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MGMT promoter methylation in serum and cerebrospinal
fluid as a tumor-specific biomarker of glioma
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Abstract. O°-methylguanine-DNA methyltransferase
(MGMT) promoter methylation is a conventional technique
to predict the prognosis or individualized treatment of glioma
in tumor tissue following surgery or biopsy. However, the
technique cannot be applied in those glioma patients with
concomitant neurological dysfunctions or advanced age. The
present study aimed to find a new minimally invasive and effi-
cient alternative method for the detection of MGMT promoter
methylation. The expression of MGMT promoter meth-
ylation was assessed in peripheral blood and cerebrospinal
fluid (CSF), and compared to the corresponding tumor tissue
from glioma patients. The 89 patients in the study [32 World
Health Organization (WHO) grade II, 19 WHO grade III and
38 WHO grade IV) were pathologically-diagnosed glioma and
received radiation therapy following sample collection. The
resected glioma tumor tissue (89), corresponding serum (89)
and CSF (78) samples were collected for the detection of
MGMT promoter methylation using methylation-specific
polymerase chain reaction. The sensitivity and specificity of
detecting MGMT promoter methylation in CSF and serum were
compared. Among the tumor tissue samples, 51/89 (57.3%)
showed MGMT promoter methylation. The specificity of
the detection in the CSF and serum samples reached 100%.
The sensitivity of MGMT promoter methylation detection
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in CSF and serum were 26/40 (65.0%) and 19/51 (37.3%),
respectively (P<0.05). In the WHO II, III and IV subgroups,
the sensitivities of MGMT promoter methylation detection
using CSF were 8/12 (66.7%), 11/18 (61.1%) and 7/10 (70.0%),
respectively, which were significantly higher than the sensi-
tivities using serum (7/21, 33.3%; 7/19, 36.8%; and 5/11, 45.5%,
respectively P<0.05). Among patients with residual postop-
erative tumors, the sensitivities of detecting MGMT promoter
methylation using CSF and serum were 18/25 (72.0%) and
10/24 (41.7%), respectively, both of which were significantly
higher than the corresponding values for patients without
residual tumors (8/15, 53.3% and 6/19, 31.6%, respectively;
P<0.05). The detection of MGMT promoter methylation in
CSF specimens shows higher sensitivity compared to the
serum for glioma patients. Assessment of MGMT promoter
methylation in CSF may provide a promising clinical method-
ology for early diagnosis, individual treatment, monitoring of
recurrence and prognosis for glioma patients.

Introduction

OS-methylguanine-DNA methyltransferase (MGMT) is a DNA
repair protein that is closely associated with alkylating agents
of glioma cells (1,2). In 2009, a large prospective phase III
clinical study conducted by the European Organization for
Research and Treatment of Cancer and the National Cancer
Institute of Canada confirmed that newly diagnosed patients
with glioblastoma accompanied by MGMT gene promoter
methylation could benefit from radiotherapy with concomitant
adjuvant temozolomide (TMZ) treatment (3). Subsequently,
at the 2011 American Society of Clinical Oncology annual
meeting, the Radiation Therapy Oncology Group (RTOG)
reported the results of a phase III randomized controlled
trial (RTOG 0525), which included 833 cases of malignant
glioma; the survival time of patients with MGMT gene
promoter methylation was significantly longer than that of
patients without MGMT gene promoter methylation after
receiving standard TMZ treatment (4). These findings support
an independent role for MGMT gene promoter methylation
in predicting prognosis. NOA-08, Nordic and a few other
recent large clinical trials have also confirmed that MGMT
promoter methylation can independently predict the prognosis
of elderly patients with newly diagnosed glioblastoma after
receiving TMZ treatment (5-8). Thus, the use of MGMT and
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other indicators for molecular typing of malignant glioma and
selection of standardized, individualized treatment regimens
are crucial for controlling the progression of malignant glioma
and predicting its prognosis.

Currently, postoperative or biopsy specimens are typi-
cally used for testing MGMT promoter methylation in glioma
patients. However, the majority of glioma patients also have
varying degrees of concomitant neurological dysfunctions,
which manifest as acute or chronic systemic diseases. The
associated neurological dysfunctions, as well as the advanced
age of the population that commonly presents with glioma,
restricts tissue sample collection by surgery or biopsy, thereby
affecting the clinical diagnosis and design of individualized
treatment plans and ultimately compromising the treatment
effect. Therefore, finding a new non-invasive and efficient
alternative method for the detection of MGMT promoter
methylation is important.

In the blood circulation and body fluid of cancer patients,
the level of free DNA is significantly higher compared to
normal controls and circulating tumor-specific molecular
markers have been used to detect a variety of tumors (9).
In 2010, Lavon et al (10) performed a paired examination of
MGMT promoter methylation in tissues and the corresponding
serum of patients with different grades of glioma [World
Health Organization (WHO) grade II-IV]. The overall sensi-
tivity of the test for MGMT gene promoter methylation using
DNA in the serum was 51% and the specificity was 100%. Due
to the existence of the blood-brain barrier as a unique physi-
ological barrier, cerebrospinal fluid (CSF) should in theory
contain higher levels of circulating tumor DNA, particularly
for primary tumors of the nervous system, such as gliomas.
Consequently, we hypothesized that CSF should be more
suitable for detecting tumor-associated molecules than serum.
In the present study, to analyze the applicability of detecting
MGMT promoter methylation using CSF, MGMT promoter
methylation was assessed using tumor tissues and serum
in comparison to corresponding CSF samples. The results
suggest that assessment of MGMT promoter methylation in
CSF may provide a promising clinical strategy for early diag-
nosis, design of individualized treatment plans, monitoring of
recurrence or prognosis of glioma patients.

Materials and methods

Sample collection. A total of 89 patients were included in
the study, and all were pathologically-diagnosed glioma and
received radiation therapy at the Department of Radiation
Oncology of Tianjin Huanhu Hospital (Tianjin, China) between
July 2012 and December 2013. Tumor tissue samples, the
corresponding serum and CSF specimens were collected from
each patient for the detection of MGMT promoter methylation.
Grade of glioma was conducted according to the classification
criteria for tumors of the central nervous system published by
WHO (11). There were 32 cases of WHO II, 19 of WHO III
and 38 of WHO IV glioma. The characteristics of the patients
are shown in Table I. All the blood and CSF samples of the
patients corresponding to the tumor samples were collected
postoperatively and prior to radiotherapy, and were processed
immediately following sample collection. All the CSF samples
were achieved by lumbar puncture and the blood samples
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Table I. Characteristics of patients in the study (n=89).

Characteristics Patients
Age, median years (range) 47 (12-79)
Gender, n (%)
Male 53 (59.6)
Female 36 (40.4)
Histology, n (%)
Grade 11 32 (36.0)
Grade III 19 (21.3)
Grade IV 38 (42.7)
Surgical extent, n (%)
GTR 38 (42.7)
STR 51 (57.3)

GTR, gross total resection; STR, subtotal resection.

were collected at the same time. The median time interval
between DNA extraction from the blood and CSF samples
and the surgery was 19 days (range, 11-42 days). Blood and
CSF samples were also collected from 20 healthy volunteers
as the control. The study was approved by the Research Ethics
Committee of Tianjin Huanhu Hospital. Informed consent was
obtained from all patients.

DNA extraction

Tissue DNA extraction. The classic phenol-chloroform extrac-
tion method was applied. For fresh tissue, the TIANamp
Genomic DNA kit (Tiangen Biotech, Beijing, China) was used
to extract genomic DNA. For paraffin sections, the samples
were dewaxed prior to being subjected to genomic DNA
extraction using the TTANamp Genomic DNA Kkit.

Cerebrospinal fluid DNA extraction. CSF samples (4-5 ml)
were centrifuged and the supernatant was discarded. Genomic
DNA was isolated from the sediment using the TTANamp
Genomic DNA kit.

DNA extraction from peripheral blood. Following collec-
tion, peripheral blood samples were immediately subjected to
centrifugation; the serum was isolated and stored at -80°C. The
Qiagen Blood DNA kit (Qiagen, Hilden, Germany) was used
for the extraction of free DNA. For the control group, X denotes
whole blood DNA of a normal human subject (unmethylated
control) and X-Sss I denotes the whole blood DNA of the
same subject, modified by Sss I (New England BioLabs, Ltd.,
Hitchin, UK) following the manufacturer's instructions (meth-
ylated control).

Sulfite modification and detection of MGMT gene methylation.
Purification of genomic DNA was performed using the Wizard
DNA purification kit (Promega Corp., Madison, WI, USA)
following the manufacturer's instructions. For the detection of
MGMT gene methylation, the methylation-specific polymerase
chain reaction (PCR) method was applied and the primers were
as follows: MGMT forward, 5'-CAGGACCGGGATTC
TCACTA-3" and reverse, 5'-CCAAATGGCCCG TACCTT-3";
and amplification conditions were as described (12). The PCR
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products were subjected to denaturation for high-performance
liquid chromatography analysis with the following steps: PCR
products were loaded onto a DNASep® nucleic acid analysis
column (Transgenomic, Inc., Omaha, NE, USA) and were
subjected to multi-fragment separation using the double-stranded
multiple fragments mode of the Transgenomic WAVE
System (fragment sizes, 20-100 bp; temperature, 50°C; flow rate,
0.9 ml/min; and ultraviolet detection wavelength, 260 nm).
Navigator software was used for analysis of the results.
Peripheral blood lymphocyte DNA of normal subjects was used
as a negative methylation control and peripheral blood lympho-
cyte DNA treated with the methylation enzyme Sss I was used
as a positive methylation control. For the blank control, distilled
water was used instead of the DNA template.

Statistical analysis. Concordance between the biomarker
(MGMT promoter methylation) in tumor tissue, serum and
CSF was assessed by the k-measure of agreement. Association
was tested using the % test. P<0.05 was considered to indicate
a statistically significant difference. Statistical analysis was
performed in the SPSS software package, version 16.0 (SPSS,
Inc., Chicago, IL, USA).

Results

Sample collection. To compare the sensitivity and specificity
of assessing MGMT promoter methylation in the blood and
CSF of glioma patients as an indicator of disease, 256 samples
were collected from the 89 glioma patients (including tumor
tissue and matched blood and/or CSF samples). Blood samples
matching the tumor tissues were collected from all the patients
and matched CSF samples were collected from all except
11 patients (9 with grade II and 2 with grade III). Blood and
matched CSF samples were also collected from 20 healthy
volunteers as the control and all these samples tested negative
for MGMT promoter methylation.

MGMT promoter methylation detection. Table II provides the
results of MGMT promoter methylation detection for the patient
samples. Among the tumor tissue samples, 51/89 (57.3%) showed
MGMT promoter methylation; further subgroup analysis
revealed that the proportions of MGMT promoter methylation
in the tumor tissue sample of WHO II, III and IV glioma were
21/32 (65.6%), 11/19 (57.9%) and 19/38 (50.0%), respectively,
which did not differ significantly between the groups (Table II).
Of note, the proportion of MGMT promoter methylation posi-
tivity in tumor tissues that had an oligodendroglioma component
(20/29, 69.0%) was significantly higher than those that did not
(31/60, 51.7%), P<0.05. This result is consistent with previous
reports suggesting that MGMT promoter methylation may be
associated with the occurrence of oligodendroglioma. Among
all the CSF and blood samples, 45 tested positive for MGMT
promoter methylation, including 19/89 (21.3%) of the blood
samples and 26/78 (33.3%) of the CSF samples (Table II). These
results suggest that assessment of MGMT promoter methylation
may be more sensitive for CSF than for blood serum.

Sensitivity and specificity testing. To further assess the sensi-
tivity and specificity of testing MGMT promoter methylation
in serum versus CSF, the specific results were analyzed for
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Table II. Detection of MGMT promoter methylation using dif-
ferent samples.

Samples, n (%)

Grade Tumor tissue, n=89 Serum, n=89 CSF, n=78
II 21 (65.6) 7(21.9) 8 (34.8)
111 11 (57.9) 5(26.3) 7(38.9)
v 19 (50.0) 7(184) 11 (29.7)

MGMT, O°methylguanine-DNA methyltransferase; CSF, cerebro-
spinal fluid.

Table III. Sensitivity and specificity of MGMT promoter meth-
ylation detection for serum and CSF samples with positive
tests for corresponding tumor tissue.

Serum, n=51 CSF, n=40

Variables n (%) P-value n (%) P-value
Grade

II 7 (33.3) >0.05 8(66.7) >0.05

111 5(45.5) 7 (70.0)

v 7 (36.8) 11 (61.1)
Histology

Oligo* 8 (40.0) >0.05 8(66.7) >0.05

Oligo 11 (35.4) 18 (64.2)

MGMT, O°-methylguanine-DNAmethyltransferase; CSF, cerebro-
spinal fluid; oligo, oligodendroglioma.

the 51 tumor tissues that tested positive for MGMT promoter
methylation. Of these 51 positive samples, 51 matched serum
samples and 40 matched CSF samples were collected. The
overall sensitivity of MGMT promoter methylation detection
was higher for CSF (26/40, 65.0%) than for serum (19/51,
37.3%) (P <0.05) (Table III). Notably, all 19 serum samples that
tested positive for MGMT promoter methylation for the blood
serum also tested positive for MGMT promoter methylation
for the CSF. Subgroup analysis revealed that the sensitivity
using CSF in WHO II, III and IV glioma patients (8/12, 66.7%;
11/18, 61.1% and 7/10, 70.0% respectively) was signifi-
cantly higher than the corresponding values obtained using
serum (7/21, 33.3%; 7/19, 36.8%; and 5/11, 45.5%, respec-
tively) (P<0.05), thus verifying the uniformly higher sensitivity
of the CSF samples. Furthermore, the increased sensitivity of
CSF (8/12, 66.7% or 18/28, 64.2%) versus serum (8/20, 40.0%
or 11/31, 35.4%) was also conserved regardless of whether or
not the tumor tissues had an oligodendroglioma component
(oligo* or oligo™, Table III; P<0.05). These results suggest that
using the CSF of patients with tumors of the nervous system
may be advantageous over using serum for free DNA detection.

To determine the specificity of detection, whether the
matched blood/CSF samples that tested positive for MGMT
promoter methylation also tested positive for the tumor tissues
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Table IV. Detection of MGMT promoter methylation among
patients with different postoperative residual tumors.

Samples GTR, n (%) STR, n (%) P-value
Serum 6(31.6) 10 (41.7) <0.05
CSF 8 (53.3) 18 (72.0)

MGMT, O°%-methylguanine-DNA methyltransferase; GTR, gross total
resection; STR, subtotal resection; CSF, cerebrospinal fluid.

Table V. Expression of MGMT promoter methylation between
different grades and the postoperative residual tumors.

WHO Grade

Samples I, n (%) III, n (%) IV, n (%)
Serum

GTR 1(16.7) 2(33.3) 3(42.9)

STR 6 (50.0) NS 4 (33.3)
CSF

GTR 1(33.3) 3 (60.0) 4(57.1)

STR 7 (77.8) 4 (80.0) 7 (63.6)

MGMT, OS-methylguanine-DNAmethyltransferase; WHO, World
Health Organization; GTR, gross total resection; STR, subtotal
resection; NS, no samples were available for this subgroup; CSF,
cerebrospinal fluid.

was calculated. For serum and CSF, the specificity reached
100%; none of the tumor tissue samples that tested negative
for MGMT promoter methylation had corresponding CSF or
blood samples that tested positive. Additionally, none of the
CSF and blood samples collected from the 20 healthy subjects
in the control group tested positive for MGMT promoter meth-
ylation, providing further support for the specificity (data not
shown).

Association of tumor occurrence and MGMT promoter
methylation. To further assess the utility of this approach for
patients of different post-operative outcomes, the association
was examined between the occurrence of residual tumor and
the detection of MGMT promoter methylation using serum and
CSF (Tables IV and V). All the magnetic resonance images
used to analyze postoperative residual tumors were collected
within one week from the collection of blood and CSF samples.
Patients without residual tumors had sensitivities for serum
and CSF samples of 6/19 (31.6%) and 8/15 (53.3%), respec-
tively; while patients with residual tumors had sensitivities of
10/24 (41.7%) and 18/25 (72%), respectively. There was a similar
trend of greater sensitivity for the CSF versus the serum among
subgroups with different tumor grades (Tables IV and V). Of
note, the detection of MGMT promoter methylation for the
patients with WHO IIT and WHO IV tumors was higher than for
patients with WHO II tumors for the serum and CSF of patients
without residual tumors, although this trend was not conserved
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for patients with residual tumors. Overall, these results suggest
that the occurrence of MGMT promoter methylation is greater
for patients with residual tumors, but that CSF is more sensitive
than blood for detecting the MGMT promoter methylation for
either patient population (P<0.05).

Discussion

MGMT-mediated resistance to alkylating agents is now
considered as the key factor compromising postoperative adju-
vant treatment for glioma patients. Therefore, the detection
of MGMT methylation is of great clinical value in selecting
individualized treatment plans and assessing prognosis for
patients with glioma. Currently, the main source of samples
used for detecting MGMT promoter methylation is tumor
tissue obtained from surgery or biopsy; however, in clinical
practice a large number of glioma patients are unable to
undergo surgery. Therefore, the establishment of a simple,
minimally invasive method for detecting MGMT methylation
is required. Circulating DNA is present in body fluids (CSF
and blood) and can be used to detect certain cancer gene muta-
tions of primary tumors (13,14). Consequently, this method
has been successfully applied in the diagnosis and treatment
of numerous types of cancer (breast, prostate, liver and lung
cancer) (15-19). However, there are few reports on its applica-
tion for tumors of the nervous systems. Lavon et al (10) used
methylated DNA immunoprecipitation (MeDIP) to detect the
methylation of promoters of MGMT and other cancer-related
genes using tumor samples and matched serum samples
collected from 70 patients with different levels of glioma.
Although the circulating DNA in serum exhibited genetic
alterations highly consistent with that of the primary tumors,
the sensitivity of detection of this method was only ~50%.
The content of circulating DNA in CSF is higher than that in
serum, due in part to the blood-brain barrier, which prevents
clearing of circulating DNA by the liver (20). Therefore, we
postulated that the sensitivity may be increased by assessing
CSF rather than blood.

To determine whether the use of CSF may increase the
sensitivity of MGMT promoter methylation detection, tumor
tissue samples and corresponding blood and CSF samples
were examined by methylation-specific PCR in the present
study. The results demonstrate that CSF is superior to serum in
DNA detection of tumors of the nervous system, with overall
detection of 65.0% for CSF samples versus 37.3% for serum
samples. The greater sensitivity was retained across subsets of
patients at different tumor grades. The sensitivity of detecting
MGMT methylation in serum in the present study (37.3%)
is consistent with certain other studies reporting patients of
other solid tumors (19,21), but is lower than that reported by
Lavon et al (10) in gliomas (51.0%), and this may be explained
by the studies designed in different populations or different
detection methods applied.

In the present study, CSF and serum samples were collected
following the surgery and subsequent to the start of the radio-
therapy, and the median time interval between the sample
collection and the surgery was 19 days (11-42 days) (Table I).
Among the 38 patients who had no residual tumors, as assessed
by magnetic resonance imaging, the sensitivity of detecting
MGMT promoter methylation using CSF and serum was
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8/15 (53.3%) and 6/19 (31.6%), respectively. For patients who
had positive tissue sample results but did not show residual
tumors, positive MGMT promoter methylation test results
could still be obtained using CSF and blood samples. This
result is consistent with another report (10). Associated studies
have shown that the half-life of circulating tumor DNA is only
~2 h (13), and therefore, the above results suggest that continued
release of circulating tumor DNA into the CSF and serum is
sustained for glioma patients, even without residual tumors
being detected by postoperative imaging. This phenomenon
may be associated with the invasive nature of glioma growth;
in addition to the solid tumors that can be detected using tradi-
tional imaging techniques, a wide range of subclinical lesions
cannot be detected with traditional imaging. The present study
also revealed that the sensitivity of detecting MGMT promoter
methylation for the ‘residual tumor’ group (72.0% for CSF;
41.7% for blood) was significantly higher than for the ‘no
residual tumor’ group (53.3% for CSF; 31.6% for blood), which
highlights a potential correlation between MGMT positivity and
tumor status (17,22,23). Of note, for the group with no observ-
able residual postoperative tumor, the sensitivity of detecting
MGMT promoter methylation in high-grade glioma (WHO III
and IV) was significantly higher compared to low-grade
glioma (WHO 1), yet this difference was not observed in the
group with residual tumors (Table IV). These findings may
provide additional support for a more prominent role for the
subclinical lesions associated with higher tumor grades.

Although CSF specimens have been shown to offer higher
sensitivity than serum, the average detection sensitivity of
65.0% suggests that further improvement on the methodology
could be achieved. The selection of an appropriate target DNA
fragment is a key factor affecting the sensitivity of the test.
Although the majority of studies have favored the detection
of low-molecular-weight DNA (10), the majority of these
studies have targeted tumors outside of the nervous system.
Further investigation is required to determine the optimal
fragment length for DNA assessment in the nervous system.
Additionally, the sensitivity of MGMT promoter methylation
detection could possibly be improved via the use of quantitative
methylation methods. A large number of emerging technolo-
gies have utilized quantitative methylation analysis for tumor
samples and other body fluid samples (24-28). Liu et al (28)
successfully applied MeDIP to detect the methylation of a
variety of tumor-specific markers, including MGMT, using
tumor tissue, matched serum and CSF samples collected from
patients with malignant glioma; the positive rates of MGMT
promoter methylation in tumor tissue, serum and CSF were
97.0, 71.2 and 78.8%, respectively. These values cannot be
directly compared to the present results due to differences in
the populations and the methodology; however, the generally
higher sensitivity in the latter study suggests the possibility
that quantitative methylation detection techniques may
further improve the detection sensitivity. Finally, to achieve
highly efficient and accurate early diagnosis, additional
tumor-specific molecular markers closely associated with the
diagnosis and prognosis of glioma patients may be included
for future studies.

In conclusion, MGMT promoter methylation of circulating
DNA in serum and CSF was successfully applied to patients
with different levels of glioma. The results show a good
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prospect of using CSF specimens for the detection of circu-
lating DNA in tumors of the nervous system. In the future,
large-scale clinical trials are required to validate the clinical
value of detecting circulating DNA using CSF samples for the
early diagnosis, selection of individualized treatment plan,
monitoring of recurrence and prognosis of glioma patients.
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