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Abstract: Long non-coding RNA (lncRNA) X inactivate-specific transcript (XIST) acts as an important regulator in tu-
mor progression. However, its expression and the underlying mechanism in glioma remain unclear. The aim of this 
study was to explore the potential function of XIST in glioma progression. In the present study, our data showed that 
the expression of XIST was significantly up-regulated in glioma tissues and enhanced the proliferation of glioma cells. 
The expression of miR-137 was significantly decreased in glioma tissues. Further correlation analysis demonstrated 
that there was a negative correlation between XIST expression and miR-137 expression. Bioinformatics prediction 
and luciferase reporter assays demonstrated that miR-137 could directly bind to XIST and negatively regulated the 
expression of miR-137. Additionally, our data further showed that XIST could up-regulate the expression of miR-137 
targeted gene Rac1 through acting as an endogenous sponge of miR-137. In addition, we found that Rac1 inhibition 
or miR-137 overexpression could suppress glioma cells proliferation induced by XIST overexpression. Thus, a novel 
XIST-miR-137-Rac1 pathway regulatory axis in glioma pathogenesis was revealed in the present study. Overall, our 
study indicated that XIST could be a potential therapeutic target in the treatment of glioma.
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Introduction

Glioma accounts for the great majority of pri-
mary tumors in the central nervous systems of 
adults [1]. Although the diagnosis and treat-
ment strategies for glioma have been improved 
prominently, the prognosis of glioma is still 
poor because of significant malignant prolifera-
tion and invasion, and the majority of patients 
suffered from glioma were diagnosed at the 
advanced stages [2]. Although some advances 
in comprehensive treatment as well as early 
diagnosis have been made, the five year sur-
vival rates remain poor [3, 4]. Therefore, it is 
necessary to elucidate new molecular mecha-
nisms associated with glioma development as 
well as on investigating the effective therapeu-
tic targets for the treatment of glioma.

Long non-coding RNAs (lncRNAs), a group of 
non-coding genes with more than 200 nucleo-
tides in length, have been reported to play 
important roles in types of malignant tumors, 

including glioma [5-8]. Mounting evidence indi-
cated that lncRNAs could act as oncogenes or 
tumor suppressors by regulating the expression 
of tumor-related genes and the function of 
tumor-related pathways in tumorigenesis [9, 
10]. X-inactive specific transcript (XIST), a kind 
of lncRNA derived from XIST gene, was up-regu-
lated in several types of tumors, including gas-
tric cancer, non-small cell lung cancer, breast 
cancer and nasopharyngeal carcinoma [11-14]. 
Recent study showed that silencing XIST could 
inhibit hepatocellular carcinoma cell growth, 
metastasis as well as induce cell apoptosis, 
and repressed tumor growth and facilitated 
high survival in nude mice [15]. Those data indi-
cated that XIST exerted an essential role on the 
progression ad development of tumor. However, 
there is no related study elaborating the rele-
vance between XIST expression and glioma pro-
gression, the expression and underlying mech-
anisms of XIST were largely poor understood in 
glioma.

http://www.ajtr.org
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MicroRNAs (miRNAs) are another small non-
coding RNA molecules, 18-25 nucleotides in 
length, which mainly post-transcriptionally reg-
ulate gene expression by translational repres-
sion or mRNA degradation through binding to 
the 3’-untranslated region (3’-UTR) of target 
mRNAs [16]. MiRNAs involved in various critical 
biological processes, including cell differentia-
tion, proliferation and apoptosis [17]. Accumu- 
lating evidence showed that dysregulated 
expression of miRNA played important roles in 
carcinogenesis. Among these miRNAs, miR-
137 was found to be down-regulated in human 
glioma and suppress glioma cells growth by tar-
geting Rac1, indicating miR-137 was a potential 
tumor-suppressor factor in glioma [18]. Recent 
study showed that lncRNAs served as compet-
ing endogenous RNA, also known as sponge, 
which interacted with miRNAs and modulated 
the expression of miRNA target genes [19].

In the present study, we aimed to discover the 
underlying molecular mechanism of XIST on 
glioma progression. The expression of XIST and 
miR-137 were detected in glioma tissues. Then 
bioinformatics analysis revealed a potential 
interaction between XIST and miR-137, indicat-
ing XIST might function as a competing endog-
enous RNA for miR-137 in human glioma. In 
addition, the role of XIST in the regulation of 
Rac1 expression by directly binding to miR-137 
was further determined in human glioma cells.

Materials and methods

Clinical sample collection

A total of 30 glioma tissues and 18 normal 
brain tissues were obtained from patients 

undergoing surgery at the Department of 
Neurosurgery, Zhumadian Central Hospital. 
Tissues were immediately frozen in liquid nitro-
gen until use. None of the patients were treated 
with radiotherapy or chemotherapy before sur-
gery. The use of tissues for this study was 
approved by the ethics committee of Zhumadian 
Central Hospital. Before using these clinical 
materials for research purposes, all the 
patients have the written informed consent.

Cell culture and transfection

The human glioma cell lines, U251 and LN229, 
were purchased from the Chinese Academy of 
Science Cell Bank (Shanghai, China). Cell lines 
were cultured in DMEM medium (Invitrogen, 
USA) supplemented with 10% fetal bovine 
serum (Invitrogen, USA) at a humidified atmo-
sphere incubator of 37°C and 5% CO2. Plasmid 
for lncRNA-XIST was constructed by introducing 
the cDNA sequence of XIST or Rac1 into the 
pcDNA3.1 expression vector (Invitrogen, USA). 
The miR-137 mimics, miR-137 inhibitor and 
small interference RNAs (siRNAs) for the knock-
down of XIST or Rac1 expression were pur-
chased from GenePharma (Shanghai, China). 
Transfection was performed by using Lipo- 
fectamine 2000 (Invitrogen, USA) according to 
the manufacturer’s instructions.

Quantitative real-time PCR assay

Total RNA was extracted from tissues and cell 
lines by TRIzol Reagent (Invitrogen, USA) accord-
ing to the manufacturer’s protocol. Both mRNA 
and miRNA were then reverse transcribed into 

Figure 1. Expression of lncRNA XIST and miR-137 in human glioma tissues. A. The expression levels of XIST in 
glioma tissues were significantly lower than those in normal brain tissues. B. The expression levels of miR-137 were 
significantly higher in glioma tissues compared with normal brain tissues. *P<0.05.
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cDNA by using PrimeScript RT Reagent Kit 
(Takara, Japan). The real-time PCR were per-
formed on ABI 7500 Fast Real-Time PCR sys-
tem (Applied Biosystems, USA) by using SYBR 
Green PCR Kit (Takara, Japan) with specific 
primers according to the manufacturer’s in- 
structions. U6 and GAPDH were used as an 
internal control respectively for normalization. 
Experiments were done independently in three 
times. The relative expression of genes was cal-
culated by using the 2-ΔΔCt method. 

Western blot analysis

Total proteins of cell lines were lysed with RIPA 
buffer with 1% PMSF, and the concentrations 
were detected by using a BCA Protein Assay Kit 
(Beyotime, Shanghai, China). Equal amounts of 
protein samples were separated by 10% SDS-
PAGE and then transferred onto PVDF mem-
branes. Membranes were probed with primary 
antibodies against Rac1 and GAPDH (Abcam, 
MA, USA) at 4°C overnight, followed by incuba-
tion with HRP-conjugated secondary antibod-
ies. GAPDH was used as a loading control. 
Protein bands were analyzed using an enhanced 
chemiluminescence (ECL) kit (Pierce Biote- 
chnology, Rockford, USA) with imaging system 
(Bio-Rad, CA, USA).

Cell cycle analysis

The transfected cells were harvested and  
then fixed with 500 μl of 70% cold ethanol for 2 
h. The cells were added with 100 μl of RNase 
and incubated at 37°C for 30 min. Then, 400 μl 
of PI was added, and the cells were incubated 
at 4°C for 30 min away from light. The samples 
were immediately subjected to flow cytome- 
ter (FACScan, BD Biosciences, USA). The re- 
sults were analyzed using CELL Quest 3.0 
software.

Luciferase reporter assays

XIST fragment containing the predicted miR-
137 binding site, the wide-type or mutant puta-
tive sequences of the binding site were  
cloned into a pmirGLO Dual-luciferase Vector 
(Promega, USA) to form the reporter vector 
pmiRGLO-XIST-wild-type (XIST-WT) or pmiRGLO-
XIST-mutant (XIST-MUT). XIST-WT or XIST-MUT 
was co-transfected with miR-137 mimics or 
negative control into glioma cells by using 
Lipofectamie 2000. 48 hours after transfec-
tion, the relative luciferase activities were mea-
sured by a dual-luciferase reporter assay sys-
tem (Promega, USA) according to the manufac-
turer’s instruction.

Table 1. Correlation between lncRNA XIST expression 
and clinicopathological features of glioma patients
Parameters Total XIST expression P value

Low  
expression

High  
expression

Age (years) 0.182
    <50 8 2 6
    >50 22 7 15
Gender 0.306
    Male 16 5 11
    Female 14 4 10
Clinical grade 0.014*
    Low grade I-II 9 6 3
    High grade III-IV 21 3 18
Tumor size (cm) 0.751
    <4.5 17 6 11
    >4.5 13 3 10
Tumor nodule number 0.230
    Multiple 5 1 4
    Single 25 8 17
XIST, X inactivate-specific transcript; lncRNA, long non-coding RNA; 
*P<0.05.

Cell proliferation assay

Cell proliferation was measured by using 
Cell Counting Kit-8 (CCK-8) assay kit 
(Dojindo Laboratory, Japan) according to 
the manufacturer’s protocol. After plat-
ing cells in 96-well microtiter plates at 
1.0 × 103/well, CCK-8 reagents were 
added to each well at different time 
points. 1 h after adding CCK-8, cellular 
viability was determined by measuring 
the absorbance at the wavelength of 
450 nm. 

Colony formation assay

For colony formation experiments, 
transfected cells were plated in six-well 
plates at 1.0 × 103/well and incubated 
in DMEM medium containing 10% FBS 
at 37°C for approximately 2 weeks. 
Then washed twice with PBS and fixed 
with 10% formalin, Colony formation 
was determined by counting the number 
of visible colonies after staining with 
0.1% crystal violet (Sigma, USA).
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Figure 2. LncRNA XIST promoted glioma 
cell proliferation in vitro. A. The expres-
sion levels of XIST in glioma cell lines 
transfected with XIST plasmid or siRNA 
were determined by qRT-PCR. B and C. 
CCK-8 assay was used to determine gli-
oma cell prolife ration after ransfected 
with XIST plasmid or siRNA. D. Colony for-
mation assay was performed to measure 
glioma cell proliferation after ransfected 
with XIST plasmid or siRNA. E. Flow cy-
tometer was used to explore gliomacell 
cycle after ransfected with XIST plasmid 
or siRNA. *P<0.05.

Similarly the 3’UTR of Rac1 containing the miR-
137 binding site, the wide-type or mutant puta-
tive sequences of the binding site were cloned 
into a pmirGLO Dual-luciferase Vector to form 

the reporter vector pmiRGLO-Rac1-wild-type 
(Rac1-WT) or pmiRGLO-Rac1-mutant (Rac1-
MUT). The resulting constructs were co-trans-
fected with miR-137 mimics, negative control, 
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and XIST plasmids into glioma cells by using 
Lipofectamine 2000. 48 hours after transfec-
tion, the relative luciferase activities were 
measured.

Statistical analysis

All data are presented as the mean ± standard 
deviation (SD) from three independent experi-
ments. All statistical analyses were performed 
by using SPSS 18.0 software and GraphPad 
Prism 5.0. Differences between groups were 
analyzed by using Student’s t test or one-way 
ANOVA analysis. A chi-square test was applied 
to determine the association of XIST levels with 
clinicopathological features. A value of P<0.05 
was considered statistically significant.

Results

Expression of lncRNA XIST and miR-137 in hu-
man glioma tissues

The expression levels of LncRNA XIST and miR-
137 were detected by qRT-PCR analysis in glio-
ma tissues and normal brain tissues. Our data 
revealed that XIST expression was significantly 
up-regulated in glioma tissues compared with 
normal brain tissues (Figure 1A). MiR-137 
expression was significantly down-regulated in 
glioma tissues compared with normal brain tis-
sues (Figure 1B). To further elucidate the sig-
nificance of XIST in glioma, we calculated the 
correlation of XIST expression with clinicopath-
ological features of glioma (Table 1), we found 

Figure 3. LncRNA XIST directly interacted 
with miR-137 in glioma cells. A. Bioinfor-
matics tool (starBase2.0) revealed the 
predicted binding sites between XIST and 
miR-137. B and C. Luciferase reporter as-
say showed that miR-137 overexpression 
significantly decreased the luciferase activ-
ity of XIST-WT in glioma cells compared to 
controls, while miR-137 did not affect the 
luciferase activity of XIST-MUT. D. The ex-
pression of miR-137 in glioma cells trans-
fected with XIST plasmid or siRNA were 
examined by qRT-PCR. E. Correlation analy-
sis revealed the negative relationship be-
tween miR-137 and XIST in glioma tissues. 
*P<0.05.
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that high XIST expression was positively associ-
ated with tumor grade. However, no association 
of XIST expression with age, gender, tumor size, 
and tumor nodule number was detected. Thus, 
those data indicated that XIST played impor-
tant implications in the progression of glioma.

LncRNA XIST promoted glioma cell prolifera-
tion in vitro

To explore the biological function of XIST in glio-
ma cells, XIST plasmid and siRNA (si-XIST) were 
separately transfected into U251 and LN229 
cell lines. Successful transfection was con-

firmed by qRT-PCR analysis (Figure 2A). CCK-8 
and colony formation assays were performed 
to determine the effect of XIST on glioma cell 
proliferation, we found that overexpression of 
XIST significantly promoted glioma cell prolifer-
ation in comparison to negative control. On the 
other hand, XIST inhibition exhibited a signifi-
cant decrease in cell proliferation (Figure 
2B-D). Next, flow cytometric analysis was per-
formed to further determine whether the func-
tion of XIST on glioma cell proliferation was by 
altering cell-cycle progression. Cell-cycle analy-
sis showed that XIST overexpression signifi-
cantly decrease in the cellular population in 

Figure 4. LncRNA XIST up-regulated Rac1 by inhibiting miR-137 expression in glioma cells. The mRNA (A) and pro-
tein (B) levels of Rac1 in glioma cells transfected with miR-137 mimics, XIST plasmid or XIST siRNA were detected 
by qRT-PCR and western blot. (C and D) The relative luciferase activity of Rac1 3’UTR in glioma cells transfected 
with miR-137 mimics or miR-137 mimics + XIST plasmid. (E) Rac1 mRNA expression was significantly up-regulated 
in glioma tissues compared to normal brain tissues. (F) The correlation between XIST mRNA and Rac1 expression 
in 30 glioma tissues. *P<0.05.
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G0/G1 phase, while XIST inhibition arrested 
glioma cells in G1/G0 phase (Figure 2E). These 
results demonstrated that XIST markedly pro-
moted cell growth by regulated cell cycle pro-
gression in glioma cells.

LncRNA XIST directly interacted with miR-137 
in glioma cells

Recent studies showed that lncRNAs could act 
as a competing endogenous RNA or a molecu-
lar sponge in regulating the biological functions 
of miRNAs. As expected, bioinformatics tools 
(starBase2.0) for the predicted lncRNA-miRNA 
interactions revealed potential binding domains 

within XIST and miR-137 (Figure 3A). Then lucif-
erase reporter assay was performed to confirm 
the bioinformatical prediction. Results revealed 
that miR-137 significantly decreased the lucif-
erase activity of XIST-WT compared to negative 
control, while miR-137 did not affect the lucifer-
ase activity of XIST-MUT (Figure 3B and 3C). In 
addition, our data showed that XIST overex-
pression significantly inhibited miR-137 expres-
sion and XIST inhibition markedly increased 
miR-137 expression in U251 and LN229 cells 
(Figure 3D). Further correlation analysis dem-
onstrated that there is a negative correlation 
between XIST expression and miR-137 in glio-

Figure 5. Rac1 knockdown and miR-137 overex-
pression suppressed the proliferation of glioma 
cells transfected with XIST plasmid. (A) Rac1 
mRNA expression was significantly decreased in 
glioma cell lines transfected with Rac1 siRNA by 
using qRT-PCR. (B) The expression of miR-137 
was significantly increased in glioma cell lines 
transfected with miR-137 mimics. (C-E) Rac1 
knockdown or miR-137 overexpression signifi-
cantly suppressed the proliferation of XIST over-
expression glioma cells by using CCK-8 (C and D) 
and colony formation assay (E). *P<0.05.
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ma tissues (R2=0.625, Figure 3E). Taken 
together, these data indicated that miR-137 
could directly bind to XIST in glioma cells.

LncRNA XIST regulated Rac1 expression by 
inhibiting miR-137

Recent study reported that miR-137 inhibited 
human glioma cells growth by targeting Rac1 
[18], but the potential regulation role of XIST on 
the expression of Rac1 in human glioma cell 
lines is still unclear. Our data showed that Rac1 
mRNA expression was significantly increased in 
XIST plasmid transfected U251 and LN229 
cells, while it was decreased in XIST siRNA 
transfected cells (Figure 4A), in line with the 
tendency shown in the corresponding changes 
in Rac1 protein expression (Figure 4B). Fur- 
thermore, luciferase reporter assay showed 
that overexpression of XIST could restore the 
luciferase activity of miR-137-mediated sup-
pression of Rac1-WT compared with negative 
control (Figure 4C and 4D). In order to validate 
the correlation between Rac1 and XIST, Rac1 
mRNA expression was also detected in glioma 
tissues as well as in normal brain tissues. qRT-
PCR showed that Rac1 expression was signifi-
cantly up-regulated in glioma tissues compared 
to normal brain tissues (Figure 4E), and further 
correlation analysis revealed that there was a 
positive relationship between Rac1 and XIST 
(R2=0.582, Figure 4F). In conclusion, these 
findings indicated that XIST regulated Rac1 
expression through inhibiting miR-137 in 
human glioma cells.

Rac1 knockdown or miR-137 overexpression 
suppressed the proliferation of glioma cells 
induced by XIST

To further investigate whether Rac1 knockdown 
or miR-137 overexpression involved in the 
effect of XIST on glioma cell proliferation, U251 
and LN229 cells were co-transfected with XIST 
plasmid and Rac1 siRNA or miR-137 mimics. 
After transfection, the expression of Rac1 or 
miR-137 was significantly down-regulated or 
up-regulated compared with the negative con-
trols in both U251 and LN229 cell lines (Figure 
5A and 5B). As shown in Figure 5C-E, CCK-8 
and colony formation assay showed that Rac1 
knockdown and miR-137 overexpression sig-
nificantly suppressed the cell proliferation of 
XIST overexpression glioma cells. Our results 
elucidated a novel XIST-miR-137-Rac1 pathway 
regulatory axis in the progression of glioma.

Discussion

In the present study, we identified that XIST was 
significantly up-regulated in glioma tissues 
compared with normal brain tissues. XIST 
markedly promoted cell proliferation in human 
glioma cell lines. Then bioinformatics analysis 
presented the complementary binding sites 
between XIST and miR-137. The expression of 
miR-137 was significantly down-regulated in 
glioma tissues and further correlation analysis 
revealed the negative correlation between XIST 
and miR-137. In addition, luciferase reporter 
assay was performed to demonstrate that miR-
137 might be a direct target of XIST in glioma 
cells. XIST also showed positive regulation on 
Rac1, which has been defined as a direct and 
functional target of miR-137. Furthermore, 
Rac1 knockdown significantly suppressed the 
cell proliferation of XIST overexpression glioma 
cells. Taken together, XIST exerted oncogenic 
functions and involved in the up-regulation of 
Rac1 in human glioma cells through inhibiting 
the expression of miR-137. 

Recent studies showed that lncRNAs play 
important roles in the regulation of various 
molecular and cellular functions [20]. Increasing 
evidence has suggested that lncRNAs are 
closely associated with various types of human 
malignant tumors, including glioma [21]. Zhang 
et al indicated that lncRNA CCND2-AS2 was sig-
nificantly up-regulated in malignant glioma, and 
promoted glioma cell proliferation through 
Wnt/β-catenin signaling [22]. LncRNA CRNDE 
was significantly increased in glioma tissues, 
and up-regulated CRNDE expression was asso-
ciated with poor overall survival of glioma 
patients [23]. Specially, lncRNA XIST has been 
supposed to act as an oncogene and up-regu-
lated in many cancers [11, 24]. For example, 
Song et al reported that XIST expression in 
nasopharyngeal carcinoma (NPC) tissues was 
remarkably higher than that of in adjacent nor-
mal nasopharyngeal tissues, in addition, XIST 
significantly increased NPC cell viability and 
growth in vitro [14]. However, the mechanisms 
of XIST in glioma have not been thoroughly elu-
cidated. In this study, we found XIST was signifi-
cantly up-regulated in glioma tissues and pro-
moted cell proliferation in human glioma cell 
lines, suggesting XIST acted as an oncogenic 
role in glioma progression.

Although XIST has been suggested to act as an 
oncogene, the underlying mechanism partici-
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pated in tumorigenesis remains unclear. 
Mounting evidence revealed that lncRNA might 
function as a competing endogenous RNA or a 
molecular sponge in regulating the expression 
and biological functions of miRNA. For exam-
ple, lncRNA HOTAIR was demonstrated to be an 
oncogene and negatively regulated the expres-
sion of miRNA-1 in hepatocellular carcinoma 
[25]. LncRNA EWSAT1 promoted human naso-
pharyngeal carcinoma cell growth in vitro 
through up-regulating cyclin D1 partially via 
sponging miR-326/330-5p clusters [26]. In the 
present study, we revealed a potential binding 
domain within XIST and miR-137 by bioinfor-
matics prediction, and luciferase reporter 
assay demonstrated miR-137 was a direct tar-
get of XIST in glioma cells. XIST negatively regu-
lated the expression of miR-137, and correla-
tion analysis demonstrated the negative corre-
lation of XIST and miR-137 expression in glioma 
tissues. Our results indicated that XIST func-
tioned as endogenous miRNA sponges to bind 
to miR-137 and regulated its function.

MiRNAs are small non-coding RNA molecules, 
which mainly post-transcriptionally regulate 
gene expression through binding to the 3’-UTR 
of target mRNAs. Accumulating evidence 
showed that miRNAs play critical roles in tumor 
progression and development. Aberrant expres-
sion of miR-137 was found in several types of 
human cancers including glioma. For example, 
Qin et al demonstrated miR-137 was signifi-
cantly downregulated in multiple myeloma and 
overexpression of miR-137 could reduce drug 
resistance and overcome chromosomal insta-
bility of the multiple myeloma cells [27]. Dong 
et al showed that miR-137 was decreased in 
ovarian cancer tissues, furthermore, the inhibi-
tion of miR-137 with antisense oligonucleotides 
promoted EMT and ovarian cancer cell invasion 
[28]. Our study revealed that the expression 
level of miR-137 was significantly down-regulat-
ed in glioma tissues. Moreover, miR-137 over-
expression markedly suppressed the prolifera-
tion of XIST overexpression glioma cells.

LncRNAs can also affect the expression and 
biological functions of miRNA targets. Studies 
reported miR-137 could regulate numerous of 
target genes. Li et al demonstrated that miR-
137 promoted apoptosis in ovarian cancer 
cells through the regulation of XIAP [29]. Du et 
al showed that miR-137 played tumor suppres-
sor roles in gastric cancer by targeting KLF12 

and MYO1C [30]. But among all of the predicted 
target genes for miR-137, we found that Rac1 
acted as a crucial effector of miR-137 in glio-
ma. Ras-related C3 botulinum toxin substrate1 
(Rac1) is a member of the Rho family, which 
belong to the Ras superfamily of GTP enzymes. 
Rac1 played a key role in regulating the recom-
bination of cytoskeletal proteins as well as pro-
liferation, differentiation and apoptosis of 
tumor cells [31]. Aberrant expression of Rac1 
has been associated to several types of can-
cers [32, 33], and it has been reported miR-
137 inhibited the growth of glioma cells by 
directly targeting Rac1 [18]. In order to investi-
gate the role of XIST as a miR-137 sponge, the 
potential regulation of XIST on Rac1 expression 
was also analyzed in human glioma cell lines. In 
our study, Rac1 expression was significantly 
up-regulated in glioma tissues compared to 
normal brain tissues, and further correlation 
analysis revealed the positive relationship 
between Rac1 and XIST. Furthermore, XIST up-
regulated Rac1 expression, and restored the 
inhibition of miR-137 on Rac1 expression and 
luciferase activity in glioma cells. These find-
ings indicated that XIST regulated Rac1 expres-
sion through inhibiting miR-137 in human glio-
ma cells.

In conclusion, a novel XIST-miR-137-Rac1 regu-
latory axis in glioma pathogenesis was revealed 
in the present study, providing a further under-
standing of the role of XIST in glioma develop-
ment. XIST was an oncogenic lncRNA that pro-
moted the tumorigenesis of glioma by function-
ing as a competing endogenous RNA, which 
regulated the target gene of miR-137 through 
directly sponging miR-137. Our study indicated 
that XIST could be a potential therapeutic tar-
get in the treatment of glioma.
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