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Abstract. Growth‑arrest‑associated long non‑coding RNA 
(lncRNA) 1 (GASL1) is an lncRNA with a tumor suppres-
sion role in osteosarcoma, whereas its involvement in other 
malignancies is unknown. In the present study, tumor tissues 
and adjacent healthy tissues were collected from patients 
with glioma, and blood samples were collected from patients 
and healthy controls to detect the expression of GASL1. All 
patients were followed up for 5 years, and the diagnostic 
and prognostic values for glioma were evaluated by receiver 
operating characteristic curve analysis and survival curve 
analysis, respectively. Potential associations between serum 
GASL1 and clinicopathological data of patients with glioma 
were investigated using χ2 testing. A GASL1 expression vector 
and short hairpin RNA targeting GASL1 were transfected into 
glioma cells and the effects on TGF‑β1 expression and cell 
proliferation were investigated by western blotting and Cell 
Counting Kit‑8 assay. Glioma tumor tissue exhibited signifi-
cantly lower GASL1 expression compared with in adjacent 
healthy tissue. Serum levels of GASL1 were lower in patients 
compared with in healthy controls. Serum GASL1 was identi-
fied to be a sensitive biomarker for glioma cancer, and a low 
expression level of GASL1 was associated with a decreased 
postoperative survival rate. In glioma cell lines with GASL1 
overexpression, TGF‑β1 expression was decreased and prolif-
eration was inhibited. GASL1 knockdown in glioma cell lines 
led to increased TGF‑β1 expression and proliferation. TGF‑β1 
treatment had no effect on GASL1 expression, but TGF‑β1 
treatment partially rescued the inhibition of proliferation in 
cells overexpressing GASL1. Therefore, GASL1 may inhibit 
tumor growth of glioma by inactivating the TGF‑β signaling 
pathway.

Introduction

As a type of tumor originating from glial cells of the spine or brain, 
glioma is one of the most common types of central nervous system 
tumors, accounting for ~80% of all malignant brain tumors (1). 
Glioma tumors arising in different parts of the central nervous 
system may have different consequences (2,3). Unlike other types 
of malignancy, gliomas metastasize through the cerebrospinal 
fluid, but not the blood circulation to cause drop metastases to 
the spinal cord (4). Following the establishment of metastasis, 
treatment outcomes and prognosis are markedly poor (4). In spite 
of the advances in understanding the development of glioma, 
the pathogenesis of this disease remains unclear (5). Therefore, 
in‑depth investigation of the molecular mechanism of the occur-
rence of glioma may lead to improved treatment and prevention.

Genetic factors serve central roles in the pathogenesis of 
glioma. Certain genetic diseases, including tuberous sclerosis 
complex and neurofibromatosis type 1 and 2 are associated with 
the occurrence of glioma (6). Transforming growth factor β 
(TGF‑β) signaling is considered to be a central factor in glioma 
development owing to its role in regulating cancer cell prolifera-
tion, migration and invasion (7,8). TGF‑β inhibits tumor growth 
at early stages of tumor development, and promotes tumor 
metastasis at advance stages of the majority of cancer types (9), 
particularly in glioma (7,8). Long non‑coding RNAs (lncRNAs) 
are a type of non‑coding RNA of >200 nucleotides in length 
that serve pivotal roles in the pathogenesis of various types of 
cancer (10). LncRNAs are also key factors in glioma (11). TGF‑β 
signaling has been demonstrated to be regulated by lncRNAs (12). 
Growth‑arrest‑associated lncRNA 1 (GASL1) has been identified 
as a potential tumor suppressor in liver cancer (13). Downregulation 
of GASL1 was observed in liver cancer, and overexpression of 
GASL1 inhibited osteosarcoma cell proliferation by inactivating 
a transcription factor involved in cell cycle progression (13). The 
involvement of GASL1 in other malignancies remains unknown. 
Preliminary data obtained from microarray revealed altered 
expression of GASL1 in glioma tissues compared with in healthy 
tissues (data not shown). In the present study, the effect of altered 
GASL1 expression on the proliferation of glioma cells and the 
role of TGF‑β1 in this process was investigated.

Materials and methods

Patient and healthy control samples. A retrospective study was 
performed to review the clinical data of 62 patients diagnosed 
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with glioma in The Second Hospital of Hebei Medical University 
(Hebei, China). All the patients were diagnosed through patho-
logical examination and treated between March 2010 and March 
2013. Patient specimens including tumor tissues, paired adjacent 
healthy tissues and serum samples were obtained from the 
specimen library of the hospital. The patients that were included 
in the study met the following criteria: i) Diagnosis of glioma by 
pathological examination; ii) first time being treated for glioma; 
iii) completion of the whole treatment procedure; iv) comple-
tion of follow‑up; and v) complete clinical data available. The 
exclusion criteria were as follows: i) Other malignancies diag-
nosed; ii) other severe diseases diagnosed; iii) prior treatment or 
transferred to other hospitals during treatment; or iv) mortality 
due to other causes during follow‑up. The 62 patients included 
32 males and 30 females, and the ages ranged between 33 and 
72 years, with a mean age of 51.2±5.9 years. Serum samples 
of 52 healthy volunteers were also obtained from the specimen 
library of The Second Hospital of Hebei Medical University. 
The healthy controls received routine physiological examina-
tions during the same period. The controls including 28 males 
and 24 females, were aged between 31 and 70 years, with a 
mean age of 50.5±6.6 years. No significant differences in age, 
sex and other basic clinical data were identified between the 
patient group and control group.

Quantification of TGF‑β1 by ELISA. Serum TGF‑β1 was 
detected using the human TGF‑β 1 ELISA kit (RAB0460; 
Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany). All 
experiments were performed according to the manufacturer's 
protocol.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) was used to extract 
total RNA, and tissues were ground in liquid nitrogen before 
adding TRIzol® to achieve complete cell lysis. Total RNA was 
transcribed into cDNA using Reverse Transcriptase AMV kit 
(Sigma‑Aldrich; Merck KGaA) and the following tempera-
ture conditions: 50˚C for 20 min and 80˚C for 10 min. The 
qPCR mix was prepared using SYBR® Green Real‑Time PCR 
Master mix (Thermo Fisher Scientific, Inc.). Primers used in 
PCR were as follows: GASL1 forward, 5'‑CTG​AGG​CCA​AAG​
TTT​CCA​AC‑3' and reverse, 5'‑CAG​CCT​GAC​TTT​CCC​TCT​
TCT‑3'; TGF‑β1 forward, 5'‑GGA​CAC​CAA​CTA​TTG​CTT​
CAG‑3' and reverse, 5'‑TCC​AGG​CTC​CAA​ATG​TAG​G‑3'; 
β‑actin forward, 5'‑GAC​CTC​TAT​GCC​AAC​ACA​GT‑3' and 
reverse, 5'‑AGT​ACT​TGC​GCT​CAG​GAG​GA‑3'. PCR thermo-
cycling conditions were as follows: 40 sec at 95˚C, followed 
by 40 cycles of 20 sec at 95˚C and 40 sec at 57˚C. GASL1 
and TGF‑β1 expression was normalized to β‑actin endogenous 
control using the 2‑ΔΔCq method (14).

Western blot analysis. Total protein was extracted using 
radioimmunoprecipitation solution (Thermo Fisher Scientific, 
Inc.) and bicinchoninic acid assay was performed to determine 
protein concentration. SDS‑PAGE (12% gel) was performed 
with 25‑µg protein/lane. Proteins were transferred onto 
polyvinylidene difluoride membranes, and blocked with 5% 
skimmed milk in TBS with 0.2% Tween at room tempera-
ture for 2 h. Next, membranes were incubated with primary 

antibodies against TGF‑β1 (rabbit anti‑human; 1:1,500; 
ab92486; Abcam, Cambridge, MA, USA) and GAPDH (rabbit 
anti‑human; 1:1,200; ab9485; Abcam) at 4˚C overnight. 
Subsequently, membranes were incubated with horseradish 
peroxidase‑conjugated anti‑rabbit IgG secondary antibody 
(1:1,000; MBS435036; MyBioSource, Inc., San Diego, CA, 
USA) for 4 h at room temperature. Pierce enhanced chemi-
luminescence western blotting substrate (Thermo Fisher 
Scientific, Inc.) was added to develop the signal, which was 
detected using a MYECL™ Imager (Thermo Fisher Scientific, 
Inc.). Expression of TGF‑β1 was normalized to GAPDH 
endogenous control using ImageJ software (version 1.6; 
National Institutes of Health, Bethesda, MD, USA).

Cell culture and transfection. The present study included 
two human glioma cell lines, Hs 683 (ATCC® HTB‑138™) 
and CCD‑25Lu (ATCC® CCL‑215™). The two cell lines 
were purchased from the American Type Culture Collection 
(ATCC; Manassas, VA, USA). Cells were cultured with 
ATCC‑formulated Eagle's minimum essential medium (cat. 
no.  30‑2003; ATCC) containing 10% fetal bovine serum 
(Sangon Biotech Co., Ltd., Shanghai, China). GASL1 short 
hairpin (sh)RNA (5'‑GACGTGTCAGGACCTTCGT‑3') 
and negative control shRNA were synthesized by Shanghai 
GenePharma Co., Ltd. (Shanghai, China). PCR was performed 
to obtain an EcoRI/EcoRI fragment containing full‑length 
GASL1 cDNA (performed by Sangon Biotech Co., Ltd.). 
The GASL1 cDNA was amplified by PCR using the cDNA 
generated from RT‑PCR as a template. The sequences of the 
primers were as follows: forward, 5'‑GAA​TTA​GGG​TGC​
GTC​ACC​GGA​GCA​G‑3' and reverse, 5'‑AAT​TCG​GTT​TTT​
CTT​TCT​TAG​TTT​ATT​T‑3'. The PCR mix was prepared using 
Phusion® High‑Fidelity DNA Polymerase kit (New England 
BioLabs, Inc., Ipswich, MA, USA). The thermocycling condi-
tions were 30 sec at 98˚C, followed by 40 cycles of 10 sec at 
98˚C, 10 sec at 55˚C and 70 sec at 72˚C. This fragment was 
inserted into pIRSE2‑EGFP vector (Clontech Laboratories, 
Inc., Mountainview, CA, USA) to construct a GASL1 expres-
sion vector. Lipofectamine® 2000 reagent (cat. no. 11668‑019; 
Invitrogen; Thermo Fisher Scientific, Inc.) was used to trans-
fect 10 nM vector and 50 nM shRNA into 5x105 cells. Negative 
control shRNA and empty pIRSE2‑EGFP vector were used as 
negative controls. Untransfected cells were used as controls. 
Overexpression and knockdown were confirmed by RT‑qPCR, 
as mentioned before. All subsequent experiments were 
performed on samples in which expression of GASL1 was 
≥200% for overexpression or ≤50% for knockdown at 24 h 
after transfections compared with expression in the control 
group.

Cell proliferation assay. A Cell Counting Kit‑8 (CCK‑8) assay 
was performed to evaluate cell proliferation. In cases of TGF‑β1 
treatment, cells were treated with TGF‑β1 (Sigma‑Aldrich; 
Merck KGaA) at a dose of 10 ng/ml for 12 h at 37˚C before 
use. Hs 683 and CCD‑25Lu cells were collected during 
exponential phase to make cell suspensions with a density of 
4x104 cells/ml. Of this, 4x103 cells were added to each well of 
a 96‑well plate. Cells were cultured for 24, 48, 72 and 96 h 
in an incubator at 37˚C with 5% CO2, at which point 10 µl 
CCK‑8 solution (Sigma‑Aldrich; Merck KGaA) was added. 
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Following culture for a further 4 h, optical density values were 
determined at 450 nm using a Fisherbrand™ accuSkan™ 
GO UV/Vis microplate spectrophotometer (Thermo Fisher 
Scientific, Inc.) to assess cell proliferation. OD value of control 
group was set to 100%, and all other groups and other time 
points were normalized to this value.

Statistical analysis. Statistical analysis was performed 
using SPSS (version 19.0; IBM Corp., Armonk, NY, USA). 
GASL1 and TGF‑β1 expression levels were recorded as 
the mean ±  standard deviation, and comparisons between 
two groups and among multiple groups were performed by 
Student's t‑test and one‑way analysis of variance (ANOVA) 
followed by Tukey's post hoc test, respectively. The χ2 test 
was performed to analyze the association between GASL1 
expression and clinical data of patients with glioma. Pearson's 
correlation coefficient was used to analyze TGF‑β1 and 
GASL1 expression for potential correlations. Receiver oper-
ating characteristic (ROC) curve analysis was performed to 
evaluate the diagnostic value of serum GASL1 for glioma with 
patients as true positive cases and controls as true negative 
cases. The 62 patients with glioma were divided into high and 
low level expression groups (n=31) according to the median 
serum level of GASL1. Kaplan‑Meier method was used to plot 
survival curves and the two groups were compared using a 
log‑rank test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of GASL1 in tumor tissues and paired normal 
tissues of 62 patients with glioma. GASL1 expression in tumor 

tissues and paired normal tissues of 62 patients with glioma 
was detected using RT‑qPCR. The results demonstrated 
that a majority of patients with glioma (56/62, 90.3%) had 
significantly decreased expression of GASL1 in tumor tissues 
compared with expression in paired adjacent healthy tissues 
(P<0.05; Fig. 1), indicating that downregulation of GASL1 
may be involved in the pathogenesis of glioma.

Comparison of serum level of GASL1 in patients with glioma 
and in healthy controls, and analysis of the diagnostic value 
of serum GASL1. Serum levels of GASL1 in patients with 
glioma and in healthy controls were also determined using 
RT‑qPCR. As presented in Fig. 2A, the serum level of GASL1 
was significantly lower in patients with glioma compared with 
that in healthy controls (P<0.05). Receiver operating charac-
teristic (ROC) curve analysis was performed to evaluate the 
diagnostic value of serum GASL1 for glioma. As presented 
in Fig. 2B, the area under the curve was 0.8838, with stan-
dard error of 0.03429 and 95% confidence interval of 0.8166 
to 0.9511. Therefore, serum GASL1 may serve as a potential 
diagnostic biomarker for glioma.

Prognostic value of serum GASL1 for glioma. The 62 patients 
with glioma were divided into high and low level expres-
sion groups (n=31) according to the median serum level of 
GASL1. All patients were followed up for 5 years or until their 
mortality to determine the survival rate. The Kaplan‑Meier 
method was used to plot survival curves and the two groups 
were compared using a log‑rank test. As presented in Fig. 3, 
the overall survival rate of patients with a low serum level of 
GASL1 was significantly worse compared with that of patients 
with a high serum level of GASL1.

Table I. Serum GASL1 level and clinicopathological data of 62 patients with glioma.

Characteristics	 Cases, n	 High GASL1, n	 Low GASL1, n	 χ²	 P‑value

Age, years				    0.58	 0.45
  >50	 29	 13	 16		
  <50	 33	 18	 15		
Sex				    1.03	 0.31
  Male	 32	 14	 18		
  Female	 30	 17	 13		
Alcohol consumption				    0.28	 0.60
  Yes	 22	 12	 10		
  No	 40	 19	 21		
Smoking				    0.62	 0.43
  Yes	 23	 10	 13		
  No	 39	 21	 18		
Primary tumor diameter, cm				    6.51	 0.01
  >2	 28	   9	 19		
  <2	 34	 22	 12		
Tumor distant metastasis				    0.60	 0.44
  Yes	 25	 11	 14		
  No	 37	 20	 17		

GASL1, growth‑arrest‑associated long non‑coding RNA 1.
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Association between serum levels of GASL1 and patients' 
clinicopathological data. Potential associations between 
serum levels of GASL1 and patients' clinicopathological data 
were analyzed using a χ2 test. As presented in Table  I, no 
significant correlations were identified between serum levels 
of GASL1 and patients' age, sex, smoking habit, drinking habit 
and existence of distant tumor metastasis. In contrast, there 
was a significant inverse correlation between levels of serum 
GASL1 and tumor size.

Interactions between GASL1 and TGF‑β1 in glioma cells. The 
data in Table I indicate that GASL1 may be involved in the 
growth of glioma. It has been reported that activation of TGF‑β 
promotes growth of glioma (8). In the present study, Pearson's 
correlation analysis revealed a significant negative correlation 
between serum GASL1 and TGF‑β1 in patients with glioma 
(Fig. 4A), but not in healthy controls (Fig. 4B). In addition, 
the effects of GASL1 overexpression and knockdown on the 
expression of TGF‑β1 in glioma cell lines were examined. 
GASL1 overexpression and shRNA‑mediated knockdown of 
GASL1 were successfully achieved in two glioma cell lines, Hs 
683 (Fig. 5A) and CCD‑25Lu (Fig. 5B). GASL1 overexpression 

significantly inhibited and shRNA silencing significantly 
promoted the expression TGF‑β1 in cells of glioma cell lines 
Hs 683 (Fig. 5C) and CCD‑25Lu (Fig. 5D). However, treatment 

Figure 1. Expression of GASL1 in tumor tissues and paired normal tissues from 62 patients with glioma. *P<0.05 vs. normal tissues. GASL1, 
Growth‑arrest‑associated long non‑coding RNA 1.

Figure 2. Serum GASL1 levels in patients with glioma and in healthy controls. (A) Comparison of serum level of GASL1 in patients with glioma and in healthy 
controls; (B) ROC curve analysis of the diagnostic value of serum GASL1 for glioma. *P<0.05. GASL1, Growth‑arrest‑associated long non‑coding RNA 1.

Figure 3. Survival analysis of patients with high and low serum levels of 
GASL1. GASL1, Growth‑arrest‑associated long non‑coding RNA 1.
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Figure 4. Correlation between serum GASL1 and TGF‑β1 in (A) patients with glioma and (B) healthy controls. Pearson's correlation analysis revealed a 
significant negative correlation between serum GASL1 and TGF‑β1 in patients with glioma. GASL1, Growth‑arrest‑associated long non‑coding RNA 1; 
TGF‑β1, transforming growth factor‑β1.

Figure 5. Interaction between GASL1 and TGF‑β1 in glioma cell lines. Data were analyzed by one‑way analysis of variance with a Tukey's post‑hoc test. 
GASL1 overexpression and shRNA‑mediated knockdown in (A) Hs 683 and (B) CCD‑25Lu cells. TGF‑β1 mRNA and protein expression in (C) Hs 683 and 
(D) CCD‑25Lu cells with GASL1 overexpressed or knocked down. *P<0.05. GASL1, Growth‑arrest‑associated long non‑coding RNA 1; TGF‑β1, transforming 
growth factor‑β1; shRNA, short hairpin RNA; C, control; NC, negative control.

https://www.spandidos-publications.com/10.3892/ol.2019.10273
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with TGF‑β1 (5, 10 and 50 ng/ml; Sigma‑Aldrich) for 12 h had 
no significant effect on GASL1 expression (data not shown). 
Therefore, GASL1 may be an upstream inhibitor of TGF‑β1.

Effects of GASL1 overexpression and knockdown and TGF‑β1 
treatment on cell proliferation. As presented in Fig. 6, analysis 
of cell proliferation data by one‑way ANOVA with a post‑hoc 
Tukey's test showed that GASL1 overexpression significantly 
inhibited and GASL1 significantly promoted the prolif-
eration of two human glioma cell lines, Hs 683 (Fig. 6A) and 
CCD‑25Lu (Fig. 6B). In addition, treatment with TGF‑β1 at a 
dose of 10 ng/ml significantly decreased the inhibitory effect 
of GASL1 overexpression on cell proliferation in the two cell 
lines.

Discussion

GASL1 is an lncRNA that was identified as a tumor suppressor 
gene in osteosarcoma (12). The key result of the present study 
is that GASL1 may also serve a role as a tumor suppressor gene 
in glioma by inhibiting cancer cell proliferation. The action of 
GASL1 in glioma may be achieved through the downregula-
tion of TGF‑β1. In addition, the results of the present study also 
revealed that circulating GASL1 in the serum of patients with 
glioma may have diagnostic and prognostic value for glioma.

Previous studies in the last several decades have indicated 
that the occurrence, development and progression of glioma 
are accompanied by changes in expression patterns of a large 
set of genes, and certain genes may act as tumor suppres-
sors or oncogenes (6). LncRNAs are potentially key factors 
in different types of malignancy including glioma  (9,10). 
Expression of the lncRNA ADAMTS9 antisense RNA 2 
(ADAMTS9‑AS2) is significantly decreased in glioma tissues 
compared with that in paired adjacent normal cells, and 
downregulation of ADAMTS9‑AS2 increased the migration 
of glioma cells (15). In contrast, H19 is an oncogenic lncRNA 

with increased expression in glioma (16). A previous study 
reported that GASL1 is downregulated in liver cancer (13), 
revealing its role as a potential tumor suppressor gene in this 
disease. In the present study, GASL1 in tumor tissues was 
decreased compared with that in paired adjacent healthy 
tissues, indicating that GASL1 may also be a tumor suppressor 
gene in glioma.

Circulating biomarkers are widely used in the diagnosis 
and prognosis of different types of cancer  (17). The main 
challenge in the treatment of glioma is the presence of distant 
tumor metastasis, and early and accurate diagnosis remains 
the key factor in influencing the survival rate of patients (18). 
In the present study, levels of circulating GASL1 in serum of 
patients with glioma were identified to be significantly lower 
compared with in healthy controls. ROC curve analysis indi-
cated that decreased serum GASL1 may be a useful biomarker 
to distinguish patients with glioma from healthy controls. In 
addition, survival curve comparison also indicated that low 
serum levels of GASL1 were associated with a poor postopera-
tive survival rate. Therefore, circulating GASL1 may serve as 
a potential diagnostic and prognostic biomarker for glioma. 
However, GASL1 is a novel lncRNA lacking known expres-
sion patterns in other diseases. Therefore, a combination of 
multiple biomarkers should be used to improve the accuracy 
of diagnosis and prognosis.

The results of the present study also demonstrated that 
serum GASL1 is significantly associated with tumor size, but 
not with tumor metastasis. In vitro investigation revealed that 
GASL1 can inhibit the proliferation of glioma cells. TGF‑β 
signaling serves a central role in the pathogenesis of various 
types of cancer (9,19,20). As a double‑edged sword in cancer 
biology, TGF‑β signaling induces cancer cell migration and 
invasion, but also exerts anti‑proliferative effects (9). However, 
it is generally considered that TGF‑β signaling accelerates 
the proliferation rate of glioma cells (8). In the present study, 
GASL1 was identified as a potential upstream inhibitor of 

Figure 6. Effects of GASL1 overexpression and knockdown and TGF‑β1 treatment on proliferation of (A) Hs 683 and (B) CCD‑25Lu glioma cells. One‑way 
analysis of variance with a Tukey's post‑hoc test was performed to compare cell proliferation data among different cell transfection groups. It was found 
that GASL1 overexpression significantly inhibited and GASL1 significantly promoted the proliferation of human glioma cells. In addition, treatment with 
TGF‑β1 at a dose of 10 ng/ml significantly decreased the inhibitory effect of GASL1 overexpression on cell proliferation in the two cell lines. *P<0.05. 
Growth‑arrest‑associated long non‑coding RNA 1; TGF‑β1, transforming growth factor‑β1; shRNA, short hairpin RNA.
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TGF‑β1. In addition, TGF‑β1 treatment significantly decreased 
the inhibitory effects of GASL1 overexpression on glioma 
cell proliferation. This partial rescue of cell proliferation by 
TGF‑β has been reported previously (21). GASL1 may inhibit 
the growth of glioma by downregulating TGF‑β1 expression. 
However, the effect of GASL1 on the regulation of TGF‑β1 
expression may not be direct, as no significant correlation 
was identified between serum GASL1 and TGF‑β1 in healthy 
controls. Therefore, there may be glioma‑specific factors that 
mediate the association between GASL1 and TGF‑β1.

The present study identified a negative correlation between 
GASL1 and TGF‑β1 in serum samples of patients with glioma, 
but not in those of healthy controls. However, the potential 
correlation between expression of GASL1 and TGF‑β1 in 
tumor tissues of patients with glioma was not investigated 
owing to a lack of tumor tissues. Future studies are required to 
perform this analysis.

In conclusion, GASL1 expression was significantly 
decreased in glioma tissue compared with that in normal 
tissue. Serum GASL1 may serve as a potential diagnostic 
and prognostic biomarker for glioma. GASL1 overexpression 
inhibited glioma cell proliferation and downregulated TGF‑β1 
expression, but TGF‑β1 treatment decreased the effect of 
GASL1 overexpression on proliferation. Therefore, lncRNA 
GASL1 may inhibit growth of glioma by inactivating the 
TGF‑β signaling pathway.
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