce drug side effects, improve the

submit your manuscript
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patients’ quality of life, and extend patient survwal

A major hindrance to accurate prognosis pi4

tion at transcriptional a ipti )
of tumors—

including breast as initiation,

studies have demonstrated that NEAT1 is
upregulated in breast cancer and contributes to breast cancer

cancers.? Pre

progression,'>?® however, the roles and mechanisms of
NEAT1 in breast cancer still remains unknown.

The IncRNA NEAT1 also regulates cell functions in
various cancers. NEAT1 is upregulated in retinoblastoma,
where decreased NEAT1 expression remarkably inhibited
cell proliferation and migration and facilitated cell apoptosis
via effects on miR-204 and CXCR4.>’ In osteosarcoma,

wnregulation of NEAT| in MCF-7 (C) and SUM-159PT (D).
9PT (F). (G-H) The effect of si-NEAT | (#1 and #2), pc-DNA-
M-159PT (H) cells. NC, negative control. *p< 0.05, **p< 0.01.

is upregulated compared to normal tissues and
knockdown of NEAT inhibited cell proliferation, migration,
and invasion.”! Overexpression of NEAT1 has also been
found in cervical cancer tissues where it facilitates cell pro-
liferation and migration, and exerts stimulative functions by
binding to miR-9-5p.>* In lung cancer, NEAT1 knock-down
inhibited cell invasion and migration via binding to let-7a.%®
NEAT1 can also promote tumor cell function in osteosar-
coma, myeloma, prostate cancer and gastric cancer.”*****
In all of the aforementioned studies, NEAT1 functions as
a member of ceRNA in the cytoplasm. The current study,
however, in addition to finding that NEAT1 is overexpressed
in breast cancer tissue and that downregulation of NEAT1
can inhibit breast cancer cell viability and invasion, is also
the first to find evidence that NEAT1 plays a role in the
nucleus.

Chromobox homolog 7 (CBX7) protein, a significant
component of the Polycomb Repressive Complex (PRC) 1,
plays a significant role in tumorigenesis and the develop-
ment of various cancer types.>'? In the current study,
StarBase 3.0 (http://starbase.sysu.edu.cn/index.php) was
utilized to predict the targets of NEAT1. We found that

target CBX7 expression was positively correlated with
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depletion, but restored after promoting CBX7 or 4biti ) cale bars in (G) and (I) are 100um. Each experiment was carried out at least in triplicate. *p< 0.05,

**p< 0.01.
Abbreviation: NC, negative control.

cells, which was in line with the StarBase prediction, and
that CBX7 is related t proliferation, migration, demonstrated that RTCB is a target gene regulated by

and invasion.>*~% cted as a target of NEATI1 with an important regulatory role in breast cancer.

interest in thi ' 7 as a NEAT1 target The IncRNA NEAT1 can serve as a prognostic biomar-
with West P and fouhid that protein levels of ker in various cancers. NEAT1 expression is elevated in
CBX7 were ¥} flated with NEAT1 in breast nasopharyngeal carcinoma tissues and is related to clinical

cancer cells, de i is i stage. NEAT1 expression levels are also negatively corre-
gene for regulation & lated with overall survival in nasopharyngeal carcinoma,

The full name of RTCB is RNA 2’,3'-cyclic phosphate =~ where upregulation of NEAT1 was shown to be an unde-
and 5-OH ligase. RTCB is an essential human tRNA  sirable prognostic factor. Similarly in renal cancer, NEAT1
ligase required for ligating cleaved tRNA halves during expression is related to specific clinicopathologic features
tRNA splicing and XBP1 fragments during endoplasmic  (tumour size, lymph node metastasis, and fuhrman grade)
reticulum stress. Activation of XBP1 has been implicated  and downregulation of NEAT1 predicts a better prognosis
in various human tumors including breast cancer.’> The for patients with renal cancer.”® In gastric cancer, NEAT1
current results demonstrated that protein levels of RTCB s elevated in tumour tissue and related to specific clin-

were negatively correlated with NEAT! in breast cancer icopathologic features including clinical stage and distant
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metastasis. Elevated expression of NEATT is also an unde-
sirable prognostic factor and predicts poorer survival in
gastric cancer.’’ In the current study, NEAT1 expression
was closely related to clinical stage and positive lymph
node metastasis and higher NEAT1 expression predicted
poorer prognosis for breast cancer patients in survival
analyses, demonstrating the potential use of NEAT1 as
a prognostic biomarker in breast cancer.
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