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ABSTRACT
Current treatment options for diffuse glioma patients include maximum safe resection followed
by a combination of radiation therapy and chemotherapy with alkylating agents. The DNA-repair
enzyme O6-methylguanine-DNA methyltransferase (MGMT) counteracts the cytotoxic effect of
alkylating agents and mediates chemoresistance. Disruption of the DNA methylation mechanism
in diffuse glioma cells results in epigenetic silencing of MGMT through methylation of cytidine-
phosphate-guanosine dinucleotides (CpG) in the promoter region. The methylation status of
MGMT is widely accepted to be a strong prognostic factor in diffuse glioma patients. This study
was designed to screen Serbian diffuse glioma patients for hypermethylation of the MGMT pro-
moter and to estimate its impact on overall survival. The results obtained in our study on 33
samples of diffuse glioma detected a positive methylation status in 17 patients (51.5%) by
methylation-specific polymerase chain reaction. The positive methylation status of the MGMT
promoter did not correlate with overall survival. In this study group, the patients older than
50 years had significantly lower overall survival in comparison with younger patients
(7months–19months median survival). Extent of tumour resection also had influence on overall
survival of patients. The relevance of the MGMT promoter methylation status should be further
evaluated in a larger study and in association with other markers.
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Introduction

Diffuse gliomas are a heterogeneous group of diffusely
infiltrating primary brain tumours characterized by
their resemblance to glia, although their cellular origin
remains controversial [1]. They are considered to be
fundamentally incurable, as their complete resection is
nearly impossible [2]. Despite their histological hetero-
geneity, different types of diffuse gliomas share a simi-
lar growth pattern and genetic driver mutations, as
well as prognostic markers [1, 3]. According to the
recent World Health Organization (WHO) Classification
of Tumors of the Central Nervous System, diffuse glio-
mas are divided into the WHO grade II and grade III
astrocytic tumours, grade II and III oligodendroglio-
mas, grade IV glioblastomas and the related diffuse
gliomas of childhood [4].

Currently the treatment options for newly diag-
nosed malignant glioma patients include maximum
safe resection followed by a combination of radiation
therapy and alkylating agents, although significant
advances in exploring alternative therapeutic strat-
egies have been made during the past ten years (e.g.
immunotherapy including cell-free and cell based vac-
cines) [5–8]. Besides tumour heterogeneity, one of the
main reasons for treatment failure and poor prognosis
in malignant glioma patients is intrinsic or acquired
chemoresistance to cytotoxic alkylating agents – car-
mustine (BCNU), lomustine (CCNU) and temozolomide
(TMZ) [5, 9].

In malignant gliomas, the major mechanism of resist-
ance to alkylating agents relies on the DNA-repair activ-
ity of the enzyme O6-methylguanine methyltransferase
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(MGMT) [9, 10]. Alkylating agents are highly reactive
molecules that bind to DNA and alkylate the O6 pos-
ition of guanine. This type of DNA lesion leads to a
lethal interstrand crosslink between the N3 position of
guanine and the N1 position of cytosine. MGMT
enzyme removes the alkyl adduct from O6-methylgua-
nine DNA lesions through a suicide mechanism. Thus,
increased MGMT activity in tumour cells counteracts
the cytotoxic damage induced by antitumour agents
[10]. Since the initial research by Esteller et al. [11],
many studies have provided convincing evidence show-
ing that glioma patients with decreased level of MGMT
activity have longer overall survival (OS) and progres-
sion-free survival (reviewed in [12]). The decrease of
MGMT activity in glioma cells is caused by epigenetic
silencing of MGMT through hypermethylation of cyti-
dine-phosphate-guanosine dinucleotides (CpG islands)
in the promoter region, rather than mutations or dele-
tions. These findings led to the suggestion that the
MGMT promoter methylation status could serve as a
highly promising prognostic factor for malignant glioma
patients [12, 13]. However, several studies dealing with
the MGMT methylation status in malignant glioma gave
controversial results suggesting that the prognostic
value of MGMT promoter methylation on GBM remains
unclear [12, 14–17].

The aim of the present study was to assess the cor-
relation between the methylation status of the MGMT
promoter and clinical data from Serbian patients with
diffuse glioma.

Materials and methods

Diffuse glioma patients

This study included samples from 33 diffuse glioma
patients that were operated at the Neurosurgery Clinic
(The Clinical Centre of Ni�s, Serbia) in June 2013–April
2017. All patients had a Karnofsky score of �80% prior
tumour removal. The extent of tumour removal varied

from total resection (TR, complete removal of visible
tumour mass) to partial resection (PR, 10–50% residual
tumour mass) and biopsy (B, <10% resection) (Figure 1).

Tumour specimens obtained after tumour resection
were snap frozen and stored at �80 �C. These samples
were confirmed as glioblastoma (International
Classification of Diseases for Oncology (ICD-O)) code
9440/3, anaplastic astrocytoma (ICD-O 9401/3), oli-
goastrocytoma (ICD-O 9382/3) and oligodendroglioma
(ICD-O 9450/3) by an expert neuropathologist (Table
1). The mean age of the study group (21 male and 12
female) was 59.64 ± 12.3 years.

The patients were divided into two groups based
on the postoperative treatment protocol. The patients
in group I (n¼ 11) were treated with temozolomide
(TMZ, 6 cycles at a dosage of 150-200mg/m2) and
radiotherapy (60Gy in 30 fractions). The patients in
group II (n¼ 22) were treated with nitrosoureas
(BCNU/CCNU, 6 cycles) and radiotherapy.

Ethics statement

The study protocol was approved by the Ethics
Committee of the Faculty of Medicine, Ni�s, Serbia. All
patients included in our study signed written informed
consent forms.

DNA isolation and bisulphite conversion

QIAampVR DNA Mini Kit (Qiagen) was used for extrac-
tion of genomic DNA [18]. The quantity and quality of

Figure 1. MRI imaging of a patient who underwent total resection and treatment with TMZ before (A) and after (B)
the operation.

Table 1. Distribution of glioma subtypes in the study group.

Diagnosis ICD-O
Number of

patients (n¼ 33)

Glioblastoma 9440/3 29a

Anaplastic astrocytoma 9401/3 1
Oligoastrocytoma 9382/3 2
Oligodendroglioma 9450/3 1
aFour out of 29 samples were recurrent glioblastoma.
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isolated DNA was measured by BioSpec-nano UV-Vis
Spectrophotometer (SHIMADZU). EpiTectVR Bisulfite Kit
(Qiagen) was used for modification of 2 lg of genomic
DNA by sodium bisulphite.

Analysis of methylation

The MGMT methylation status in glioma samples was
determined using methylation-specific polymerase
chain reaction (MSP). The MSP was conducted in a
total volume of 20lL containing 1x PCR buffer with
1.5mmol/L MgCl2 (Qiagen), 0.2 lmol/L deoxyribonu-
cleoside triphosphate (dNTP) mix, 1 U HotStar Taq
polymerase (Qiagen), 100 ng of bisulphite converted
template DNA and 10 pmol/L of the following forward
(F) and reverse (R) primers:

� Unmethylated (U) MGMT:
^ F: TTTGTGTTTTGATGTTTGTAGGTTTTTGT
^ R: AACTCCACACTCTTCCAAAAACAAAACA

� Methylated (U) MGMT:
^ F: TTTCGACGTTCGTAGGTTTTCGC
^ R: GCACTCTTCCGAAAACGAAACG

The amplification reaction (Mastercycler Gradient,
Eppendorf) was performed using the following pro-
gramme: 95 �C for 15min, then 35 cycles of 95 �C for
50 s, 59 �C for 50 s and 72 �C for 50 s and final exten-
sion at 72 �C for 10min. A non-template control PCR
reaction was also included and all PCR reactions were
performed in duplicate.

The amplified PCR products were detected by ultra-
violet (UV) light in a 2% agarose gel stained with eth-
idium bromide. Visible M primer band of MGMT
indicated a positive MGMT methylation status, while

absence of an M primer PCR product was considered
as a negative methylation status of MGMT [11].

Statistical analysis

Statistical analyses were performed in StatSoft, Inc.
(2004) STATISTICA (data analysis software system), ver-
sion 7 (www.statsoft.com). Student’s t-test was used to
compare continuous variables.

Overall survival (OS) was measured from the date
of surgery to date of death or last follow-up. The
Kaplan–Meier method was used to estimate the OS
curves and their comparison was performed with the
use of an univariate log-rank test.

Results and discussion

Methylation status of the MGMT promoter and
clinical parameters

DNA isolated from snap-frozen diffuse glioma samples
was subjected to MSP using specific primers for
methylated (M) and unmethylated (U) template detec-
tion. Methylation data were successfully acquired for
all samples obtained from 33 patients (Figure 2).

A positive methylation status of the MGMT pro-
moter was detected in 17 patients (51.5%) in this
study group (21 male, 12 female; age 59.64 ± 12.3, pre-
operative and postoperative Karnofsky score �80).
Their clinical characteristics are shown in Table 2.

MGMT status and overall survival

Correlation of the methylation status of the MGMT
promoter and the overall survival was not found by

Figure 2. MSP amplification of the MGMT promoter CpG region using a methylated (M) and an unmethylated (U) set of primers;
lanes 8–27, methylated and bisulphite converted DNA isolated from tumour samples.

Table 2. Clinical characteristics and survival data.
Unmethylated MGMT (n¼ 16) Methylated MGMT (n¼ 17) OS (median)

<50 yr 5 (31.25%) 3 (17.65%) 19 months
>50 yr 11 (68.75%) 14 (82.35%) 7 months
Total resection 9 (56.25%) 5 (29.41%) 11 months
Partial resection 4 (25.00%) 7 (41.17%) 7 months
Biopsy 3 (18.75%) 5 (29.41%) 1.5 months
Age 58.5 ± 12.1380 60.705 ± 8.219
Male 10 (62.5%) 11 (64.7%)
Female 6 (37.5%) 6 (35.3%)
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comparison of survival distributions (log-rank test)
(Table 3).

Kaplan–Meier OS curves related to methylation sta-
tus are shown in Figure 3.

The MGMT DNA repair enzyme counteracts the
cytotoxic effect of DNA alkylating agents such as TMZ
and mediates chemoresistance. The introduction of
TMZ treatment and Stupp regimen in Serbia

significantly improved the survival rates of glioblast-
oma patients [19–21]. The survival outcome of the dif-
fuse glioma patients from Serbia included in this study
was not correlated with MGMT promoter methylation,
which corresponds with findings from a recent study
dealing with GBM patients in Serbia [19]. Our study,
however, has the limitation of a small number of sub-
jects being included.

Since the original research of Esteller et al. [11] in
the late 90 s, many studies have delivered results that
readily confirm the MGMT methylation status as a sig-
nificant prognostic factor in malignant glioma.
However, several studies have indicated that the prog-
nostic significance of MGMT status in glioma patients
may be still controversial [17, 22, 23]. The heterogen-
eity in the survival among patients leads to the con-
clusion that additional genes are likely to be
responsible for tumour chemosensitivity. This is sup-
ported by the fact that different glioma subtypes have
different aetiology [17].

Table 3. Comparison of survival distributions (log-rank test).
Log-rank test statistic P

>50 years age group �3.50871 0.00045
<50 years age group
Male �1.00520 0.31480
Female
Unmethylated MGMT 0.3098105 0.75671
Methylated MGMT
Maximum resection �1.59104 0.11160
Partial resection
Maximum resection �2.34768 0.01889
Biopsy
Partial resection �1.91236 0.05583
Biopsy

Figure 3. Kaplan–Meier estimates of overall survival (months) related to age (A), gender (B), MGMT promoter methylation status
(C) and type of resection (D).
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Patients’ age and overall survival

Univariate analyses showed statistically significant
improvement in overall survival of patients younger
than 50 years (median survival 19months) in compari-
son with the group of patients older than 50 years
(median survival 7months) (p< 0.00045) (Table 3). This
result is in agreement with previous findings that
overall survival is significantly higher for younger
groups of patients (<50) in comparison with older
groups (>50) [19, 24–26]. Disruption of the DNA
methylation mechanism is associated with aging and
is characterized by genome-wide hypomethylation
and promoter specific methylation [26–28]. Decline in
immune function is associated with elderly people,
which also explains the poor prognosis in the group
of older patients [28].

Extent of tumour resection and overall survival

Our study confirmed the widely recognized correlation
between the extent of the tumour resection and over-
all survival (Table 3 and Figure 3). The group of
patients with total lesion resection had better overall
survival in comparison to those with partial resection
and biopsy, thus confirming the survival advantage of
complete resection and its cytoreductive effects
[19, 29].

Conclusions

The analysis of the obtained data showed that the
MGMT methylation did not have prognostic value for
the diffuse glioma patients included in this study. Due
to the small sample size, this result should be further
explored in larger-scale, prospective controlled trials.
With inclusion of new cases and enlargement of the
study group our future investigation will provide more
reliable results. Overall, the survival of older patients
was significantly lower than that of younger patients,
which was most probably a result of disruption of the
DNA methylation pattern and the decline in the
immune response with age. The extent of tumour
resection was positively correlated with overall survival
in the diffuse glioma patients from Serbia included in
this study.
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