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Introduction: Chordoma is a malignant primary bone tumor that is found in the spine and

skull. X-inactive specific transcript (XIST) is a long non-coding RNA (lncRNA) is known to

be involved in the development of various cancers, but its precise function and mechanism in

human chordoma have not been elucidated. Here, we investigated the role of lncRNA XIST

in chordoma progression.

Methods: Quantitative real time-polymerase chain reaction (qRT-PCR) was performed to

determine lncRNA XIST expression in human chordoma tissues and matched-noncancerous

tissues. Western blot was used to determine protein expression. Silencing and overexpression

of lncRNA XIST were carried out by RNA interference (RNAi) and lentiviral transduction,

respectively. Cell Counting Kit-8 (CCK-8) assay and flow cytometry were employed to

examine the effects of lncRNA XIST on growth of human chordoma cells. Lastly, the role of

lncRNA XIST in vivo was explored using a xenograft model.

Results: We found that lncRNA XIST expression was upregulated in chordoma and strongly

correlated with poor patient prognosis. Moreover, lncRNA XIST promoted proliferation and

inhibited apoptosis of chordoma cells. Mechanistically, upregulation of lncRNA XIST led to

a decrease in miR-124-3p expression, thereby promoting the expression of the miR-124-3p

target gene, inhibitor of apoptosis-stimulating protein of p53 (iASPP). Addition of miR-124-

3p inhibitor or mimic reversed the effects induced by lncRNA XIST silencing or over-

expression on chordoma cell proliferation. Lastly, using a xenograft mouse model, we found

that silencing of lncRNA XIST decreased tumorigenicity in vivo, as shown by increased

tumor cell apoptosis.

Conclusion: Our findings demonstrate a key role for lncRNA XIST in chordoma progres-

sion by regulating miR124-3p/iAPSS pathway.
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Introduction
Chordoma is a malignant primary bone tumor that occurs along the spine or the

base of the skull and is caused by leftover notochordal cells during fetal

development.1 Currently, surgical resection remains the primary means for chor-

doma treatment. However, this approach causes spinal or brain damage, making

chordoma a challenging tumor to treat. In addition, tumor cells are often highly

resistant to radiotherapy and chemotherapy.1–3 Hence, understanding the molecular

mechanism that governs chordoma progression is crucial for designing novel

treatment.
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Long non-coding RNAs (lncRNAs) are a type of RNA

that lack protein-coding function but can modulate onco-

genic and tumor-suppressive pathways in numerous cancers

without protein regulation.4–6 X-inactive specific transcript

(XIST) is a lncRNA first discovered in X chromosome

inactivation.7 Recently, lncRNA XIST has been shown to

contribute to the development of various cancers, including

non-small cell lung cancer, hepatocellular carcinoma, and

pancreatic cancer.8–12 Interestingly, the mechanism through

which lncRNA XIST functions in these different types of

cancers appear to involve similar regulation, in which

lncRNA XIST acts as a sponge that can sequester miRNA

and indirectly upregulate oncogene expression in these

cancers.8–12 The miRNAs involved are specific and depen-

dent on the cancer type. However, little is known regarding

the role and underlying molecular mechanism of lncRNA

XIST in the progression of chordoma.

A large body of evidence indicates that lncRNAs can

directly bind to miRNAs and attenuate the latter’s function

in suppressing gene expression in cancer.13,14 miRNA-124

is one of the most abundant miRNAs in embryonic brain

as well as in adult15 and is involved in the differentiation

of neuronal stem cells to mature neurons.16 miR-124-3p

targets the 3′-UTR of its target gene, inhibitor of apopto-

sis-stimulating protein of p53 (iASPP), to suppress iASPP

expression.17 Previous studies demonstrated that iASPP

functions as an oncogene.18–20 Enhanced expression of

iASPP confers proliferative, migratory, and invasive cap-

abilities for tumor cells, while inhibition of iASPP expres-

sion stimulates pro-apoptotic and growth-suppressive

effects on tumor cells.21,22 Furthermore, iAPSS expression

is associated with advanced stages of malignancies,23–25

tumor recurrence, and poor prognosis.18,19,26,27 Notably,

previous studies showed that miR124-3p/iAPSS regulates

proliferation and apoptosis in chordoma cell lines and is

associated with clinical outcomes in spinal chordoma.28

However, the molecule network of miR124-3p/iAPSS in

chordoma has not been delineated.

In this study, we investigated the role of lncRNA XIST

in chordoma and uncovered a functional relationship

between lncRNA XIST and miR-124/iAPSS. Specifically,

we found that elevated expression of lncRNA XIST in

chordoma regulates miR124-3p/iAPSS to promote chor-

doma cell growth, which was confirmed in vivo. Together,

our findings suggest that lncRNA XIST may serve as

a novel therapeutic target and prognostic biomarker for

chordoma.

Materials and Methods
Human Chordoma Tissue Samples
A total of 38 tumor tissues and 15 normal tissues were

surgically resected from chordoma patients. Patients that

received chemotherapy or radiotherapy were excluded

from this study. All patients provided informed written

consent. This study was approved by the independent

ethics committee of Peking University Third Hospital,

Beijing, China, and was conducted in accordance with

the Declaration of Helsinki.

Cell Culture and Chemicals
MUG-Chor1 and U-CH1 cell lines were obtained from

the cell bank of Shanghai Biology Institute (Shanghai,

China). Chordoma cells were grown in Dulbecco’s

modified Eagle’s medium (DMEM) (Kaukauna, WI,

USA), supplemented with 2 mM l-glutamine, 1% peni-

cillin/streptomycin (Solarbio, Beijing, China) and 10%

FBS (Thermo Fisher Scientific, Waltham, MA, USA).

Cells were cultured in an incubator with 5% CO2 at

37°C. miR-124-3p inhibitor and mimic were dissolved

in DMSO solution.

RNA Isolation, Reverse Transcription,

and Real-Time Polymerase Chain

Reaction (RT-PCR)
Total RNAs were extracted using TRIzol Reagent

(Invitrogen, Waltham, MA, USA) following manufac-

turer’s instructions. Subsequently, 2 ng of purified RNA

was reverse transcribed into cDNA using a cDNA synth-

esis kit (Thermo Fisher Scientific, Waltham, MA, USA).

Real-time PCR reactions were performed using SYBR

Green PCR kit to measure relative gene expression and

following the indicated conditions: 95°C for 10 minutes

followed by 40 cycles of 95°C for 15 seconds, 60°C for

45 seconds. Human GAPDH was used as an internal

control for mRNA detection. Relative gene expression

was calculated by the 2−ΔΔCt method. All experiments

were performed in triplicates. Primers used in this study

are listed as follows: H19, F: 5ʹ-GCGGGTCTGTTTC

TTTACTTCC-3ʹ, R: 5ʹ-CTTTGATGTTGGGCTGATGA

GG-3ʹ; HOXA11-AS, F: 5ʹ-AGTTTGAAGCCGTGGAT

GTG-3ʹ, R. 5ʹ-AGAAGGTGGGATGAAGAGGTAG-3ʹ;

MALAT1, F: 5ʹ-TTTCTTCCTGCTCCGGTTC-3ʹ, R: 5ʹ-T

TTCAGCTTCCAGGCTCTC-3ʹ; XIST, F: 5ʹ-TTTCATCG

CCCATCGGTG-3ʹ, R: 5ʹ-CTGCCTGACCTGCTATCATC

-3ʹ; PPP1R13L, F: 5ʹ-AGAAGTGCGACCCTTACC-3ʹ, R:
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5ʹ-ACAGCCCGAAGTAGTTCC-3ʹ; GAPDH, F: 5ʹ-AAT

CCCATCACCATCTTC-3ʹ, R: 5ʹ-AGGCTGTTGTCATA

CTTC-3ʹ.

Western Blot (WB)
Whole protein lysates were isolated using RIPA lysis

buffer (JRDUN, Shanghai, China) containing EDTA-free

Protease Inhibitor Cocktail (Roche, Heidelberg, Germany).

Equal amounts of total protein (25 μg) were loaded and

separated on 10% SDS-PAGE, and subsequently trans-

ferred to a nitrocellulose membrane (Millipore, Billerica,

MA, USA) overnight. After blocking with 5% non-fat dry

milk, membranes were probed with primary antibodies.

Protein expression was detected using an enhanced che-

miluminescence system (Tanon, Shanghai, China).

Primary antibodies used in this study are listed as follows:

iASPP (Ab34898, Abcam, UK); GAPDH (#5174, CST,

USA); anti-mouse IgG (Beyotime, Shanghai, China).

Overexpression and Knockdown of

lncRNA XIST
For overexpression experiments, lentiviral plasmid

(pLVX-puro) containing full-length sequence of human

XIST (oeXIST) and control plasmid (oeNC) were gener-

ated. For knockdown experiments, three siRNAs

targeting various regions of human lncRNA XIST

(NR_001564.2) and a negative control siRNA (siNC)

were synthesized (Major, Shanghai, China). Plasmids

and siRNAs were transfected into chordoma cells using

Lipofectamine 2000 (Thermo Fisher Scientific, Waltham,

MA, USA). Detailed sequence information for XIST

siRNAs are provided as follows: siXIST-1: (5529–5547;

GCTTCTAACTAGCCTGAAT) siXIST-2; (6167–6185,

GCATGCATCTTGGACATTT) siXIST-3 (8208–8226,

CCATGCATCTTGGAAATTT).

Cell Proliferation
Cell Counting Kit-8 (CCK-8) was purchased from

Signalway Antibody (Maryland, USA) and used to mea-

sure cell proliferation. Briefly, transfected cells were

cultured for 0, 24, 48, and 72 hours. Following manu-

facturer’s protocol, CCK-8 solution (1:10) was added to

plates and cells were incubated for 1 hour. To quantify

cell proliferation, a microplate reader (Pulangxin,

Beijing, P. R. China) was used to measure ODs at

a wavelength of 450 nm. Triplicates were performed

for each experimental condition and for each time point.

Cell Apoptosis
Forty-eight hours after transfection, MUG-Chor1 and

U-CH1 cells were harvested and stained using Annexin

V-fluorescein isothiocyanate apoptosis detection kit

(Beyotime, Beijing, China) according to manufacturer’s

instructions. Cell apoptosis was determined using a flow

cytometer (BD, San Diego, CA, USA). Annexin

V negative and PI negative populations were healthy

cells that were counted as negative staining. Annexin

V positive and PI negative cells indicated cells in early

apoptosis. Annexin V positive and PI positive staining

indicated cells in necrosis (post-apoptotic necrosis or late

apoptosis). The above two populations of cells were

counted as positive staining. All experiments were per-

formed in triplicates.

Luciferase Activity Assay
Dual-luciferase reporter assay was performed following

manufacturer’s instructions to calculate relative luciferase

activity. Briefly, the sequence of iAPPS promoter was

cloned into the Dual-luciferase vector. U-CH1 cells were

co-transfected with mock vector and siRNA. Luciferase

activity was measured by a plate reader. Given the relative

values, we used a second luciferase reaction to normalize

between samples and to correct for transfection efficiency.

To normalize the values, each firefly luciferase value was

divided by the value for renilla luciferase in the same

well.9,29

Tumor Xenograft Model
In vivo study was approved by the ethics committee of the

Peking University Third Hospital. All mice were handled

according to the Institutional Animal Care and Use

Committee (IACUC) guidelines and experiments were

conducted following the institute’s guidelines for animal

experiments. Nude mice were obtained from Vitalriver

company (Beijing, China). Each experimental group

included 6 mice. Subcutaneous cell injection was used to

establish the tumor model. Equal numbers of siNC- or

siXIST-transfected U-CH1 cells (n=2×106) were trans-

planted into the right flank of 4- to 6-week-old mouse,

respectively. Six weeks after injection, mice were sacri-

ficed by cervical dislocation, and tumor tissues were sur-

gically removed and fixed in 4% formalin for further

analysis.
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TUNEL Staining
TUNEL assays were performed using ApopTag kit

(Intergene) according to the supplier’s instructions. Three

replicates were conducted for each sample.

Histopathology Assay
All tissues were fixed in 10% formalin for 48 hours.

Subsequently, xenografts were embedded in paraffin blocks

and cut into slices using a microtome (Leike, China). Slides

were deparaffinized and rehydrated in xylene baths and

graded alcohols serially. Then, slices were exposed to dia-

minobenzidine (DAB) substrate for 1 minute followed by

hematoxylin and eosin (H & E) staining. Three random

fields on each slide were observed and three slides per

sample were stained from each xenograft.

Statistical Analysis
Data are shown as mean ± SD for at least three replicates

in this study. GraphPad Prism software Version 7.0 (La

Jolla CA, USA) was used for statistical analyses. One-way

ANOVA was used to determine statistical significance.

P-value < 0.05 indicated statistical significance.

Results
LncRNA XIST Expression Negatively

Correlated with miR-124-3p Expression

in Chordoma and Was Associated with

Poor Patient Prognosis
To determine the expression of lncRNA XIST in human

chordoma tissues and corresponding adjacent tissues, quan-

titative RT-PCR was performed. As shown in Figure 1A,

lncRNA XIST expression was elevated in chordoma tissues

compared to matched adjacent tissues. Moreover, one of the

downstream targets of lncRNA XIST, miR-124-3p, was

found to be downregulated in chordoma tissues compared

to normal tissues (Figure 1B) and showed negative correla-

tion with lncRNA XIST (Figure 1C).

Next, patient survival analysis was conducted to iden-

tify prognostic factors for chordoma patients. As shown in

a Kaplan–Meier survival plot (Figure 1D), the cumulative

total survival rate of patients with high lncRNA XIST

expression (n=34) was much shorter than that in patients

with low lncRNA XIST expression (n=46). Thus, high

lncRNA XIST expression was associated with decreased

patient survival rate.

Figure 1 lncRNA XIST is negatively correlated with miR-124-3p in human chordoma tissues. (A and B) Quantitative real-time PCR (qRT-PCR) was used to measure the

mRNA levels of lncRNA XIST and miR-124-3p in human chordomas (n=38) and matched adjacent normal tissues (n=15). (C) Correlation analysis was performed between

lncRNA XIST and miR-124-3p. ***p < 0.001 vs normal. (D) High expression of lncRNA XIST in chordoma is associated with poor patient prognosis.
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Notably, expression of prognostic cancer biomarkers,

including lncRNA H19, HOTAIR, and MALAT1, was

upregulated in chordoma tissues (Supplementary Figure

1A–C) though their correlations were not as strong as

lncRNA XIST with miR-124-3p (Supplementary Figure

2A–C). Moreover, iASPP, the target gene of miR-124-3p,

was found to be upregulated in chordoma tissues

(Supplementary Figure 1D). Together, these results

demonstrate a strong association between lncRNA XIST

and miR-124/iASPP pathway in chordoma.

Knockdown and Overexpression of

lncRNA XIST in Human Chordoma Cells
Given the negative correlation between lncRNA XIST

and miR-124-3p, we posited that lncRNA XIST was

involved in regulating miR-124/iAPSS. To probe the

function and molecular mechanism of lncRNA XIST in

chordoma, we established knockdown and overexpression

models of lncRNA XIST using two chordoma cell lines,

MUG-Chor1 and U-CH1. Interestingly, we found that

lncRNA XIST expression was upregulated in both cell

lines (Figure 2A), as shown by quantitative RT-PCR. To

determine the functional relevance, we examined the

effects of altering lncRNA XIST expression in these

cell lines. Transfection of siRNAs targeting different

sequences of lncRNA in MUG-Chor1 and U-CH1 cells

resulted in significant downregulation of lncRNA XIST

expression (Figure 2B), indicating knockdown efficiency.

Similarly, lentiviral infection of lncRNA XIST overex-

pression vector led to upregulation of lncRNA XIST

expression in MUG-Chor1 cells (Figure 2C), demonstrat-

ing efficacy of overexpression.

LncRNA XIST Silencing Suppressed

Growth of Human Chordoma Cells
To determine the cellular functions of lncRNA XIST, we

assessed the effects of lncRNA XIST silencing on cell prolif-

eration and apoptosis. As shown in Figure 3A, the proliferative

capacity of MUC-Chor1 cells was significantly repressed after

silencing of lncRNAXIST, and this repression was stronger at

72 hours compared to 48 hours. At 24 hours, inhibition of cell

proliferation showed a repressive trend but was not statistically

significant. Similar results were observed in U-CH1 cells

(Figure 3B). Silencing of lncRNAXISTexpression by various

targeting sequences showed consistent results in both cell

lines. Next, apoptosis was assessed in both cell lines by

annexin V staining. As shown in Figure 3C, knockdown of

lncRNA XIST in cells resulted in increased apoptosis com-

pared with control cells, which was further confirmed by

quantification of the data. Consistent with our results, miR-

124/IASPP has been reported to play a crucial role in tumor

proliferation.18,19,26,27

In light of the negative correlation between lncRNA

XIST and miR-124, we examined the effects of lncRNA

XIST silencing on miR-124/iAPSS. Interestingly, we

found that reduction in lncRNA XIST expression was

associated with miR-124-3p induction and iASPP reduc-

tion (Figure 3D and E). This association was confirmed in

both MUG-Chor1 and U-CH1 cells, indicating that it was

not solely cell type-specific. To validate this, we conducted

Western blot and found that iASPP protein level was

strongly downregulated after silencing of lncRNA XIST

(Figure 3F). Taken together, our data demonstrate that

lncRNA XIST promoted proliferation and inhibited apop-

tosis by regulating miRNA-124-3p/iAPSS in chordoma.

Figure 2 Knockdown and overexpression models of lncRNA XIST were established in human chordoma cells. (A) Relative mRNA expression of lncRNA XIST was

upregulated in human MUG-Chor1 and U-CH1 chordoma cells. ***p < 0.001 vs NP (Nucleus Pulposus). (B) Silencing of lncRNA XISTwas carried out using siXIST-1, siXIST-

2, and siXIST-3 in MUG-Chor1 or U-CH1 cells, respectively. ***p < 0.001 vs BLANK. (C) A lentiviral vector was used to induce lncRNA XIST overexpression in MUG-

Chor1. ***p < 0.001 vs BLANK.
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Figure 3 lncRNA XIST silencing suppresses growth of human chordoma cells. (A and B) CCK-8 assays were performed to examine the proliferation of MUG-Chor1 and

U-CH1 that were transfected with siXIST-1 and siXIST-2 at 0, 24, 48, and 72 h. (C) Transfection of siXIST-1 and siXIST-2 in MUG-Chor1 and U-CH1, respectively, promoted

apoptosis. ***p < 0.001 vs siNC. (D and E) qRT-PCR was used to examine the expression of lncRNA XIST, iASPP, and miR-124-3p in MUG-Chor1 and U-CH1 cells that

were transfected with siXIST-1 or siXIST-2, respectively. ***p < 0.001 vs siNC. (F) Western blot analysis was used to determine the protein level of iASPP in MUG-Chor1

that were transfected with siXIST-1 or siXIST-2, ***p < 0.001 vs siNC.
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LncRNA XIST Overexpression Promoted

Growth of Human Chordoma Cells
To complement our knockdown experiments and further

confirm lncRNA XIST function in chordoma, we exam-

ined the effects of lncRNA XIST overexpression. We

observed that MUG-Chor1 cell proliferation was signifi-

cantly inhibited after overexpression of lncRNA XIST at

48 hours and 72 hours, with inhibition stronger at 72 hours

compared to 48 hours (Figure 4A). As shown in

Figure 4B, overexpression of lncRNA XIST decreased

apoptosis. Likewise, induction of lncRNA XIST expres-

sion was highly associated with reduction of miR-124-3p

expression and iAPSS induction (Figure 4C). Furthermore,

lncRNA XIST overexpression significantly increased

iAPSS protein level (Figure 4D). Collectively, our results

demonstrate that overexpression of lncRNA XIST induced

proliferation of chordoma cells.

miR-124-3p Inhibitor Rescued the Effects

of lncRNA XIST in U-CH1 Cells
LncRNAs primarily regulate gene expression by acting as

miRNA sponges,6,13,30 binding functional miRNAs, and

sequestering them from their target genes. We subsequently

performed rescue experiments to validate whether lncRNA

XIST indeed bound miR-124 to regulate iASPP. Hence, we

tested iASPP promoter activity by performing a dual-

luciferase reporter assay. Treatment with miR-124 inhibitor

in U-CH1 cells resulted in increased iASPP promoter bind-

ing and luciferase activity. In addition, iASPP promoter

activity was decreased in lncRNAXIST-silenced cells com-

pared with control cells (Figure 5A). Notably, miR124-3p

inhibitor rescued promoter activity in cells transfected with

XIST siRNA. Moreover, miR-124-3p inhibitor rescued the

suppressive effects of lncRNA XIST on cell proliferation

(Figure 5B). As shown in Figure 5C, silencing of lncRNA

XISTsignificantly reduced the protein level of iASPP, while

miR-124-3p inhibitor increased the protein level of iASPP.

miR124-3p inhibitor also elevated the iASPP protein level

in cells transfected with XIST siRNA. Taken together, our

results demonstrate that restoring lncRNA XIST could

reverse the inhibitory effects of miR-124-3p on chordoma

cell proliferation and that this rescue was likely mediated by

iAPSS.

miR-124-3p Mimic Inhibits Proliferation of

MUG-Chor1 Cells Transfected with

oeXIST
To further confirm that lncRNA XIST bound to and

sequestered miR-124-3p to regulate iASPP expression,

cell proliferation assay, and WB analysis were carried

out using lncRNA XIST-overexpressing cells. The miR-

124 mimic contained an artificial double-stranded miR-

124-3p-like RNA fragment. However, the fragment

could not bind to iAPSS. As shown in Figure 6A, the

Figure 4 lncRNA XIST overexpression promotes growth of human chordoma cells. (A) lncRNA XIST overexpression increased proliferation of MUG-Chor1 cells, **p <

0.01 vs oeNC, ***p < 0.001 vs oeNC. (B) lncRNA XIST overexpression suppressed apoptosis in MUG-Chor1 cells, ***p < 0.001 vs oeNC. (C) qRT-PCR was used to

examine the level of lncRNA XIST, iASPP, and miR-124-3p in MUG-Chor1 cells that were transfected with oeXIST-1. ***p < 0.001 vs oeNC. (D) Western blot was used to

determine the protein level of iASPP in MUG-Chor1 cells that were transfected with oeNC or oeXIST, respectively, ***p < 0.001 vs oeNC.
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miR-124-3p mimic inhibited proliferation of XIST-

overexpressing cells and decreased iASPP protein level

(Figure 6B). Conversely, miR-124-3p inhibitor displayed

the opposite effects in chordoma cells.

siRNA XIST Significantly Reduced

Tumorigenicity of U-CH1 Cells in vivo
To verify lncRNAXIST function in vivo, we used a xenograft

tumor model. H&E and TUNEL staining assays were used to

Figure 5 miR-124-3p inhibitor rescues the effects of lncRNA XIST in U-CH1 cells. (A) miR-124-3p inhibitor enhanced iASPP promoter activity in siXIST-transfected cells.

*p < 0.05 vs siNC + miNC, ***p < 0.001 vs siNC + miNC; ###p < 0.05 vs siNC + Inhibitor. (B) miR-124-3p inhibitor blocked proliferation of siXIST-transfected cells. ***p <

0.001 vs siNC + miNC; ###p < 0.05 vs miNC + siXIST. (C) miR-124-3p inhibitor decreased the protein level of iASPP in siXIST-transfected cells. *p < 0.05 vs siNC + miNC,

**p < 0.01 vs siNC + miNC; ###p < 0.05 vs miNC + siXIST.

Figure 6 miR-124-3p mimic inhibits proliferation of MUG-Chor1 cells transfected with oeXIST. (A) CCK-8 assay was used to examine proliferation of MUG-Chor1 cells

that were transfected with miNC + oeNC, miNC + oeXIST, Mimic + oeNC and Mimic + oeXIST. ***p < 0.001 vs miNC + oeNC; ###p < 0.001 vs miNC + oeXIST. (B)
Western blot analysis was used to determine the protein level of iASPP in different cells as indicated. **p < 0.001 vs miNC + oeNC, ***p < 0.001 vs miNC + oeNC; ###p <

0.001 vs miNC + oeXIST.

Hai et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2020:134762

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


assess apoptosis of tumor cells in vivo. Apoptotic cells

showed cytoplasmic and nuclear condensation and nuclear

fragments. As shown in Figure 7A and B, chordoma cells

were more apoptotic after silencing of lncRNA XIST com-

pared with control cells. Furthermore, expression of iAPSS

was downregulated in siXIST tumors (Figure 7C).

Discussion
Chordoma is a rare mesenchymal tissue tumor and the

molecular mechanism underlying chordoma pathology is

not fully understood. Here, our study demonstrates that

lncRNA XIST promotes growth of human chordoma cells

by regulating miR-124-3p/iASPP pathway. To our knowl-

edge, this is the first report to demonstrate the function of

lncRNA XIST in chordoma.

lncRNA XIST is known to regulate cell proliferation

and has been shown to play a role in the development of

various cancers, including glioma,31 gastric cancer,32 and

esophageal cancer.33 Consistent with previous studies, our

results indicated that lncRNA XIST promoted proliferation

and inhibited apoptosis in chordoma cells, thus serving as

an oncogene in chordoma progression.

LncRNA XIST plays a central role in regulating cancer

cell growth by sequestering miRNA and indirectly upregu-

lating oncogene expression. Many distinct miRNAs have

been identified as downstream targets of IncRNA XIST.

For instance, lncRNA XIST has been reported to regulate

cell proliferation in non-small cell lung cancer by modulat-

ing miR-186-5p and miR-335/SOD2/ROS signaling

pathways.8,9 Moreover, lncRNA XIST has been shown to

target miR-194-5p and miR-139-5p to regulate growth of

hepatocellular carcinoma cells.12,34 Further, lncRNA XIST

has been demonstrated to promote proliferation of pancreatic

cancer cells by acting as a sponge for miR-429 and miR-

133a.10,11 In this study, we identified miR-124-3p/iASPP as

the downstream pathway target of lncRNA XIST to regulate

chordoma development. iAPSS was highly expressed in

chordoma cells and tissues. Interestingly, iAPSS was pre-

viously reported to be upregulated in non-small cell lung

cancer, leukemia, and human breast carcinomas, which cor-

related with clinicopathological parameters and patient prog-

nosis. We also found that upregulation of lncRNA XIST led

to a decrease in miR-124-3p expression but an increase in

the expression of iASPP. Therefore, we speculate that miR-

124 negatively regulates iASPP in chordoma cells.

Interestingly, iASPP expression has also been associated

with metastasis.29 Future studies are needed to explore the

clinical value of iASPP in the treatment of chordoma.

Meanwhile, the tight association of miRNAs and

lncRNAs with cancer progression and diagnosis suggests

their potential use as emerging cancer biomarkers.

Detection of circulating cancer-associated lncRNAs can

be used to predict, diagnose, and monitor cancer progres-

sion. For instance, lncRNAs MALAT1 and PCA3 have

been identified as effective prognostic parameters for non-

small cell lung cancer and prostate cancer, respectively.35,36

In the present study, we revealed that high lncRNA XIST

was closely related to poor prognosis in chordoma patients,

indicating that lncRNA has the potential to serve as

a biomarker for chordoma.

Figure 7 siXIST significantly reduces tumorigenicity of U-CH1 cells in vivo. (A and B) H&E and TUNEL staining assays were used to examine apoptosis in tumor cells.

***p < 0.001 vs siNC. (C) iASPP protein level was downregulated in siXIST tumor. ***p < 0.001 vs siNC.
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Conclusion
In summary, the present study uncovered an important role

for lncRNA XIST in promoting chordoma development by

regulating miR-124-3p/iAPSS pathway. Our results not

only illuminated the function of IncRNA XIST in chor-

doma but also revealed its downstream signaling targets.

Moreover, our results suggest the potential use of lncRNA

XIST as a therapeutic target in the treatment of chordoma.
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