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Abstract

Purpose: The multidrug resistance 1 (MDR1) gene expression and its epigenetic status may be an important
factor in the chemotherapeutic resistance of glioblastoma (GB). The aim of this study was to analyze the effect of
the MDR1 promoter methylation status on GB tumor tissue related to patient survival, chemotherapy resistance,
and recurrence of the disease.

Materials and methods: Thirty-six patients underwent surgery for GB at the Neurosurgery Department of
Ankara University School of Medicine. The patients’ clinical information and the MDR1 methylation status of the
tumor tissues were compared to determine the effects on patient survival, chemotherapy resistance, and tumor
recurrence.

Results: Patients with MDR1 methylated GB had statistically significantly (p<0.001) shorter survival times.
Early recurrence was detected in 25% of the patients with unmethylated tumor tissues and in 39.3% with
hemimethylated tumor tissues.

Conclusion: Instead of using the standard chemotherapeutics in all the patients with GB, tissue-specific
medications must be chosen while taking into consideration the epigenomic characteristics and expression
status of the tumor because of the genetic heterogeneity of GB. This is the first study to show the association
between MDR1 promoter methylation and the clinical data of GB in the literature.

Key words: Chemotherapeutic resistance, glioblastoma, methylation, multidrug resistance 1.

Guner YE, Bayatli E, Kurt Kizildogan A, Gokmen D, Yuksek V, Taspinar F, Tetik B, Taspinar M, Ugur HC. Does
MDR1 promoter methylation affect temozolomide resistance? a clinical study in patients with glioblastoma. Pam
Med J 2022;15:547-554.

Oz

Amag: Coklu ilag direnci 1 (MDR1) gen ekspresyonu ve epigenetik durumu, glioblastomun (GB) kemoterapdtik
direncinde 6nemli bir faktor olabilir. Bu ¢alismanin amaci, MDR1 promoter metilasyon durumunun, hastanin
sagkalimi, kemoterapi direnci ve hastaligin tekrarlamasi ile ilgili olarak GB timér dokusu Uzerindeki etkisini
analiz etmektir.

Gereg ve yontem: Ankara Universitesi Tip Fakiiltesi Beyin Cerrahisi Anabilim Dali'nda GB tanisi ile ameliyat
edilen 36 hastanin verileri incelendi. Hastalarin klinik bilgileri ve tim&r dokularinin MDR1 metilasyon durumu,
hastanin sagkalimi, kemoterapi direnci ve timor niksu Uzerindeki etkilerine yénelik karsilastirildi.

Bulgular: MDR1’nin metile oldugu GB'li hastalarda istatistiksel olarak anlamli (p<0,001) daha kisa sagkalim
sureleri saptandi. Metile timor dokusu olan hastalarin %25'inde ve hemi-metile timdr dokusu olan hastalarin
%39,3'Unde erken reklrrens saptandi.

Sonug: GB'li tim hastalarda standart kemoterapétikleri kullanmak yerine, GB'nin genetik heterojenligi nedeniyle
timaérin epigenomik 6zellikleri ve ekspresyon durumu dikkate alinarak dokuya 6zgu ilaclar secilmelidir. Bu,
literatirdeki MDR1 promoter metilasyonu ile GB'nin klinik verileri arasindaki iliskiyi gésteren ilk calismadir.
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Introduction

Glioblastoma (GB) is the most malignant and
frequent brain tumor (5/100.000) in adults. GB
accounts for 12-15% of all intracranial tumors
and 50-60% of astrocytic tumors. Despite the
advanced treatments, the mean patient survival
from the disease is 14.6 months. Only 10%
of patients survive after 2 years [1]. In newly
diagnosed GB tumors, environmental factors,
life habits, and genetic risk factors cannot be
determined substantially.

The current GB treatment is based primarily
on maximal surgical excision, followed
by chemotherapy and radiotherapy [2, 3].
Moreover, chemotherapy/drug resistance is a
major issue in such malignant diseases. The
cellular function of adenosine triphosphate
(ATP)-binding cassette (ABC) transporter family
proteins is an important mechanism that may
play a role in GB treatment [4]. ABC transporter
family proteins, including P-glycoprotein (P-
gp), ABC subfamily B member 1 and multidrug
resistance (MDR1) pump drugs and toxins
into the extracellular space, decreasing the
intracellular drug load. Experimental studies
on drug transportation have shown that two-
sided transfer of P-gp causes a decrease in
intracellular drug concentration and an increase
in extracellular space drug efflux [5]. Clinically,
MDR1-related drug resistance forms a well-
known MDR mechanism [6]. MDR1 expression
can be changed via different epigenetic
mechanisms such as methylation, acetylation,
and phosphorylation. In vitro studies have
shown that MDR1 expression plays a role in the
mechanism of action of temozolomide (TMZ) in
addition to DNA repair mechanisms [7].

In this study, we aimed to investigate the
MDR1 promoter methylation status in patients
treated with TMZ and the role of its methylation
on survival. No previous studies investigated
the likely relationship between MDR1 promoter
methylation and TMZ resistance in GB. This
study provides the first assessment of MDR1
gene promoter methylation in patients with GB.
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Materials and methods
Study groups

The study was conducted after approval
by the Clinical Ethical Committee of Ankara
University. The study group consisted of
patients with a central nervous system mass
pathologically approved as GB who underwent
operation between January 2014 and January
2016 in the Ankara University Neurosurgery
Department. Written informed consent was
obtained from all the patients or their families.
None of the patients has received any therapy
such as chemotherapy and radiotherapy prior to
surgery and sample collection.

Tumor tissues and peripheral blood samples
(as a control for each patient) were collected
from all patients. Tumor tissue sampling was
achieved in a way that did not hinder the
pathological analysis. The extent of surgical
tumor resection was defined as gross total
resection for cases in which the entire tumor
was removed; and subtotal resection when
a greater portion of the tumor was left. Blood
sampling was achieved during preoperative
blood examination to avoid any additional
invasive procedures.

Genomic DNA extraction

Thetumortissue sample fromthe patientswas
cleaned from the vascular and necrotic regions
in the laminar cabin under sterile conditions
and then frozen and stored. The tissue and
peripheral blood samples were stored at —-80°C
and -20°C until extraction of genomic DNA,
respectively. Genomic DNA was isolated from
the primary frozen tumor tissues and peripheral
blood samples by using the PureLink Genomic
DNA Kit (Life Technologies, K182002) in
accordance with the manufacturer’s instruction.
The purity and amount of obtained genomic
DNA were measured with a spectrophotometer
according to a 260:280 ratio.
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Bisulfite modification and methylation-
specific polymerase chain reactions

Bisulfate modification was performed with
1-ug genomic DNA using a DNA modification
kit (EZ DNA Methylation-Gold). Bisulfate
modification is based on the presence of a
methylated cytosine base on genomic DNA. All
methylated cytosine bases are not converted to
uracil bases after modification, but methylated
cytosines are converted to uracil bases.

To determine the MDR1 gene methylation in
modified DNA, methylation-specific polymerase
chain reaction (MS-PCR) was performed using
specific primer pairs for the MDR1 gene. The
specific primers for the MDR1 gene were used to
show the methylation status of the MDR1 gene
in PCR. The reaction mix of MS-PCR contained
25-ul 2X reaction buffer (Zymo Taq), 0.5-pl
dNTP (0.25 mM Zymo Taq), 0.4-pl forward and
reverse primers for U or M status (10 pM), 60-ng
template DNA, 0.4-ul Tag polymerase (5U/ul),
and additional dH,O up to a 50-pl mix reaction
volume.

T-P2

T-P1

BS-P1

The primers used in the MS-PCR were
U-Forward: 5" GGG TGT GGG TTG AGT ATA
GTT GTT TT, U-Reverse: 5° CCA ACT TTA
CAT ACC CCT ACC TCA CA for unmethylation
status, M-Forward: 5" GGG CGT GGG TTG
AGT ATA GTC GTT TC, and M-Reverse: 5'
CGC TCC TTAAAA CAACCA CCAAAACG for
methylation status.

The reaction conditions for both primer sets
were as follows: initial denaturation at 95°C for
10 min, followed by 40 cycles of denaturation at
95°C for 45 s, annealing at 57.8°C for 45 s, and
extension at 72°C for 45 s, and final extension
at 72°C for 5 min. The PCR products were
visualized on 2% agarose gels and stained with
ethidium bromide under ultraviolet light (Figure

1),

The presence of a 240-bp band in the lane
marked U indicates an unmethylated MDR1
gene promoter, while the presence of a 230-
bp band in the lanes marked M indicates a
methylated MDR1 gene promoter (Figure 1).

T-P3

BS-P2

240 bp
230 bp

Figure 1. The unmethylated band of the MDR1 gene was detected in the tumor tissue (T) and blood
sample (BS) DNA of Patient 1. The methylated band of the MDR1 gene was detected in the tumor
tissue of Patient 1. Patient 2 has a UU status in tumor tissue and UM status in BS. P3 has a UU
status in tumor tissue, and no methylation status could be detected in the BS sample. The 240- and
230-bp bands indicate the U and M statuses of the MDR7 gene promoter, respectively

T: Tumor, P: Patient, BS: Blood sample

Statistical analyses for dependent groups (paired t test). While
the results of the categorical variables were
summarized with frequency distributions and
proportions, mean + SD and median (range)
were used as descriptive statistics for continuous
variables. The statistical significance level was
selected as p<0.05 for all comparisons and

hypothesis tests.

The SPSS 11.5 package program was
used to evaluate the data obtained in the
study. The methylation rates in tumorous
tissues and peripheral blood were performed
with the McNemar test developed to compare
categorical data in the dependent groups. The
gene methylation values obtained as continuous
measurements were evaluated using a t test
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Results

Detailed clinical data and MDR1 methylation
results were obtained in 36 patients whose
MDR1 gene methylations were investigated.
The mean age of the patients was 55.4+16.8
years (median, 54.5 years (range, 20-82 years)),

and 10 patients were female and 26 were male.
The mean follow up was 15.6 months (range,
8-24 months). The mean survival of all the
patients was 476161 days. Table 1 presents
the demographic and clinical data of the study
population.

Table 1. Major clinical data of the patients included in our study

All patients (n=36)

Age at diagnosis, years
Median (range)
Sex
Male (%)

Female (%)
Tumor location - region
Frontal (%)
Parietal (%)

Temporal (%)
Occipital (%)
Other (%)
Surgery
Gross total resection (80-99%)
Subtotal (50-80%)
First-line Therapy
Radiotherapy (%)

Radiotherapy and concomitant temozolomide (%)

54.5 (20-82)

26 (72.2%)
10 (27.7%)

11 (30.5%)
11 (30.5%)
7 (19.4%)
6 (16.6%)
1(2.7%)

29 (80.5%)
7 (19.5%)

5 (13.8%)
31 (86.1%)

The MDR1 promoter methylation was
determined as UU (both alleles unmethylated) in
4 (11.1%) and MM (both alleles methylated) in 4
(11.1%) of the 36 patients included in the study,
and UM (heterogeneous methylation status) in
the remaining 28 tumor tissues (77.8%). UM
was detected in the blood samples of two of the
4 tumor samples with UU methylation status. In
addition, MDR 1 methylation was not detected in
11 blood samples from 28 patients whose MDR1
gene was detected as UM in tumor tissues.
MDR1 promoter methylation was detected in 32
(88.8%) tumor tissues when evaluated on the
basis of methylation (Table 2).

In all the patients, maximum safe surgical
resection was followed by radiotherapy (RT; 60
Gy in 30 fractions) plus concurrent TMZ (75 mg/
m?/day for 6 weeks) and then six maintenance
cycles of TMZ chemotherapy (150-200 mg/m?/
day for the first 5 days of a 28-day cycle) [8].

When the chemotherapeutic resistance
development of the patients was evaluated on
the basis of the MDR1 promoter methylation
obtained from the tumor tissues, no
significant relationship was found between
chemotherapeutic resistance development and
methylation status (p>0.05; Table 3). In addition,

Table 2. MDR1 promoter methylation numbers and percentages based on methylation

Sample Type uu
Tumor Tissues 4 (11.1%)

Blood Samples 1(5.0%)

MM
28 (77.8%) 4 (11.1%)
19(95.0%) 0 (0%)

UU: both unmethylated alleles; MM: both methylated alleles
UM: heterogeneous methylation status
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Table 3. Relationship between MDR1 promoter methylation and chemotherapeutic resistance in the

patients’ tumor sample

MDR1 Methylation status of tumor samples

Chemotherapeutic

uu UM
resistance status
Resistant 1 1
Nonresistant 3 17
Survival time (days) 627.500 500.541

Mean (median + SD)  (538.000; +105.004)

(524.000; +69.871)

MM Total p
4 16
>0.05
- 20
111.250
- <0.001

(75.000; £53.827)

UU: Both unmethylated alleles; MM: Both methylated alleles
UM: Heterogeneous methylation status

early recurrence was observed in all the patients
in whom chemotherapeutic resistance was
found. Early recurrence was detected in all 4
patients (100.0%) with MM status, 11 (39.2%) of
the 28 patients with UM status, and one (25%)
of the 4 patients with UU status.

When the MDR1 gene promoter methylation
statuses of the patients were compared
according to survival times, the survival time
was 111.2+53 days for those with MM with
methylation in both alleles, 500.5+69 days for
those with UM status, and 627.5+105 days
for those with UU status. When the MDR1
methylation and survival times were compared,
the effect of MDR 1 methylation status on survival
was significant (p<0.001). Early recurrence was
observed in 100% of the patients with GB with
MM status at clinical follow-up (Table 3).

Discussion

Although brain tumors constitute
approximately 2% of the entire cancer burden,
they cause significant morbidity, and the
prognosis is still poor in gliomas, the most
common type of central nervous system mass.
The causes of GB are not clearly defined, no
curative treatment has been established, and
the average life span after diagnosis is still
short [3, 9]. Currently, in GB, the prognosis is
still poor because of the distinctive resistance
to radiotherapy and chemotherapy. Numerous
genetic variations have been identified for
GB, and therapeutic approaches based on
molecular genetic mechanisms have been
increasingly used nowadays. The development
of alternative treatment approaches based
on molecular genetic changes in GB is
currently ongoing with great effort [10]. Various
genetic and epigenetic changes are possible

candidates for cancer treatment options. Many
research studies have shown the characteristic
features of GBs and indicated that GBs have
a heterogeneous structure in every respect
(clinical, genetic, and treatment) [1, 2, 11].
Therefore, a standard treatment without
detailed personalized epigenetic and genetic
profiling for such heterogeneous diseases may
not be an accurate scientific approach for GB.
Our presented study is the first to support the
idea that MDR1 methylation profile may guide
the management and individualized treatment
of patients with glioblastoma regarding the
documented association between MDR1
promoter methylation and the clinical data of
GB patients.

Resistance to chemotherapeutic drugs may
develop before and during treatment in GB. One
of the mechanisms underlying this resistance
may be various drug transporter proteins [11]
that suggest MDR1. In the cells with high MDR1
expression, the intake of drugs into the cell is
expected to be at a lower level as compared with
the cells with low MDR1 expression levels. The
MDR1 expression level is reported to be high
in some cancers [12-16]. In addition, intrinsic
or acquired overexpression of the MDR1 gene
has been detected [17, 18]. However, when the
central nervous system is considered to play a
role in drug resistance, the importance of P-gp
is still controversial [11]. Drug-resistant gliomas
show increased MDR1 expression without
amplification as compared with sensitive ones
[19].

One of the important mechanisms regulating
MDR1 expression is DNA methylation. The
gene expression decreases as a result of the
methylation of CpG islets in the promoter region
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of the gene. The MDR1 promoter methylation
has been detected in many types of cancer,
and methylation may affect the prognosis of
the disease and may even be a biomarker
[20]. Qiu et al. [21] associated MDR1 gene
transcriptional inactivation with the progression
and pathogenesis of neuroblastoma tumors as
a result of a MDR1 methylation study in samples
taken from patients with neuroblastoma. In
our study, tumor progression was detected in
patients with methylation. Our results were
similar to the results of the study by Qui et al.
[21].

The high MDR1 methylation rates (88%,
83.3%, and 80%) were reported in the MDR1
gene methylation studies performed by
Yegnasubramanian et al. [22], Bastian et al.
[23], and Ellinger et al. [24] that evaluated
cases with prostate cancer. In our study, a high
methylation rate was found as in the above-
mentioned studies. Tahara et al. [12] reported
that the high rate of MDR1 gene promoter
methylation was detected in gastric cancers
and that MDR1 methylation was effective in
gastric cancer formation. In addition, Tahara
et al. [12] stated that MDR1 methylation and
decreased expression correlated with increased
cell proliferation in cancer. In our study, a high
rate of MDR1 methylation was detected in the
patients with GB, and early recurrence was
detected in all the patients with methylation. In
this respect, our results are in line with the results
and suggestions of Tahara et al. [12] However,
no studies have been reported regarding the
role of MDR1 methylation in patients with GB.
Therefore, in our study, the possible role of
MDR1 promoter methylation in the prognosis of
patients with GB was investigated. This is the
first study investigating MDR1 gene promoter
methylation in GB patients.

Von Bossanyi et al. [25] reported that
P-gp expression may be associated with
chemoresistance in gliomas and that P-gp
expression, evaluated by immunocytochemistry,
is present even at different levels in high-grade
brain tumors. Moreover, Von Bossanyi et al.
[25] discussed that results reported in the
literature are conflicting. Yokogami et al. [26]
suggested that the P-gp levels decreased as
the degree of malignancy increased in 16 series
of untreated glioma cases and that P-gp level
was inversely proportional to the tumor stage.
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The aforementioned studies examined only the
immunohistochemistry or RT-PCR of the MDR1
gene expression. Observing the MDR1 gene
expression using immunohistochemistry or RT-
PCR may show results different from those in
our study. In our study, the methylation status of
MDR1was examined with MS-PCR. Methylation
status, which indicates low expression in a cell,
is related to chemoresistance. We searched
for the connection between methylation and
prognosis in this study.

Abe et al. [27] reported that 9 patients
with GB were evaluated and that multidrug
resistance protein plays a more important role
in chemotherapeutic resistance in gliomas than
P-gp, P-gp expression may be lower in glioma
tissues, and P-gp (MDR1) is more important
in the transport of blood-brain barriers. Our
study is the first to investigate the presence of
MDR1 expression in glioma patients, along with
clinical follow-up. As a result of our study, MDR1
promoter methylation was detected at a high
rate of 88.8% in tumor tissues. This result is in
line with the result of the study by Abe et al. [27.]

In a study conducted by Schaich et al. [7] in
GBs, they reported that MDR1 expression might
play a role in TMZ cytotoxicity and resistance.
The presence of promoter methylation of any
gene correlated with the low expression level
in a cell. We detected high MDR1 methylation
rates and no increased chemoresistance in our
patients. Therefore, our results are similar to
those of Schaich et al. [7]. In our study, MDR1
gene promoter methylation, which is thought to
be responsible for the development of resistance
to chemotherapeutics that may be present in
patients with GB, was investigated. Our findings
showed that MDR1 gene methylation might
differ among patients with GB and even among
different samples from the same individual. Our
study shows that both tumor and blood samples
from the same patient have different MDR1
methylation patterns. According to our literature
review, the MDR1 methylation pattern has been
shown for the first time to have a different status
in the same patient. This is one of the examples
that show the high genetic heterogeneity of
GB. However, similar treatment modalities
are applied in patients with GB with such
genetic heterogeneity. In the treatment of GB,
individual cancer treatment should be applied
after determining the genetic markers that can



MDR1 gene methylation and temozolomide resistance

develop chemotherapeutic resistance, instead
of applying the same treatments to patients with
different genetic structures.

This study emphasizes the necessity of
developing individual treatment modalities
by considering genetic structures. Moreover,
compared with clinical data such as MDR1
gene methylation investigated in GB tissues
and patients’ responses to recurrence, survival,
and chemotherapy, the presence of MDR1 gene
methylation worsened the prognosis in terms of
survival and recurrence.

There are different genetic (1p/19q, MGMT
expression, DNA repair genes, telomerase,
etc) and epigenetic biomarkers (MGMT
expression, microRNA, etc) to determine the
TMZ chemoresistance [28] These molecular
factors should be examined together in order to
determine the TMZ resistance clearly.

This study has several limitations such as
the small number of patients examined, clinical
observation-based resistance evaluation, and
the lack of determination of MDR1 expression
with other techniques such as RT-PCR and
immunocytochemistry. Also regarding the study
period (2014-2016), none of the molecular
parameters (like IDH, 1p/19q, etc) was routinely
evaluated due to the former classification based
on just histopathology. Owing to the short study
period, we could not evaluate tumor tissues
regarding molecular profiles that may add
more information in respect to recurrence and
survival.

The results of this study can be validated on
MDR1 positive glioblastoma cancer stem cells
(CSC). Because it is known that drug resistance
of CSCs is caused by ABC transporter [11]. For
this purpose, a side-population assay is required
despite some limiting factors [11]. MDR1 positive
human glioblastoma cancer stem cells can be
used in further studies to elucidate the role of
MDR1 in GB by using a side-population assay.

In conclusion, this is the first study to show
the association between MDR1 promoter
methylation and the clinical data of GB in the
literature. MDR1 methylation profile may guide
the management and individualized treatment
of patients with GB.

Conflict of interest: No conflict of interest was
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