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Introduction: Breast cancer is one of the most common cancers in the world. Long
noncoding RNA 00504 (LINC00504) was reported to be a functional gene in some tumours
but not breast. Accordingly, the purpose of this article is to study the function of LINC00504
in breast cancer.

Methods: qPCR assay was used to detect the expression of LINC00504 in tissue and cell
lines. The online database and chromatin immunoprecipitation assay (ChIP) were employed
to confirm the transcription factor of LINC00504. Cell function assays including cell
proliferation, migration and invasion were designed to detect the function of LINC00504
in vitro and in vivo. Luciferase reporter assay and RNA immunoprecipitation (RIP) assay
were used to confirm the relationship between LINC00504 and miR-140-5p. And Western
blot assay was employed for testing the key protein.

Results: We found that LINC00504 is upregulated in breast cancer. In addition, we found
that the transcription factor regulatory factor X5 (RFXS5) can strongly bind to the LINC00504
promoter region and subsequently increase its transcriptional activity. We also found that the
manipulation of RFX5 expression can significantly affect LINC00504 expression, which
suggested that RFXS can transcriptionally activate LINC00504 in breast cancer (BC).
Knockdown of LINC00504 inhibits cell proliferation, migration and invasion in vitro and
in vivo. We further found that LINCOOS504 inhibits miR-140-5p, which decreases the levels
of VEGFA. The further results showed that miR-140-5p was one of the target gene of
LINC00504. The WB assay demonstrated that the E-cadherin was increased and Vimentin
was decreased when knocking down of LINC00504 and they can be rescued while adding
the inhibitors of miR-140-5p.

Discussion: Our results demonstrated the mechanism by which the LINC00504-miR-140-
Sp—VEGFA axis participates in breast cancer cell proliferation and invasion and may lead to
new IncRNA-based diagnostic or therapeutic strategies for breast cancer.
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Introduction

Breast cancer is the most common type of gynaecological tumour in China.'
Despite efforts focused on diagnostic techniques and patient management, there
has been little progress in improving the overall survival of breast carcinoma
patients. In addition, it has been reported that there is a clearly increasing trend
in the incidence and mortality rates of breast cancer.” The development of suitable
therapies to increase patient survival rates has been limited because the pathophy-

siological mechanisms that contribute to breast carcinoma are largely unknown.”

Received: 1 December 2020
Accepted: 12 May 2021
Published: 2 July 2021

OncoTargets and Therapy 2021:14 3991-4003 3991
© 2021 Hou et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-6378-2009
mailto:shulinwu66@126.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Hou et al

Dove

Therefore, revealing the molecular mechanisms underlying
the development and progression of breast carcinoma is
necessary for developing effective therapies.

Long noncoding RNAs (IncRNAs) are a new category of
noncoding RNAs that contain over 200 nucleotides and lack
protein coding ability.” ” Increasing evidence has shown that
IncRNAs play important roles in various human cancers,
including breast cancer,® liver cancer,” and gastric cancer.'’
LncRNAs have been associated every stage of cell life,
including cell proliferation, differentiation, apoptosis, and
motility. For instance, knockdown of the long noncoding
RNA GHET! inhibits cell proliferation and invasion of col-
orectal cancer.!" Therefore, identifying the mechanism by
which LncRNAs are regulated is essential for tumour diag-
nosis and therapy. A long noncoding RNA, called
LINCO00504, is a newly identified IncRNA. Feng J et al first
reported that the noncoding RNA LINCO00504 interacts with
¢-Myc to regulate tumour metabolism in colon cancer.'?
However, the expression of LINC00504 and its biological
effects in breast cancer have not been reported.

In this study, we demonstrated that LINC00504 is upre-
gulated in human breast cancer tissues and cell lines. In
addition, we revealed that LINC00504 performs its onco-
genic function by regulating the miR-140-5p—VEGFR path-
way during breast cancer development. These results might
provide new insight into the treatment of breast cancer.

Materials and Methods

Tissue Specimens

Twenty-eight breast cancer (BC) tissue specimens and
matched adjacent normal tissues were collected from 6 stage
1-2 patients and 22 stage 3-4 patients at Guangdong
Provincial People’s Hospital. All the histological diagnoses
of the BC and normal tissues were independently reviewed
and confirmed by two pathologists. All the tissues were imme-
diately frozen in liquid nitrogen and stored at —80°C before
use. Before collection, written informed consent was obtained
from each patient, and the study protocol was approved by the
Ethics Committee of Guangdong Provincial People’s Hospital
Institutional Review Board (Certificate Number: NO.
GDREC2018218H(R1)). And this protocol also was con-
ducted in accordance with the Declaration of Helsinki.

Cell Culture

The human normal breast cell line MCF-10A was purchased
from American Type Culture Collection (ATCC) (Manassas,
VA, USA). The human breast cancer cell lines BT549, T47D,

MCF-7, SKBR3 and MDA-MB-231 were purchased from
the Institute of Biochemistry and Cell Biology of the Chinese
Academy of Sciences (Shanghai, China). All the cells, except
the MCF10A cells, were cultured with 10% foetal bovine
serum (FBS; Gibco-BRL/Life Technologies, Paisley, UK) in
high-glucose Dulbecco’s modified Eagle’s medium (DMEM,;
HyClone Laboratories, Inc., Logan, UT, USA) supplemented
with antibiotics (100 U/mL penicillin and 100 mg/mL strep-
tomycin; Gibco-BRL, Grand Island, NY, USA) at 37°C in
5% CO, in a humidified incubator. The MCF10A cells were
maintained in complete media [DMEM/F12 (50:50 mix)
supplemented with 5% horse serum, 10 mg/mL 10 mM
HEPES, insulin, 20 ng/mL epidermal growth factor,
0.5 mg/mL hydrocortisone and 100 ng/mL cholera toxin].

QRT-PCR Analysis

Total RNA was extracted from the tissues and cell lines with
TRIzol reagent (15596026, Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. First-stand
cDNA was generated using the PrimeScript RT Reagent
Kit (RR037A, TaKaRa, Dalian, China). SYBR Premix Ex
Taq (RR420A, TaKaRa, Dalian, China) was used to detect
LINC00504 and miR-140-5p expression. PCR was carried
out at least in triplicate, and the results were analysed on an
ABI 7500 Fast Real-Time PCR System (Applied
Biosystems, Foster City, CA). The expression of
LINC00504 and miR-140-5p was normalized to the expres-
sion of B-actin and U6, and the relative expression levels
were calculated using the 2" method. The gene-specific
primers for LINC00504, miR-140-5p and their endogenous
controls were designed and synthesized, as previously
described.'*'* The primers for RFX5 were RFX5-F: 5'-
GATGAGCCTGATGCTAAGAGC-3" and RFX5-R: 5°-
CCCTCTACTTTGTTCTGCACG-3".

Chromatin Immunoprecipitation Assay

(ChIP)
The ChIP assay was performed to show that RFX5 directly
interacted with the RFXS5 binding sites in the LINC00504
promoter, and the EZ-Zyme Chromatin
Immunoprecipitation Kit (Millipore, Billerica, MA, USA)
was used according to the manufacturer's instructions.
Briefly, MDA-MB-231 and SKBR3 cells were crosslinked
using formaldehyde (Sigma-Aldrich, St. Louis, MO, USA)
for 10 min. Subsequently, chromatin was fragmented into
100-300-bp pieces by using the sonication method, and
1% of the supernatant was preserved at —80°C as an input
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control. The remaining DNA fragments were immunopre-
cipitated with RFXS5-specific antibodies (PA1-32133,
Thermo Fisher Scientific) or IgG (2729S, CST) as the
control. Finally, after purification, the DNA fragments
were subjected to ChIP-PCR analysis with the following
primers covering the LINCO00504 promoter sequences:
ChIP-PCR-F: 5"-AACATTCTCTCCACATGGGC-3", and
ChIP-PCR-R: 5-TCAGTTCAGGCACGTAATGC-3".

Plasmid, Transfection and Lentivirus

Transduction

The RFXS ORF region was amplified from MDA-MB-231
cDNA with the following primers: RFX5-ORF-F: 5'-
ATGGCAGAAGATGAGCCTGATG-3' and RFXS5-ORF
-R: 5'-TTATGGGGGTGTTGCTTTTGGG-3'. The RFX5-
ORF was subcloned into the pcDNA 3.1 vector, and all of
the recombinant plasmids were verified by sequencing.
Oligonucleotide transfection was performed with
Lipofectamine 2000 reagent (11668019, Invitrogen,
Carlsbad, CA, USA). The modified miR-140-5p mimics
(5'-CAGUGGUUUUACCCUAUGGUAG-3"), microRNA
negative control (NC) (5-UUGUACUACACAAAAG
UACUG-3’), miRNA inhibitors (miR-140-5p (in), 5'-
CUACCAUAGGGUAAAACCACUG-3"), miRNA inhibi-
tor NC (5'-CAGUACUUUUGUGUAGUACAA-3") and
si-RFX5 (#1: 5'-CCTGCAAGATGTACAGAAA-3', #2:
5'-CCTTATCCCAGGAGCATAA-3") were synthesized by
Genepharma (Shanghai, China). The final transfection
concentration of each mimic was 10 nM. The DNA encod-
ing short hairpin RNA (shRNA) specifically targeting
LINC00504 (sh-LINC00504 #1 and #2) was designed by
Takara (Dalian, China) and cloned into the lentiviral vector
packaging system, as previously described.'”

Cell Cycle Analysis

Sh-LINC00504 and its control (sh-NC) were transfected into
SKBR3 and MDA-BM-231 cells for 48 h. Then, the cells
were lysed in precooled ethanol (75%) and incubated at 4°C
for 4 h. Next, cold PBS was used to wash the cells, followed
by staining with BD Pharmingen™ PI/RNase for 30 mins at
room temperature. Finally, the cells in different cell cycle
phases (GO/G1, S, and G2) were analysed by flow cytometry.
A total of 10,000 cells were measured for each sample.

Cell Proliferation Analysis
Cell proliferation was detected using the Cell Counting
Kit-8 (CCK-8, CKO04; Dojindo, Tokyo, Japan) assay.

A total of 1000 cells transfected with shRNA
(shLINCO00504#1 and #2) or control were seeded in 96-
well plates and incubated at 37°C with 5% CO2. At 0, 24,
48, 72 and 96 h, CCK-8 assay solution (10 pL) was added
to each well. The absorbance at 450 nm was measured
with an enzyme immunoassay analyser (Thermo Fisher
Scientific, Shanghai, China).

Colony Formation Assays

For colony formation assays, the cells were seeded into
12-well plates (5x102 cells/well) and cultured for 7-10
days. Subsequently, the colonies were fixed with 4% par-
aformaldehyde (PFA, P0099, Beyotime Institute of
Biotechnology, Shanghai, China) for 10 min at room tem-
perature, stained with 0.1% crystal violet (332488, Sigma-
Aldrich; Merck KGaA) at room temperature for 10 min,
and washed with water 3 times, and then, the number of
colonies (>50 cells) was manually counted.

Wound Healing Assay

After transfection, the cells (1x10"5 cells/well) were
seeded into 6-well plates, and before starting the assay,
cells were starved in foetal bovine serum (FBS)-free cul-
ture medium overnight. Then, a wound was made using
a 200-uL pipette tip. Next, the cells were incubated with
2% FBS medium. The wound was imaged at 0 h and 36 h.

Transwell Invasion Assay

A Transwell chamber (8-um pore size, Corning,
Cambridge, MA, USA) was used to perform the cell
invasion assays. Cells transfected with sh-LINC00504, sh-
control or cotransfected sh-LINC00504 and miR-140-5p
were resuspended in 200 pL of serum-free medium and
adjusted to a density of 1 x1076 cells/mL. Then, the cells
(2x10"5/well) were cultured in the upper chamber with
Matrigel (BD Biosciences), and complete medium con-
taining 20% FBS was added to the lower chamber. After
incubation for 36 h at 37°C, the cells adhering to the lower
surface of the Transwell membrane were fixed in 20%
methanol and stained with 0.1% crystal violet. Then, cell
counting was performed under an inverted phase-contrast
microscope (Olympus) according to observation of the
cells in 5 random fields. In addition, the number of
invaded cells was analysed.

Immunofluorescence
After transfection, SKBR3 and MDA-MB-231 cells were

cultured on glass slides and fixed with 4%
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paraformaldehyde for 15 min. After being washed with
phosphate-buffered saline (PBS) three times, the cells
were incubated with blocking buffer (PBS solution con-
taining 3% foetal bovine serum (FBS), 1% goat serum,
and 0.1% Triton X-100) for 2 h at room temperature.
Then, the cells were incubated with the primary antibo-
dies anti-VIM (ab8978, Abcam) and anti-CDHI1
(ab76055, Abcam) diluted in PBS at 4°C overnight.
After another round of washing with PBS, the slides
were incubated with anti-mouse IgG(H+L), F(ab'),
Fragment (Alexa Fluor® 488 Conjugate) (#4408, CST)
for 1 h in the dark. Then, the slides that underwent the
third round of washing were mounted with Pro-Long®
Gold Antifade Reagent with 4',6-diamidino-2-phenylin-
dole (DAPI: Molecular Probes, Eugene, OR, USA). The
slides were observed by an LSM 800 confocal microscope
(Carl Zeiss AG, Oberkochen, Germany).

Xenograft Mouse Model

A lentivirus-based system was used to specifically down-
regulate LINC00504; briefly, recombinant lentiviral plas-
mids carrying sh-LINC00504 (Plko.1 lentiviral vector)
were successfully established and used to transfect SKBR3
cells. Then, SKBR3 cells (1 x 10”) were subcutaneously (SC)
injected into S5-week-old athymic nude mice (Bikai,
Shanghai, China). The tumour size was measured every 6
days, and the tumour volume was calculated as 0.5 x Lx W2,
with L representing the length and w representing the width.
The mice were euthanized 30 days after injection, and the
tumours were weighed after sampling. All the animal related
procedures were approved by the Animal Care and Use
Committee of Guangdong Provincial People’s Hospital
Research Ethics Committee. And this protocol also was
conducted in accordance with the Rules of 3Rs, which refers
to replacing and reducing animals in experiments, and refin-
ing procedures to make them less harmful.

Luciferase Reporter Assay
Microcode bioinformatics tools (https://cm.jefferson.edu/

rna22/Interactive/ and http:/www.mircode.org/) were

used to identify the potential binding sequences of miR-
140-5p and LINC00504. SKBR3 and MDA-MB-231 cells
were seeded in 24-well plates. The cells were cotrans-
fected with miR-140-5p or microRNA NC and luciferase
reporter constructs containing WT-LIC00504 or Mut-
LINC00504, as previously described.'* The luciferase
activity was detected using a Dual Luciferase Reporter
Assay Kit (RG027, Institute  of

Gene Beyotime

Biotechnology, Shanghai, China), according to the manu-
facturer’s protocol. Mutations in the putative binding sites
of LINC00504 were made using a Quick-change site-
directed mutagenesis kit (200518, Agilent Technologies,
Santa Clara, USA). The primers were as follows:
LINCO00504, Forward primer: 5-GTGACTCGAGCTTG
CCTCTGCCATGT-3’, Reverse primer: 5-GTGAGCGG
CCGCTTTCAGAGTGAAACAATACTT-3’; Mut-LINCO
0504, Forward primer: 5'-GGATTACAGGCGTGAGGG
TGAC-3"; and Reverse primer: 5'-GTCACCCTCACG
CCTGTAATCC-3".

RNA Immunoprecipitation (RIP) Assay

RIP was performed using a Magna RIP RNA-Binding
Protein Immunoprecipitation kit (17-700, Millipore,
Bedford, MA), according to the manufacturer’s instruc-
tions. Briefly, cells were transfected with miR-140-5p
mimics, microRNA NC mimics, and LINC00504 and
then buffer.
Simultaneously, protein A/G magnetic beads were vor-
texed and resuspended in 500 pL RIP wash buffer. Next,
cell lysates were centrifuged at 4°C for 10 min, and the

resuspended and lysed in lysis

supernatant was added to the resuspended magnetic beads
and incubated with anti-Ago2 (ab186733, Abcam) or anti-
IgG (ab133470, Abcam) antibodies. The samples were
mixed on a vertical mixer at 4°C for more than 3 h. The
samples were briefly centrifuged to shake the sample to
the bottom of the tube, and the precipitate was further
digested with Proteinase K (Applied Biosystems) to
extract the RNA. Finally, qQRT-PCR assays were used to
determine the relative enrichment of LINC00504 mRNA.

Western Blot

Cells were lysed with lysis buffer (RIPA) containing protease
inhibitors. The total protein concentration was determined
by the acid (BCA) assay (P0012,
Beyotime Institute of Biotechnology, Shanghai, China). The
total protein (20 pg) was separated by 10% SDS-PAGE and
transferred to polyvinylidene difluoride (1620177, PVDF,
Bio-Rad, Hercules, USA) membranes. After blocking with
5% skim milk for 60 min, the membranes were incubated with
primary antibodies against VEGFA (ab1316, Abcam),
E-cadherin (ab76055, Abcam), vimentin (ab8978, Abcam),
and GAPDH (ab8245, Abcam) overnight followed by incuba-
tion with Alexa Fluor Plus 800 fluorescence-conjugated sec-
ondary antibodies (A32730, Thermo Fisher, USA) (1:10,000)
for 30 min. The bands were detected by an infrared laser

bicinchoninic

imaging system (Odyssey; Li-Cor, Lincoln, NE, USA).
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Statistical Analysis

The statistical analyses were performed with SPSS 19.0
(SPSS Inc., Chicago, IL, USA). The data are presented as
the mean =+ standard deviation (SD) of at least three
independent experiments. Differences between two groups
or more than two groups were evaluated by Student’s 7-test
or one-way analysis of variance (ANOVA), respectively.
Spearman rank-correlation was performed to calculate the
correlation coefficient between the LINC00504 and miR-
*p < 0.05 was
considered to indicate a statistically significant difference.

140-5p expression levels. **p < 0.01,

Results
LINCO00504 is Upregulated in Breast

Cancer Tissues and Cells

Bioinformatics analysis was used to identify the expression
of LINCO00504 in breast cancer patients and healthy subjects
in The Cancer Genome Atlas (TCGA) database. We found
a significant increase in the level of LINC00504 in breast
cancer tissues compared to that in normal tissues (Figure
1A). Furthermore, real-time qPCR was used to investigate
the expression of LINC00504 in breast cancer tissues and
adjacent normal tissues. The results showed that LINC00504
was expressed at higher levels in tumour tissues than in
adjacent normal tissues, which also confirmed the bioinfor-
matics results (Figure 1B). We also measured LINC00504
expression in five human breast cancer cell lines (BT549,
T47D, MCF-7, SKBR3 and MDA-MB-231) and in the

normal breast cell line MCF-10A. LINC00504 expression
was significantly higher in the five breast cancer cell lines
than in the normal breast cell line (Figure 1C). We also
analyse the relationship of LINC00504 and Ki67 (a key
protein of proliferation) and the result showed that they
were positively correlated (Supplementary Figure 1A).
These results demonstrated that LINC00504 was upregulated
in breast cancer. We then selected two cell lines with higher
expression (MDA-MB-231 and SKBR3) for subsequent
experiments.

The Transcription of LINC00504 Was
Critically Activated by the Transcription

Factor (TF) RFX5
What causes the abnormal expression of LINC00504?
Here, we attempted to determine the regulators
involved in LINCO00504 overexpression to reveal the
upstream mechanism of LINCO00504 in breast cancer.
We first explored publicly available data from the
UCSC JARSPAR
(http://jaspar.genereg.net/) online databases to analyse
the upstream sequence (2Kb) of LINC00504. And
some important transcription factors such as EZHI,
ZFHX3, RFX5 and EP300 can act as the candidate,

combined with their expressions in BC, RFXS5, which

(http://genome.ucsc.edu/) and

is upregulated in breast cancer (Figure 2A), caught our
attention. To verify the upstream regulatory mechanism
by which RFXS5 regulates LINC00504, we first analyse
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the relationship of them in the online database, and we
that
(Supplementary Figure 1B), and then we used siRNAs
against RFX5 to knockdown RFXS5 in MDA-MB-231
and SKBR3 cells (Figure 2B), and qRT-PCR assays
were performed to determine the LINCO00504 level.
The results showed that silencing RFXS5 effectively
impaired the expression level of LINC00504 (Figure
2C). In contrast, when we used pcDNA-RFX5 to over-
express RFXS5 in MDA-MB-231 and SKBR3 cells
(Figure 2D), the opposite effect on the LINC00504
levels was observed (Figure 2E). Furthermore, we con-
ducted ChIP assays and showed that RFXS directly
interacted with the RFX5 binding sites within the
LINCO00504 promoter in MDA-MB-231 and SKBR3
cells (Figure 2F). Subsequently, we found that RFX5
enrichment on the LINC00504 promoter was signifi-

found they were positively correlated

cantly decreased or increased when RFX5 expression
was decreased or increased, respectively (Figure 2G
and H). Taken together, these results suggest that

Knockdown of LINC00504 Suppressed
Breast Cancer Cell Proliferation,

Migration and Invasion in vitro and in vivo
The physiological role of LINC00504 was explored using
SKBR3 and MDA-MB-231 cells that were transfected with
sh-control and sh-LINC00504 (#1 and #2). The significant
decrease in LINC00504 expression in these sh-LINC00504-
transfected cells was confirmed by qRT-PCR (Figure 3A).
Then, we performed CCK-8 assays to analyse the effect of
the knockdown of LINC00504 on the proliferation of BC
cells. We found that knockdown of LINC00504 inhibited
the proliferation of the two cell lines compared to their
corresponding controls (Figure 3B and C). Similarly,
LINC00504 knockdown dramatically decreased the colony
formation of SKBR3 and MDA-MB-231 cells (Figure 3D).
Cell cycle analysis was used to explore the cell distribution
at different cell phases. The results showed that knockdown
of LINC00504 arrested SKBR3 and MDA-MB-231 cells at
GO0/G1 phase (Figure 3E). In xenograft mouse models, we

RFX5 directly activates the transcription of found that LINC00504 knockdown significantly inhibited
LINC00504 in BC. tumour growth (Figure 4A—C).
MDA-MB-231 SKBR3
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Figure 3 The effect of LINC00504 knockdown on the proliferation and cell cycle distribution of breast cancer cells in vitro. (A) SKBR3 and MDA-MB-231 cells were
transfected with sh-control or sh-LINC00504 (#1 and #2), and LINC00504 expression was detected by qRT-PCR after transfection of the two cell lines. (B—-D) Transfected
cell proliferation was detected by CCK-8 and colony formation assays. (E) Flow cytometry was used to analyse the distribution of the transfected cells in different cell cycle

phases (GO/GI, S, and G2). **P<0.01.
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Next, we examined whether LINC00504 can influence
breast cancer cell migration and invasion. The results of
showed that
LINCO00504 knockdown suppressed breast cancer cell
(Figure 5A and B).
Immunofluorescence was used to detect the changes in

wound healing and Transwell assays

migration and invasion
Vimentin and E-cadherin, which are characteristic proteins
of epithelial-mesenchymal transition (EMT).'>'® The
demonstrated that knockdown of LINC00504

inhibited the expression of Vimentin and enhanced the

results

expression of E-cadherin (Figure 5C and D), which also
proved that LINC00504 boosts breast cancer cell migra-
tion and invasion. Collectively, LINC00504 knockdown
impaired further progression of breast cancer cells.

MIR-140-5p Was a Target of LINC00504

in Breast Cancer

It has been reported that IncRNAs can act as Competing
Endogenous RNAs (ceRNAs) to exert their regulatory
functions. To further determine the underlying mechanism
responsible for the function of LINC00504 in breast can-
cer, we examined a set of miRNAs that were predicted to
interact with LINC00504 using the prediction software
miRcode and RNA22. MIR-140-5p was found to be
a promising target of LINC00504, and the predicted bind-
ing site of miR-140-5p in the LINCO00504 sequence is
shown in Figure O6A. After transfection with sh-
LINCO00504, qRT-PCR analysis revealed that miR-140-5p
expression was significantly increased after LINC00504
was knocked down (Figure 6B). To further verify the
interaction between miR-140-5p and LINC00504, lucifer-
ase reporter vectors were constructed that contained
a wild-type (wt) or mutated (mut) miR-140-5p-binding
site in LINC00504. The luciferase reporter assay results
showed that miR-140-5p suppressed the luciferase activity

of the LINC00504-wt reporter vector but barely influenced
that of the LINC00504-mut reporter vector (Figure 6C).
Furthermore, a RIP assay was used to examine the poten-
tially endogenous interaction between LINC00504 and
miR-140-5p. The data showed that LINC00504 was sub-
stantially enriched by miR-140-5p overexpression with
anti-Ago2 in MDA-MB-231 and SKBR3 cells (Figure
6D and E). Using Spearman correlation analysis, we
found that the levels of LINC00504 were reciprocally
correlated with those of miR-140-5p in breast cancer tissue
samples (Figure 6F). We also detected the expression level
of miR-140-5p in BC cells after transfection with RFX5
siRNA, the results showed that the expression of miR-140-
S5p were upregulated in both MDA-MB-231 and SKBR3
cells (Supplementary Figure 1C). These data indicated that
miR-140-5p is a direct target of LINC00504 in breast
cancer.

LINCO00504 Promoted the Progression of
Breast Cancer by the miR-140-5p-VEGFA
Axis

Next, we explored the effect of miR-140-5p on breast
cancer progression, which was driven by LINCO00504.
We knocked down LINC00504 and inhibited miR-140-5p
in SKBR3 and MDA-MB-231 cells. Colony formation
assay, migration and invasion assays showed that
LINCO00504 knockdown significantly inhibited cell prolif-
eration, migration and invasion, while miR-140-5p inhibi-
tion abrogated these effects (Figure 7A—C); these results
demonstrated that miR-140-5p plays a key role in the
LINCO00504-related oncogenic effects on breast cancer
cells. It has been reported that microRNA-140-5p inhibits
invasion and angiogenesis by targeting VEGFA in breast
cancer.'” Thus, we hypothesized that VEGFA is involved

in the LINC00504/miR-140-5p-dependent malignant
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Figure 7 miR-140-5p-VEGFA axis was regulated by LINC00504. (A) SKBR3 and MDA-MB-231 cells were transfected with sh-control, sh-LINC00504 or sh-LINC00504
+miR-140-5p inhibitor, followed by colony formation assays to assess cell proliferation, (B) wound healing assays to assess cell migration (magnification, 100%) and (C)
Transwell assays to assess invasion (magnification, 200x). (D) Western blot analysis of the VEGFA, CDHI, and VIM levels in MDA-MB-231 and SKBR3 cells. **P<0.01.

progression of breast cancer cells. We simultaneously
knocked down LINC00504 and inhibited miR-140-5p in
SKBR3 and MDA-MB-231 cells. The expression of
VEGFA, (E-Cadherin) and VIM was detected by Western
blotting. The results showed that VEGFA and VIM were
downregulated, while the expression of CDHI was
increased when LINC00504 was
However, the opposite expression of these proteins was
observed when LINC00504 was knocked down and miR-
140-5p was simultaneously inhibited (Figure 7D). These
results suggested that LINC00504 induced tumour devel-
opment via inhibition of miR-140-5p and by targeting
VEGFA.

knocked down.

Discussion

Breast cancer is the most common and lethal malignant
tumour in females worldwide.'® The incidence of breast
cancer has increased rapidly in recent years.'® Early breast
cancer often does not have typical symptoms and signs, and
it is not easily detected. Breast cancer has often progressed

to the middle and late stages at diagnosis.”’ However, the

underlying mechanism that regulates breast cancer develop-
ment remains largely unknown. It is crucial to develop
novel molecular biomarkers for the diagnosis and prognosis
of breast cancer. Here, we found that LINC00504 was
significantly upregulated in breast cancer. In addition,
LINCO00504 was critical for the proliferation, migration
and invasion of breast cancer cells, which indicated that
LINC00504 may be a new biomarker for breast cancer.

Regulatory factor X-5 (RFX5) belongs to the RFX family
and is a transcription factor that encodes a DNA binding
protein.*'** In this study, our ChIP-qPCR assay data showed
that RFX5 can directly bind to the LINC00504 promoter
region. Moreover, we found that RFX5 enrichment on the
LINCO00504 promoter was significantly decreased or
increased when RFXS5 expression was decreased or
increased, respectively. Notably, we provided the first evi-
dence of the upstream mechanism of LINC00504 in BC and
elucidated that the key transcription factor REXS5 plays a key
in the activation of LINC00504
LINC00504 may have more than one transcription factor,
but RFXS5 is the key transcription factor.

role transcription.
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Emerging evidence has shown that dysregulation of
IncRNAs is involved in tumorigenesis and progression of

2325 suggesting the possibility of IncRNAs

breast cancer,
serving as novel targets for breast cancer diagnosis and
therapy. LINC00504 is a newly found IncRNA that is highly
expressed in colon cancer. Feng J et al first reported that
LINCO00504 interacts with c-Myc to regulate tumour meta-
bolism in colon cancer.'? However, the detailed function and
underlying mechanism of LINC00504 in breast cancer
remain unclear. In this study, we showed that LINC00504
was highly expressed in breast cancer tissues and cell lines.
By using in vitro and in vivo assays, we showed that
LINCO00504 knockdown remarkably inhibited cell prolifera-
tion. Similarly, a clear weakening trend of cell migration and
invasion was observed with LINC00504 depletion in breast
cancer. Moreover, we first demonstrated that LINC00504
knockdown resulted in decreased EMT in breast cancer
cells. All these results suggested that LINC00504 might
contribute to the metastasis of breast cancer.

Previous evidence has shown that IncRNAs can serve as
RNAs (ceRNAs) to sponge
miRNAs.?*%® To further explore the underlying molecular

competitive endogenous

mechanism by which LINC00504 regulates breast cancer,
we predicted and found that miR-140-5p was a promising
candidate. The gene encoding miRNA-140-5p is located on
chromosome 16 and has been proven to function in several
cancer cells.”’ ' For instance, Yunfeng et al demonstrated
that miR-140-5p could suppress the tumour growth and
metastasis of non-small cell lung cancer by targeting
IGFIR.** In hypopharyngeal squamous cell carcinoma,
miRNA-140-5p suppresses tumour cell migration and inva-
sion by targeting the ADAM10-mediated Notchl signalling
pathway.*> In addition, miRNA-140-5p inhibits invasion
and angiogenesis by targeting VEGF-A in breast cancer.*
The above studies indicate that miRNA-140-5p may be
a tumour suppressor. To further investigate the correlation
between LINC00504 and miRNA-140-5p in breast cancer
tumorigenesis, we performed luciferase reporter assays. The
results showed that LINC00504 directly combined with
miRNA-140-5p in breast cancer cells. We also found that
LINCO00504 significantly inhibited miRNA-140-5p expres-
sion, enhanced VEGFA and VIM expression and reduced
CDHI levels. Taken together, our results indicated that the
oncogene LINC00504 promoted breast cancer progression
by negatively regulating miRNA-140-5p, a tumour suppres-
sor, by targeting VEGFA. LINC00504/miRNA-140-5p may
act as a novel therapeutic target for the treatment of breast
cancer.
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