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LncRNA XIST promotes proliferation and
epithelial-mesenchymal transition of
retinoblastoma cells through sponge action

of miR-142-5p
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Abstract. — OBJECTIVE: The aim of the study
was to investigate the effect of IncRNA XIST
on the proliferation and epithelial-mesenchymal
transition (EMT) of retinoblastoma (RB) and its
relevant mechanism.

PATIENTS AND METHODS: 60 RB patients
who were treated in our hospital were collect-
ed. The expression of XIST in tissues and cells
was detected by qRT-PCR, and the effect of XIST
on the prognosis of RB cells was observed. Sta-
ble and transient over-expression and suppres-
sion vectors were established and transfected
into RB cells WERI-RB1 and Y79. CCK-8, tran-
swell, and flow cytometry were used to evalu-
ate the proliferation, invasion, and apoptosis of
transfected cells. Western Blot was used to de-
tect apoptosis-related proteins and EMT-related
proteins. Dual-Luciferase report was used to de-
termine the relationship between XIST and miR-
142-5p. RNA pull-down and RIP experiments
were used to determine the relationship be-
tween XIST and miR-142-5p.

RESULTS: XIST was highly expressed in
RB patients, which had a high diagnostic val-
ue. Patients with XIST high expression had a
poor prognosis. After overexpression of XIST,
the proliferation, invasion and EMT of cells in-
creased, and apoptosis rate decreased, while
inhibition of Ptv1l had the opposite effect. Du-
al-Luciferase report confirmed that XIST could
target miR-142-5p. Functional analysis showed
that the overexpression of miR-142-5p inhibited
the proliferation, invasion and EMT of RB cells
and promoted cell apoptosis. Rescue experi-
ments showed that miR-142-5p could eliminate
the inhibition of miR-142-5p on the proliferation,
invasion, and EMT of RB cells by upregulating
XIST expression.

CONCLUSIONS: Ptv1 can promote the prolif-
eration, invasion, and EMT of RB cells by regu-
lating miR-142-5p.
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Introduction

Retinoblastoma (RB) is the most common in-
traocular malignant tumor in children. Globally,
there are approximately 20,000 new confirmed
cases per year?. In recent years, with the prog-
ress of medical technology, the diagnosis and
treatment of cancer has also made great progress.
Since the site of the onset of RB is close to the
brain, the tumors of many RB patients are easy
to metastasize to the central nervous system,
leading to the poor prognosis in many patients,
which poses a serious threat to the life and health
of infants and children®*. Therefore, it is of great
clinical significance to explore the pathogenesis
of RB for the development of new diagnosis and
treatment strategies.

LncRNA is an RNA with a length of about 200
nucleotides, which can be used as a transcription
regulator to regulate target genes from the tran-
scription level, thus affecting cell functions’. At
present, the research on LncRNA is still at an
initial stage compared with miRNA. LncRNA
plays an important role in many diseases, includ-
ing tumors®’. LncRNA XIST is one of the earliest
LncRNAs found in mammals, which plays a vital
role in the differentiation and proliferation of hu-
man cells®. There are also many studies on XIST
in tumors. Cui et al’ have reported that XIST can
promote the development of laryngeal squamous
cell carcinoma by stimulating miR-144 to reg-
ulate the expression of IRS1. Cheng et al'® have
found that XIST can affect the growth and glu-
cose metabolism of RB cells by sponge acting on
miR-126. Hu et al'' have observed that XIST can
inhibit the development and progression of RB
by regulating miR-124/STAT3 axis. However, the
other targets are not explained much. We found
a combining site between miR-142-5p and XIST
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through bioinformatics analysis. Venkatesan et
al'?have also pointed out that miR-142-5p was re-
duced in RB. Therefore, we suspected that XIST
might also have a sponge effect on miR-142-5p to
impact the development and progression of RB.

In this research, we explored the expression,
function and related mechanism of XIST in RB,
hoping to provide a new target direction for the
diagnosis and therapy of RB.

Patients and Methods

Clinical Data

From January 2015 to October 2016, 87 chil-
dren who underwent RB enucleation in our hospi-
tal were collected. The average age of all children
was (59.42+4.15). 87 RB tissues were obtained
as the research group with the agreement of the
patients during the operation. In addition, 53 nor-
mal retinal tissues were obtained as the control
group with the agreement of the patients during
the eyeball enucleation for patients with acciden-
tal eyeball rupture. They were stored in a liquid
nitrogen jar.

Inclusion criteria: patients were diagnosed as
RB by imaging and pathological diagnosis; pa-
tients met the diagnostic evaluation requirements
of retinoblastoma proposed by the European Ret-
inoblastoma Imaging Collaboration (ERIC)".

Exclusion criteria: patients who had received
radiotherapy and chemotherapy were excluded;
patients with other malignant tumors were ex-
cluded; patients with severe renal dysfunction
were excluded; patients with serious infectious
diseases were excluded; patients who refused to
provide experimental specimens were excluded.
This study was approved by the Ethics Commit-
tee of Shanxian Central Hospital. All patients
agreed to join the test and signed an informed
consent form. All patients and their families
agreed to join the test and signed an informed
consent form. This study was approved by the
Ethics Committee of Shanxian Central Hospital.

Table I. Primer sequences.

Cell Culture and Transfection

Human retinoblastoma cell lines WERI-RBI,
SO-RB50, Y79, HXO-RB44, and human retinal
pigment epithelial cell line ARPE-19 (ATCC,
Manassas, VA, USA) were placed in Roswell
Park Memorial Institute-1640 (RPMI-1640) me-
dium (Invitrogen, Carlsbad, CA, USA) incor-
porating 10% phosphate-buffered saline (PBS;
Gibco, Rockville, MD, USA), 2 ml penicillin and
streptomycin (Invitrogen, Carlsbad, CA, USA).
Finally, they were placed in an incubator at 37°C
and 5% CO, for culture. When the adherent
growth and fusion of cells were observed to reach
85%, 25% pancreatin was added for digestion.
After digestion, the cells were placed in the me-
dium for continuous culture to complete passage.
WERI-RBI and Y79 cells were transfected with
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA). The inhibitory and overexpression plas-
mids were established with pcDNA3.1 vector
respectively. The blank vector was used as nega-
tive control. The cells were inoculated in 96-well
plate and transfected for 48 hours. The transfect-
ed cells were used for further determination.

Real-Time Quantitative PCR

Firstly, the total RNA in tissues and cells was
obtained with TRIzol reagent. Then, 5 pg of total
RNA was fetched respectively for reverse tran-
scription of cDNA according to the instructions
of the kit. The each 1 pL of synthesized cDNA
was taken for PCR after transcription. The PCR
reaction parameters were as below: pre-denatur-
ation at 95°C for 10 s, denaturation at 94°C for
10 s, anneal and extension at 60°C for 30 s, with
40 cycles. 3 multiple pores were set up for each
sample, and the test was carried out for 3 times.
MiR-135a used U6 as internal reference and XIST
used GAPDH as internal reference. 2% was ap-
plied to analyze the data (Table I).

Cell Proliferation Test
Cell proliferation was tested according to
CCK-8 kit instructions. After transfection for 48

Forward primer 5°-3°

Reverse primer

XIST CTCTCCATTGGGTTCAC GCGGCAGGTCTTAAGAGATGA
miR-142-5p GGCCCATAAAGTAGAAAGC TTTGGCACTAGCACATT

ué6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
GAPDH AAGGTGAAGGTCGGAGTCAA’ AATGAAGGGGGCATTGATGG
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hours, the cells were collected, diluted to 3x10*
cell/ml, and inoculated into 96-well plates. 100
ul of cells was inoculated to each well, cultured
at 37°C and 5% CO,. 10 pl of CCK-8 solution
was put in each well at 0 h, 24 h, 48 h, and 72
h after the cells grew adhesion to the bottom.
The reagent was added, and then, the cells were
cultivated for 2 h in an incubator at 37°C and 5%
CO,. Then, OD value was measured at 450 nm by
enzyme-labeling instrument to detect cell prolif-
eration and draw growth curves. The experiment
was repeated for 3 times.

Cell Invasion Experiment

Transwell kit was used to test the invasion abil-
ity of cells. 200 puL of Dulbecco’s Modified Ea-
gle’s Medium (DMEM) culture solution contain-
ing 3x10* cells was put in the upper chamber. 500
mL of DMEM containing 20% FBS was put in
the lower chamber and cultivated at 37°C for 48
h. The stroma and cells that did not pass through
the membrane surface in the upper chamber were
wiped, washed with fetal bovine serum (FBS)
for 3 times, fastened with paraformaldehyde for
10 min, washed with double distilled water for 3
times, and stained with 0.1% crystal violet for 10
min after drying. The cell invasion was observed
by microscope.

Apoptosis Experiments

Transfected cells were digested by 0.25% tryp-
sinase, and then, washed twice by PBS. 100
pL of binding buffer was added to prepare in-
to 1x10° cells/mL suspension. AnnexinV-FITC
and PI were successively put and incubated at
ambient temperature and in the dark for 5 min.
FACSVerse flow cytometry was used for detec-
tion. The experiment was repeated for 3 times to
take the average.

Western Blot Detection

Firstly, RIPA lysate was used to extract the
total protein in cells. Then, bicinchoninic ac-
id assay (BCA) was used to detect the protein
concentration. The protein concentration was
adjusted to 4 pg/uL, isolated by 12% sodium do-
decyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) electrophoresis, and transferred
to polyvinylidene difluoride (PVDF) membrane
after ionization. Then, the PVDF membrane was
closed with 5% skimmed milk powder for 2 h.
Next, N-cadherin (1:500), E-cadherin (1: 500),
vimentin (1:500), Bax (1:500), Caspase-3 (1:500),
Bcl-2 (1:500), and B-actin (1: 1000) primary anti-
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body (Cell Signaling Technology, Danvers, MA,
USA) were added and sealed overnight at 4°C.
The primary antibody was removed by washing
film. Horseradish peroxidase (HRP)-labeled goat
anti-rabbit secondary antibody (1:1000; BOSTER
Biological Technology Co. Ltd., Wuhan, China)
was added, cultivated at 37°C for 1 h, and rinsed
with TBST for 3 times for 5 min each time. It was
developed in the darkroom and excess liquid on
the membrane was sucked dry with filter paper.
Enhanced chemiluminescence (ECL) was used to
glow and develop.

Dual-Luciferase Assay

The bioinformatics database StarBase v2.0
was applied to search for candidate miRNA that
can bind to XIST. Oligonucleotide containing
XIST target sequence was amplified and cloned
into pmirGLO plasmid (WT). pmirGLO-XIST-
3'UTR wild type (Wt) and pmirGLO-XIST-
3'UTR mutant (Mut) were established respec-
tively and transferred to the downstream of Lu-
ciferase reporter gene to sequence and identify
the constructed plasmid. The Luciferase reporter
plasmid and miR-142-5p-mimc or miR-NC were
co-transfected into Y79 cells by Lipofectamine
2000. After 24 h of culture, the cells were collect-
ed. The Luciferase activity of cells was detected
by Luciferase detection kit, and the results were
counted and analyzed.

RNA Pull-Down Test

Magnetic ribonucleic acid protein pull-down
kit (Pierce, Rockford, IL, USA) was used. 1 pg
of biotin labeled PTV1 was put into Eppendorf
(EP, Hamburg, Germany) test tube. Then, 500 puL
of structural buffer was added, and bathing was
carried out at 95°C for 2 min, followed by ice
bath for 3 min. 50 uL fully resuspended beads
were incubated overnight at 4°C in EP tube.
Subsequently, the beads were centrifuged at 1500
xg for 3 min, and the supernatant was discarded.
Then, co-immunoprecipitation was conducted by
500 uLRNA binding protein. It was washed by
RIP cleaning solution for 3 times. After washing,
10 uL of cell lysate was put and placed at ambient
temperature for 1 hour. Then, the cultured bead-
RNA-protein mixture was centrifuged at low
velocity. After centrifugation, the supernatant
was washed for three times with 500 pL of RIP
washing buffer. The supernatant of 10 uL cell
lysate was applied as the input protein, and the
protein expression was detected. The test was
repeated for 3 times.
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RIP Assay

RIP assay was performed in RB cells by Magna
RIP RNA binding protein immunoprecipitation kit
(Millipore, Billerica, MA, USA). The cells were
washed with PBS and RIP lysis buffer was put.
Then, the suspension was centrifuged to extract
the supernatant. One part of the cell extract was
applied for Input, and the other part was cultivated
with antibody for coprecipitation. Each coprecip-
itated reaction system was washed with 50 pL of
beads and suspended in 100 pL of RIP washing
buffer. The magnetic bead-antibody complex was
washed and suspended in 900 pL of RIP washing
buffer, and then, cultivated overnight at 4°C with
100 pL of cell extract. Then, the sample was laid
up on a magnetic substrate to collect magnetic
globin complexes. Finally, protease K was used for
sample digestion and RNA extraction for Western
Blot assay. The antibody for RIP assay was AGO2
(1: 2000, Abcam, Cambridge, MA, USA), and
immunoglobulin G (IgG; 1: 1000, Abcam, Cam-
bridge, MA, USA) was applied as negative control.
The test was reduplicated for three times.

Statistical Analysis
In this research, SPSS 19.0 (IBM Corp.,
Armonk, NY, USA) was applied to carry out

analysis on the data. GraphPad 7 (La Jolla, CA,
USA) was used to draw the required pictures.
Independent #-test was used for inter-group
comparison. One-way ANOVA was applied for
multi-group comparison. LSD-t test was applied
for pairwise comparison afterwards. Repetitive
measurement and analysis of variance was used
for multi-time point expression. Bonferroni was
used for back testing. There was statistical dif-
ference with p<0.05.

Results

XIST Was Enhanced In
RB Tissues and Cells

Through detection, it was concluded that XIST
was highly expressed in RB tissues and cells, and
miR-142-5p was lowly expressed in RB tissues
and cells. The analysis of receiver operating char-
acteristics curve showed that the area under XIST
curve was 0.929. According to the median value of
XIST, it was separated into high and low expres-
sion groups (46/41), and it revealed that the 3-year
survival rate of patients with XIST high expression
was lower than that of patients with low expression
(p<0.05). More details are shown in Figure 1.
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Figure 1. Expression and clinical significance of XIST in RB. A, Expression of XIST in RB tissue. B, Expression of miR-
142-5p in RB tissue. C, ROC curve analysis of XIST to RB. D, Influence of XIST on prognosis of RB patients. E, Expression
of XIST in RB cells. F, Expression of miR-142-3p in RB cells. * means p<0.05.
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Impact of XIST on Growth, Invasion,
Apoptosis and EMT of RB Cells

After transfection of WERI-RBI and Y79 cells
with Si-XIST and Sh-XIST, it was found that the
expression of XIST in cells transfected with Si-
XIST was markedly lower than that in cells trans-
fected with miR-NC, while the expression of XIST
in cells transfected with Sh-XIST was markedly
higher than that in cells transfected with miR-NC.
Detection of the biological functions of cells in the
two groups revealed that the growth and invasion
ability of transfected Si-XIST cells were signifi-
cantly reduced compared with miR-NC, but the
apoptosis rate was significantly increased, the ex-
pressions of Bax, Caspase-3, E-Cadherin proteins
were significantly increased, while the expressions
of Bcl-2, N-cadherin, vimentin proteins were sig-
nificantly decreased (p<0.05). However, compared
with miR-NC, the proliferation and invasion abil-
ity of transfected Sh-XIST cells increased signifi-
cantly, the apoptosis rate reduced significantly, the
expression of Bax, Caspase-3 and E-Cadherin pro-
teins decreased markedly, and the BCI-2, N-cad-
herin and vimentin proteins expression enhanced
(p<0.05). More details are shown in Figure 2.

Impacts of MiR-142-5p on Proliferation,
Invasion, Apoptosis and EMT of RB Cells
After transfection of WERI-RBI and Y79
cells with miR-142-5p-mimics, miR-142-5p-in-
bibibitor and miR-NC, it was found that the
miR-142-5p expression in cells transfected with
miR-142-5p-mimics was significantly higher than
that in cells transfected with miR-NC, while the
miR-142-5p expression in cells transfected with
miR-142-5p-inbibitor was significantly lower than
that in the cells transfected with miR-NC. Detec-
tion of the biological functions of cells in the two
groups, it was found that the proliferation and
invasion ability of transfected miR-142-5p-mim-
ics cells were markedly reduced compared with
miR-NC, but the apoptosis rate was significantly
increased, the expressions of Bax, Caspase-3,
E-Cadherin proteins were significantly increased,
and the expressions of Bcl-2, N-cadherin, vi-
mentin proteins were significantly decreased
(p<0.05). However, compared with miR-NC, the
proliferation and invasion ability of transfected
miR-142-5p-inbibitor cells increased significant-
ly, the apoptosis rate reduced significantly, the
expression of Bax, Caspase-3, and E-Cadher-
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Figure 2. Effect of XIST on biological function of RB cells. A, Expression of XIST in RB cells after transfection. B, Effect of XIST
on proliferation of RB cells. C, Effect of XIST on invasion ability of RB cells. D, Effect of XIST on apoptosis rate of RB cells. E,
Effect of XIST on apoptosis related proteins in RB cells. F, Effect of XIST on EMT-related proteins in RB cells. * means p<0.05.
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Figure 3. Expression of miR-142-3p on biological function of RB cells. A, Expression of miR-142-5p in RB cells after
transfection. B, Effect of miR-142-5p on proliferation of RB cells. C, Effect of miR-142-5p on the invasive ability of RB cells.
D, Effect of miR-142-5p on apoptosis rate of RB cells. E, Effect of miR-142-5p on apoptosis related proteins in RB cells. F,
Effect of miR-142-5p on EMT-related proteins in RB cells. * means p<0.05.

in proteins markedly decreased, and the BCI-2,
N-cadherin, and vimentin proteins expression
significantly enhanced (p<0.05). More details are
shown in Figure 3.

LncRNA XIST Acted As a Molecular
Sponge for MiR-142-5p In RB Cells

The targeted combining site between LncRNA
XIST and miR-142-5p was concluded through the
analysis of online software starBase 3.0. Further,
the Dual-Luciferase report detection found that
the miR-142-5p Luciferase activity in XIST-WT
was significantly reduced and miR-NC group.
The RNA pull-down test found that the enrich-
ment of XIST in AGO2 increased compared with
IgG, indicating that XIST can bind to AGO2. RIP
experiments showed that miR-142-5p-WT and
XIST are enriched more than miR-NC and miR-
142-5p-MUT. More details are shown in Figure 4.

Rescue Experiments
By co-transfection of WERI-RB1 and Y79
cells with Si-XIST+miR-142-5p-inbibitor, the

growth, invasion, apoptosis, and EMT of cells
were detected. This results showed that the pro-
liferation, invasion, apoptosis, and EMT of trans-
fected Si-XIST+miR-142-5p-inbibitor cells were
not different from those of transfected miR-NC
cells. The transfection of Si-XIST could reverse
the promotion of miR-142-5p-inbibitor on cell
growth, invasion, and EMT and inhibition of
it on cell apoptosis. More details are shown in
Figure 5.

Discussion

In recent years, LncRNA has been gradually
found to play a very important role in various dis-
eases, including tumors, and XIST has also been
proved to be upregulated in many tumors'".
Chen et al'® have found that XIST can promote
the development of esophageal cancer by sponge
acting on miR-494. In our study, we also found
that compared with normal retinal tissues, the
XIST expression in RB tissues was markedly up-
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Figure 4. Relationship between XIST and miR-142-5p. A, Dual-Luciferase report confirmed that XIST had binding
relationship with miR-142-5p. B, The enrichment capacity of XIST and AGO2 was evaluated and tested by RIP. C, The
enrichment capacity of XIST and miR-142-5p was determined by RNA pull-down. * means p<0.05.

regulated, which was consistent with the expres-
sion of XIST in many other tumors. The clinical
significance of XIST in RB was analyzed, and it
was found that XIST not only had certain diag-
nostic value for RB, but also the increase of its
expression was related to the poor prognosis of

RB patients. All these suggested that XIST might
play the role of oncogene in RB.

However, expression detection alone is not
sufficient to prove our conclusion. Although it has
been found that XIST played a role of oncogenic
gene in most tumors, Wang et al'” have found that
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Figure 5. Rescue experiments. A, Effect of co-transfection of Si-XIST+miR-142-5p-inhibitor on proliferation of RB cells. B, Effect
of co-transfection of Si-XIST+miR-142-5p-inhibitor on the invasion of RB cells. C, Effect of co-transfection of Si-XIST+miR-142-
Sp-inhibitor on apoptosis rate of RB cells. D, Effect of co-transfection of Si-XIST+miR-142-5p-inhibitor on apoptosis related
proteins of RB cells. E, Effect of co-transfection of Si-XIST+miR-142-5p-inhibitor on EMT-related proteins in RB cells.
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XIST is reduced in ovarian cancer and acts as
a tumor suppressor. This contradiction has also
suggested that XIST may play different roles in
different tumors. Therefore, in order to further
determine the action of XIST in RB, we inter-
vened the XIST expression in RB cells. This re-
sults revealed that when the XIST expression was
knocked down, the growth and invasion of RB
cells were significantly inhibited, and the apopto-
sis rate was significantly enhanced. RB can eas-
ily spread to the brain through optic nerve after
occurrence so as to cause distant metastasis. The
occurrence of EMT is a key step for tumor metas-
tasis'®. EMT is a marker of cellular invasiveness
and it has been widely recognized as a key pro-
cess involved in distant metastasis'”®. The decrease
or loss of E-cadherin is a well-known marker of
EMT, and the downregulation of E-cadherin is
related to the poor clinical prognosis of many
cancers®’. Consistent with the results of cell mi-
gration and invasion, the knockdown of XIST
increased the expression of the epithelial marker
E-cadherin, but it decreased the expression of the
mesenchymal marker N-cadherin, indicating that
the EMT of RB cells was significantly inhibited.
However, when the XIST expression was further
enhanced, the proliferation, invasion and EMT of
RB cells were significantly raised, and the apop-
tosis rate was significantly declined. Bax, Bcl-2,
and Caspase-3 were apoptosis-related proteins,
and their expression changes also usually reflect
the apoptosis state of cells*’. The expression
changes of Bax, Bcl-2 and Caspase-3 proteins
were also consistent with the changes of apop-
tosis rate. All these results suggested that XIST
played an oncogenic role in RB.

It is well known that LncRNA can exert its
function on cells by acting as ceRNA of miRNA?%.
To further seek the possible mechanism of XIST in
RB, we predicted that XIST had a binding site with
miR-142-5p through the online database StarBase,
and confirmed the targeting relationship between
XIST and miR-142-5p through double fluorescein
reporter RIP and pull-down experiments. In the
past, miR-142-5p has been revealed to play a role
as a tumor suppressor gene in numerous tumors.
Of note, Yao et al* have revealed that miR-142-5p
can control the occurrence and development of
pancreatic cancer by targeted regulation of RA-
P1A. Wang et al** have revealed that miR-142-5p
can control the occurrence of tumors by targeting
PIK3CA in non-small cell lung cancer. In our
research, we concluded that miR-142-5p was low
expressed in RB. In the past, some studies* have

also revealed that miR-142-5p is lowly expressed in
RB, which is consistent with our results. However,
there is no further research on the specific impact
of miR-142-5p on RB cells. Therefore, the miR-
142-5p expression in RB cells was also regulated
in our experiment, and it was concluded that up-
regulation of miR-142-5p expression could inhibit
the growth, invasion, and EMT of RB cells, and
promote the apoptosis of RB cells, while down-
regulation could reverse. This revealed that miR-
142-5p played the role of tumor suppressor gene in
RB, which is consistent with its role in many other
tumors. Subsequently, in order to further verify
the connection between XIST and miR-142-5p, we
also carried out rescue experiments. The results
showed that Si-XIST could eliminate the pro-
moting effect of proliferation, invasion, EMT of
RB cells and the effect of apoptosis by inhibiting
the expression of miR-142-5p. The above results
suggested that XIST could inhibit the expression
of miR-142-5p in RB to affect the proliferation,
invasion, apoptosis and EMT of RB cells.

Conclusions

To sum up, as far as we know, this study
first provided evidence to reveal that XIST was
raised in RB tissues and cell lines, and it was
first demonstrated that XIST could play the role
of carcinogenic factor in the development of RB
tumor by sponging miR-142-5p. These data re-
vealed that XIST might be a potential therapeutic
target for RB. Nevertheless, there are still some
shortages in this research. We have not carried out
in vivo nude mice tumorigenesis experiments to
reveal the effect of XIST on solid tumor growth.
Secondly, the downstream molecular mechanism
of miR-142-5p in RB is still unclear, which will
be further explored in future studies.
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