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Abstract. Gliomas are a heterogeneous group of tu-
mours varying in prognosis, treatment approach,
and overall survival. Recently, novel markers have
been identified which are linked to patient prognosis
and therapeutic response. Especially the mutation of
the enzyme isocitrate dehydrogenase 1 or 2 (IDH1/2)
gene and the O°-methylguanine-DNA methyltrans-
ferase (MGMT) promoter methylation status seem to
be the most important predictors of survival. From
2012 to 2015, 94 Czech patients with primary brain
tumours were enrolled into the study. The IDH1/2
mutation was detected by denaturing capillary elec-
trophoresis. The methylation status of the MGMT
gene and other 46 genes was revealed by MS-MLPA.
In all 94 patients, the clinical data were correlated
with molecular markers by Kaplan-Meier analyses
and Cox regression model. The MGMT promoter
methylation status was established and compared to
clinical data. In our study eight different probes were
used to elucidate the MGMT methylation status; hy-
permethylation was proclaimed if four and more
probes were positive. This 3 : 5 ratio was tested and
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confirmed by Kaplan-Meier and Cox analyses. The
study confirmed the importance of the IDH1/2 muta-
tion and hypermethylation of the MGMT gene promot-
er being present in tumour tissue. Both markers are
independent positive survival predictors; in the Cox
model the IDH hazard ratio was 0.10 and in the case
of MGMT methylation it reached 0.32. The methyla-
tion analysis of the panel of additional 46 genes did
not reveal any other significant epigenetic markers;
none of the candidate genes have been confirmed in
the Cox regression analyses as an independent prog-
nostic factor.

Introduction

Gliomas represent a heterogeneous group of primary
brain tumours which differ in prognosis, overall surviv-
al and therapeutic response. Unfortunately, the majority
of these tumours consist of high-grade tumours, mostly
glioblastomas. The knowledge of markers that could
predict prognosis or the therapeutic response to onco-
logical treatment is highly needed. In recent years, some
progress has been made and new diagnostic and the-
rapeutic advances have been made available for wide
utilization. In 2005, a new oncological drug was intro-
duced. Temozolomide improved prognosis and prolon-
ged overall survival in selected glioblastoma patients
(Stupp et al., 2005). This selection was based on a mo-
lecular marker — promoter of the MGMT gene encoding
the demethylation enzyme O°-methylguanine-DNA me-
thyltransferase (Hegi et al., 2005). In 2008, another mo-
lecular marker was revealed — mutation of the isocitrate
dehydrogenase type 1 (IDHI) gene (Parsons et al., 2008).
Later studies focused on /DH found its important role in
pathogenesis of gliomas (Yan et al., 2009).

At present, this mutation is considered as one of the
first steps in the glioma development. The mutation it-
self can change the epigenetic landscape by its toxic
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product, 2-hydroxyglutarate (Dang et al., 2009; Noush-
mehr et al., 2010). This oncometabolite competitively
inhibits the activity of a-ketoglutarate-dependent his-
tone demethylases (Xu et al., 2011; Turcan et al., 2012).
DNA methylation preferably appears in CpG islands.
The CpG islands are regions of DNA with high frequen-
cy of sites where a cytosine nucleotide occurs next to
a guanine nucleotide. Cytosines in CpG dinucleotides
are often methylated, forming 5-methylcytosine, which
within a gene can change its expression. In mammals,
70-80 % of CpG cytosines are methylated. 2-hydroxy-
glutarate indirectly causes DNA hypermethylation by its
effect on demethylating enzymes at a large number of
DNA loci, indicating the existence of a glioma-CpG is-
land methylator phenotype (G-CIMP).

The presence of IDH mutation in the tumour genome
corresponds with favourable prognosis compared to tu-
mours not carrying this mutation. Since its discovery,
this fact has been confirmed in many following studies
(The Cancer Genome Atlas Research Network, 2015).
Apart from MGMT methylation, other epigenetic changes
play arole in the pathogenesis of glial tumours, but their
importance remains unclear and the results are not as
conclusive as in the case of IDH or MGMT. On the other
hand, recent development is promising (Sturm et al.,
2012; Schiff and Purow, 2013; Shah et al., 2014). How-
ever, the overall survival is still limited in many glioma
patients. Therefore, novel therapies and approaches are
urgently needed. The aim of our prospective study was
to assess the role of selected genetic and epigenetic mar-
kers in brain gliomas and confirm or disprove their im-
pact on glioma prognosis and therapeutic response.

Material and Methods

Tumour samples were collected during the standard
neurosurgical procedure. All patients (all of them of
Czech origin) signed the informed consent form appro-
ved by the hospital ethics committee (Military University
Hospital Prague, No. 80-58/39-2012-UVN). Each tissue
specimen was divided into two parts. One part of a sam-
ple was sent for immunohistochemical analysis. The
second part of a tissue specimen was immediately fro-
zen and transported at —20 °C to a molecular laboratory
for testing. DNA extraction was performed by a commer-
cial kit using a standard spin column protocol (JETquick
Tissue DNA spin, GENOMED, Loehne, Germany).
A typical concentration of extracted DNA was between
10-30 ng/ul. Mutations in IDH genes (IDHI (R132),
IDH? (R172)) were detected using denaturing capillary
electrophoresis (DCE). The method is based on differ-
ential melting of wild-type and mutant alleles; a similar
approach is used in melting curve analysis. PCR ampli-
cons covering both mutation targets were amplified
using fluorescently labelled primers and subsequently
resolved at an optimum separating temperature in a
standard capillary electrophoretic DNA analyser (ABI
PRISM 3100 Genetic analyzer, Applied Biosystems,
Foster City, NJ). Full details of the optimization and va-

lidation procedure were described elsewhere (Horbinski
etal., 2010).

The methylation status of the MGMT promoter and
other 46 genes was examined by methylation-specific
multiplex ligation-dependent probe amplification
(MS-MLPA) using a combination of kits (MEOOI,
MEO002, ME042-CIMP, and MEO11 SALSA MLPA kit
according to the manufacture’s instructions (MRC-Hol-
land, The Netherlands)). MS-MLPA is a semi-quantita-
tive technique based on DNA restriction using a methyl-
ation-sensitive restriction enzyme (Homig-Holzel and
Savola, 2012), and subsequent detection of products by
capillary electrophoresis (ABI PRISM 3100, Applied
Biosystems). Clearly, since both DCE and MS-MLPA
methods employ fragment analysis in a capillary DNA
analyser, the examination of IDH1-2/CIMP status can
easily be combined into a common testing protocol.
Denaturing capillary electrophoresis was performed to
detect /IDH1/2 mutations and MS-MLPA to identify the
methylation status of selected genes according to the
study protocol. MS-MLPA was primarily focused on
identifying the methylation status of the MGMT gene
promoter; eight probes were used to detect the precise
methylation of the MGMT gene.

The clinical data were collected as well: age at onset
of the disease, Karnofsky score (Karnofsky et al., 1948),
progression-free survival (PFS), and overall survival
(0S).

Statistical analysis

Statistical processing of data was performed using
Excel 2013 (Microsoft) and XLSTAT 2014 for Windows
(Addinsoft). Charts were constructed in Excel. Asso-
ciations between /DH1/2 mutations, methylation of se-
lected genes, and patient survival were tested with uni-
variate and multivariate Cox regression analyses and
Kaplan-Meier survival distribution functions. In MGMT
promoter methylation, also the ROC curve analysis was
performed to establish the specificity and sensitivity of
the used probes.

Results

From 2012 to 2015, 100 Czech patients were enrolled
into the study, all of them Czechs. Two patients were
excluded from the study because of histology different
from a glial tumour (metastasis of lung carcinoma).
Four other patients were not included because of the ab-
sence of some statistical data. Only 94 patients were eli-
gible for further statistical analysis. There were 50 men
and 44 women included in the study, with the mean age
of 52 years and mean Karnofsky score (KPS) 86 points.
In all of these patients, a complete set of monitored data
was collected. In these 94 patients, the histological
analysis according to the WHO classification was per-
formed. Fifty-eight glioblastomas of WHO gr. 1V, 13
diffuse astrocytomas gr. II, 12 anaplastic astrocytomas
gr. III, two oligodendrogliomas gr. II, four anaplastic
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oligodendrogliomas gr. 111, one anaplastic oligoastrocy-
toma gr. III, one PNET (primitive neuroectodermal tu-
mour) gr. IV, one pilocytic astrocytoma gr. I, one gan-
gliocytoma gr. I and one choroid plexus papilloma gr. I
were detected. In all of these samples, detection of
IDH1/2 mutation and methylation analysis of a panel of
47 genes were performed.

The IDH mutation was found in 37 samples, prefera-
bly in grade II-III gliomas, but also in 10 glioblastomas
(secondary glioblastomas), see Table 1. In grade II-I11
gliomas, the frequency of /DH mutation in our series
reached 84 %, in GBMs it was 17 %. Kaplan-Meier
analysis of survival according to the presence of IDH1/2
mutation confirmed a highly statistically significant pos-
itive effect of IDH mutation on patients’ survival with
P value < 0.0001, see Fig. 1. The mean overall survival
reached only 20.18 months in the group of wild-type
IDH compared to 83.28 months in the group of mutated
IDH. A similar result was also found in separate sub-
groups of grade II-1II gliomas and glioblastomas. In both
univariate and multivariate Cox regression model, IDH1/2
mutation remains a significant positive prognostic factor
with hazard ratio (HR) 0.10, see Table 2. The role of
IDH1/2 is not only limited to OS, but also to PFS. In 70
patients eligible for PFS study, Kaplan-Meier analysis
proved again a significant difference in PFS between pa-
tients with mutated and wild-type IDH, see Fig. 2.

Table 1. Frequency of histological subtypes, grade and
IDH /2 mutation in the series

Histology Grade | No | IDH1_ | IDH2
pilocytic astrocytoma I 1 0 0
choroid plexus papilloma I 1 0 0
gangliocytoma I 1 0 0
diffuse astrocytoma I 13 12 0
anaplastic astrocytoma I 12 10 0
oligodendroglioma I 2 2 0
anaplastic 11 4 1 1
oligodendroglioma

anaplastic I11 1 1 0
oligoastrocytoma

glioblastoma IV |58 9 1
PNET v 1 0 0

The methylation panel consisted of probes detecting
the methylation status of 47 genes including MGMT.
The complete panel was evaluated in all 94 patients. The
MGMT promoter methylation status was detected by
eight independent probes (component of ME002, MEO11
SALSA kits). None of these eight probes was a statisti-
cally significant prognostic factor in the multivariate
Cox regression analysis. In the second step, the MGMT

Survival distribution in function of IDH1/2 mutation
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Fig. 1. Kaplan-Meier analysis of survival according to the presence of /DH1/2 mutation (0 — wild-type I/DH, 1 — mutated

IDH)
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Table 2. Regression coefficients. Cox regression analyses of selected genetic and epigenetic markers (statistically signifi-

cant P values are in bold)

Univariate Multivariate
P value P value HR 95% CI of HR

Lower Upper

IDH1/2 mutation <0.0001 0.0059 0.1013 0.0198 0.5176

MGMT methylation 0.0005 0.0104 0.3180 0.1324 0.7639

THBSI 0.0067 0.6036 0.6871 0.1667 2.8327

CASPS 0.0074 0.5973 0.8165 0.3850 1.7318

GATAS 0.0291 0.0857 1.9428 0.9110 4.1433

TP73 0.0356 0.8444 1.1454 0.2953 4.4423

MSHG6 0.0351 0.0842 2.2050 0.8987 5.4101

WT1 0.7253

SOCS! 0.3282

RUNX3 0.4411

RASSF1 0.1160

PYCARD 0.5608

PAXS 0.1924

NEUROGI 0.1595

MSH3 0.1622

MLH3 0.2266

MLHI 0.5638

IGF2 0.3048

ESRI 0.3269

CRABPI 0.5243

CDKN2B 0.6975

CDKN24 0.0827

CD44 0.6161

CACNAIG 0.4146

promoter methylation group was divided into two sub-
groups according to the number of methylated loci. Dif-
ferent dividing ratios were tested by the Cox regression
model and Kaplan-Meier analysis. The ratio with the
highest statistical significance (log-rank P value =
0.0002) was found: 0—3 methylated probes rated as MGMT
promoter non-methylated, 4-8 methylated probes rated
as MGMT promoter methylated, see Fig. 3 and Table 2.
Based on this ratio, ROC curves were generated defin-
ing the specificity and sensitivity for each of the probes,
see Fig. 4. Probes can be divided into three groups: the
first group is characterized by lower specificity —
MGMT3 and MGMTS. Both probes are sensitive (espe-
cially MGMT3 probe), but the number of false positive
results is high (30 % in MGMT3 and 12 % in MGMTS).
Probes in the second group are more specific— MGMTI,
2,4, 5, and the accuracy of these probes is the highest,
more than 84 %; the number of false positive results
reaches maximally 5,3 % (MGMT4). The MGMT6 and
MGMTT7 probes are the least sensitive with high number
of false negative results (42% in MGMT6 and 23% in
MGMT7).

Of the remaining 46 genes, in 20 genes methylation
was found in none or only one sample (47M, BRCA2,

CADMI, CKDNIB, DAPKI, HIC1, CHFR, IGSF4,
MSH2, PAX6, RARB, RB1, STK11, TP53, APC, BRCAI,
KLLN, PMS2, PTEN, TIMP3, VHLI). For statistical
analysis, only probes with five or more samples methyl-
ated were included. For all of these probes, univariate
Cox regression analyses were done. In six genes the
P value was < 0.05 (THBS1, CASPS, GATAS5, TP73,
MSH6, MGMT) and further multivariate Cox regression
analysis together with /DH1/2 mutation was performed.
In this second analysis only /DH1/2 mutation and MGMT
promoter methylation remained as significant positive
prognostic factors with P value < 0.05 and HR 0.10 and
0.32, respectively. Of all other markers, only GATAS
with HR 1.94 approached the level of statistical signifi-
cance, but remained below the line.

Besides the genetic and epigenetic markers, also clin-
ical data were included and statistically analysed. In the
Cox model, all parameters (age, resection radicality and
Karnofsky performance status (KFS) were statistically
significant with P value < 0.05. In the next step, the most
relevant molecular data (/DH1/2 mutation and MGMT
methylation) were added to clinical data and compared
to each other in the Cox regression analysis. In this final
result, only KPS was below the level of statistical sig-
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PFS distribution in function of IDH1/2 mutation

09 +

08 +

07 +

06 T

04

03 +

02 +

01 +

0

0

5

10

15

PF5 months

20

25

30

Fig. 2. Kaplan-Meier analysis of PFS according to /DH1/2 mutation (0 — wild-type /DH, 1 — mutated /DH)

Survival distribution in function of MGMT promoter methylation
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Fig. 3. Kaplan-Meier survival analysis according to MGMT promoter methylation (0 — unmethylated MGMT, 0-3 probes,

1 — methylated MGMT, 4-8 probes)
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ROC Curves for MGMT probes
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Fig. 4. ROC curve of specificity and sensitivity of each separate MGMT probe

Table 3. Regression coefficients. Multivariate Cox regres-
sion analysis of IDH mutation, MGMT methylation, age,
radicality of resection and Karnofsky performance status
(KF'S), (statistically significant P values are in bold)

Multivariate

P value HR 95% CI of HR
Variable Lower | Upper
IDH1/2 mutation 0.0007 | 0.1579 | 0.0541 | 0.4610
MGMT methylation | 0.0171 | 0.3731 | 0.1659 | 0.8390
Age 0.0114 | 1.0334 | 1.0074 | 1.0600
Resection radicality | 0.0012 | 1.7383 | 1.2445 | 2.4281
KPS 0.2134 | 0.9867 | 0.9660 | 1.0077

nificance; all other parameters remained relevant sur-
vival predictors, see Table 3.

Discussion

Gliomas represent serious tumours difficult to treat.
In many cases their prognosis is poor even in case of a
very aggressive treatment approach. We present an ana-
lysis of our study identifying two independent predic-
tors for patient survival and treatment response. Both
IDH1/2 mutation and MGMT promoter methylation are
strong parameters confirmed by Kaplan-Meier analysis
and Cox regression model. Both of them reduced the

risk of death significantly in our study. We confirmed
this fact in accordance with previous studies (Megova
et al., 2014; Molenaar et al., 2014; Eckel-Passow et al.,
2015). The role of IDH mutation and its positive prog-
nostic effect may not only be limited to prognosis, but
there is also evidence that it can positively affect re-
sponse to chemotherapy (Cairncross et al., 2014). Mu-
tated IDH can now be detected by immunohistochemis-
try (Camelo-Piragua et al., 2010; Takano et al., 2015)
and magnetic resonance spectroscopy (Fuente et al.,
2015). No drugs currently target mutated IDH, although
this remains an area of active research (Li et al., 2015;
Suijker et al., 2015). It is obvious that /DH mutation as
the first step in tumour development also plays a role in
further progression and malignant transformation of
low-grade gliomas (Leu et al., 2016).

In contrast to other studies, we have not observed any
significant effect of other epigenetic markers (Rankeillor
et al., 2014; Rauscher et al., 2014; Lhotska et al., 2015).
This can be due to a strong synergistic effect of IDH
mutation and MGMT methylation. In univariate Cox
analysis, five candidate methylated genes were identi-
fied to play a more important role as prognostic markers,
but none of them remained statistically significant in
multivariate analysis. The same situation was observed
in the subgroup of grade II-11I gliomas and subgroup of
glioblastomas. Only the GATAS5 gene seems to be a fac-
tor that can affect prognosis in our series, but more tu-
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mour samples should be investigated to verify or ex-
clude this suggestion.

We did not examine the 1p/19q status in our series.
1p/19q co-deletion is known as another positive prog-
nostic predictor, especially in oligodendroglial or mixed
(oligoastrocytic) tumours (Cairncross et al., 1998, 2013).
Because of a very small number of oligodendroglial
tumours investigated in the study (seven patients) we
did not examine the 1p/19q status in our series. 1p/19q
codeletion is known as another positive prognostic pre-
dictor, especially in oligodendroglial or mixed (oligo-
astrocytic) tumours (G. Cairncross et al., 2013; J. G.
Cairncross et al., 1998). Because of a very small number
of oligodendroglial tumours enrolled in the study (seven
patients) we suppose that 1p/19 codeletion cannot sig-
nificantly affect overall survival in our series, and there-
fore we did not focus on it and did not examine this
marker.

We observed an interesting synergistic effect of
MGMT probes. We used eight different probes aiming to
different spots within the MGMT promoter and intron 1.
None of the probes independently affected prognosis,
but positive detection of four and more probes was high-
ly statistically significant in comparison to the minor
quantity (three and less probes) in survival analysis.
Some of these probes are very sensitive but low in speci-
ficity with high rate of false positive results. On the
other hand, some probes are specific but sensitivity is
low and the number of false negative results can exceed
40 %. Regarding these findings the methylation status
must be specified very carefully and correlated with
clinical data. Because of the design of the probes (length
varying from 179 to 409 bases), one or two short methy-
lated segments within the gene probably do not cause
gene silencing. On the other hand, the more segments
were methylated, the higher was the probability of stop-
ped MGMT gene transcription.

The clinical data included age, KFS and resection
radicality. Age is a well-known factor that affects patient
survival. Lower-grade gliomas (gr. II-III) appear in
younger people (usually in their thirties, forties) and
have better prognosis and overall survival; in our series,
the age at surgery in this group was 43 years. Glioblas-
toma typically hits the elderly, a history of the disease
and overall survival is short; in our series, the mean age
of GBM patients was 58 years. In this parameter, our
study does not differ from other studies. In general, age
slightly increases the risk of death. Karnofsky Perfor-
mance Status (KPS) did not affect survival in our study.
All patients enrolled into the study achieved at least
70 points (av. 86 points) before the surgery with only a
very small decrease following the procedure (81 points).
That is the reason why KPS could not strike the statis-
tics more noticeably in our series. The second reason
might be the fact that only patients with good perfor-
mance status receive appropriate treatment (Bauchet et
al., 2014; Chang-Halpenny et al., 2015). Gross total re-
section is considered as the next important factor that
may significantly affect the overall survival. Especially

in comparison with biopsy, the benefit is unambiguous
and clear in both low- and high-grade gliomas (Senft et
al., 2011; Jakola et al., 2014). We confirmed the same
finding.

In conclusion, we verified the clinical impact of
IDH1/2 mutation and MGMT promoter methylation.
These two markers should be diagnosed in glioma pa-
tients routinely. Especially in wild-type IDH patients,
clinical controls must be performed more frequently, at
least every six months in gr. II patients and every three
months in gr. III and gr. IV patients. Our data also sup-
port active surgical approach; biopsy should be per-
formed only in primarily inoperable cases.
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