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Knockdown of IncRNA NEAT1 expression inhibits
cell migration, invasion and EMT by regulating the
miR-24-3p/LLRG1 axis in retinoblastoma cells
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Abstract. Retinoblastoma (RB) is the most common primary
intraocular cancer type that occurs during retinal develop-
ment in childhood. Previous studies have reported that long
non-coding RNAs (IncRNAs) are involved in the develop-
ment of RB. Therefore, the aim of the present study was to
investigate the effects and underlying regulatory mechanisms
of nuclear paraspeckle assembly transcript 1 (NEAT1) in RB.
The expression levels of NEATI1, microRNA (miR)-24-3p
and leucine-rich-a-2-glycoprotein (LRG1) were detected
using reverse transcription-quantitative PCR (RT-qPCR).
Moreover, the protein expression levels of LRGI1, matrix
metalloproteinase 9, N-cadherin and E-cadherin were
detected via western blotting. Furthermore, cell migration
and invasion abilities were evaluated via Transwell assays.
The targeting relationships between miR-24-3p and NEAT1
or LRGI were predicted using online software and confirmed
via dual-luciferase reporter assay. In the present study, NEAT1
and LRGI1 were upregulated, and miR-24-3p was downregu-
lated in RB tissues and cells compared with the corresponding
healthy tissues and cells. Moreover, miR-24-3p was identified
as a target of NEAT and LRGI was demonstrated to be a
direct target gene of miR-24-3p. Knockdown of NEATI1 or
LRGI significantly suppressed RB cell migration and inva-
sion ability, while the effects were reversed by an miR-24-3p
inhibitor. In addition, the downregulation of LRGI1 caused
by miR-24-3p was restored following the overexpression of
NEATI1 in RB cells. It was also demonstrated that NEAT1
knockdown inhibited the epithelial-to-mesenchymal transi-
tion (EMT) pathway by inhibiting the expression of LRG via
targeting miR-24-3p. In conclusion, the present results suggest
that silencing of NEAT1 suppresses cell migration, invasion
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and the EMT process by downregulating LRG1 expression via
sponging miR-24-3p in RB, thus indicating that NEAT1 may
be a potential candidate for RB treatment.

Introduction

Retinoblastoma (RB) is an aggressive eye cancer that occurs
during retinal development in childhood, and it accounts
for 2-4% of all childhood malignancies (1,2). Moreover, the
occurrence of RB is a very complicated process and it can
be present in a single eye or both eyes (3,4). Although the
treatment methods have improved over the past few years,
the mortality remains at ~70% in low- and middle-income
countries (5). Therefore, it is important to improve the under-
standing of the pathogenesis of RB and develop more effective
treatment strategies.

Long non-coding RNAs (IncRNAs) are a class of
non-coding RNAs (ncRNAs) with >200 nucleotides (nts),
which have no protein-encoding ability (6). IncRNAs have
been reported to serve crucial roles in the occurrence and
progression of various cancer types (7,8). Furthermore, several
IncRNAs have been revealed to participate in the regulation of
RB. For example, knockdown of IncRNA Antisense ncRNA
in the INK4 locus inhibits RB cell invasion and induces apop-
tosis via the ataxia-telangiectasia mutated/E2F transcription
factor 1 pathway (9). Colon cancer associated transcript 1
has been demonstrated to promote RB cell proliferation via
sponging microRNA (miRNA/miR)-218-5p (10). It has also
been revealed that H19 imprinted maternally expressed tran-
script suppresses RB progression by targeting miR-17-92 (11).
Previous studies have reported that Nuclear paraspeckle
assembly transcript 1 (NEAT1) plays an important role in
different human cancer type progression (12). For example,
NEATI promotes cell proliferation and invasion by regulating
the miR-211/High mobility group AT-hook 2 axis in breast
cancer (13). Moreover, NEAT1 promotes cell proliferation and
invasion by targeting AKT/PI3K in cervical carcinoma (14).
However, understanding of the role of NEAT1 in RB remains
limited, and the potential effects and mechanisms of NEAT1
in RB require further investigation.

miRNAs are a group of small ncRNAs with 22-25 nts
that exert their functions by binding to the 3'untranslated
region (UTR) of their target gene (15). Previous studies have
reported that miRNAs are aberrantly expressed in RB (16).
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Furthermore, miR-24 is downregulated in RB tissues
compared with healthy retinas tissues (17). A recent study by
Yu et al (18) reported that miR-24 suppresses cell prolifera-
tion, migration and invasion in RB. However, the mechanism
underlying the role of miR-24-3p in the development of RB
is not fully understood.

Leucine-rich-a-2-glycoproteinl (LRG1) is a glycoprotein
containing 312 amino acid residues (19). LRG1 has been
reported to influence a variety of biological processes, including
proliferation, apoptosis and invasion (20,21). In addition,
previous studies have revealed that the dysregulation of LRG1
is associated with the progression of human cancer types,
such as non-small cell lung cancer (22), bladder cancer (23)
and ovarian cancer (24). Furthermore, Amer et al (25) demon-
strated that LRGI is elevated in RB, suggesting that LRG1
may be an important regulator of RB progression.

Therefore, the aim of the present study was to explore the
function and underlying molecular mechanism of NEAT1 in
RB through functional and mechanistic analysis.

Materials and methods

Patients and tissue samples. RB tissue samples and adjacent
healthy retina tissue samples were collected from 20 patients
with RB who underwent surgery at Renmin Hospital, Hubei
University of Medicine (Shiyan, China) between October 2015
and March 2018. The patients were within the ages of 8 months
to 9 years, including 9 girls and 11 boys. The patients were
diagnosed as having RB by two experienced pathologists and
none of the patients received any treatment before surgery.
All tissue samples were stored in liquid nitrogen immediately
after resection and kept at -80°C until use. Written informed
consent was obtained from every patient and the study was
approved by the Ethics Committee of Renmin Hospital, Hubei
University of Medicine.

Cell culture and transfection. Human RB cell lines (Y79 and
WERI-RBI1) and normal human retinal pigment epithelial
cell line (ARPE-19) were obtained from the American Type
Culture Collection. RB cell lines SO-Rb50 and HXO-Rb44
were obtained from the Cell Bank of Type Culture of
Chinese Academy of Sciences. Y79, WERI-RB1, SO-Rb50
and HXO-Rb44 cells were cultured in RPMI 1640 medium
(Gibco; Thermo Fisher Scientific, Inc.). ARPE-19 cells were
cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.). All
mediums were supplemented with 10% FBS (HyClone; GE
Healthcare Life Sciences), 100 U/ml penicillin and 100 mg/ml
streptomycin (HyClone; GE Healthcare Life Sciences). Cells
were cultured at 37°C in a humidified incubator containing 5%
CO,.

Short hairpin RNA (shRNA) targeting NEATI
(sh-NEATI), shRNA targeting LRGI1 (sh-LRG1) and their
negative control (sh-NC), pcDNA3.1-NEAT1 overexpression
vector (pcDNA-NEAT1), pcDNA3.1-LRGI1 overexpres-
sion vector (pcDNA-LRGI) and their control pcDNA3.1
empty vector (pcDNA-NC) were purchased from Shanghai
GenePharma Co., Ltd. miR-24-3p mimic (miR-24-3p;
5'-UGGCUCAGUUCAGCAGGAACAG-3' and 5'-GUU
CCUGCUGAACUGAGCCAUU-3") and control mimic
(miR-NC; 5'-UUCUCCGAACGUGUCACGUTT-3' and

5'-ACGUGACACGUUCGGAGAATT-3"), miR-24-3p
inhibitor (anti-miR-24-3p; 5'-CUGUUCCUGCUGAACUGA
GCCA-3") and its control (anti-miR-NC; 5'-CAGUACUUU
UGUGUAGUACAA-3") were also purchased from Shanghai
GenePharma Co., Ltd. Y79 and WERI-RBI1 cells were
seeded into 24-well plates at a density of 2.0x10* cells/well,
following which 50 nM synthetic oligonucleotides or 2 ug
vectors were transfected into the cells using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's instructions. Cells were collected after
48 h for further experiments.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from tissues and cells using TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocols. To analyze the expression of IncRNA
and mRNA, the RNAs were reverse transcribed into cDNAs
using PrimeScript™ RT reagent kit (Takara, Biotechnology
Co., Ltd.) using the temperature protocol consisting of 50°C for
15 min followed by 85°C for 5 sec. To analyze the expression
of miRNA, cDNAs were synthesized by All-in-One miRNA
First strand cDNA Synthesis kit (GeneCopoeia, Inc.) using the
temperature protocol consisting of 42°C for 50 min followed
by 70°C for 15 min. gPCR was then performed using SYBR®
Green qPCR Master Mix (Bio-Rad Laboratories, Inc.) with
GAPDH (for IncRNA and mRNA) or U6 (for miRNA) as an
endogenous control. The thermocycling conditions of the gPCR
reaction were: Initial denaturation at 95°C for 5 min, followed
by 40 cycles of 95°C for 30 sec and 60°C for 45 sec. The rela-
tive expression levels of NEAT1, miR-24-3p and LRG1 were
calculated via the 2244 method (26). The primers sequences
were listed as follows: NEAT forward, 5'-GTGGCTGTTGGA
GTCGGTAT-3' and reverse, 5“-TAACAAACCACGGTCCAT
GA-3'; miR-24-3p forward, 5-GCCGAGTGGCTCAGTTCA
GC-3' and reverse, 5-CTCAACTGGTGTCGTGGA-3"; LRG1
forward, 5'-CCATGTCAGTGTGCAGATTC-3' and reverse,
5'-AAGAGTGAGAGGTGGAAGAG-3"; U6 forward, 5-CTC
GCTTCGGCAGCACA-3' and reverse, 5'-AACGCTTCACGA
ATTTGCGT-3'; and GAPDH forward, 5-TCGGAGTCAACG
GATTTGGT-3' and reverse, 5S-TTCCCGTTCTCAGCCTTG
AC-3.

Transwell assay. Cell migration and invasion abilities were
evaluated using Transwell chambers (8-ym pore size; EMD
Millipore). Cell suspension (2.0x10° cells/ml) was prepared
in DMEM (Gibco; Thermo Fisher Scientific, Inc.) without
serum. For the Transwell migration assay, ~500 pl cell suspen-
sion was seeded into the upper chamber and 300 1 DMEM
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with
10% FBS (HyClone; GE Healthcare Life Science) was added
into the lower chamber. After culturing for 24 h at 37°C,
cells that did not pass through the membrane were scraped
using a cotton swab. Migrated cells that passed through the
membrane were fixed in 90% ethyl alcohol for 15 min at room
temperature, stained with 0.1% crystal violet (Sigma-Aldrich;
Merck KGaA) for 20 min at room temperature, observed and
counted under a light microscope (Olympus Corporation) at
x100 magnification.

For the Transwell invasion assay, the upper chamber was
pre-coated with Matrigel (BD Biosciences) for 30 min at 37°C,
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and the subsequent steps were the same as those in the cell
migration assay.

Dual-luciferase reporter assay. The potential binding sites
between NEAT1 and miR-24-3p, as well as miR-24-3p and
LRGI1 3'UTR were predicted using the online software star-
Base2.0 (http://starbase.sysu.edu.cn/index.php) and MiRcode
11 (http://mircode.org/), respectively. To assess the predic-
tion, the sequences of NEAT1 and LRGI1 3'UTR containing
the potential wild-type (WT) or mutant (MUT) binding
sites of miR-24-3p were amplified via PCR and cloned
into pGL3-control luciferase reporter vectors (Promega
Corporation), named as WT-NEAT1, MUT-NEAT1, LRG1
3'UTR-WT and LRGI 3' UTR-MUT. These procedures were
conducted by Shanghai Sangon Co., Ltd. Y79 and WERI-RBI1
cells (5.0x10* cells) were then seeded into 24-well plates before
50 nM miR-24-3p mimic or miR-NC and 100 ng WT-NEAT],
MUT-NEATI, LRG1 3'UTR-WT or LRG1 3'UTR-MUT
were co-transfected into Y79 and WERI-RBI cells using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to manufacturer's instructions. After incuba-
tion for 48 h, firefly luciferase activity and Renilla luciferase
activity were detected using a Dual Luciferase Reporter assay
kit (Promega Corporation). Renilla luciferase activity was
normalized to firefly luciferase activity.

Western blotting. Total protein was extracted from tissues
and cells using RIPA lysis buffer (Beijing Solarbio Science
& Technology Co., Ltd.) and protein concentrations were
measured using the bicinchoninic acid protein assay kit
(Beyotime Institute of Biotechnology) according to the manu-
facturer's instructions. In total, 20 ug proteins were separated
via 10% SDS-PAGE and transferred to PVDF membranes
(EMD Millipore). The membranes were blocked in 5%
non-fat milk for 1 h at room temperature. Subsequently, the
membranes were immunoblotted with primary antibodies:
E-cadherin (cat. no. ab231303; 1:2,000; Abcam), N-cadherin
(cat. no. ab76011; 1:5,000; Abcam), matrix metalloproteinase
(MMP)9 (cat. no. ab38898; 1:1,000; Abcam), LRGI1 (cat.
no. ab170953; 1:5,000; Abcam) or GAPDH (cat. no. ab9485;
1:2,500; Abcam) at 4°C overnight. After the membranes were
washed three times with TBS-1% Tween-20, the membranes
were incubated with horseradish peroxidase-conjugated goat
anti-rabbit IgG secondary antibody (cat. no. ab6721; 1:5,000;
Abcam) for 1 h at room temperature. All antibodies used
in the current study were purchased from Cell Signaling
Technology, Inc.. The immunoreactive bands were detected
using enhanced chemiluminescence (Pierce; Thermo Fisher
Scientific, Inc.) and analyzed using ImageJ v1.8.0 software
(National Institutes of Health). GAPDH was used as an
internal reference.

Statistical analysis. All data in the present study were
obtained from three independent experiments, analyzed by
GraphPad Prism 7 software (GraphPad Software, Inc.) and are
presented as the mean + SD. Paired Student's t-test was used
to analyze the difference between two groups, while one-way
ANOVA followed by Sidak's test or Dunnett's test were used to
analyze the differences between multiple groups. The correla-
tions between NEAT1 and miR-24-3p, miR-24-3p and LRG1

mRNA expression levels were analyzed by Pearson's correla-
tion analysis. P<0.05 was considered to indicate a statistically
significant difference.

Results

NEATI is upregulated and miR-24-3p is downregulated in
RB tissues and cell lines. To investigate the potential roles
of NEATI1 and miR-24-3p in RB progression, the expression
levels of NEAT1 and miR-24-3p were detected in RB tissues
via RT-qPCR. It was revealed that NEAT1 expression was
significantly increased (P<0.001) and miR-24-3p expression
was significantly decreased (P<0.001) in RB tissues compared
with adjacent healthy tissues (Fig. 1A and B). Furthermore,
Pearson's correlation analysis results suggested that the expres-
sion of miR-24-3p exhibited a moderate negatively correlation
with the expression of NEAT1 in RB tissues (P<0.05; r=-0.455;
Fig. 10).

The expression levels of NEAT1 and miR-24-3p were
subsequently detected in RB cell lines (Y79, WERI-RBI,
SO-Rb50 and HXO-Rb44) and the normal human retinal
pigment epithelial cell line (ARPE-19) via RT-qPCR. NEAT1
expression was significantly upregulated, whilst miR-24-3p was
significantly downregulated, in Y79, WERI-RB1, SO-Rb50
and HXO-Rb44 cells compared with that in ARPE-19 cells
(all P<0.001; Fig. 1D and E). Thus, it was indicated that the
dysregulation of NEAT1 and miR-24-3p may serve vital roles
in RB progression.

Subsequently, a Transwell assay was performed to examine
cell migration and invasion. The results demonstrated that
migration (Y79 cells, P<0.01; WERI-RBI cells, P<0.001) and
invasion (Y79 cells, P<0.01; WERI-RBI cells, P<0.001) of
Y79 and WERI-RBI cells were significantly decreased after
the knockdown of NEAT1 (Fig. 2C and D).

It has been previously reported that the migratory and
invasive phenotypes of tumor cells are gained via the
process of epithelial-mesenchymal transition (EMT) (27,28).
Therefore, the effects of NEAT1 on the protein expression
levels of EMT markers, including MMP9, N-cadherin
and E-cadherin, were examined via western blot analysis.
The results indicated that NEAT1 knockdown resulted
in a significant decrease in MMP9 (Y79 cells, P<0.001;
WERI-RBI cells, P<0.001) and N-cadherin (Y79 cells,
P<0.01; WERI-RBI cells, P<0.001) expression levels, and
a significant increase in E-cadherin (Y79 cells, P<0.001;
WERI-RBI1 cells, P<0.001) expression in both Y79 and
WERI-RBI cells (Fig. 2E and F). Collectively, it was
indicated that knockdown of NEAT1 may suppress cell
migration, invasion and the EMT pathway in RB.

NEATI negatively regulates miR-24-3p expression via a direct
interaction in RB cells. Based on the aberrant upregulation
of NEAT1 and downregulation of miR-24-3p in RB cells,
it was speculated that miR-24-3p may represent a target of
NEATI. According to the bioinformatics software starBase
v2.0, NEAT1 was predicted to contain the putative binding
sites of miR-24-3p (Fig. 3A), indicating that miR-24-3p may
be targeted by NEAT1.

To assess this prediction, a dual-luciferase reporter assay
was conducted. It was revealed that the luciferase activities
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Figure 1. NEAT1 expression is upregulated and miR-24-3p expression is downregulated in RB tissues and cells. (A) Expression levels of NEAT1 in RB tissues
and adjacent healthy tissues were determined via RT-qPCR. ““P<0.001 vs. Healthy. (B) Expression levels of miR-24-3p in RB tissues and adjacent healthy
tissues were determined via RT-qPCR. "“P<0.001 vs. Healthy. (C) Correlation between NEAT1 and miR-24-3p expression was analyzed using Pearson's
correlation analysis. (D) NEAT1 expression in Y79, WERI-RBI1, SO-Rb50, HXO-Rb44 and ARPE-19 cell lines was detected via RT-qPCR. (E) miR-24-3p
expression in Y79, WERI-RB1, SO-Rb50, HXO-Rb44 and ARPE-19 cell lines was detected via RT-qPCR. “"P<0.001 vs. ARPE-19. RT-qPCR, reverse
transcription-quantitative PCR; miR, microRNA; NEAT]I, nuclear paraspeckle assembly transcript 1; RB, retinoblastoma.

were significantly inhibited in Y79 and WERI-RBI cells
co-transfected with WT-NEAT1 and miR-24-3p, compared
with cells co-transfected with WT-NEAT1 and miR-NC (Y79
cells, P<0.01; WERI-RBI cells, P<0.001), while the luciferase
activities were not affected in the MUT-NEAT1 groups
(Fig. 3B and C).

It was demonstrated that pcDNA-NEAT] transfection
resulted in a significant increase in NEAT1 expression in
Y79 and WERI-RBI cells, suggesting that pcDNA-NEAT1
was successfully transfected (Fig. SIA). Subsequently, the
expression of miR-24-3p in pcDNA-NEATI-, pcDNA-,
sh-NC- or sh-NEAT1-transfected Y79 and WERI-RB1 cells
was detected via RT-qPCR. It was revealed that miR-24-3p
expression was significantly decreased following NEAT1
overexpression and significantly increased following
NEAT1 knockdown in both Y79 and WERI-RBI cells (all
P<0.01; Fig. 3D and E). Thus, it was speculated that NEAT1
negatively regulates miR-24-3p expression by directly
interaction.

miR-24-3p inhibition restores the inhibitory effects of NEATI
silencing on cell migration, invasion and the EMT process
in RB cells. To further examine whether NEAT1 regulates
RB cell migration, invasion and EMT, miR-24-3p mimic and
anti-miR-24-3p were successfully transfected into Y79 and
WERI-RBI cells (Fig. S1B and C).

Next, Y79 and WERI-RBI cells were transfected with either
miR-24-3p, miR-NC, sh-NEAT], sh-NC, sh-NEAT]1 + anti-NC
or sh-NEAT1 + anti-miR-24-3p. The Transwell assay results

indicated that miR-24-3p overexpression or NEAT1 knock-
down significantly suppressed migration and invasion abilities
in Y79 and WERI-RBI cells (all P<0.001). Moreover, inhibi-
tion of miR-24-3p could eliminate the inhibitory effects of
NEATI1 knockdown on the migration and invasion of these
cells (all P<0.01; Fig. 4A and B).

Western blotting was then conducted to detect the protein
expression levels of EMT markers MMPY, N-cadherin and
E-cadherin. It was demonstrated that the expression levels of
MMP9 and N-cadherin were significantly decreased (all P<0.001),
while the expression of E-cadherin was significantly increased (all
P<0.001) via miR-24-3p overexpression or NEAT1 knockdown
in Y79 and WERI-RBI cells. Furthermore, co-transfection with
the miR-24-3p inhibitor reversed the effects of NEAT1 knock-
down on MMP9 (Y79 cells, P<0.01; WERI-RBI cells, P<0.05),
N-cadherin (Y79 cells, P<0.01; WERI-RBI cells, P<0.05) and
E-cadherin (Y79 cells, P<0.001; WERI-RBI1 cells: P<0.001)
expression levels in Y79 and WERI-RBI cells (Fig. 4C and D).
Therefore, NEAT1 knockdown may suppress cell migration,
invasion and the EMT process via targeting miR-24-3p in RB.

NEATI regulates LRGI expression via sponging miR-24-3p in
RB cells. To investigate the potential mechanism of miR-24-3p
in RB cell migration and invasion, an online software miRcode
was used to predict the potential binding sites of miR-24-3p.
LRG1 was predicted to be a target gene of miR-24-3p
(Fig. 5A). Then, the mRNA expression level of LRGI was
detected via RT-qPCR and it was demonstrated that LRG1
mRNA was significantly upregulated in RB tissues compared
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Figure 2. NEAT1 knockdown significantly suppresses cell migration, invasion and EMT in RB cells. sh-NEAT1 or sh-NC were transfected into Y79 and
WERI-RBI cells. Expression of NEAT1 in (A) Y79 and (B) WERI-RBI cells was examined via reverse transcription-quantitative PCR. (C) Migration and
(D) invasion of Y79 and WERI-RBI cells were evaluated via a Transwell assay. Protein expression levels of MMP9, N-cadherin and E-cadherin in (E) Y79
and (F) WERI-RBI cells were detected via western blotting. “P<0.01 and ““P<0.001 vs. sh-NC. miR, microRNA; NEAT1, nuclear paraspeckle assembly
transcript 1; RB, retinoblastoma; MMP, matrix metalloproteinase; sh, short hairpin RNA; NC, negative control; EMT, epithelial-to-mesenchymal transition.

with corresponding healthy tissues (P<0.001; Fig. 5B).
Furthermore, there was an inverse correlation between LRG1
mRNA expression and miR-24-3p expression in RB tissues
(P<0.01; r=-0.585; Fig. 5C). Western blotting results indicated
that the protein expression level of LRG1 was also elevated in
RB tissues compared with healthy tissues (P<0.001; Fig. 5D).
To assess the targeting association between miR-24-3p
and LRGI, a dual-luciferase reporter assay was performed
by transfecting miR-24-3p or miR-NC and LRG1 3'UTR-WT
or LRG1 3'UTR-MUT into Y79 and WERI-RBI cells. The
luciferase activities were significantly suppressed in Y79 and
WERI-RBI cells co-transfected with LRG1 3'UTR-WT and
miR-24-3p compared with LRG1 3'UTR-WT and miR-NC
(both P<0.001), while luciferase activities were not significantly
affected in the LRG1 3'UTR-MUT groups (Fig. 5E and F).
Subsequently, the protein expression levels of LRG1 in Y79
and WERI-RBI cells transfected with miR-24-3p, miR-24-3p
+ pcDNA-NEATT1 or the corresponding controls was examined
via western blot analysis. It was demonstrated that miR-24-3p
overexpression significantly suppressed the expression of
LRGI (both P<0.001), while NEAT1 overexpression reversed
this effect (Y79 cells, P<0.05; WERI-RBI cells, P<0.001;
Fig. 5G and H). Moreover, the protein expression level of
LRGI was elevated in Y79 and WERI-RBI cells compared
with ARPE-19 cells (both P<0.001; Fig. 51). sh-LRG1 was then
transfected into Y79 and WERI-RBI cells before transfec-
tion efficiency was evaluated by western blotting. sh-LRG1
transfection led to a significant reduction in LRGI1 protein
expression in Y79 and WERI-RBI cells compared with that
in the sh-NC groups (both P<0.001; Fig. 5J). In addition, it
was discovered that knockdown of LRGI1 caused a significant

decrease in the migration (both P<0.001) and invasion (Y79
cells, P<0.01; WERI-RBI1 cells, P<0.001) abilities of Y79
and WERI-RBI cells (Fig. 5K and L). Thus, it was indicated
that NEAT1 may positively regulate LRG1 expression via the
targeting of miR-24-3p in RB cells.

NEATI modulates RB cell migration, invasion and EMT by
upregulating LRGI expression via sponging miR-24-3p. In order
toexamine theregulatory effects of NEAT1,miR-24-3pand LRG1
in RB progression, pcDNA-LRGI, pcDNA-LRGI + miR-24-3p,
pcDNA-LRGI + miR-24-3p + pcDNA-NEAT] or their matched
controls were transfected into Y79 and WERI-RBI cells. The
transfection efficiency of pcDNA-LRGI was determined via
western blotting, and it was identified that the protein expression
level of LRG1 was significantly increased in Y79 and WERI-RB1
cells, which demonstrated the success of transfection (Fig. S1D).

Transwell assay results suggested that the migratory
(both P<0.001) and invasive (both P<0.001) abilities of Y79
and WERI-RBI cells were significantly enhanced following
pcDNA-LRGI transfection, and the effects were reversed
following miR-24-3p overexpression (all P<0.01). However,
the effects of pcDNA-LRGI + miR-24-3p on cell migration
(both P<0.001) and invasion (Y79 cells, P<0.05; WERI-RBI
cells, P<0.05) were reversed by the overexpression of NEAT1
(Fig. 6A and B).

The expression levels of MMP9, N-cadherin and E-cadherin
were then determined via western blotting. It was indicated
that MMP9 (both P<0.001)and N-cadherin expression levels
were significantly elevated (both P<0.001), while E-cadherin
expression was significantly reduced (Y79 cells, P<0.01;
WERI-RBI cells, P<0.05) in pcDNA-LRGI-treated Y79 and
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Figure 3. NEAT1 directly targets miR-24-3p and negatively regulates miR-24-3p expression in RB cells. (A) Predicted binding sites between miR-24-3p and
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mutant.

WERI-RBI cells; these effects on MMP9 (both P<0.001),
N-cadherin (both P<0.001) and E-cadherin (Y79 cells, P<0.01;
WERI-RBI cells, P<0.05) levels were restored in pcDNA-LRG1
+ miR-24-3p-treated cells. Furthermore, NEAT1 overexpres-
sion decreased the impact of pcDNA-LRGI + miR-24-3p on the
expression levels of MMP9 (both P<0.001), N-cadherin (both
P<0.001) and E-cadherin (Y79 cells, P<0.001; WERI-RBI cells,
P<0.01; Fig. 6C and D). Collectively, the results indicated that
NEAT]I regulates cell migration, invasion and EMT via the
miR-24-3p/LRGl axis in RB.

Discussion
RB is an aggressive eye cancer associated with poor prognosis

in infants and children (2). Previous studies have reported that
IncRNAs serve important roles in RB progression (10,29,30).

However, understanding of the role IncRNA NEATI in
RB is limited. The present results suggest that NEATI is
significantly upregulated in RB tissues and cells, compared
with corresponding healthy tissues and cells. Furthermore, it
was demonstrated that NEAT1 promotes RB cell migration,
invasion and EMT by upregulating LRG1 expression via the
sponging of miR-24-3p.

It has been revealed that the aberrant expression of NEAT1
regulates the development of different cancer types. For
instance, Liu et al (31) reported that NEAT1 was significantly
increased in renal cell carcinoma (RCC), and that NEAT1
knockdown suppressed RCC cell proliferation, migration
and invasion. Moreover, Ji et al (32) reported that there is a
high expression of NEAT1 in osteosarcoma and that NEAT1
overexpression accelerates osteosarcoma cell proliferation and
inhibits cell apoptosis. Wang et al (33) revealed that there is
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Figure 4. NEAT1 represses RB cell migration, invasion and EMT via targeting miR-24-3p. Y79 and WERI-RBI cells were treated with miR-24-3p, miR-NC,
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ok

blot analysis. "P<0.05, “P<0.01 and "“P<0.001. miR, microRNA; NEAT1, nuclear paraspeckle assembly transcript 1; RB, retinoblastoma; MMP, matrix metal-
loproteinase; sh, short hairpin RNA; NC, negative control; EMT, epithelial-to-mesenchymal transition.

a high expression of NEAT1 in RB tissues compared with
healthy retinal tissues, and NEAT1 silencing represses RB cell
proliferation, while inducing cell cycle arrest and apoptosis. In
line with the findings from Wang et al (33), the present results
indicate that NEAT1 expression is elevated in RB tissues and
cell lines. Furthermore, two cell lines (Y79 and WERI-RBI1)
were selected to investigate the roles of NEAT1 in RB. It was

demonstrated that NEAT1 knockdown significantly suppresses
the migratory and invasive abilities of these cells. Thus, it was
speculated that NEAT1 may function as an oncogene in RB.
Previous studies have demonstrated that IncRNAs exert
their biological functions via serving as miRNA sponges (34).
To the best of our knowledge, the present study was the
first to identified that NEAT1 binds miR-24-3p in Y79 and
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and invasion in Y79 and WERI-RBI cells. Therefore, it was
indicated that miR-24-3p serves as a tumor inhibitor in RB,

WERI-RBI cells. miR-24 is downregulated and function as
a tumor suppressor in various cancer types, such as osteosar-

coma (35), gastric (36) and bladder cancer (37). Moreover,
miR-24 expression is decreased in RB and its overexpression
represses RB cell proliferation, migration and invasion abili-
ties (17,18). In line with these previous findings, the present
results suggested that miR-24-3p expression was significantly
decreased and negatively modulated by NEAT1 in RB.
Furthermore, overexpression of miR-24-3p suppressed RB cell
migration and invasion, and inhibition of miR-24-3p restored
the inhibitory effects of NEAT1 knockdown on cell migration

and that NEATI regulates cell migration and invasion via
sponging miR-24-3p in RB.

It has been revealed that LRGI is aberrantly upregulated
in several types of cancer, including RB (25). In addition, the
present results were consistent with these previous findings,
and demonstrated that LRG1 expression was significantly
elevated in RB tissues and cells. It was also demonstrated
that LRGI is a target of miR-24-3p, and the mRNA expres-
sion level of LRG1 was negatively correlated with miR-24-3p
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expression. Furthermore, the roles of LRG1 in RB were
examined and it was identified that LRG1 overexpression
promoted the migration and invasion of Y79 and WERI-RB1
cells, while these effects were reversed by miR-24-3p over-
expression.

The EMT process results in increased mobility and inva-
siveness of cancer cells, which is considered as a key early
step in cancer progression and metastasis (38,39). Moreover,
Lietal (40) reported that NEAT1 induces EMT in breast cancer.
Lu ef al (41) also reported that overexpression of NEAT] is

associated with the EMT process via the miR-204/zinc finger
E-box binding homeobox 1 axis in nasopharyngeal carci-
noma. The present results suggest that knockdown of NEAT1
may suppress MMP9 and N-cadherin expression, as well as
promote E-cadherin expression; however, these effects were
reversed by miR-24-3p knockdown. Furthermore, the effects
of LRGI overexpression on EMT markers was reversed by
co-transfection with an miR-24-3p mimic, while the effects
were further strengthened by the overexpression of NEATI in
RB cells. Therefore, the present results indicated that NEAT1
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facilitates the EMT pathway by upregulating LRG1 via
sponging miR-24-3p in RB cells. However, the present study
did not conduct in vivo experiments on animals, and thus
these will be performed in future studies through transfecting
sh-NEAT1 into nude mice and then monitoring the volume
and weight of xenograft tumors.

In conclusion, the present results suggested that NEAT1
expression is elevated in RB. It was also demonstrated that
NEATI1 knockdown represses RB progression via suppressing
cell migration, invasion and the EMT process. Moreover,
the present study established a novel regulatory network; the
NEAT1/miR-24-3p/LRGI axis, which was revealed to regu-
late RB progression via functional and mechanism analysis.
Collectively, the findings indicated that NEAT1 may represent
a potential therapeutic target for RB treatment.
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