European Review for Medical and Pharmacological Sciences 2020; 24: 3526-3537

Silencing of INcRNA XIST suppresses
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vincristine sensitivity in retinoblastoma cells

by sponging miR-204-5p
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Abstract. - OBJECTIVE: Retinoblastoma (RB)
is the most prevalent intraocular malignancy in
childhood. Long non-coding RNAs (IncRNAs)
have been found as critical oncogenic drivers
and tumor suppressor in RB. The aim of the pres-
ent work was to investigate the impact and mech-
anism of XIST on RB cell autophagy and vincris-
tine (VCR) sensitivity.

MATERIALS AND METHODS: The levels of
XIST and miR-204-5p were assessed by quan-
titative Real Time-Polymerase Chain Reaction
(qRT-PCR). Western blot analysis was used for
the determination of related protein levels. Cell
proliferation and IC50 value of VCR were detect-
ed using the 3-(4,5-dimethylthiazol-2-yl)-5-(3-car-
boxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetr-
azolium (MTS) assay. Flow cytometry was per-
formed to evaluate cell apoptosis. The activities of
caspase-3 and caspase-9 were identified using a
corresponding assay kit. The direct interaction be-
tween XIST and miR-204-5p was confirmed using
Dual-Luciferase reporter assay. Xenograft model
was established to observe the effect of XIST on
RB in vivo.

RESULTS: Our data indicated that XIST was
highly expressed in RB tissues and cell lines.
XIST knockdown weakened the proliferation and
autophagy and enhanced VCR sensitivity in RB
cells. XIST acted as a molecular sponge of miR-
204-5p. Moreover, the regulatory effects of XIST
silencing on RB cell proliferation, autophagy
and VCR sensitivity were mediated by miR-204-
5p. Additionally, XIST silencing weakened tumor
growth and enhanced VCR sensitivity in vivo
through up-regulating miR-204-5p.

CONCLUSIONS: Our current study suggest-
ed that XIST silencing suppressed RB progres-
sion and promoted VCR sensitivity in vitro and
in vivo at least partially by acting as a miR-204-
5p sponge, highlighting a powerful therapeutic
strategy for RB treatment.
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Introduction

Retinoblastoma (RB) is the most prevalent
intraocular malignancy in childhood and affects
about one infant in 15,000-20,000 live births
around the world"?. Despite the great improve-
ment of therapeutic agents, effective treatments
against RB are still limited®. Thus, a better under-
standing of the mechanism involved in the devel-
opment and progression of RB is pivotal.

Non-coding RNAs (ncRNAs) have been found
as critical oncogenic drivers and tumor suppres-
sors in human cancer®. The functional relevance
of the ncRNAs is particularly evident for a class
of long ncRNAs (IncRNAs) and microRNAs
(miRNAs)*. LncRNAs are longer than 200 nu-
cleotides transcripts that have been identified as
essential players in RB tumorigenesis’. Notably,
IncRNAs exert biological function in RB progres-
sion through the regulatory network of the com-
peting endogenous RNA (ceRNA) by sponging
specific miRNAs*!°.

X-inactive specific transcript (XIST), a 17 kb
IncRNA located on the X chromosome, has been
reported to accelerate tumorigenesis and progres-
sion in a large number of human cancers, such as
colorectal cancer, non-small cell lung, and osteo-
sarcoma''}, Moreover, highly expressed XIST
was closely associated with chemoresistance to
drugs in tumor cells'*'*. In RB, XIST was demon-
strated to be upregulated in RB tissues and cells,
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and its deficiency suppressed RB progression by
acting as a ceRNA!®", Herein, we aimed to inves-
tigate the impact and mechanism of XIST on RB
cell autophagy and vincristine (VCR) sensitivity.

MiR-204-5p level was significantly reduced
in RB, and enforced expression of miR-204-5p
hampered RB cell progression via the regula-
tion of cell viability, invasion, and apoptosis'®!,
A potential target site of XIST and miR-204-5p
was predicted using starBase v.3 software, hint-
ing a regulatory network of the XIST/miR-204-
3p axis. In the present work, our data supported
a significant upregulation of XIST in RB tissues
and cells. Consequently, the influence and mecha-
nism of XIST on RB cell proliferation, autophagy,
and VCR sensitivity were observed in vitro and
in vivo.

Materials and Methods

Clinical Samples

In the current study, 31 fresh tissue samples,
including 25 RB tissues and 6 matched normal
retinal tissues, were collected following enucle-
ation from Tianjin Medical University General
Hospital. These patients with RB were all under
the age of five years, and the informed consent
was signed by their parents or legal guardians be-
fore surgery. These samples were stored at -80°C
until use. The protocol for the use of clinical sam-
ples was approved by the Ethics Committee of
Tianjin Medical University General Hospital.

Cell Culture, Treatment and Transfection

Two RB cell lines WERI-RBI (ATC-
C"HTB-169) and Y79 (ATCC*HTB-18) and hu-
man pigment retinal epithelial ARPE-19 cell
line (ATCC®CRL-2302) were obtained from
the American Type Culture Collection (ATCC;
Manassas, VA, USA). ARPE-19 cells were main-
tained in Dulbecco’s Modified Eagle’s Medium/
Nutrient Mixture F-12 (DMEM/F-12; Gibco,
Rockville, MD, USA) and RB cells were grown
in Roswell Park Memorial Institute-1640 (RPMI-
1640) medium (Gibco, Rockville, MD, USA) plus
10% fetal calf serum (FCS; Bovogen Biologicals,
Keilor East VIC, Australia) at 37°C in a 5% CO,
atmosphere. For VCR treatment, WERI-RBI and
Y79 cells were exposed to various concentrations
(0, 0.015625, 0.03125, 0.0625, 0.125, 0.25, 0.5 and
1 pg/mL) or 0.1 pg/mL of VCR (Sigma-Aldrich,
St. Louis, MO, USA) for 48 h for the determina-
tion of IC, and cell apoptosis.

The sequences of XIST were cloned into the
pcDNA3.1 plasmid (Promega, Madison, WI,
USA) using the genetic engineering method®
to construct XIST overexpression vector (pcD-
NA-XIST), and nontarget plasmid (pcDNA-NC)
was used as the negative control. When the con-
fluence of WERI-RBI and Y79 cells reached 40-
60%, 20 ng of pcDNA-XIST or pcDNA-NC, 50
nM of siRNA against XIST (si-XIST, GenePhar-
ma, Shanghai, China) or siRNA negative control
(si-NC, GenePharma, Shanghai, China), 50 nM of
miR-204-5p mimic (GenePharma, Shanghai, Chi-
na) or mimic negative control (miR-NC mimic,
GenePharma, Shanghai, China), 50 nM of miR-
204-5p inhibitor (anti-miR-204-5p, GenePharma,
Shanghai, China) or inhibitor negative control
(anti-miR-NC, GenePharma, Shanghai, China)
were transfected into cells using the Lipofect-
amine 3000 reagent (Thermo Fisher Scientific,
Waltham, MA, USA). The primers sequences were
listed as follows: si-XIST: 5’-GCUGACUACCU-
GAGAUUUATT-3’, si-NC: 5-UUCUCCGAAC-
GUGUCACGU-3’, miR-204-5p mimic: 5’-UUC-
CCUUUGUCAUCCUAUGCCU-3’, miR-NC
mimic:  5-CAUUGCACUUGUCUCGGUCU-
GA-3’, anti-miR-204-5p: 5>~ AGGCAUAGGAUG-
CAAAGGGAA-3’, anti-miR-NC: 5’-UCUACUC-
UUUCUAGGAGGUUGUGA-3".

Quantitative Real Time-Polymerase
Chain Reaction (gRT-PCR)

The TRIzol reagent (Thermo Fisher Scientific,
Waltham, MA, USA) was used for RNA isolation
from RB tissues and cells, referring to the proto-
cols of manufacturers. A total of 1 ng of RNA ex-
tracts was used to synthesize cDNA by using Re-
verse Transcription Master Mix (TaKaRa, Dalian,
China) with random primers or TagMan MicroR-
NA Reverse Transcription Kit (Applied Biosyste-
ms, Foster City, CA, USA) with miRNA-specific
primers. Synthesized cDNA was then subjected
to qRT-PCR using SYBR Green PCR Master Mix
(Applied Biosystems, Foster City, CA, USA) on
the 7500 Real-Time System (Applied Biosystems,
Foster City, CA, USA). Relative expression levels
of XIST and miR-204-5p were calculated by the
224 method with glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) or U6 as the endogenous
control. Primers sequences used in this study were
listed as follows: XIST: 5-TCAGCCCATCAGTC-
CAAGATC-3’ (forward) and 5°’-CCTAGTTCAGG-
CCTGCTTTTCAT-3’ (reverse); GAPDH: 5’-AAG-
GTGAAGGTCGGAGTCAAC-3* (forward) and
5-GGGGTCATTGATGGCAACAATA-3*  (re-
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verse); miR-204-5p: 5-AACCTGATCCCGTCT-
GAGATTG-3* (forward) and 5-CCGGAT-
CAAGATTAGTTCGGTT-3’ (reverse); ue:
5’-CTCGCTTCGGCAGCACA-3* (forward) and
5-AACGCTTCACGAATTTGCGT-3’ (reverse).

Subcellular Fractionation

A commercial Cytoplasmic & Nuclear RNA
Purification Kit (Norgen Biotek, Thorold, ON,
Canada) was used to extract RNA from cytoplas-
mic and nuclear fractions. The level of XIST was
assessed by qRT-PCR, with GAPDH and U6 as
the internal control.

Western Blot

The preparation of total protein from RB tis-
sues and cells was performed as previously de-
scribed?'. A total protein of 50 pg was resolved
on the 10% sodium dodecyl sulphate (SDS) poly-
acrylamide gel electrophoresis (PAGE) and elec-
trophoretically blotted onto the polyvinylidene
difluoride (PVDF) membranes (Hybond P, GE
Healthcare, Diegem, Belgium). The blots were in-
cubated with primary antibodies overnight at 4°C
and then incubated with horseradish peroxidase
(HRP)-conjugated goat anti-rabbit or anti-mouse
IgG (Abcam, Cambridge, UK) as the secondary
antibodies. The immunoreaction was detected
using the West Femto Maximum Sensitivity Sub-
strate (Pierce, Rockford, IL, USA). The following
primary antibodies were obtained from Abcam:
anti-p62 (1:1,000), anti-Ki-67 (1:500), anti-prolif-
erating cell nuclear antigen (anti-PCNA, 1:5,000),
anti-B cell lymphoma 2 (anti-Bcl-2, 1:1,000),
anti-Bax (anti-Bax, 1:5,000) and anti-GAPDH
(1:10,000). The primary antibodies were obtained
from Cell Signaling Technology (CST; Danvers,
MA, USA): anti-light chain 3B-I (anti-LC3B-I,
1:1,000) and anti-LC3B-II (1:1,000).

Measurement of Cell Proliferation
and IC50 Value

Assessment of cell proliferation and IC50 value
of VCR was carried out using the 3-(4,5-dimeth-
ylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetr-azolium (MTS) colorimetric
assay. In cell proliferation assay, WERI-RBI1 and
Y79 cells grown in 96-well plates were transfect-
ed with si-NC, si-XIST, si-XIST+anti-miR-NC or
si-XIST+anti-miR-204-5p for 0, 24, 48 and 72 h.
In the determination of IC50 value, transfected
cells were exposed to various concentrations (0,
0.015625, 0.03125, 0.0625, 0.125, 0.25, 0.5 and 1
ug/mL) of VCR for 48 h. In both assays, 10 puL of
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MTS solution was used followed by the incuba-
tion at 37°C for 2-4 h, referring to the instructions
of the CellTiter 96® Aqueous One solution Cell
Proliferation Assay Kit (Promega, Madison, WI,
USA). Viability was defined as the absorbance of
formazan at OD490 nm by using a ChroMate 4300
microplate reader (Awareness Technologies Inc.,
Westport, CT, USA).

Determination
of Cell Apoptosis

Apoptosis of WERI-RBI and Y79 cells after
transfection and VCR treatment was evaluated
using flow cytometry. Treated cells were dou-
ble-stained with 10 pL of Annexin V-FITC and
5 uL of propidium iodide (PI; Thermo Fisher
Scientific, Waltham, MA, USA) for 15 min in the
dark. Lastly, the apoptotic rate was analyzed us-
ing a FACScan flow cytometer (BD Biosciences,
Franklin Lakes, NJ, USA).

Activity Detection of
Caspase-3 and Caspase-9

The activities of caspase-3 and caspase-9 were
evaluated using the commercial Caspase-3 Activ-
ity Assay Kit and Caspase-9 Activity Assay Kit
(all from Beyotime, Shanghai, China), following
the producer’s guidance. The activities were pro-
portional to the absorbance which could be mea-
sured using the microplate reader at OD405 nm.

Bioinformatics and Dual-Luciferase
Reporter Assay

The directly interacted miRNAs of XIST
were predicted using starBase v.3 software at
http://starbase.sysu.edu.cn/. XIST wild-type Lu-
ciferase reporter plasmid (XIST-WT) containing
the miR-204-5p-binding sequence and its mu-
tant of the seed region (XIST-MUT) were syn-
thesized by HanBio (Shanghai, China). 20 ng of
XIST-WT or XIST-MUT was transfected into
WERI-RBI and Y79 cells together with miR-NC
mimic or miR-204-5p mimic. Renilla and firefly
Luciferase activities were synchronously detect-
ed 48 h post-transfection using the Dual-Lucifer-
ase Reporter Assay System (Promega, Madison,
WI, USA).

Lentiviral Vector Transduction

Lentiviral particles harboring shRNA target-
ing XIST (sh-XIST) or nontarget oligonucleotide
sequence (sh-NC) were constructed by Fulengen
(Guangzhou, China). Y79 cells were infected by
lentiviruses-encoding sh-NC or sh-XIST with
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various multiplicities of infection in RPMI-1640
medium containing 8 pg/mL of polybrene. 24 h
later, cells with positive transduction were se-
lected by puromycin (Tocris Bioscience, Bristol,
UK) at a final concentration of 10 pg/mL.

In Vivo Assay

Male BALB/c nude mice (5-7 weeks, n =
24) were bought from Henan Research Cen-
ter of Laboratory Animal (Zhengzhou, Chi-
na). These mice were equally divided into four
groups (n = 6): sh-NC, sh-XIST, sh-NC+VCR,
or sh-XIST+VCR. Approximately 1.0 x 10" Y79
cells stably transduced sh-NC or sh-XIST were
subcutaneously inoculated into the nude mice.
7 days after injection, VCR (1 mg/kg) or phos-
phate-buffered saline (PBS) was injected intra-
peritoneally every 3 days. Tumor volume was
measured with calipers every 3 days after 7 days
implantation. At the end of the experiments, all
mice were euthanized, and tumor tissues were
excised for weight and qRT-PCR. All animal
procedures were conducted according to the Na-
tional Standard for the Care and Use of Laborato-
ry Animals and the protocol of the animal study
was approved by the Animal Ethics Committee
of Tianjin Medical University General Hospital.

Statistical Analysis

Differences of two groups were determined by
a Student’s ¢-test, and multiple sets of data were
compared by one-way analysis of variance (ANO-
VA) followed by post-hoc Dunnett’s tests using
GraphPad Prism (GraphPad Software, La Jolla,
CA, USA). Spearman test was used to identify the
correlation between XIST expression and miR-
204-5p level in RB tissues. Statistical significance
is denoted by *p<0.05.

Results

Upregulation of XIST In RB Tissues
and Cell Lines

First, we evaluated the expression pattern of
XIST in RB tissues and cells using qRT-PCR. These
results showed that XIST expression was signifi-
cantly increased in RB tissues compared with the
matched normal retinal tissues (Figure 1A). Consis-
tently, XIST level was higher in RB cells than that
of normal control (Figure 1B). We then analyzed
the subcellular localization of XIST in WERI-RBI
and Y79 cells. As demonstrated in Figure 1C and
1D, XIST was prominently present in the cytoplasm
fraction (Figure 1C and 1D). Of note, Western blot
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Figure 1. XIST expression was increased in RB tissues and cells. XIST expression by qRT-PCR in RB tissues and the matched
normal retinal tissues (A), ARPE-19, WERI-RBI, and Y79 cells (B). C-D, The subcellular localization of XIST in the nuclear and
cytoplasm fractions of WERI-RB1 and Y79 cells. E, The expression levels of LC3B-II, LC3B-I, and p62 by Western blot in RB
tissues and the matched normal retinal tissues. *p<0.05.
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data revealed that in contrast to normal controls, a
higher LC3B-II/1 ratio and a lower p62 level were
found in RB tissues (Figure 1E), implying the in-
volvement of autophagy in RB progression.

Silencing of XIST Weakened the
Proliferation and Autophagy In RB Cells
To explore the role of XIST in RB progression,
we performed “phenocopy” silencing by siRNA
against XIST. Transient transfection of si-XIST,
but not a scrambled negative sequence, promi-
nently decreased the expression of XIST in both
WERI-RBI (67% reduction) and Y79 (58% reduc-
tion) cells (Figure 2A). MTS results revealed that
compared with the negative group, XIST knock-
down triggered a significant inhibition in cell pro-
liferation (Figure 2B and 2C). Moreover, the data
of Western blot analysis showed that XIST deple-
tion resulted in decreased expression of proliferat-
ing markers Ki-67 and PCNA in the two RB cells
(Figure 2D and 2E), supporting the repression of

XIST silencing on cell proliferation. Additionally,
a lower LC3B-I1/I ratio and a higher p62 level were
validated in the two XIST-silencing RB cells (Fig-
ure 2F and 2G), suggesting the suppressive effect
of XIST knockdown on cell autophagy.

Silencing of XIST Enhanced RB
Cell Sensitivity to VCR

Then, we observed whether XIST depletion
influenced VCR resistance of RB cells. In com-
parison to a corresponding negative control, the
analysis of MTS revealed that XIST knockdown
resulted in decreased IC, value of VCR in both
WERI-RBI and Y79 cells (Figure 3A-3D). Flow
cytometry assays showed that XIST silencing en-
hanced cell apoptosis in the two RB cells after
VCR treatment (Figure 3E and 3F). Moreover,
XIST depletion led to an evident repression in
Bcl-2 expression and a clear promotion in Bax
level, as well as a significant activity enhance-
ment in caspase-3 and caspase-9 (Figure 3G-3J).
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Figure 2. XIST silencing hampered RB cell proliferation and autophagy. WERI-RB1 and Y79 cells were transfected with si-NC or
si-XIST for the indicated time. A, qRT-PCR for XIST expression after 48 h transfection in transfected cells. B, and C, MTS assay for
cell proliferation after 0, 24, 48, and 72 h transfection. D, and E, Western blot for Ki-67 and PCNA levels 48 h after transfection. F,
and G, Western blot for the expression of LC3B-II, LC3B-I, and p62 after 48 h transfection in transfected cells. *p<0.05.
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Figure 3. XIST silencing sensitized RB cell to VCR. A-D, WERI-RBI and Y79 cells were transfected with si-NC or si-XIST for 24
h and then exposed to various concentrations (0, 0.015625, 0.03125, 0.0625, 0.125, 0.25, 0.5 and 1 pg/mL) of VCR for 48 h, followed
by the detection of cell viability and IC50 value. WERI-RBI1 and Y79 cells were transfected with si-NC or si-XIST for 24 h and then
exposed to 0.1 pg/mL of VCR for 48 h, followed by the measurement of cell apoptosis by flow cytometry (E and F), the levels of Bcl-
2 and Bax by Western blot (G and H), the activities of caspase-3 and caspase-9 using a corresponding assay kit (I and J). *p<0.05.

XIST Acted as a Molecular
Sponge of MiR-204-5p

To further understand the underlying mech-
anism by which XIST regulated RB cell behav-
iors, we used online software starBase v.3 to help
identify the directly interacted miRNAs of XIST.
Among these candidates, miR-204-5p was of par-
ticular interest since it was discovered to play a
tumor suppressive role in RB'™'”. The predicted
data revealed a putative complementary site for
miR-204-5p in XIST (Figure 4A). To verify this,
Luciferase reporter plasmids harboring the target
sequence or mutated complementary sequence
were transfected into WERI-RBI1 and Y79 cells,
respectively, together with miR-NC mimic or
miR-204-5p mimic. With wild-type reporter and
miR-204-5p overexpression caused a significant

reduction in Luciferase activity (Figure 4B and
4C). However, the mutant-type reporter no lon-
ger elicited such an effect in the presence of miR-
204-5p mimic (Figure 4B and 4C). These results
indicated that XIST directly interacted with miR-
204-5p through the complementary seed region.
Additionally, the data of qRT-PCR showed a
prominent downregulation of miR-204-5p in RB
tissues and cells compared to their counterparts
(Figure 4D and 4E). Also, an inverse correlation
between XIST level and miR-204-5p expression
was found in RB tissues (Figure 4F). Moreover,
in contrast to a corresponding control, miR-204-
Sp expression was markedly elevated when XIST
silencing, while it was strongly reduced by the
transfection of pcDNA-XIST in the two RB cells
(Figure 4G and 4H).
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The Suppressive Effects of XIST
Silencing on RB Cell Proliferation
and Autophaqgy Were Reversed
by Restored MiR-204-5p Expression

To provide further mechanistic insight into
the link between XIST and miR-204-5p on RB
cell behaviors, WERI-RB1 and Y79 cells were
introduced with si-XIST and anti-miR-204-5p.
As demonstrated by qRT-PCR, si-XIST-mediated
miR-204-5p augmentation was significantly abol-
ished by the co-transfection of anti-miR-204-5p
in the two cells (Figure 5A and 5B). Subsequently,
the analyses of MTS and Western blot revealed
that compared to the negative group, the inhibi-
tion of XIST silencing on cell proliferation, Ki-

3532

67 and PCNA expression was highly reversed by
restored miR-204-5p expression (Figure 5C-5F).
Moreover, si-XIST-mediated anti-autophagy ef-
fect was remarkably abated by anti-miR-204-5p
co-transfection in the two cells, as evidenced by
the restoration of LC3B-II/I ratio and p62 expres-
sion (Figure 5G and 5H).

MiR-204-5p Mediated the
Promotional Effect of XIST Silencing
on RB Cell Sensitivity to VCR

In comparison to a corresponding negative
control, the decreased IC, value by XIST knock-
down was prominently abolished by the restored
miR-204-5p expression in both WERI-RBI and
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Figure 5. XIST silencing repressed RB cell proliferation and autophagy by up-regulating miR-204-5p. qRT-PCR for miR-204-5p
expression (A and B), MTS assay for cell proliferation (C, and D,), Western blot for Ki-67 and PCNA levels (E,and F), Western blot
for LC3B-II, LC3B-I and p62 levels (G and H) in WERI-RB1 and Y79 cells transfected with si-NC, si-XIST, si-XIST+anti-miR-NC

or si-XIST+anti-miR-204-5p. *p<0.05.

Y79 cells (Figure 6A-6D). Moreover, the regula-
tory effects of XIST silencing on cell apoptosis
(Figure 6E and 6F), Bcl-2 and Bax levels (Figure
6G and 6H), as well as caspase-3 and caspase-9
activities (Figure 61 and 6J) after VCR treatment
were significantly reversed by the restored ex-
pression of miR-204-5p in the two RB cells.

Silencing of XIST Retarded Tumor
Growth and Promoted VCR Sensitivity
In Vivo

We further explored the impact of XIST on
tumor growth and VCR sensitivity in vivo using
xenograft model. These results revealed that com-
pared with their counterparts, VCR treatment or
sh-XIST transduction significantly hindered tu-
mor growth, as presented by the reduction of tu-
mor volume (Figure 7A) and weight (Figure 7B).
Moreover, simultaneous VCR treatment and sh-
XIST transduction resulted in a more significant
repression on tumor growth (Figure 7A and 7B),
suggesting that sh-XIST transduction promoted
VCR-induced anti-cancer function. Additional-

ly, the data of qRT-PCR showed that XIST was
down-regulated and miR-204-5p was up-regulat-
ed in tumor tissues derived from sh-XIST-trans-
duced Y79 cells with or without VCR treatment
(Figure 7C and 7D).

Discussion

LncRNAs are emerging classes of regulatory
transcripts that play crucial roles in human can-
cers, including RB’. Among these candidates,
XIST was particularly attractive in the present
work considering the important involvement of
XIST in cancer biology*’. In the preliminary
stage of this study, we predicted a putative com-
plementary site between XIST and miR-204-5p
using online software starBase v.3. The current
work had led to the identification of XIST silenc-
ing that weakened the proliferation and autoph-
agy and promoted VCR sensitivity of RB cells
through upregulating miR-204-5p by direct in-
teraction.
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Figure 6. XIST silencing sensitized RB cells to VCR by the up-regulation of miR-204-5p. A-D, Determination of IC50 value
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kit (1 and J). *p<0.05.

In the current work, firstly, we validated that
XIST was up-regulated in RB tissues and cells,
consistent with recent researches'®'”. The LC3B-
II/T ratio and p62 level are widely acknowledged
to reflect the activity of autophagy®. Our data
also demonstrated a higher of LC3B-II/1 ratio and
a lower p62 expression in RB tissues compared
with the matched normal control, implying the
activated cell autophagy in RB. Using loss-of-
function experiments, our study confirmed that
XIST silencing repressed proliferation, and pro-
moted apoptosis of RB cells, in line with recent
reports'®!’. Moreover, we were first to uncover
that XIST knockdown mitigated the autophagy of
RB cells. Similar to our findings, Sun et al'® re-
ported that the depletion of XIST declined cell au-
tophagy via regulating miR-17/autophagy-related
gene 7 (ATG7) axis in non-small cell lung. Xie et
al** demonstrated that a high level of XIST drove
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the autophagy of ethanol-induced hepatic stel-
late cells by sponging miR-29b and modulating
high-mobility group box-1. Additionally, subcel-
lular localization analysis revealed that XIST was
prominently present in the cytoplasm. MiRNAs
are known to be present in the cytoplasm in the
form of the RNA-induced silencing complex?.
These data provided evidence for the potential in-
terplay between XIST and miRNAs in RB cells.
VCR has been generally accepted as a main-
stay of treatment of many childhood cancers*
and IncRNA expression is associated with VCR
sensitivity in tumor cells?’. Xia et al?® manifest-
ed that IncRNA maternally expressed gene 3
(MEG3) enhanced lung cancer cell sensitivity to
VCR through the inhibition of autophagy. Ding et
al? underscored that IncRNA gastric cancer-as-
sociated transcript 1 (GACAT1) promoted gastric
cancer cell VCR sensitivity by the phosphatase



XIST silencing represses RB cell autophagy and enhances VCR sensitivity

Figure 7. XIST silencing mitigated
tumor growth and enhanced VCR
* sensitivity in vivo. Y79 cells stably
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transduced sh-NC or sh-XIST were
subcutaneously inoculated into the
nude mice, followed by the admin-
istration with VCR (1 mg/kg) every
3 days. Twenty-two days later, all
mice were euthanized, and tumor
tissues were excised. A, After 7 days
implantation, tumor volume mea-
surement began and was conducted
every 3 days. B, Xenograft tissues
were weighted, and the average
weight was calculated. qRT-PCR for
XIST (C) and miR-204-5p (D) ex-
pression in tumor tissues. *p<0.05.

and tensin homolog (PTEN)/AKT/mTOR sig-
naling pathway. In the current research, we first
showed that XIST depletion sensitized RB cell to
VCR through regulating apoptosis. Besides, some
researches have reported that IncRNA could sup-
press the apoptosis of tumor cells by regulating
autophagy®’?!. Therefore, we inferred that XIST
knockdown might enhance RB cells apoptosis by
repressing autophagy.

Then, we used starBase v.3 software to help
identify the potential miRNAs binding to XIST.
From these data, miR-204-5p was selected for
further experiments due to its key involvement
in many types of human cancers, including os-
teosarcoma, esophageal squamous cell carcino-
ma and prostate cancer’?3*, Moreover, miR-204-
5p augmented chemotherapeutic sensitivity of
colorectal cancer and prostate cancer’***. In this
study, we were first to verify that XIST func-
tioned as a miR-204-5p sponge. Our results also
demonstrated a significant reduction of miR-
204-5p level in RB tissues and cells, in accor-
dance with earlier studies'®!. Furthermore, our
data first substantiated that the suppression of
XIST silencing on RB cell proliferation and au-
tophagy and the promotion on VCR sensitivity

were mediated by miR-204-5p. Zhong et al’¢
showed that IncRNA nuclear paraspeckle as-
sembly transcript 1 (NEATT1) acted as a ceRNA
of miR-204-5p to enhance RB cell proliferation
and migration and inhibit apoptosis through
modulating C-X-C chemokine receptor type 4
(CXCR4). Therefore, more researches about the
downstream genes of the novel regulatory net-
work in RB autophagy and VCR sensitivity will
be performed in further work.

Lastly, the xenograft model assays demon-
strated that XIST silencing repressed tumor
growth and promoted tumor cell sensitivity to
VCR in vivo. Moreover, XIST depletion triggered
a significant increase in miR-204-5p expression
in xenograft tissues, eliciting that XIST silencing
weakened tumor growth and enhanced VCR sen-
sitivity possibly by upregulating miR-204-5p.

Conclusions
The current study suggested that XIST silenc-
ing hampered RB progression and promoted VCR

sensitivity in vitro and in vivo partially by acting
as a sponge of miR-204-5p. Our research provid-
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ed novel evidence that XIST might be a tumor
promoter in RB and targeting XIST might be a
potent therapeutic strategy for RB treatment.
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