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Abstract. Long non-coding RNAs (lncRNA) are a type of 
ncRNA with a length ranging from 200-1,000 nucleotides. 
Previous studies have confirmed that the lncRNA Ewing 
sarcoma associated transcript 1 (EWSAT1) exerts regula-
tory roles in cancer development and progression. However, 
its clinical significance in glioma remains unknown. In 
the present study, RNA-sequencing data from the Gene 
Expression Omnibus database and The Cancer Genome Atlas 
was explored to investigate the association between EWSAT1 
expression and prognosis in patients with glioma. Increased 
EWSAT1 was associated with the presence of necrosis on 
magnetic resonance imaging scans in patients with glioma. 
Furthermore, knockdown of EWSAT1 was indicated to 
suppress the proliferative and invasive abilities of glioblas-
toma cell lines using Cell Counting Kit-8 and Transwell 
assays. Additionally, microRNA (miR)‑152‑3p was identified 
as a potential target of EWSAT1. The present study demon-
strated that EWSAT1 interacted directly with miR-152-3p, and 
rescue experiments confirmed that EWSAT1 participated in 
glioma development by suppressing miR-152-3p. These results 
indicated that EWSAT1 is involved in the occurrence and 
progression of glioma, and may serve as a novel target and 
potential prognostic biomarker of glioma treatment.

Introduction

Glioblastoma (GBM) is a malignant and aggressive primary 
nervous system tumors worldwide, with a high rate of 

recurrence and a poor prognosis compared with other types of 
nervous system tumor (1). As reported in the 2016 World Health 
Organization classification, there are four different grades, and 
two classes, of glioma: Grades I and II (low-grade gliomas); 
and grades III and IV (high-grade gliomas) (2). Despite the 
advances in molecular biology and oncogenetics for the 
treatment of patients with glioma over the previous decades, 
the prognosis and overall survival (OS) time, measured as 
12-14 months following surgical resection, remain poor (3,4). 
However, the molecular mechanisms of glioma tumorigenesis 
remain unclear (5-8). Therefore, it is essential to identify novel 
therapeutic and prognostic targets in glioma.

Long non-coding RNAs (lncRNAs) are a class of 
newly identified RNAs with a length ranging from 200 to 
1,000 nucleotides, which lack protein-coding ability (9,10). 
lncRNAs regulate the expression of genes at epigenetic, 
transcriptional and post-transcriptional levels. Previous 
evidence has indicated that the abnormal expression of lncRNAs 
can affect glioma development and tumorigenesis (11). 
These lncRNAs may serve as useful molecular targets for 
the diagnosis of malignant tumors, including GBM (11,12). 
The biological role of lncRNAs in glioma remains to be 
investigated.

lncRNA Ewing sarcoma associated transcript 1 (EWSAT1) 
is a novel cancer-associated lncRNA that serves critical roles in 
the occurrence and progression of tumors, including nasopha-
ryngeal carcinoma (13,14), osteosarcoma (15), colorectal (16) 
and ovarian cancer (17), and Ewing sarcoma (18). However, the 
biological role and mechanism of EWSAT1 in gliomas remain 
to be identified.

Previous studies on the function of microRNA 
(miRNA/miR) have demonstrated that miRNAs are involved 
in the regulation of gene expression, cell differentiation, 
metabolism and invasion (19,20). Previous studies have 
indicated that miR-152-3p is closely associated with carcino-
genesis, including glioma (21-23). Therefore, the present study 
aimed to explore the potential association between EWSAT1 
and miR-152-3p in glioma.

The present study investigated the expression and molec-
ular mechanism of EWSAT 1 in glioma. The results suggested 
that EWSAT1 was increased in glioma. In addition, EWSAT1 
knockdown suppressed the proliferative and invasive abilities 
of glioma cells. The primary aim of the present study was to 
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investigate the function of lncRNA EWSAT1, and to detect the 
role of miRNA-152-3p in the regulatory mechanism of glioma 
via lncRNA EWSAT1. The results may provide a theoretical 
basis for developing new therapeutic drugs against glioma.

Materials and methods

Cell lines and clinical tissues. A total of 5 glioma cell lines 
(U251, T98G, LN229, A172 and SHG44) were obtained from 
The Cell Bank of Type Culture Collection of the Chinese 
Academy of Sciences. Normal human astrocyte (NHA) 
cells were purchased from The Institute of Biochemistry and 
Cell Biology, Chinese Academy of Sciences. All cells were 
sub‑cultured in Dulbecco's modified Eagle's medium (DMEM; 
Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% 
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) 
and maintained in a humidified incubator at 37˚C with 5% CO2.

Human GBM samples and adjacent normal tissues were 
collected via surgical resection performed at The First Affiliated 
Hospital of Jiamusi University. Samples were collected from 
patients with GBM (27 females and 15 males; age range, 
31-72 years; median, 51.34 years) between January 2011 and 
December 2017. None of the patients received any therapy 
prior to surgery. All GBM samples were confirmed by two 
senior pathologists. The study protocol was approved by the 
Ethics Committee of The Institutional Review Board of Jiamusi 
University (approval no. JUIRBR-2019-214), and all procedures 
were performed in accordance with the principles outlined in 
The Declaration of Helsinki (24). Written informed consent was 
provided by all patients to participate in the study. The clinical 
characteristics of the patients are summarized in Table I.

Bioinformatic prediction of EWSAT1 expression. The edgeR 
software package (Bioconductor) in RStudio 3.5.1 (https://www.
rstudio.com/; RStudio, Inc.) was used to detect the differentially 
expressed lncRNAs in normalized gene expression profile 
data from the Gene Expression Omnibus (GEO) database 
(https://www.ncbi.nlm.nih.gov/gds/?term=GSE4290) and The 
Cancer Genome Atlas (TGCA) GBM database (http://cancerge-
nome.nih.gov) (25,26). For the normalized gene expression 
profile data, the edgeR package was employed to explore signifi-
cantly abnormally expressed lncRNAs. Log2 fold-change 
(FC) >2 and false-discovery rate (FDR) <0.01 were selected 
as significantly cut‑off values, and the aberrantly expressed 
candidate lncRNAs were identified. Clinical prognosis data 
were acquired from the Gene Expression Profiling Interactive 
Analysis (GEPIA) database (http://gepia.cancer-pku.cn/). Gene 
Ontology (GO) term enrichment analysis was examined using 
the Database for Annotation, Visualization and Integrated 
Discovery version 6.8 (https://david.ncifcrf.gov/).

Reverse transcription‑quantitative PCR (RT‑qPCR). TRIzol® 

and chloroform (Invitrogen; Thermo Fisher Scientific, Inc.) 
were utilized to extract total cellular RNA from each group, 
according to the manufacturer's protocol. cDNA was synthe-
sized using the PrimeScript™ RT kit (Takara Biotechnology 
Co., Ltd.), according to the manufacturer's protocol. qPCR 
was performed according to the manufacturer's instructions 
of the TransScript Green Two-Step RT-qPCR SuperMix 
kit (Beijing Transgen Biotech Co., Ltd.). Thermocycling 

conditions consisted of an initial denaturing step at 94˚C for 
10 min, followed by 40 cycles of denaturing at 94˚C for 5 sec, 
annealing at 60˚C for 30 sec and extending at 72˚C for 45 sec. 
The primers used were as follows: EWSAT1 forward, 5'-GTG 
TCT GGC AAG GAA CAC TA-3' and reverse, 5'-GGT GGA 
GAA GAG GGA CAA T-3'; miR-152-3p forward, 5'-GCG CTC 
AGT GCA TGA CAG A-3' and reverse, 5'-GTC GTA TCC AGT 
GCA GGG T-3'; matrix metalloproteinase (MMP)-2 forward, 
5'-CAG GAC ATT GTC TTT GAT GG-3' and reverse, 5'-TGA 
AGA AGT AGC TAT GAC CA-3'; MMP-9 forward, 5'-AGA 
CCT GGG CAG ATT CCA AAC-3' and reverse 5'-CGG CAA 
GTC TTC CGA GTA GT-3'; U6 forward, 5'-GGA TAT TGT TGC 
CAT CAA TGA CC-3' and reverse, 5'-AGC CTT CTC CAT GGT 
GGTG AAG A-3'; and GAPDH forward 5'-AAG AAG GTG 
GTG AAG CAG GC-3' and reverse, 5'-GTC AAA GGT GGA 
GGA GTG GG-3'. U6 served as the endogenous control. The 
results were calculated using the 2‑ΔΔCq method (27).

Plasmid transfection. The U251 and T98G cells were main-
tained in DMEM containing 10% FBS at 37˚C in 5% CO2. 
When the cell confluence reached ~80%, the cells were 
transfected with 20 µM of each construct (siRNA or miRNA 
mimics) using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.), according to the manufacturer's protocol 
and incubated at 37˚C for 6 h. The culture medium was subse-
quently replaced with fresh DMEM supplemented with 10% 
FBS, and subsequent experimentation was performed 24 h 
post-transfection. Small interfering RNA (siRNA) targeting 
EWSAT1 and its negative control (si-NC), miR-152-3p mimic 
or inhibitor, and their respective negative control (miR-NC) 
(20 µM) were obtained from Shanghai GenePharma Co., Ltd. 
The sequences were as follows: EWSAT1 siRNA forward, 
5'-UUG GGC UCU CAA UGG UAU CAU-3' and reverse, 5'-AAG 
GGA GGG UUA CUA ACU UUA-3'; si-NC forward, 5'-GGU 
AAG CAG UGG CUC CUC UAA-3' and reverse, 5'-ACG UGA 
CAC GUU CGG AGA AUU-3'; miR-152-3p mimics forward, 
5'-UCA GUG CAA CUG ACA GAA CUU GG-3' and reverse, 
5'-UAG CCA CGG UUG UGU AAA GUC UG-3'; miR-152-3p 
inhibitor forward, 5'-CGC GCU AGC AGC ACG UAA AU-3' 
and reverse, 5'-GUG CAG GGU CCG AGG UCA UC-3'; and 
miR-NC forward, 5'-CAG UAC UUU UGU GUA GUA CAA-3' 
and reverse, 5'-CAG UAC UUU UGU GUA GUA CAA-3'. 
Transfection with Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) was performed according to the manu-
facturer's protocol. The cells were then cultured for subsequent 
experiments and obtained at 24 h after transfection.

Dual‑luciferase reporter assay. To detect the potential target 
miRNAs of EWSAT1, the TargetScan (www.targetscan.
org/) and StarBase (http://starbase.sysu.edu.cn/) databases 
were explored. Among all the statistically relevant miRNAs, 
miR-152-3p exhibited the highest score in the two databases 
and was selected for further experiments. The wild-type 
(WT) or mutant (MUT) putative miR-152-3p binding sites 
of the 3'-untranslated region (UTR) in EWSAT1 were ligated 
into the pMIR-luciferase reporter plasmid vector (Shanghai 
GenePharma Co., Ltd.). U251 cells were added in 6-well 
plates at 1x105 cells/well and the recombinant vectors were 
co-transfected with miR-152-3p mimics or miR-NC using 
Lipofectamine® 2000. The medium was replaced at 6 h 
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post-transfection, and the firefly and Renilla luciferase 
signals were examined 48 h following transfection using the 
Dual Luciferase Reporter Assay kit (Promega Corporation). 
Firefly luciferase activity was normalized to that of Renilla 
luciferase.

Cell proliferation assays. U251 and T98G cell proliferation was 
performed by Cell Counting Kit-8 assay (CCK-8; Beyotime 
Institute of Biotechnology) at 24, 48 and 72 h according to 
the manufacturer's protocol. The transfected glioma cells were 
added to 96-well plates at a density of 3,000 cells/well. Then, 
a culture solution containing 10 µl CCK-8 regent was added. 
Following incubation at 37˚C for additional 4 h, cell viability 
was measured by detecting the absorbance at a wavelength of 
490 nm using a microplate reader (Bio-Rad Laboratories, Inc.)

Transwell invasion assays. The upper chambers of Transwell 
plates were precoated with Matrigel® (Corning Life Sciences) 
at 37˚C for 30 min. Subsequently, U251 and T98G cells were 
suspended with serum-free DMEM (5x104) and seeded in the 
upper chambers. DMEM supplemented with 20% FBS was 
added to the lower chambers and the plates were incubated in 
37˚C with 5% CO2 for 24 h. Cells were fixed with 4% parafor-
maldehyde at room temperature for 10 min, and stained with 
hematoxylin and eosin (5 min for hematoxylin and 1 min for 
eosin at room temperature), using the Staining kit (Beijing 
Solarbio Science & Technology Co., Ltd.). The number 
of migratory cells per sample was counted in 5 randomly 

selected fields under a light microscope (Nikon Corporation) 
at magnification, x100.

Western blotting. Proteins were extracted from cell lines 
(U251 and T98G) with lysis buffer (BIOSS). The quantity 
of protein was detected using the BCA Protein Assay kit 
(Beyotime Institute of Biotechnology), and the lysates (20 µg 
protein) were separated on 10% SDS‑PAGE and electro-
phoretically transferred onto PVDF membranes (Beyotime 
Institute of Biotechnology). Following blocking in 5% skim 
milk for 1 h at 37˚C and incubation with the corresponding 
primary antibodies at 4˚C overnight [anti‑MMP‑2 (rabbit 
polyclonal antibody; 1:1,000; cat. no. 40094s; Cell Signaling 
Technology, Inc.), anti-MMP-9 (rabbit polyclonal antibody; 
1:1,000; cat. no. 13667; Cell Signaling Technology, Inc.) 
and anti-GAPDH (mouse monoclonal antibody; 1:1,000; 
SC-47724; Santa Cruz Biotechnology, Inc.)], the membranes 
were incubated with horseradish peroxidase-conjugated 
anti-mouse or anti-rabbit secondary antibody (cat. no. ab6721 
and ab6728; 1:2,000; Abcam) for 1 h at room temperature. 
Then, the bands were visualized using ECL (Beyotime 
Institute of Biotechnology) and analyzed with a ChemiDocTM 
MP Imaging detection system (Bio-Rad Laboratories, Inc.) 
and Image Lab software 3.0 (Bio-Rad Laboratories, Inc.).

Immunofluorescence staining. U251 cells (1x105) were 
collected, and cell slides were prepared. Glass slides were 
stained with 0.1% poly‑L‑lysine at 4˚C overnight. Then, 

Table I. Clinical characteristics of the patients with glioblastoma according to long non-coding RNA EWSAT1 level in tissues 
(n=42).

 EWSAT1 expression
 -------------------------------------------------------
Variables N Low High P-value

Age, years
  <60 23 9 14 0.382
  ≥60 19 10 9
Sex
  Male 15 9 6 0.152
  Female 27 10 17
Karnofsky Performance Scale score
  <60 24 11 13 0.929
  ≥60 18 8 10
Mean tumor diameter, cm
  <5 29 12 17 0.453
  ≥5 13 7 6
Necrosis on MRI
  Yes 27 9 18 0.038a

  No 15 10 5
Seizure
  Yes 14 5 9 0.381
  No 28 14 14

aP<0.05. EWSAT1, Ewing sarcoma associated transcript 1; MRI, magnetic resonance imaging.
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4% paraformaldehyde with 5% BSA (cat. no. 9048‑46‑8; 
Sigma Aldrich; Merck KGaA) was added for 20 min, and the 
slides were fixed with 0.1% Triton X‑100 for 10 min at room 
temperature. The slides were then incubated with rabbit poly-
clonal primary antibodies against MMP-2 (cat. no. 40094s; 
1:1,000; Cell Signaling Technology, Inc.) and MMP-9 
(cat. no. 13667; 1:1,000; Cell Signaling Technology, Inc.) 
at 4˚C for 1 h, followed by incubation with the corresponding 
fluorescence‑labeled rabbit secondary antibodies [tetra-
methylrhodamine (TRITC)-conjugated goat anti-rabbit 
IgG (cat. no. SA00007-2; 1:100; ProteinTech Group, Inc.) 
and fluorescein isothiocyanate (FITC)-conjugated goat 
anti-rabbit IgG (cat. no. SA00003-2; ProteinTech Group, 
Inc.)] at room temperature for 1 h. Cell nuclei were then 
incubated with DAPI at 4˚C (1 µg/ml; cat. no. 4083s; Cell 
Signaling Technology, Inc.) for 15 min and observed under a 
fluorescence microscope (Nikon Corporation) at magnifica-
tion, x400.

Statistical analysis. Data were expressed as the mean ± stan-
dard deviation of 3 independent experiments. SPSS 21.0 
(IBM Corp.) was applied for data analysis excluding the 
Kaplan-Meier. Student's t-test or one-way ANOVA with 
Tukey's post hoc test were performed to determine differ-
ences between groups. The associations between EWSAT1 
level and the clinicopathological characteristics of the patients 
were analyzed using the χ2 or Fisher's exact tests. Pearson's 
correlation analysis was performed to determine the corre-
lation between EWSAT1 and miR-152-3p expression levels. 
GraphPad Prism software 5.0 (GraphPad Software, Inc.) 
was used to detect the Kaplan-Meier curve and a log-rank 
test was performed to assess the survival percentage. The 

aberrantly expressed lncRNAs were assessed based on the 
Benjamini-Hochberg method (28). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Upregulation of EWSAT1 in GBM. Using the GEO dataset 
GSE4290, the top 20 aberrantly expressed lncRNAs were 
identified with cut‑off values of log2 FC >2 and FDR <0.01 
(Fig. 1A). EWSAT1 was the most significantly differentially 
expressed lncRNA. EWSAT1 was identified to be upregulated 
in glioma tissues, and the level increased according to glioma 
grade (Fig. 1A and B). The clinical survival data collected from 
the GEPIA database (http://gepia.cancer-pku.cn/) demonstrated 
that increased EWSAT1 levels in the GBM samples were asso-
ciated with a poorer OS, according to the median survival time 
of patients (P=0.023; n=158; Fig. 1C). To detect the potential 
role of EWSAT1 in glioma progression, the associated gene 
expression profiles were explored by using the (GO) database 
(https://david.ncifcrf.gov/). It was observed that the most signifi-
cant GO biological processes mainly included cell invasion 
and adhesion (Fig. 1D). GBM is the most malignant and aggres-
sive primary nervous system tumor worldwide (1,2), thus it is 
essential to detect the clinical characteristics of patients with 
GBM (Grade IV in glioma), according to EWSAT1 expression 
in tissues (GBM, n=42). In the clinical GBM samples, the results 
of the present study demonstrated that the expression level 
of EWSAT1 exhibited a significant association with patient 
necrosis on magnetic resonance imaging scans (grade IV; 
Table I; P=0.038). In addition, a higher level of EWSAT1 was 
observed in patients with GBM (grade IV) compared with 
that observed in adjacent normal brain tissues (Fig. 1E). The 

Figure 1. lncRNA EWSAT1 is upregulated in human GBM samples and is correlated with worse survival. (A) A heatmap demonstrated the aberrant expression 
of lncRNAs from the GEO database. Red bar represents high expression, while blue bar represents low expression. (B) Gene expression levels of EWSAT1 
in the GEO cohort compared with the normal cohort. (C) Kaplan-Meier curve of overall survival in the GEO database, demonstrating that a high level of 
EWSAT1 is associated with poor prognosis (n=158). (D) Gene function of EWSAT1‑associated genes were identified using GO analysis. (E) An increased 
gene expression level of EWSAT1 was present in clinical tissues of patients with GBM (n=42) compared with matched adjacent normal tissue, as determined 
by reverse transcription-quantitative PCR analysis. (F) Kaplan-Meier curve of overall survival in patients with glioma indicated that a high level of EWSAT1 
was correlated with worse prognosis (n=42). Each experiment was performed in triplicate. ***P<0.001. lncRNA, long non-coding RNA; EWSAT1, Ewing 
sarcoma associated transcript 1; GBM, glioblastoma; GO, Gene Ontology; TCGA, The Cancer Genome Atlas; GEO, Gene Expression Omnibus; TPM, Trans 
Per Kilobase of exon model per Million.
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Kaplan-Meier curves also exhibited a worse prognosis in 
patients with glioma expressing a high level of plasmacytoma 
variant translocation 1 (P=0.0014; Fig. 1F). Thus, EWSAT1 was 
identified to be involved in the progression of glioma.

Knockdown of EWSAT1 suppresses GBM cell viability 
and invasion. As aforementioned, upregulated EWSAT1 
levels were demonstrated in glioma cells. Therefore, it was 
hypothesized that EWSAT1 serves as a regulator of glioma 

Figure 2. Silencing of the long non-coding RNA EWSAT1 inhibits the proliferative and invasive abilities of glioblastoma cell lines in vitro. (A) The EWSAT1 
gene expression levels in the GBM U251, LN229, T98G, A172 and SHG44 cell lines compared with those in normal human astrocyte cells were assessed by 
RT‑qPCR analysis. (B) EWSAT1 gene expression was efficiently knocked down by siRNA in U251 and T98G cells compared with the si‑NC group, as detected 
by RT-qPCR assay. (C) GBM cell growth was measured using the Cell Counting Kit-8 assay (si-EWSAT1 vs. si-NC). (D) Transwell invasion assay was used to 
detect the invasive ability. Data are presented as the mean ± standard deviation of 3 independent experiments. Magnification, x100; scale bar, 50 µm. *P<0.05 
and **P<0.01. EWSAT1, Ewing sarcoma associated transcript 1; GBM, glioblastoma; RT-qPCR, reverse transcription-quantitative PCR; NC, negative control; 
siRNA, small interfering RNA.

Figure 3. Expression of invasion-associated markers in GBM cells. (A) Correlation between long non-coding RNA EWSAT1 and MMP-2/MMP-9 expres-
sion in The Cancer Genome Atlas GBM database. (B and C) Following transfection with si-EWSAT1 or si-NC, the protein and mRNA expression levels of 
invasion‑associated biomarkers MMP‑2 and MMP‑9 were demonstrated. (D) Immunofluorescence staining assay demonstrated a decreased level of MMP‑2 in 
si‑EWSAT1‑transfected cells. Magnification, x400. *P<0.05, **P<0.01 and ***P<0.001. The experiments were repeated 3 times. GBM, glioblastoma; EWSAT1, 
Ewing sarcoma associated transcript 1; MMP, matrix metalloproteinase; siRNA, small interfering RNA; NC, negative control.
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development. To confirm this, the level of EWSAT1 was 
detected in glioma cell lines (U251, LN229, T98G, A172 and 
SHG44) and compared with those in NHA cells by RT-qPCR. 
The results demonstrated that, compared with the NHA cells, the 
most significant increases in EWSAT1 levels were observed in 
the U251 and T98G cells (Fig. 2A). Then, an siRNA was used 
to silence EWSAT1 expression, and significantly decreased 
expression levels of EWSAT1 were observed compared with 
those induced by si-NC in both U251 and T98G cells (Fig. 2B). 

The result of the CCK-8 assay revealed inhibited cell viability 
in EWSAT1-silenced U251 and T98G cells compared with that 
of cells transfected with the si-NC following 24-72 h transfec-
tion (Fig. 2C). As demonstrated by the results of the Transwell 
assay, EWSAT1 silencing decreased the number of invasive 
cells (Fig. 2D). These results revealed that silencing EWSAT1 
repressed cell proliferative and invasive abilities in vitro.

To further investigate the underlying mechanism by which 
EWSAT1 affected the invasive capacity of GBM, TCGA 

Figure 5. miR-152-3p inhibits the effect of long non-coding RNA EWSAT1 in GBM cells. (A) Kaplan-Meier survival curve analysis of patient data from 
The Cancer Genome Atlas database with high or low levels of miR-152-3p (n=158). (B) miR-152-3p levels in GBM cell lines compared with normal human 
astrocyte cells were explored by reverse transcription-quantitative PCR. *P<0.05, **P<0.01 and ***P<0.001 vs. NHA cells. (C) The gene expression levels of 
miR-152-3p were determined in U251 cells co-transfected with si-EWSAT1 + miR-152-3p inhibitor, and with si-EWSAT1 + miR-inhibitor NC (*P<0.05 and 
**P<0.01 vs. NC), and in cells co-transfected with si-EWSAT1 + miR-152-3p inhibitor compared with si-EWSAT1 + miR-inhibitor NC (##P<0.01). (D) The 
invasive abilities of the cells were verified using Matrigel assays following transfection with si‑EWSAT1 and miR‑152‑3p inhibitors. Magnification, x100; 
scale bar, 50 µm. *P<0.05 vs. NC. #P<0.05. The experiment was repeated 3 times. miR, microRNA; EWSAT1, Ewing sarcoma associated transcript 1; GBM, 
glioblastoma; NC, negative control; si, small interfering.

Figure 4. Long non‑coding RNA EWSAT1 is targeted by miR‑152‑3p at the 3'‑UTR. (A) Pearson's correlation coefficient analysis between EWSAT1 and 
miR-152-3p expression levels. (B) The levels of miR-152-3p in GBM compared with adjacent normal tissues were detected using RT-qPCR analysis. ***P<0.001 
(C) miR-152-3p expression was examined by RT-qPCR following transfection with si-EWSAT1 or si-NC in GBM cell lines. (D) Target site of miR-152-3p 
in the 3'-UTR of EWSAT1. (E) miR-152-3p expression is upregulated by miR-152-3p mimics compared with miR-mimics NC (*P<0.05), or inhibited by 
miR-152-3p inhibitor compared with the miR-inhibitor NC (*P<0.05 and **P<0.01). (F) The relative luciferase activity was identified following co‑transfection 
of miR-152-3p mimics compared with the miR-NC in EWSAT1-WT- or EWSAT1-MUT-transfected U251 cells using the dual-luciferase reporter assay. 
**P<0.01. The experiments were repeated 3 times. EWSAT1, Ewing sarcoma associated transcript 1; miR, microRNA; UTR, untranslated region; GBM, 
glioblastoma; RT-qPCR, reverse transcription-quantitative PCR; NC, negative control; si, small interfering; WT, wild-type; MUT, mutant.
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database was explored, and a significant positive correla-
tion was identified between EWSAT1 expression and the 
invasion-associated markers MMP-2 (r=0.26; P=0.00079) 
and MMP-9 (r=0.17; P=0.031) (Fig. 3A). Then, the mRNA, 
protein levels and cellular location of MMP-2 and MMP-9 
were determined. Knockdown of EWSAT1 decreased the 
levels of MMP-2 and MMP-9 in glioma (Fig. 3B and C), and 
suppressed the expression of the invasion-associated markers 
MMP-2 and MMP-9 in glioma cells (Fig. 3D). Therefore, these 
data suggested that EWSAT1 knockdown suppressed both 
proliferation and invasion in GBM.

Correlation between EWSAT1 and miR‑152‑3p. StarBase v2.0 
(http://starbase.sysu.edu.cn) was employed to predict potential 
lncRNA-miRNA interactions. A cohort of potential miRNAs 
that could interact with EWSAT1 was predicted. Pearson's 
correlation analysis suggested that there was an inverse correla-
tion between EWSAT1 and miR-152-3p level (n=158; r=-0.25; 
P=0.0011; Fig. 4A). Then, miR-152-3p expression was detected 
in 42 GBM and adjacent normal brain samples by RT-qPCR, 
and a significantly decrease was identified in GBM tissues 
(P<0.001; Fig. 4B). In addition, the expression of miR-152-3p 
was significantly upregulated in the EWSAT1-silenced 
group compared with the si-NC group (Fig. 4C). A luciferase 
reporter assay was subsequently used to confirm the putative 
miR-152-3p target site (Fig. 4D). Next, miR-152-3p mimics or 
inhibitor mimics were used to examine transfection efficiency 
in the U251 and T98G cell lines (Fig. 4E). In addition, lucif-
erase reporters carrying either the predicted miR-152-3p WT 
(EWSAT1-WT) or its mutated fragment (EWSAT1-MUT) were 
constructed. The results from luciferase reporter assays showed 
that miR‑152‑3p significantly suppressed the luciferase activity 
in the cells transfected with the EWSAT1-WT but not mutant 
EWSAT1-MUT 3'-UTR (Fig. 4F). These data suggested that 
EWSAT1 may interact with miR-152-3p in glioma cells.

miR‑152‑3p inhibits the effects of EWSAT1 in GBM cells. 
The Kaplan-Meier survival analysis demonstrated that low 
miR‑152‑3p expression levels were associated with signifi-
cantly poorer survival in the GEPIA database (Fig. 5A). The 
level of miR-152-3p in glioma cells was evaluated, and it 
was identified that miR‑152‑3p was significantly inhibited in 
these cells compared with NHA cells (Fig. 5B). Then, rescue 
experiments were performed using U251 cells. Transfection 
of the miR-152-3p inhibitor in the si-EWSAT1-transfected 
group led to a decreased level of miR-152-3p compared with 
the miR-inhibitor NC (Fig. 5C). The level of miR-152-3p 
increased when the cells were transfected with si-EWSAT1. 
However, following treatment with the miR-152-3p inhibitor, 
the inhibition effect on cell invasion induced by EWSAT1 
knockdown was also impeded in the U251 cells (Fig. 5D). 
These data indicated that miR-152-3p was a vital mediator of 
EWSAT1-regulated proliferation and invasion processes.

Discussion

GBM is the most common and aggressive type of central nervous 
system tumor. Due to its infiltrative growth pattern, anti‑apoptotic 
nature and resistance to chemotherapy, total surgical resection is 
difficult to perform for this malignant brain tumor. Therefore, 

it is essential to explore its basic biological mechanisms, and to 
develop novel targets for recurrence prevention and therapy. It 
has been previously demonstrated that lncRNAs are involved in 
a variety of human carcinomas; therefore, an in-depth analysis of 
these molecules may provide an understanding of the diagnosis, 
prognosis and therapeutic methods of human cancer (29-32). 
Moreover, the mechanism by which EWSAT1 serves as an onco-
gene in GBM requires further study.

In the present study, the level of lncRNA EWSAT1, which 
is a novel tumor suppressor located on chromosome 15q23, 
was significantly increased in glioma samples. EWSAT1 over-
expression was markedly associated with a poorer prognosis. 
Moreover, it was demonstrated that EWSAT1 promoted cell 
proliferation and invasion using gain and loss-of-function 
assays in vitro. The level of miR-152-3p was decreased in 
GBM tissues. The expression of miR-152-3p was negatively 
correlated with that of EWSAT1. By using bioinformatics 
analysis, miR‑152‑3p was identified as a promising target of 
EWSAT1. Together, these results indicated that EWSAT1 
exerted a oncogene role in GBM progression, suggesting a 
potential therapeutic method for GBM.

Previous studies have reported that lncRNAs are potential 
miRNA sponges (33,34). Silencing of the lncRNA SCAMP1 
inhibits malignant biological behavior in glioma through the 
miR-499a-5p/LIM homeobox transcription factor 1 alpha/NLR 
family CARD domain containing 5 signaling pathway (35). 
HOX transcript antisense RNA directly inhibited WIF-1 level 
by regulating the promoter region methylation of its histone 
H3K27, and then activating the Wnt/β-catenin signaling 
pathway (36). In hepatocellular carcinoma, Zhang et al (37) 
demonstrated that FLVCR1-AS1 sponges miR-513c to regulate 
tumor biological functions.

Multiple previous studies have revealed that the abnormal 
expression of miRNAs serves a vital role in the occurrence 
and progression of cancer (38). Feng et al (39) showed that 
miR-152-3p serves as direct regulator of KLF4 in prostate 
cancer. It was reported that increased EWSAT1 expression 
was associated with poor outcomes in patients with osteosar-
coma (15). Zhang et al (16) suggested that the downregulation 
of the lncRNA EWSAT1 suppressed cell proliferation and 
invasion of CRC, which indicated that EWSAT1 may be a 
potential target of CRC treatment. The lncRNA EWSAT1 
promotes ovarian cancer progression through regulating the 
expression of miR-330-5p (17). Thus, these data appear to 
indicate an association between the lncRNA EWSAT1 and 
miR-152-3p in GBM.

In the present study, the putative binding site between 
EWSAT1 and miR‑152‑3p was identified using a luciferase 
reporter assay system; the results confirmed EWSAT1 as 
a potential tumor suppressor that regulates miR-152-3p, 
subsequently inhibiting the growth and invasion of glioma. 
The suppressive effect of si-EWSAT1 was reversed when 
co-transfected with miR-152-3p inhibitor. Collectively, these 
results on the role of EWSAT1, and the mechanisms under-
lying the proliferation and invasion of glioma cells, provide 
essential information on its role in tumorigenesis.

In conclusion, EWSAT1 acts as an oncogenic lncRNA that 
facilitates the development and progression of GBM through 
miR-152-3p, indicating that EWSAT1 may function as a poten-
tial biomarker and therapeutic target for GBM.
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