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Optimizing conditions for
MGMT promoter methylation
status analysis in
glioblastoma FFPE samples

Abstract:

The methylation status of the MGMT promoter represents the valuable
prognostic and predictive marker in glioblastoma (GBM) patients undergoing
treatment with alkylating agents such as Temozolomide. Although Formalin-
Fixed and Paraffin-Embedded Tissue (FFPE) signifies the most commonly
used source for tissue-based molecular testing, its use in Methylation-Specific
Polymerase Chain Reaction (MSP) analysis manifests certain limitations due
to low DNA integrity. Our study aimed to identify the optimal MGMT promoter
MSP reaction conditions concerning the utilization of bisulfite-converted
FFPE-derived template DNA. Several optimizing reactions were conducted
and subjected to ImageJ software analysis. As a result, 4U of HotStarTaq
and 125 ng of template DNA were specified as necessary for successful MSP
reactions. The confirmation of optimization success was obtained through
comparison of semi-quantitative values of DNA methylation levels between
reference Fresh Frozen tissue and corresponding FFPE sample obtained from
the same GBM patient.
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Apstract:

Optimizacija uslova MSP reakcije za promotorni region MGMT gena
kod FFPE uzoraka glioblastoma

Status metilacije promotornog regiona MGMT gena predstavlja jedan od
najvaznijih prognostickih i prediktivnih markera pacijenata obolelih od
glioblastoma (GBM) podvrgnutih lecenju alikirajuéim agensima poput
Temozolomida (TMZ). Iako uzorci tkiva fiksiranih u formalinu i ukalupljenih u
parafinske blokove (FFPE) predstavljaju najuobicajeniji izvor DNK materijala
prilikom molekularno-bioloskih analiza, njihova upotreba pri metodi lancane
reakcije polimeraze specificne za metilaciju (MSP) ispoljava odredena
ograni¢enja usled niskog integriteta DNK. Cilj ovog rada predstavljalo je
definisanje optimalnih uslova MSP reakcije za MGMT promotorni region
prilikom koris¢enja bisulfitno-konvertovane DNK izolovane iz FFPE uzoraka
kao matrice za MSP reakciju. Izvedeno je nekoliko reakcija optimizacije, a
dobijeni rezultati su obradeni u ImagelJ programu. Kao rezultat, HotStarTaq
polimeraza u koli¢ini od 4U i DNK matrica u koli¢ini od 125 ng izdvojene
su kao neophodne za uspesnu MSP reakciju. Potvrda uspesnosti reakcija
optimizacije dobijena je uporedivanjem semi-kvantitativnih vrednosti
nivoa metilacije DNK izmedu referentnog sveze-zamrznutog uzorka (FF) i
odgovarajuceg FFPE uzorka poreklom od istog GBM pacijenta.
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Glioblastoma (GBM) refers to the highly
infiltrative type of gliomas, malignant brain
tumors. Owing to great morphological and genetic
heterogeneity, it is characterized by extremely low
five-year survival rates — only 5%, and an annual

incidence of 5.26 per 100,000 people (Soomro
et al., 2017). Although it is widely accepted that
gliomas originate from normal glial cells, increasing
evidence supports the role of various cell types such
as glial or neural precursors and stem cells as their
possible origin (Chen et al., 2017). Recent findings
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in the molecular biology of glioma have led to the
novel, improved system of classification which
was established by the World Health Organization
(WHO) in 2016 (Louis et al., 2016). Namely, the
shortcomings of histopathology based classification
were exceeded through the incorporation of
molecular diagnostic criteria - testing for Isocitrate
Dehydrogenase (/DH) mutation, chromosome 1p/19q
deletion, and histone mutations. In 2010, The Cancer
Genome Atlas (TCGA) classification of GBMs had
identified 4 subtypes of glioblastomas based upon
gene expression profiles and genomic clustering
— proneural, neural, classical, and mesenchymal
subtypes (Verhaak et al., 2010). The methylation
of the Cytosine-phosphate-Guanine (CpG) islands
in the promoter region of O°-methyl guanine-DNA
methyltransferase gene (MGMT) represents one of
the most common epigenetic alterations in GBM.
It is present in both primary and secondary GBM
in 42% and 79% patients respectively (Soomro et
al., 2017). The MGMT enzyme is an excision repair
enzyme that removes alkyl adducts from the O°-
position of the guanine. Thus, it protects normal
cells from carcinogens by repairing double-strand
breaks and base mispairing which leads to apoptosis
and cell death. During that process it is being
irreversibly deactivated, which is why MGMT is
referred to as “suicidal” enzyme (Thon et al., 2013;
Soomro et al., 2017). Regarding the MGMT role
of counteracting the activity of alkylating agents,
its inactivation through epigenetic silencing was
recognized as an important and clinically relevant
factor in GBM patients undergoing treatment with
alkylating agents such as Temozolomide (TMZ).
The positive methylation status of the MGMT
promoter represents a strong and independent
predictive factor of favorable survival in GBM. The
median survival was significantly longer in patients
with a methylated MGMT promoter (21.7 months)
in comparison with the patients lacking methylation
(12.7 months). Additionally, a high frequency of
MGMT promoter methylation was documented
in long-term GBM survivors undergoing TMZ
treatment (Thon et al., 2011; Thon et al., 2013).
Given the fact that methylated cytosine in CpG
islands exhibits the same base-pairing interactions as
unmethylated cytosine, the evaluation of methylation
status using conventional hybridization-based
methods, i.e. microarrays and PCR, is not suitable
(Holmes et al., 2014). To address that, Frommer et
al. have designed a protocol that utilizes bisulfite—
induced modification of genomic DNA resulting in
the conversion of unmethylated cytosine to uracil,
while 5-methylcytosines remain intact (Frommer et
al., 1992). Such bisulfite-converted DNA could be
subsequently analyzed via PCR in order to acquire
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desired epigenetic information. With the numerous
commercially available kits and several technological
advances, current bisulfite-treatment protocols are
more convenient and user friendly in comparison
with the original 16 hours protocol (Holmes et al.,
2014). However, the success of bisulfite-conversion
may vary considerably depending on the quality
of DNA samples and the choice of tissue samples
(Tournier et al., 2012). There are strong suggestions
for avoiding Formalin-Fixed and Paraffin-Embedded
Tissues (FFPE) samples for bisulfite conversion and
following Methylation-Specific Polymerase Chain
Reaction (MSP). These are supported by evidence
that the use of FFPE induces non-reproducible
bisulfite conversion leading to unreliable and
inconsistent results for methylation levels (Tournier
et al., 2012). In contrast with FFPE, the use of
Fresh Frozen tissue (FF) brings reproducible and
satisfactory results, owing to the process of cryo-
preservation which provides the adequate DNA
preservation. Given that the FFPE samples consist
of degraded DNA generally less than 300 bp, the
main challenge with managing FFPE samples is to
provide an efficient cell lysis which releases DNA
of sufficient quality and quantity for further analysis
(Holmes et al., 2014). What makes it even more
difficult, formalin-fixation induces the formation of
DNA-protein crosslinks, which often could not be
completely removed by common lysis protocols.
Nevertheless, as FFPE samples are widely available,
this type of tissue sample is the most commonly used
source for tissue-based molecular testing (Dietrich
et al., 2013). Alongside the low pricing of long term
storage, FFPE is often the only available material
for retrospective studies and the most important
material for standard routine diagnostics in the era
of personalized medicine (Dietrich et al., 2013).
Therefore, several commercially available kits for
FFPE DNA isolation and bisulfite conversion were
developed to ensure results as reliable as possible
(Holmes et al., 2014; de Ruijter et al., 2015; Ludgate
et al., 2017; Kint et al., 2018). This study aimed to
define optimal PCR conditions for evaluation of
MGMT promoter methylation status in the FFPE
sample obtained from GBM patient, considering the
recommendations from the previous studies (Dietrich
et al., 2013). Also, to investigate the validity of the
results, they were compared with MGMT promoter
methylation status obtained from the FF sample of
the same GBM patient.

Material and methods

Patient and tumor specimens

Both FF and FFPE tissue tumor specimens were
collected from the GBM patient (male, 63 years
old) operated on at the Neurosurgery Clinic (The
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Clinical Centre of Nis, Serbia) in 2013. The
patient underwent total resection of the tumor and
had a Karnofsky score of >80%. The diagnosis of
glioblastoma WHO grade IV was confirmed by an
expert neuropathologist (N.V and M.K). The written
informed consent of study participation was obtained
from the GBM patient. The Ethics Committee of
the Faculty of Medicine, Nis§, Serbia, approved the
informed consent form and study protocol (01-2113-
10).

DNA isolation and bisulfite conversion

Extraction of genomic DNA was performed
using QIlAamp® DNA Mini Kit (Qiagen, Hilden,
Germany) from 25 mg of FF sample and QiAamp
DNA FFPE Tissue Kit (Qiagen, Hilden, Germany,
Catalogue No. 56404) from 8 freshly cut sections
with a thickness of 10 um from FFPE sample.
A total of 2 pg of genomic DNA was modified
by sodium bisulfite using EpiTect® Bisulfite Kit
(Qiagen, Hilden, Germany) for the FF DNA sample
and Epitect Plus FFPE bisulfite kit (Qiagen, Hilden,
Germany, Catalogue No. 59144) for FFPE DNA
sample. BioSpec—nano UV—Vis Spectrophotometer

Table 1. Primer sequences and amplicon size
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min.

MSP optimization reactions with four different
amounts of bisulfite-converted template DNA (31.25
ng, 62.5 ng, 125 ng, and 250 ng) in combination
with 1U and 4U HotStarTaq DNA polymerase
(Qiagen, Hilden, Germany, Catalogue No. 203203)
were conducted according to suggestions from the
previous study (Dietrich et al., 2013). Following
the determination of template DNA optimal
concentration, another set of optimization reactions
was designed regarding the investigation of the
optimal concentration of HotStarTaq polymerase for
successful MGMT MSP reactions using FFPE DNA
isolates. Therefore, MSP reactions with 1U, 2U, and
4U of HotStarTaq polymerase and unmethylated set
of MGMT primers were conducted simultaneously
with MSP reaction including template DNA
obtained from the FF sample and 1U of HotStarTaq
polymerase. For comparison of methylation level
evaluation between FFPE and FF DNA isolates,
another set of MSP reactions was carried out using
both sets of MGMT primers and FFPE and FF
isolates as DNA templates, followed by agarose
gel electrophoresis. MSP reactions using FFPE-

derived bisulfite-converted
template DNA were conducted

Gene Primer Sequence (5’-3’)

in duplicate.

MGMT unmethylated (U)

MGMT methylated (M) . TTTCGACGTTCGTAGGTTTTCGC

R: GCACTCTTCCGAAAACGAAACG

F: TTTGTGTTTTGATGTTTGTAGGTTTTTGT
R: AACTCCACACTCTTCCAAAAACAAAACA

Amplicon
Size (;:) Analysis of Methylation Data
After each optimization, MSP
31 gel images were subjected

to Imagel] software analysis

(Shimadzu, Kyoto, Japan) was utilized for the
determination of quantity and quality of isolated
DNA and bisulfite converted samples. Isolated
DNA samples were inspected for degradation and
visualized by running the DNA samples on 2%
agarose gel.

Methylation-Specific Polymerase Chain
Reaction (MSP)

All of the MSP reactions were carried out in a
total volume of 20 puL containing 0.2 uM dNTP
mix, 1 x PCR buffer with 1.5 mM MgCl, (Qiagen,
Hilden, Germany) and 10 pM
of appropriate forward and
reverse primer (Tab. 1).
Amplification reactions

(National Institute of Health,
Bethesda, MD, USA) with
the aim of measuring the fluorescence intensity of
methylated (M) and unmethylated (U) MSP bands.
M/U intensity ratio values represent the common
approach of semi-quantitative evaluation of the
MGMT promoter methylation level (Christians et
al., 2012).

Results
FF and FFPE DNA isolates

Concentrations and purity of genomic DNA isolates
and bisulfite-converted DNA samples are presented
in Tab. 2.

Table 2. Quantity and quality of isolated DNA and bisulfite converted
samples (BioSpec—nano UV-Vis Spectrophotometer)

were performed in a Master-
cycler Gradient (Eppendorf)

using the following program:
95 °C for 15 min, then 35 cy-
cles of 95 °C for 50 s, 59 °C for
50 s and 72 °C for 50 s, and a

final extension at 72 °C for 10 _of tissue)

Total yield oD Yield of bisulfite-converted
of DNA (ng)  260/280  DNA per single conversion (ng)
FFPE DNA isolate
(from 8 sections with 4,537.5 1.94 2,265.8
a thickness of 10 um)
FEDNAisolate (50mg 35 509 » 1.87 2,094.4
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Fig. 1. Agarose gel electrophoresis images of isolated DNA samples (~400ng) A) High-quality DNA isolates
obtained from FF samples (4000-9000 bp fragments). Lane 1 — marker A DNA-Bst EIl (New England
BioLabs® Inc. #N3014S), Lane 2- FF DNA sample (first DNA elution), Lane 3- FF DNA sample (second DNA
elution) B) Low-quality FFPE DNA samples with highly degraded DNA fragments: Lane 1 — marker A DNA-

Bst Ell, Lanes 2,3,4 - FFPE DNA samples.

Total yield of isolated DNA from FFPE
sample was 4,537.5 ng and 35,209.2 ng from FF
sample, with OD 260/280 values of 1.94 and 1.87,
respectively. Recorded yield of bisulfite-converted
DNA per single conversion was 2,265.8 ng for FFPE
and 2,094.4 ng for FF DNA sample.

Agarose gel images representing the integrity of

A

123 4567 8 91011

760 bp =—

200 bp =—
100 bp ——

isolated DNA are shown in Fig. 1.

Agarose gel images of FF DNA samples
displayed that most of the DNA fragments have
migrated conjointly with the largest fragments of the
DNA ladder marker (~9000 bp) thereby forming a
noticeable band. In contrast, highly degraded FFPE
DNA samples were presented on agarose gels as

characteristic large smears originating
from DNA fragments of various sizes,
mostly shorter than 1,264 bp.

MGMT MSP template DNA
concentration optimization in FFPE
samples

Agarose gel image of MSP optimization
of optimal template DNA quantity is
presented in Fig. 2.

With the clear difference in
fluorescence intensity of both methyl-
ated and unmethylated MGMT MSP
products for 1U and 4U of HotStarTaq
polymerase, the most appropriate M and
U MSP products were recorded for 125
ng quantity of template DNA and 4U of

" HotStarTaq polymerase.

766 bp —
200 bp ——
100 bp ==
Lane # 2 3 4 5 6 7 8 9 10
Template DNA ng NTC 31.25 62.5 125 250 NTC 31.25 62.5 125 250

HotStarTaqpol (U) 1 1 1 1 1 4 4 4

4 4

lane #1 - Low Molecular Weight DNA Ladder (New England BioLabs® Inc.); NTC - Non Template Control;
Upper Gel - Methylated MGMT set of primers (M); Lower Gel - Unmethylated MGMT set of primers (U)

Fig. 2. MSP optimization for FFPE DNA isolates A) Agarose gel

image B) legend
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Lane # 2 3 4 3 &
766 bp Sample type KTC FF FFPE FFPE FFPE
—

Template DNA (ng) {125 135 135 118
HitStarTag pol (17} 11 1 2 4
Lane #1- Low Molecular Weight DNA Ladder (New

England Biolabs® Inc.); NTC - Non Template Control;
Unmethylated set of MGMT primers were used

2
=5

|

12

§
=

g

Fig. 3. Results of MSP optimization regarding defining the optimal amount of HotStarTaq polymerase. A)
Original agarose gel image with a legend on the right, presenting FFPE unmethylated MGMT promoter
MSP products with 1U, 2U and 4U of HotStarTaq polymerase alongside with FF unmethylated MGMT MSP
with 1U of HotStarTaq polymerase product as a positive control. B) Imaged software processed image with
fluorescence intensity analysis of specific unmethylated MGMT MSP product bands, with corresponding
chart representing their relative values. C) ImageJ fluorescence intensity analysis of primer-dimer presence

in MSP reactions.
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Table 3. Fluorescence intensity values of 3 different concentrations of HotStarTaq polymerase obtained

using ImagedJ software analysis

Total amount of HotStarTaq polymerase units in MSP reaction U 2U 4U

Fluorescence intensity of unmethylated MGMT MPS product compared to FF refference (%) 48.27 34.67 57.43
Fluorescence intensity of primer-dimers compared to FF refference (%) 200.60 219.85 37.16
Product / primer-dimer intensity ratio compared to FF refference (%) 49.10 36.30 113.12

100%
90%
80%
70%
60%
0%
40%
30%
20%
10%

0%

Fluorescence intensity

L

FF 1U Taq pol FFPE 1U Tag

© MGMT unmethylated ® Primer dimer

Fig. 4. MGMT product / primer-dimer fluorescence intensity ratios
detected for 125 ng of template DNA and 3 different concentrations
of HotStarTaq polymerase in FFPE and reference FF DNA bisulfite-

converted samples

MGMT MSP HotStarTaq polymerase
concentration optimization in FFPE samples

Regarding further determination of the optimal
amount of Hot Start Taq polymerase, agarose gel
image was acquired following MSP optimization
and processed with Image]J software analysis (Fig.
3).

Fluorescence intensity values acquired using the
Imagel software have confirmed the 4U of HotStar-
Taq polymerase as an optimal amount for successful
MSP MGMT reaction in FFPE samples. Among
tested concentrations, the highest fluorescence
intensity value of unmethylated MSP products was
recorded for 4U of HotStarTaq polymerase. It was
equivalent to 57,43% of the recorded fluorescence
intensity value of the reference FF DNA MGMT
MSP product. Furthermore, the fluorescence
intensity value of primer-dimers was the lowest for
the 4U concentration, being even lower than the
one recorded for the reference FF DNA template
MSP - 37.16% of the reference value. Finally, only
for the 4U HotStarTaq polymerase concentration
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FFPE 2U Taq pol FFPE 4U Tag pol

was documented that the MGMT
product/primer-dimer fluorescence
intensity ratio exceeds 100%
of the reference value (113.12
%), suggesting optimal reaction
conditions (Tab. 3 and Fig. 4).

MGMT methylation assesment in
FFPE and FF sample

Figure 5 (A) shows the agarose
gel image of MGMT MSP reactions
which included bisulfite-converted
template DNA of the same patient
originating from both FFPE and FF
samples, alongside with randomly
chosen FFPE sample from another
GBM patient. M/U ratio values
of FF and FFPE samples were
acquired via Image] software
analysis Fig. 5 (B).

As a result of Image] software
analysis, both the FFPE and FF
samples were assessed as strongly
methylated semi-quantitative cate-
gory of MGMT promoter methylation (M/U ratio
<1). The observed difference in M/U ratio values
was 8.47% (Tab. 4).

Discussion

L

Results from our study have confirmed the great
difference in DNA fragmentation level between FF
and FFPE DNA isolates (Fig. 1). In contrast with
the FF sample, the FFPE sample from our study
was in great portion consisted of DNA fragments
shorter than ~1,000 bp, which were forming a smear
and lacking a distinguishable band on the agarose
gel. This observation is consistent with previously
described FFPE DNA isolate properties originating
from the tissue preparation and fixation process.
Namely, it was shown that mechanical stress
resulting from cross-linking during the fixation
process, the concentration of formalin, pH, and salt,
the temperature, and tissue type have a great impact
on the quality of the FFPE-derived DNA (Ludgate et
al., 2017). Among such factors, the deparaffinization
was emphasized as the crucial process which reduces
the quality of the isolated DNA (Sengiiven et al.,
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Fig. 5. Differences in MGMT promoter methylation assessment between FF and FFPE samples: A) Agarose
gel image presenting methylated and unmethylated MGMT promoter MSP products with the corresponding
legend on the right side. Lanes 3 and 4 - methylated MGMT promoter MSP products involving FFPE samples
of the previously listed GBM patient as template DNA; Lanes 8 and 9 - unmethylated MGMT promoter MSP
products involving FFPE samples of the previously listed GBM patient as template DNA; Lanes 12 and 13
- Reference FF sample MGMT promoter MSP products (methylated and unmethylated); Lanes 5,6,10,11
- MGMT promoter MSP products (methylated and unmethylated) assessed with FFPE bisulfite-converted
sample of different GBM patient. B) Fluorescence intensity levels of methylated (M) and unmethylated (U)

MSP bands obtained using ImagedJ software.

2014). Given the fact that bisulfite conversion further
degrades DNA, the challenges which arise in DNA
methylation analysis are no surprising (Patterson
et al.,, 2011). As a consequence, MSP reaction
conditions concerning methylation analysis may
significantly differ in case of using the FFPE instead
of the FF bisulfite-converted sample as template
DNA. Considering the significance of FFPE tissues
as a valuable DNA source for MGMT methylation
analysis in GBM patients, as well as for clinical
and cancer research in general, our main goal was
to reveal the optimal MGMT promoter methylation
MSP reaction conditions which could bring the
results as valid as those involving FF-derived DNA.

The most significant MSP reaction parameters
— Taq polymerase and template DNA concentrations
were selected considering the findings of improved
PCR performance in FFPE tissue samples presented
by Dietrich et al. (2013). Primarily, our study tested
4 concentrations of template DNA (31.25 ng, 62.5
ng, 125 ng, and 250 ng) and 2 concentrations
of HotStartTaq polymerase (1U and 4U) for
the capability of alleviating PCR inhibition and
amplifying methylated MGMT promoter (81 bp)
and unmethylated MGMT promoter (93 bp) MSP
products. In concordance with previous findings,
this optimization reaction revealed the 4U of
HotStartTaq polymerase, alongside with 125 ng of
template DNA as optimal concentrations for both
methylated and unmethylated MSP products. As

seen in Fig. 2, the gradual increase of template DNA
amount enhances the MSP product intensity, both
in 1U and 4U reaction subgroups. This overcoming
of PCR inhibition occurs through increasing the
probability of the presence of template molecules
of proper length and integrity. As a result, higher
template concentrations and 1U concentration
of HotStarTaq polymerase emerged as one of
the possible solutions for optimal amplification
conditions. Furthermore, a 4-fold increase of
the HotStartTaq polymerase clearly showed the
successful amplification in replicates containing low
amounts of template DNA. The listed observations
were suggesting the optimal amount of 125 ng and
4U of HotStartTaq polymerase in both methylated
and unmethylated MGMT products. However,
the presence of additional primer-dimer bands
on agarose gel could lead to misinterpretation of
methylation level analysis.

To address that issue and further elucidate
optimal MSP conditions, another optimization
reaction was conducted. Given the relatively short
length of the MGMT promoter MSP products, this
optimization introduced the 2U concentration of
HotStartTaq polymerase as a possible solution for
economizing enzyme consumption. For that purpose,
optimization reaction was performed including 3
concentrations of HotStarTaq polymerase (1U, 2U,
and 4U), 125 ng amount of template DNA, and
unmethylated MGMT promoter primer set (Fig.
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3). FF DNA bisulfite-converted sample served
as a control MSP reaction. Despite successful
amplification of the specific product in 1U and 2U
replicates, an Imagel] software analysis showed
the significant presence of primer-dimer bands in
1U and 2U, but not in 4U replicate, confirming the
4U concentration of HotStarTaq polymerase as the
optimal one (Fig. 4).

Since the original study concerning MGMT
promoter methylation in GBM patients, there
were several common approaches of methylation
status assessment (Esteller et a., 2000). In order
of improving the qualitative assessment results
obtained by the end-point PCR method, the semi-
quantitative approach which utilizes additional
Imagel] software analysis of gel images was proposed
(Dietrich et al., 2013). Thus, through the measuring
of fluorescence intensity ratios of methylated and
unmethylated MGMT promoter product bands,
patients could be sorted into three groups —
unmethylated (M/U ratio =0), with weak promoter
methylation (M/U ratio between 0 and 1) and strongly
methylated (M/U ratio >1). Although this approach
is widely replaced by gPCR methods of methylation
status assessment, for this study it presents a valuable
method for validation of optimizing MSP reaction
results. By comparing M/U ratio values with those
of FF samples, FFPE MGMT promoter MSP reaction
conditions could be tested.

For that purpose, the final set of MGMT promoter
MSP reactions in our study have included both
reference FF and FFPE DNA isolates, performed in
duplicate with previously defined PCR conditions
(4U HotStartTaq polymerase and 125 ng of
template DNA). Indeed, M/U ratios obtained for
corresponding FF and FFPE samples in our study
were very similar, differing only in 8.47 percent
(Tab. 4). In that manner both of the samples were
assessed as strongly methylated (Tab. 4), although
the absolute intensity values were almost 3-fold
different (Fig. 5B). This observation suggests that
the optimizing conditions for MGMT promoter MSP
using FFPE-derived DNA samples presented in this
study were properly defined.

Conclusion

The results acquired in our study were in line with
previous findings concerning the use of FFPE tissue
in MSP reactions. Thus, gel electrophoresis analysis
of'the FF and FFPE DNA isolates confirmed the high
level of degradation in FFPE isolates. Based on seve-
ral optimizing reactions, 4U HotStarTaq polymerase
and 125 ng of template DNA could be singled out
with high certainty as suitable concentrations for
successful MSP reaction concerning methylated
and unmethylated MGMT promoter amplification

146

Jovanovic et al. @ Optimizing conditions for MGMT promoter methylation
status analysis in glioblastoma FFPE samples

products and FFPE-derived template DNA.
Although the above-mentioned PCR conditions refer
to the amplification of specific MGMT promoter
PCR products using the end-point PCR method,
they could also be taken into consideration while
performing MS-qPCR reactions. However, it
should be noted that due to the small sample size
and a relatively small number of measurements, the
presented results were not additionally supported by
some form of statistical analysis.

Acknowledgement. This study was supported by the

Ministry of Education, Science and Technological
Development of the Republic of Serbia (contract number:

451-03-68/2020-14/200124).

References

Chen, R., Smith-Cohn, M., Cohen, A.L., Colman,
H. 2017: Glioma Subclassifications and Their
Clinical Significance. Neurotherapeutics, 14: 284-
297.

Christians, A., Hartmann, C., Benner, A., Meyer,
J., von Deimling, A., Weller, M., Wick, W.,,
Weiler, M. 2012: Prognostic value of three different
methods of MGMT promoter methylation analysis in
a prospective trial on newly diagnosed glioblastoma.
PLoS One, 7(3): €33449.

de Ruijter, T.C., de Hoon, J.P., Slaats, J., de
Vries, B., Janssen, M.J., van Wezel, T., Aarts,
M.J., van Engeland, M., Tjan-Heijnen, V.C., Van
Neste, L., Veeck, J. 2015: Formalin-fixed, paraffin-
embedded (FFPE) tissueepigenomics using Infinium
HumanMethylation450BeadChip assays. Models
and Techniques, 95: 833-842.

Dietrich, D., Uhl, B., Sailer, V., Holmes, E.E.,
Jung, M., Meller, S., Kristiansen, G. 2013:
Improved PCR Performance Using Template DNA
from Formalin-Fixed and Paraffin-Embedded
Tissues by Overcoming PCR Inhibition. PLoS One,
8(10): €77771.

Esteller, M., Garcia-Foncillas, J., Andion, E.,
Goodman, S.N., Hidalgo, O.F., Vanaclocha, V.,
Baylin, S.B., Herman, J.G. 2000: Inactivation
of the DNA-repair gene MGMT and the clinical
response of gliomas to alkylating agents. The New
England journal of medicine, 343(19): 1350-1354.

Frommer, M., McDonald, L.E., Millar, D.S.,
Collis, C.M., Watt, F., Grigg, G.W., Molloy, P.L.,
Paul, C.L. 1992: A genomic sequencing protocol
that yields a positive display of 5-methylcytosine
residues in individual DNA strands. Proceedings
of the National Academy of Sciences of the United
States of America, 89(5): 1827-1831.

Holmes, E.E., Jung, M., Meller, S., Leisse, A.,



BIOLOGICA NYSSANA e 11 (2) December 2020: 199-147

Sailer, V., Zech, J., Mengdehl, M., Garbe, L.A.,
Uhl, B., Kristiansen, G., Dietrich, D. 2014:
Performance Evaluation of Kits for Bisulfite-
Conversion of DNA from Tissues, Cell Lines, FFPE
Tissues, Aspirates, Lavages, Effusions, Plasma,
Serum, and Urine. PLoS One, 9(4): €93933.

Kint, S., De Spiegelaere, W., De Kesel, J.,
Vandekerckhove, L., Van Criekinge, W. 2018:
Evaluation of bisulfite kits for DNA methylation
profiling in terms of DNA fragmentation and DNA
recovery using digital PCR. PLoS One, 13(6):
€0199091.

Louis, D.N., Perry, A., Reifenberger, G., von
Deimling, A., Figarella-Branger, D., Cavenee,
W.K., Ohgaki, H., Wiestler, O.D., Kleihues,
P., Ellison, D.W. 2016: The 2016 World Health
Organization Classification of Tumors of the
Central Nervous System: a summary. Acta Neuro-
pathologica, 131(6): 803-820.

Ludgate, J.L., Wright, J., Stockwell, P.A.,
Morison, I.M., Eccles, M.R., Chatterjee, A. 2017:
A streamlined method for analysing genome-wide
DNA methylation patterns from low amounts of
FFPE DNA. BMC medical genomics, 10(1): 54.

Patterson, K., Molloy, L., Qu, W., Clark, S. 2011:
DNA Methylation: Bisulphite Modification and
Analysis. Journal of Visualized Experiments, (56):
3170.

Sengiiven, B., Baris, E., Oygur, T., Berktas, M.
2014: Comparison of methods for the extraction
of DNA from formalin-fixed, paraffin-embedded
archival tissues. International journal of medical
sciences, 11(5): 494-499.

Jovanovic et al. @ Optimizing conditions for MGMT promoter methylation
status analysis in glioblastoma FFPE samples

Soomro, S.H., Ting, L.R., Qing, Y.Y., Ren,
M. 2017: Molecular biology of glioblastoma:
Classification and mutational locations. The Journal
of the Pakistan Medical Association, 67(9): 1410-
1414.

Thon, N., Eigenbrod, S., Grasbon-Frodl, E.M.,
Lutz, J., Kreth, S., Popperl, G., Belka, C.,
Kretzschmar, H.A., Tonn, J.C., Kreth, EW, 2011:
Predominant influence of MGMT methylation in
non-resectable glioblastoma after radiotherapy plus

temozolomide. Journal of neurology, neurosurgery,
and psychiatry, 82(4): 441-446.

Thon, N., Kreth, S., Kreth, F.W. 2013: Personalized
treatment strategies in glioblastoma: MGMT
promoter methylation status. Onco Targets and
therapy, 6: 1363-72.

Tournier, B., Chapusot, C., Courcet, E., Martin,
L., Lepage, C., Faivre, J., Piard, F. 2012: Why do
results conflict regarding the prognostic value of the
methylation status in colon cancers? The role of the
preservation method. BMC Cancer, 12: 12.

Verhaak, R.G., Hoadley, K.A., Purdom, E., Wang,
V., Qi, Y., Wilkerson, M.D., Miller, C.D., Ding,
L., Golub, T., Mesirov, J.P., Alexe, G., Lawrence,
M, O’Kelly, M.,Temayo, P., Weir, B.A., Gabriel,
S., Winckler, W., Gupta, S., Jakkula, L., Feiler,
H.S., Hodgson, J.G., James, C.D., Sarkaria, J.N.,
Brennan, C., Kahn, A., Spellman, P.T., Wilson,
R.K., Speed, T.P., Gray, J.W., Meyerson, M., Getz,
G., Perou, C.M., Hayes, DN.; Cancer Genome
Atlas Research Network. 2010: Integrated genomic
analysis identifies clinically relevant subtypes of
glioblastoma characterized by abnormalities in
PDGFRA, IDH1, EGFR, and NF1. Cancer Cell,
17(1): 98-110.

147



