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ABSTRACT
Primary glioblastoma (GB) is the most aggressive type of brain tumors. While mutations in isocitrate dehydrogenase (IDH) genes are frequent in secondary GBs and correlate with a better prognosis, most primary GBs are IDH wild-type. Recent studies have shown that the long
noncoding RNA metastasis associated lung adenocarcinoma transcript-1 (MALAT1) is associated with aggressive tumor phenotypes in different cancers. Our aim was to clarify the prognostic significance of MALAT1 in IDH1/2 wild-type primary GB tumors. We analyzed IDH1/2
mutation status in 75 patients with primary GB by DNA sequencing. The expression of MALAT1 was detected in the 75 primary GB tissues
and 5 normal brain tissues using reverse transcription quantitative PCR (RT-qPCR). The associations between MALAT1 expression, IDH1/2
mutation status, and clinicopathological variables of patients were determined. IDH1 (R132H) mutation was observed in 5/75 primary GBs.
IDH2 (R172H) mutation was not detected in any of our cases. MALAT1 expression was significantly upregulated in primary GB vs. normal
brain tissues (p = 0.025). Increased MALAT1 expression in IDH1/2 wild-type primary GBs correlated with patient age and tumor localization
(p = 0.032 and p = 0.025, respectively). A multivariate analysis showed that high MALAT1 expression was an unfavorable prognostic factor for
overall survival (p = 0.034) in IDH1/2 wild-type primary GBs. High MALAT1 expression may have a prognostic role in primary GBs independent of IDH mutations.
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INTRODUCTION

are more frequent in secondary GB (>80%) than in primary
GB (<5%) and that they correlate with a better prognosis [8,9].
While a mutation in the IDH1 gene is considered a prognostic
marker in secondary GB, the effect of IDH1/2 mutations on
the prognosis of primary GB remains unclear.
In addition to IDH mutations, epigenetic regulation is now
thought to play an important role in the development and
prognosis of GB [10]. These epigenetic mechanisms include
regulation by long noncoding RNAs (lncRNAs), which
are noncoding transcripts of more than 200 nucleotides in
length [11]. LncRNAs regulate many cellular processes, such as
gene transcription and translation. Dysregulation of lncRNA
expression affects cell proliferation, cell migration, tumor
growth, and metastasis in several types of cancer, including
brain tumors. LncRNAs have been associated with oncogenic
mechanisms in oligodendroglioma, medulloblastoma, and
GB. Oncogenic lncRNAs may affect glial cell differentiation
and maintenance of stemness, leading to metastasis [11]. Based
on differential expression patterns of lncRNAs in brain tumors

Glioblastoma (GB) is the most common and most aggressive primary brain tumor (World Health Organization
[WHO] astrocytoma grade IV) [1]. Conventional therapies,
including surgery, adjuvant radiotherapy, and pharmacotherapy (typically chemotherapy with temozolomide [TMZ]) have
not improved the prognosis of GB patients, and the 5-year survival rate has remained at 4–6% [2]. GBs are classified as primary or secondary according to their formation [3,4]. The two
GB types are characterized by different genetic alterations, and
mutations in isocitrate dehydrogenase (IDH) genes are most
commonly used to discriminate between primary and secondary GBs [5-7]. Many studies showed that IDH mutations
*Corresponding author: Berrin Tunca, Department of Medical Biology,
Faculty of Medicine, Uludag University, Gorukle, Nilufer, Bursa, Turkey.
Phone: +902242954161; Fax: +902242950019. E-mail: btunca@uludag.edu.tr
#
These authors equally contributed.
Submitted: 23 May 2019/Accepted: 28 June 2019

1

Omer Gokay Argadal, et al.: Prognostic significance of MALAT1 in glioblastomas

they may be used as diagnostic and prognostic biomarkers as
well as pharmaceutical targets [12].
Metastasis associated lung adenocarcinoma transcript-1
(MALAT1) located on chromosome 11q13 was found to be
highly expressed and associated with metastasis in non-small
cell lung cancer [13]. MALAT1 is involved in the regulation
of genes related to proliferation, apoptosis, and metastasis
of tumor cells [14]. As an oncogene, MALAT1 can induce
migration and invasion of tumor cells. MALAT1 overexpression in glioma tissues was positively correlated with grade
and tumor size [14]. Recent studies reported that MALAT1 is
one of the most significantly upregulated lncRNAs in various
tumors, including gliomas [15-17]. However, the significance of
MALAT1 in GB prognosis, especially in a homogenous group
of patients with primary GB, is unclear.
Based on the available evidence for aberrant expression
of MALAT1 in cancer, we hypothesized that dysregulation of
MALAT1 plays an important role in the pathogenesis of primary GB. Therefore, in the current study, we analyzed MALAT1
expression in patients with IDH1/2 wild-type primary GB.

removed with xylene and 95% ethanol, and DNA was isolated from the fixed tissues using the DNeasy FFPE Mini Kit
(Qiagen, Germany), according to the manufacturer’s protocol.
The amount and concentration of extracted DNA in a 4-μl volume of each sample were measured using a Beckman Coulter
DU-730 spectrophotometer (Beckman Coulter Inc., CA, US).
Only high-quality DNA samples were used for subsequent
analyses, i.e., with the absorbance ratio between 1.9 and 2.1.

IDH1/2 mutation analysis
Point mutations in the IDH1 and IDH2 genes were analyzed by direct sequencing of polymerase chain reaction
(PCR) products. The genomic regions of R132H mutation
in IDH1 and R172H in IDH2 represent 254-bp and 345-bp
long fragments, respectively and span the catalytic domains
of corresponding proteins. We used the following primers
for direct sequencing of the exon 4 in both genes: IDH1 forward 5′-TGAGAAGAGGGTTGAGGAGTT-3′ and reverse
5′-AACATGCAAAATCACATTATTGCC-3′. IDH2 forward 5′-CACGCTGAAGAAGATGTGGAA -3′ and reverse
5′-CAGAGACAAGAGGATGGCTA-3′. PCR was performed
in a 20-µl reaction volume containing 1.25 µl of each forward
and reverse primer, 10 µl Master mix buffer, 4.5 µl dH2O, and
3 µl DNA. The PCR conditions were as follows: Denaturation
at 95°C for 2 min and at 94°C for 12 sec, 40 cycles of amplification with annealing at 53°C for 30 sec and extension at 72°C for
59 sec, and final extension at 72°C for 7 min.

MATERIALS AND METHODS
Patients
This retrospective study included 75 patients with a diagnosis of primary GB, who were treated at the Department of
Neurosurgery of the Uludag University Hospital between 2005
and 2016. Tumor tissue samples were obtained by surgical resection before treatment (radiation or chemotherapy). Surgical
procedures were performed by neurosurgeons with the use of
microscope (Zeiss OPMI Pentero Carl Zeiss Inc., Oberkochen,
Germany). The aim of the surgery was gross total resection
whenever possible, since the maximal extent of resection is
correlated with longer recurrence-free period and overall survival (OS) of patients. Intraoperative fluorescence techniques
that are known to help maximize the extent of resection, such
as those using 5-aminolevulinic acid (5-ALA), indocyanine
green, or fluorescein sodium, were not routinely used in any
of the cases. Patients who underwent only stereotactic biopsy,
who had a family history of glioma, who had a coexisting malignancy, or who died for different reasons within the first 30 days
after surgical resection were excluded from the study. Tumor
samples were examined and confirmed at the Department of
Pathology of the Uludag University and classified according
to the WHO criteria. This study was approved by the Uludag
University Ethics Committee (ethical number 2017-13/98).

RNA extraction and reverse transcription
quantitative PCR (RT-qPCR) analysis of MALAT1
expression
Total RNA was extracted from FFPE tissues using the
RNeasy FFPE Mini Kit (Qiagen, Germany) to determine the
expression levels of MALAT1. The quantity and concentration of extracted RNA were evaluated in 4 μl of each sample
using a Beckman Coulter DU-640 spectrophotometer. The
absorbance ratio of extracted RNA samples was between
1.8 and 2.2. The cDNA synthesis was performed using the
ProtoScript M-MuLV Fist Strand cDNA Synthesis Kit (New
England Biolabs, MA, US). The PCR conditions for cDNA
synthesis were as follows: 25°C for 10 min, 37°C for 2 h, and
85°C for 5 min. LncRNA expression was analyzed using an
ABI StepOnePlusTM real-time PCR (Applied Biosystems, CA,
US). The expression levels of MALAT1 (Hs00273907_s1)
were normalized to the levels of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene (Hs.544577).

DNA extraction

Statistical analysis

Expert pathologists identified tumor locations in formalin-fixed paraffin embedded (FFPE) tissues. Paraffin was

The pathogenic significance of IDH1 (R132H) and IDH2
(R172H) variants was determined using ClinVar. The associations
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TABLE 1. Clinicopathological features of primary glioblastoma (GB)
patients (N=75)

between MALAT1 expression, IDH1/2 mutation status, and clinicopathological variables of patients were analyzed using IBM
SPSS Statistics for Windows, Version 23.0 (IBM Corp., Armonk,
NY). The Chi-square test and Cox regression were used for
multivariate analysis. The effects of IDH1/2 mutation status and
MALAT1 expression on patient survival were determined by
Kaplan-Meier analysis using MedCalc Statistical Software version 12.4.0 (MedCalc Software bvba, Ostend, Belgium).

Variables
Sex
Female
Male
Age
<45
>45
Localization
Right hemisphere
Left hemisphere
Lobular localization
Frontal
Parietal
Temporal
Occipital
Insular
Septal Callosal

RESULTS
Clinicopathological features of patients
A total of 75 patients with primary GB were analyzed in this
retrospective study; 34 (45.3%) were female and 41 (54.7%) were
male. The age at GB presentation ranged from 31 to 76 years
(median of 56 years). Tumors were localized in the right side of
the brain in 36 (48.0%) patients and in the left side in 39 (52.0%)
patients. All patients were classified as grade IV based on the
WHO criteria for grading of infiltrating gliomas. The rate of
gross total resection was 27% as determined by contrast-enhanced magnetic resonance imaging (MRI). The clinicopathological features of patients are summarized in Table 1.

n (%)
34 (45.3%)
41 (54.7%)
24 (32%)
51 (68%)
36 (48%)
39 (52%)
23 (30.6%)
20 (26.6%)
14 (18.7%)
5 (6.7%)
5 (6.7%)
8 (10.7%)

TABLE 2. Analysis of the association of IDH1 (R132H) mutation
with sex, age, or tumor localization in primary GB patients (N=75)

Prevalence of IDH1/2 mutations in primary GB

Variables

IDH1 mutant
5 (6.7%)

IDH1 wild‑type
70 (93.3%)

Sex
Female
Male
Age

2 (40%)
3 (60%)

32 (45.7%)
38 (54.3%)

3 (60%)

21 (70%)

2 (40%)

49 (30%)

3 (60%)
2 (40%)

34 (48.5%)
36 (51.5%)

<45
>45
Localization
Right hemisphere
Left hemisphere

Seventy-five primary GB tumor samples were assessed
by DNA sequencing to identify IDH1/2 mutations. The IDH1
R132H mutation was observed in 5/75 (6.7%) GB patients
(Figure 1). The IDH2 R172H mutation was not detected in any
of our cases. There were no significant correlations between the
IDH1 mutation and patient age, gender, or tumor localization
(Table 2). The Kaplan-Meier survival analysis showed no effect
of the IDH1 mutation on the OS of GB patients (Figure 2).

Categorical variables are presented as n (%) and analyzed by Chi‑square
test. IDH: Isocitrate dehydrogenase, GB: Glioblastoma

value of MALAT1 fold change, 39/70 (56%) IDH1/2 wild-type
primary GBs were identified as upregulated and 31/70 (44%)
as downregulated (Figure 4; r ≥ 2.93; p < 0.001). We further
analyzed clinicopathological features in relation to these
two groups of GB patients. There was no significant association between MALAT1 expression and gender. However,
increased MALAT1 expression was associated with lower age
and tumor localization (p = 0.032 and p = 0.025, respectively).
The expression of MALAT1 was higher in left GB tumors
(p = 0.025) and it was especially increased in the insular cortex compared with other brain lobes (p = 0.004; Table 3).
The Kaplan–Meier analysis with log-rank test showed that
patients with IDH1/2 wild-type primary GB and upregulated
MALAT1 expression had a significantly shorter survival time
compared with those with downregulated MALAT1 expression (p < 0.001; Figure 5).

Expression of MALAT1 in primary GB
To determine the diagnostic and prognostic significance
of MALAT1 in primary GB we analyzed its expression in 5
unrelated IDH1 mutant primary GBs, 70 IDH1/2 wild-type
primary GBs, and 5 normal brain tissues by RT-qPCR. The
expression of MALAT1 was 6.36-fold increased in primary
GB tumors compared with normal brain tissues (Figure 3A;
p = 0.025). Furthermore, the expression of MALAT1 was 2.59fold increased in IDH1/2 wild-type vs. IDH1 mutant primary
GBs (Figure 3B; p = 0.037).

Expression of MALAT1 in IDH1/2 wild-type
primary GB

Multivariate analysis

The expression of MALAT1 was 8.21-fold increased in
IDH1/2 wild-type primary GB tumors compared with normal brain tissues (Figure 3B, p = 0.007). Based on the cutoff

The multivariate cox regression model that included
age, tumor localization, IDH1/2 mutation status, and
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A

B

FIGURE 1. The IDH1 R132H mutation was analyzed by direct sequencing in primary GB tumors. (A) Presence of the R132H mutation;
(B) Absence of the R132H mutation. IDH: Isocitrate dehydrogenase; GB: Glioblastoma.

DISCUSSION
The main aim of this study was to determine the prognostic significance of MALAT1 expression in primary GB in general and in relation to IDH1/2 mutation status. While IDH1/2
mutations are rare in primary GB they are frequently observed
in secondary GB. According to the 2016 WHO criteria, IDH
mutations can be used to discriminate between primary and
secondary GBs. However, little is known about the prognostic significance of IDH1/2 mutations in primary GB [18]. We
detected the IDH1 R132H mutation in 6.7% of patients with
primary GB. Previous studies reported IDH1 mutations in
5–12% of primary GBs. Furthermore, they showed that the
presence of an IDH mutation in gliomas is associated with
relatively better prognosis and tumor occurrence at a younger
age [19-22]. In 118 Chinese patients with primary GB the IDH1
R132H mutation was limited as a prognostic factor, according
to the multivariate regression model that included gender,
age, preoperative Karnofsky Performance Score (KPS) score,
extent of resection, TMZ chemotherapy, and Ki-67 protein
expression level [23]. To the best of our knowledge, only one
other study investigated IDH1 mutation status of primary GBs

FIGURE 2. The Kaplan-Meier survival analysis showed no effect of
the IDH1 R132H mutation on the overall survival of patients with
primary GB. IDH: Isocitrate dehydrogenase; GB: Glioblastoma.

MALAT1 expression status showed that high MALAT1
expression was a significant predictor of poor prognosis
in patients with primary GB, with the median follow-up
period of 60 months (N = 75; p = 0.034; Table 4). Our results
suggest that MALAT1 has an oncogenic role in primary GB
tumors.
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A

B

FIGURE 3. Expression of MALAT1 in primary GB. (A) The expression of MALAT1 was 6.36-fold increased in primary GB tumors compared with normal brain tissues. (B) The expression of MALAT1 was 2.59-fold increased in IDH1/2 wild-type primary GBs vs. IDH1
mutant. IDH: Isocitrate dehydrogenase, GB: Glioblastoma, MALAT1: Metastasis associated lung adenocarcinoma transcript-1.
TABLE 3. Analysis of the association of MALAT1 expression with
clinicopathological features of patients with IDH1/2 wild‑type
primary GB (n=70)
Variables
Sex
Female
Male
Age
<45
>45
Localization
Right hemisphere
Left hemisphere
Lobular localization
Frontal
Parietal
Temporal
Occipital
Insular
Septal Callosal

MALAT1 low
31 (44%)

MALAT1 high
39 (56%)

16 (51.6%)
15 (38.5%)

15 (48.4%)
24 (61.5%)

6 (25%)
25 (54.4%)

18 (75%)
21 (45.6%)

11 (33.3%)
20 (54.1%)

22 (66.7%)
17 (45.9%)

10 (45.5%)
8 (42.1%)
6 (54.6%)
3 (60%)
0 (0%)
4 (50%)

12 (54.5%)
11 (57.9%)
5 (45.4%)
2 (40%)
5 (100%)
4 (50%)

p*

0.032

0.025

0.0004

Categorical variables are presented as n (%) and analyzed by Chi‑square
test. *Statistically significant values at p<0.05. IDH: Isocitrate dehydrogenase, GB: Glioblastoma, MALAT1: Metastasis associated lung adenocarcinoma transcript‑1

FIGURE 4. Based on the cutoff value of MALAT1 fold change,
39/70 (56%) IDH1/2 wild-type primary GBs were identified
as upregulated and 31/70 (44%) as downregulated (r ≥ 2.93;
p < 0.001). IDH: Isocitrate dehydrogenase, GB: Glioblastoma,
MALAT1: Metastasis associated lung adenocarcinoma transcript-1.

TABLE 4. Multivariate Cox regression analysis of overall survival in
patients with primary GB (N=75)

in a Turkish population, and they also showed that there is a

Variables
Age
Tumor localization
MALAT1 high vs. low
IDH mutation status

lack of association between the IDH1 R132H mutation and
OS [24]. In our study there was no significant association
between OS or any of clinical features and IDH1 mutation status in patients with primary GB.

HR
1.394
1.021
2.120
1.364

Lower
0.537
0.582
0.374
0.283

Upper
1.834
1.736
2.958
1.834

IDH: Isocitrate dehydrogenase, GB: Glioblastoma,
MALAT1: Metastasis associated lung adenocarcinoma transcript‑1

Dysregulation of MALAT1 is associated with metastasis and the risk of tumor recurrence after treatment in vari-

In the present study, we found that MALAT1 was upregulated in primary GB. Nevertheless, previous studies reported
contradictory results on the expression profile of MALAT1
in GB. Fawzy et al. showed that MALAT1 expression was

ous cancer types [25]. There is accumulating evidence that
MALAT1 is overexpressed in gliomas [17]. However, the
prognostic significance of MALAT1 in primary GB is unclear.
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independent poor prognostic factor for patients with IDH1/2
wild-type primary GB suggesting that MALAT1 may be a
potential prognostic marker and therapeutic target in primary
GB patients.

ACKNOWLEDGMENTS
This study was supported by a grant from the Scientific
Research Projects Foundation of the Uludag University, Bursa,
Turkey [Project No. OUAP(T)-2015/3].

DECLARATION OF INTERESTS
FIGURE 5. Kaplan–Meier analysis of overall survival in patients
with IDH1/2 wild-type primary GB in relation to MALAT1 expression. Patients with IDH1/2 wild-type primary GB and upregulated MALAT1 expression had a significantly shorter survival
time compared with those with downregulated MALAT1 expression. IDH: Isocitrate dehydrogenase, GB: Glioblastoma, MALAT1:
Metastasis associated lung adenocarcinoma transcript-1.

The authors declare no conflict of interests.

REFERENCES
[1]

downregulated in Egyptian patients with GB and that lower
MALAT1 expression was associated with tumor recurrence,
lower OS, and shorter disease-free survival (DFS) [26]. Han
et al. reported that MALAT1 acts as a tumor suppressor in
glioma cells by downregulation of matrix metalloproteinase-2
(MMP2) and inactivation of the extracellular signal-regulated
kinase (ERK)/mitogen-activated protein kinase (MAPK)
pathway [27]. On the other hand, Chen et al. demonstrated
high MALAT1 expression in GB patients that was associated
with poor response to TMZ treatment and lower survival. In
addition, they showed that MALAT1 is upregulated in TMZ
resistant GB cell lines [27]. In our study, upregulated MALAT1
expression was associated with shorter OS in patients with
IDH1/2 wild-type primary GB. Furthermore, high MALAT1
expression was associated with younger age and left-sided
GB localization in our group. Particularly, MALAT1 expression was significantly increased in the insular lobe compared
with other lobes. In the previous studies, MALAT1 expression
was not associated with tumor localization. The association
of MALAT1 expression with clinicopathological features of
primary GB patients remains to be determined. Additionally,
the expression of lncRNAs in tumors may differ between
patients of different ethnic origin. Thus, more clinical studies
are needed to determine the functional role of MALAT1 in
primary GB.

[2]

[3]
[4]
[5]

[6]
[7]

[8]

[9]
[10]

CONCLUSION

[11]

The pathogenesis of primary GB is not completely understood and, currently, there are no curative therapies available
for this subgroup of GB. Thus, it is important to identify novel
molecular biomarkers or therapeutic targets for this relentless
disease. We showed that high MALAT1 expression was an

[12]

[13]

6

Ostrom QT, Gittleman H, Farah P, Ondracek A, Chen Y, Wolinsky Y,
et al. CBTRUS statistical report: Primary brain and central nervous
system tumors diagnosed in the United States in 2006-2010. Neuro
Oncol 2013;15(Suppl 2):ii1-56.
https://doi.org/10.1093/neuonc/not151.
Walker MD, Green SB, Byar DP, Alexander E Jr, Batzdorf U,
Brooks WH, et al. Randomized comparisons of radiotherapy and
nitrosoureas for the treatment of malignant glioma after surgery.
N Engl J Med 1980;303(23):1323-9.
https://doi.org/10.1056/NEJM198012043032303.
Kleihues P, Ohgaki H. Primary and secondary glioblastomas: From
concept to clinical diagnosis. Neuro Oncol 1999;1(1):44-51.
https://doi.org/10.1093/neuonc/1.1.44.
Ohgaki H, Kleihues P. Genetic pathways to primary and secondary
glioblastoma. Am J Pathol 2007;170:1445-53.
https://doi.org/10.2353/ajpath.2007.070011.
Parsons DW, Jones S, Zhang X, Lin JC, Leary RJ, Angenendt P, et al.
An integrated genomic analysis of human glioblastoma multiforme.
Science 2008;321:1807-12.
https://doi.org/10.1126/science.1164382.
Zorzan M, Giordan E, Redaelli M, Caretta A, Mucignat-Caretta C.
Molecular targets in glioblastoma. Future Oncol 2015;11:1407-20.
https://doi.org/10.2217/fon.15.22.
Kafka A, Karin-Kujundžić V, Šerman L, Bukovac A, Njirić N,
Jakovčević A, et al. Hypermethylation of secreted frizzled related
protein 1 gene promoter in different astrocytoma grades. Croat
Med J 2018;59(5):213-23.
https://doi.org/10.3325/cmj.2018.59.213.
Chen JR, Yao Y, Xu HZ, Qin ZY. Isocitrate dehydrogenase (IDH)1/2 mutations as prognostic markers in patients
with glioblastomas. Medicine (Baltimore) 2016;95(9):e2583.
https://doi.org/10.1097/MD.0000000000002583.
Cohen AL, Holmen SL, Colman H. IDH1 and IDH2 mutations in
gliomas. Curr Neurol Neurosci Rep 2013;13:345.
https://doi.org/10.1007/s11910-013-0345-4.
Toedt G, Barbus S, Wolter M, Felsberg J, Tews B, Blond F, et al.
Molecular signatures classify astrocytic gliomas by IDH1 mutation
status. Int J Cancer 2011;128:1095-103.
https://doi.org/10.1002/ijc.25448.
Ponting CP, Oliver PL, Reik W. Evolution and functions of long noncoding RNAs. Cell 2009;136:629-41.
https://doi.org/10.1016/j.cell.2009.02.006.
Poller W, Tank J, Skurk C, Gast M. Cardiovascular RNA interference therapy: The broadening tool and target spectrum. Circ Res
2013;113(5):588-602.
https://doi.org/10.1161/CIRCRESAHA.113.301056.
Ji P, Diederichs S, Wang W, Boing S, Metzger R, Schneider PM, et al.

Omer Gokay Argadal, et al.: Prognostic significance of MALAT1 in glioblastomas

[14]

[15]

[16]

[17]

[18]

[19]

[20]

MALAT-1, a novel noncoding RNA, and thymosin beta4 predict
metastasis and survival in early-stage non-small cell lung cancer.
Oncogene 2003;22(39):8031-41.
https://doi.org/10.1038/sj.onc.1206928.
Ma KX, Wang HJ, Li XR, Li T, Su G, Yang P, et al. Long noncoding
RNA MALAT1 associates with the malignant status and poor prognosis in glioma. Tumour Biol 2015;36(5):3355-9.
https://doi.org/10.1007/s13277-014-2969-7.
Cai T, Liu Y, Xiao J. Long noncoding RNA MALAT1 knockdown reverses chemoresistance to temozolomide via promoting
microRNA-101 in glioblastoma. Cancer Med 2018;7(4):1404-15.
https://doi.org/10.1002/cam4.1384.
Li H, Yuan X, Yan D, Li D, Guan F, Dong Y, et al. Long non-coding RNA MALAT1 decreases the sensitivity of resistant glioblastoma cell lines to temozolomide. Cell Physiol Biochem
2017;42(3):1192-1201.
https://doi.org/10.1159/000478917.
Tian X, Xu G. Clinical value of lncRNA MALAT1 as a prognostic
marker in human cancer: Systematic review and meta-analysis.
BMJ Open 2015;5(9):e008653.
https://doi.org/10.1136/bmjopen-2015-008653.
Kang MR, Kim MS, Oh JE, Kim YR, Song SY, Seo SI, et al.
Mutational analysis of IDH1 codon 132 in glioblastomas and other
common cancers. Int J Cancer 2009;125(2):353-5.
https://doi.org/10.1002/ijc.24379.
Barresi V, Simbolo M, Mafficini A, Piredda ML, Caffo M,
Cardali SM, et al. Ultra-mutation in IDH wild-type glioblastomas
of patients younger than 55 years is associated with defective mismatch repair, microsatellite ınstability, and giant cell enrichment.
Cancers 2019;11(9):1279.
https://doi.org/10.3390/cancers11091279.
Ludwig K, Kornblum HI. Molecular markers in glioma.
J Neurooncol 2017;134(3):505-12.
https://doi.org/10.1007/s11060-017-2379-y.

[21] Ohgaki H, Kleihues P. Genetic pathways to primary and secondary
glioblastoma. Am J Pathol 2007;170:1445-53.
https://doi.org/10.2353/ajpath.2007.070011.
[22] Ohka F, Natsume A, Motomura K, Kishida Y, Kondo Y, Abe T, et al.
The global DNA methylation surrogate LINE-1 methylation is correlated with MGMT promoter methylation and is a better prognostic factor for glioma. PLoS One 2011;6(8):e23332.
https://doi.org/10.1371/journal.pone.0023332.
[23] Yan W, Zhang W, You G, Bao Z, Wang Y, Liu Y, et al. Correlation
of IDH1 mutation with clinicopathologic factors and prognosis in
primary glioblastoma: A report of 118 patients from China. PLoS
One 2012;7(1):e30339.
https://doi.org/10.1371/journal.pone.0030339.
[24] Kalkan R, Atli Eİ, Özdemir M, Çiftçi E, Aydin HE, Artan S, et al.
IDH1 mutations is prognostic marker for primary glioblastoma
multiforme but MGMT hypermethylation is not prognostic for
primary glioblastoma multiforme. Gene 2015;554:81-6.
https://doi.org/10.1016/j.gene.2014.10.027.
[25] Chen W, Xu XK, Li JL, Kong KK, Li H, Chen C, et al. MALAT1 is a
prognostic factor in glioblastoma multiforme and induces chemoresistance to temozolomide through suppressing miR-203 and promoting thymidylate synthase expression. Oncotarget 2017;8(14):22783-99.
https://doi.org/10.18632/oncotarget.15199.
[26] Fawzy MS, Toraih EA, Abdallah HY. Long noncoding RNA metastasis-associated lung adenocarcinoma transcript 1 (MALAT1):
A molecular predictor of poor survival in glioblastoma multiforme
in Egyptian patients. Egypt J Med Hum Genet 2017;18(3):231-9.
https://doi.org/10.1016/j.ejmhg.2016.08.003.
[27] Han Y, Wu Z, Wu T, Huang Y, Cheng Z, Li X, et al. Tumorsuppressive function of long noncoding RNA MALAT1 in glioma
cells by downregulation of MMP2 and inactivation of ERK/MAPK
signaling. Cell Death Dis 2016;7:2123-52.
https://doi.org/10.1038/cddis.2015.407.

7

