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Introduction

Glioma is the most often found primary intracranial 
tumor with the highest incidences occurring in Europe (5.5 
per 100,000 population), North America (5.3 per 100,000 
population), Australia (5.3 per 100,000 population), North 
Africa (5 per 100,000 population) and West Asia (5.2 per 
100,000 population). The incidence of this disease has 
remained relatively unchanged in the past decade (Ostrom 
et al., 2017). Life expectancy of patients with glioma is 
still very low and the death rate is still high with a median 
survival rate of glioblastoma only ranging from 11-12 
months (Bohn et al., 2018). Histomorphology, genetic, and 
epigenetic profiles of tumors are thought to play a role in 
determining the success of therapy and the high and low 
life expectancy of gliomas. 

According to the World Health Organization (WHO), 
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glioma is classified into grades I, II, III, and IV. Current 
classification of the tumors includes the mutation status 
of IDH gene considering whether it is mutant, wild type, 
or no otherwise specified (NOS) for the tumor that is 
not examined for the mutation status yet. The mutation 
status of IDH is an important prognostic factor in glioma 
(WHO, 2016). 

Several studies have shown that O6-methylguanine-
DNA methyltransferase (MGMT) promoter methylation 
can predict the benefits of alkylation chemotherapy and 
can be used as a predictive biomarker for targeted therapy 
(Reifenberger et al., 2017). The function of MGMT is 
very important for the stability of the genome. MGMT 
is a tumor suppressor gene that is involved in mutagenic 
DNA repairment and prevents mismatches or errors during 
DNA replication and transcription (Pfeifer, 2018). The 
methylation of the MGMT promoter region has been stated 
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as one of strongest predictors of the temozolomide (TMZ) 
treatment by promoting prevention of gene translation, 
thereby halting DNA repair in cancer cells (Sze et al., 
2013). 

Currently, the MGMT examination has been applied as 
a biomarker predictor of chemotherapy in high-grade and 
low-grade gliomas based on high-risk clinical conditions 
(Bell et al., 2018). MGMT promoter methylation can also 
be used as a potential biomarker for therapeutic decisions, 
where it predicts hypermutation in recurrence in newly 
diagnosed low-grade gliomas (Mathur et al., 2013).

Studies have shown that the polymerase chain reaction 
(PCR) technique has high sensitivity, specificity, and 
accuracy in detecting MGMT methylation (Wang et 
al., 2017). However, this technique is challenging to be 
applied in Indonesia since it is not yet widely used in daily 
practice and is expensive. The MGMT silencing in glioma 
is associated with hypermethylation of the MGMT in the 
promoter region and can be detected at the protein level 
using immunohistochemical (IHC) techniques which is 
cheaper and simpler than PCR (Quillien et al., 2012). 
Thus, the IHC technique can be proposed as an alternative 
diagnostic method to give proper management for 
glioma’s cases in Indonesia. This study aimed to predict 
the diagnostic accuracy of IHC technique in detecting 
MGMT methylation status in glioma.

Materials and Methods

Samples and data collection
Seventy-five subjects were enrolled between October 

2017 until March 2021 in Dr. Sardjito and Klaten General 
Hospitals, Yogyakarta, Indonesia. Glioma patients at 
all grades who agreed to participate in the study and 
underwent surgical tumor removal were recruited. Tumor 
samples were collected for histopathological examination 
to establish the diagnosis. The leftover Formalin-Fixed 
Paraffin Embedded (FFPE) samples were sliced for 
immunostaining. 

In addition, fresh tissue samples of the tumor that 
came from the same part of tumor submitted to Pathology 
Department were collected in the Biobank Facility of 
the Faculty of Medicine, Public Health and Nursing, 
Universitas Gadjah Mada for DNA extraction. Clinical 
and demographic data were collected through medical 
records. The study was approved by the Medical and 
Health Research Ethics Committee of the Faculty of 
Medicine, Public Health and Nursing Universitas Gadjah 
Mada, Yogyakarta, Indonesia with approval number: (KE/
FK/0115/EC/2020). 

Immunostaining
The samples were cut into 4µm-thick sections, which 

were transferred to an incubator at 37ºC for one night, or 
incubated by placing on a hotplate at 60oC for 10 minutes 
then deparaffinized, and rehydrated. Mouse monoclonal 
antibody MGMT (MT3.1) ab39253 was used in this 
study. Antigen retrieval procedure was performed using a 
decloaking chamber. Primary antibody was diluted to 1:50 
in phosphate buffer saline, and stained with Hematoxylin 
as a counter staining. Tonsil tissue was used as positive 

control. 

Interpretation of MGMT immunostaining 
The results of immunohistochemical staining were 

assessed by two (Bohn et al., 2018) observers using a 
conventional light microscope. Brown nuclear staining in 
any intensity of tumor cell was considered as a positive 
staining. Qualitative calculation of tumor nuclear staining 
was determined by eye ball, with a cut-off point of 10% 
as previously described by Wang et al. (2017). Nuclear 
staining of ≥10% of tumor cells was interpreted as 
immunopositive, while the opposite result was interpreted 
as immunonegative (Figure 1). Diagnostic value was 
analyzed by Area Under the Curve (AUC) on the 
Receiver Operating Characteristics (ROC) curve. Each 
specimen value of nuclear IHC staining percentage was 
also analyzed by Youden index to determine the optimum 
cutoff of the IHC positivity threshold.

Polymerase Chain Reaction Examination
The DNA was extracted from available FFPE or fresh 

tissue samples. The FFPE sample was deparaffinized and 
the DNA was isolated using the QIAamp DNA FFPE 
Tissue Kit (QIAGEN, Cat. #56404, Hilden, Germany). 
The DNA from fresh tissue samples was extracted using 
the Quick DNA FFPE MiniPrep Kit (Zymo Research, 
USA). The NanoVue Plus spectrophotometer (GE 
Healthcare Life Sciences, Pittsburgh, PA, USA) was used 
to estimate the recovered DNA (Malueka et al., 2020). 
The EZ DNA Methylation-Gold Kit (Zymo Research 
Cat o. D5005 Lot No. ZRC 200814) was used to convert 
unmethylated cytosine to uracil (bisulfite conversions) 
with bisulfite treatment of up to 300 ng of DNA. The 
converted DNA was  used (125 ng) for quantitative 
real-time PCR (qRT-PCR) analysis of MGMT promoter 
methylation (Rivera et al., 2010). The amplification of 
methylation-specific qRT-PCR represents the methylation 
status of the MGMT promoter region. The interpretation 
of methylated status was marked if the green curve was 
under red curve, while unmethylated status was interpreted 
if the blue curve was under red curve (Figure 2). The red 
curve serves as an internal control of COL2A1 (Malueka 
et al., 2020). 

Statistical analysis
Sensitivity, specificity, positive predictive value, 

negative predictive value and accuracy of IHC were 
analyzed using a 2x2 table, with PCR technique as a gold 
standard. Association between IHC and PCR examination 
results on MGMT methylation was analyzed using chi-
square tests. 

Results 

Patient characteristics
Among 75 patients, 44 (58.7%) were male and 31 

samples (41.3%) were female. Mean of patients’ age was 
44.8 years, the youngest was 2 years, whereas the oldest 
was 73 years. Most of the patients (56.0%) were in the 
age of <50 years.
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showed the value of 0.842. Among 75 samples, 71 of 
them (94.6%) were interpreted consistently between 2 
observers. Negative immunostaining (methylated MGMT 
promoter) was found in 42 samples (56.0%), whereas 
33 samples (44.0%) showed positive immunostaining 
(unmethylated MGMT promoter). Immuno-expression 
was regarded as methylated when the IHC showed an 
immuno-negative result with unstained tumor cells 
nuclei, or stained in <10% of the tumor cell population. 
Meanwhile, unmethylated result was defined if the result 
showed the opposite feature (Figure 1).

MGMT methylation status using PCR 
Methylated MGMT promoter sequence was considered 

to represent the methylation status of the MGMT promoter 
on the tumor and was marked by a green curve, while the 
unmethylated MGMT promoter was marked with a blue 
curve (Figure 2). Positive MGMT methylation status was 
found in 29 samples (38.7%), whereas negative status was 
found in 46 samples (61.3%) (Table 1.). 

Methylation status was more common in men (19 
samples, 61.5%) than women (10 samples, 34.5%). The 
group of <50 years old had more methylation than the 
group of >50 years old (21 samples, 72.4%). In line with 
these results, methylation status was also more common 
in high grade gliomas (24 samples, 82.8%) compared to 
low grade (5 samples, 17.2%). Glioma grade IV showed 
the highest number of methylation status (17 samples, 
58.6%) (Table 1).

Diagnostic value analysis
Among 42 samples with positive methylation 

status using the IHC method, 25 samples (59.5%) were 
concordant with the PCR results, whereas 17 samples 
(40.5%) were not. Among 33 samples with negative 

Tumor grade
Most of glioma samples in this study were classified 

into high grade. As many as As many as 41 samples 
(54.7%) were grade IV, 18 samples (24.0%) grade III, 
15 samples (20.0%) grade II, and 1 sample (1.3%) grade 
I. Glioblastoma, NOS was the most common diagnosis 
(41 samples, 54,6%) 

MGMT methylation status using IHC
Interobserver agreement in IHC examination was 

analyzed using Cohen’s kappa value measurement and 

Variable MGMT Methylated Status by PCR 
Methylated Unmethylated

n (%) 
Gender
Male 19 (61.5) 25 (54.3)
Female 10 (34.5) 21 (45.7)
Age (year)
     ≥50 8 (27.6) 25 (54.3)
    <50 21 (72.4) 21 (45.7)
Grading Glioma
     I 0 (0.0) 1 (2.2)
     II 5 (17.2) 10 (21.7)
     III 7 (24.1) 11 (23.9)
     IV 17(58.6) 24 (52.2)
Grading Glioma
     High Grade 24 (82,8) 33 (71.7)
     Low grade 5 (17.2) 13 (28.3)
     % of total 29 (38.7) 46 (61.3)

Table 1. Characteristics of Glioma Patients Based on 
Methylation Status by PCR Method

PCR  N (% within total)
Methylated Unmethylated

n (%)
IHC Methylated (negative expression) 25 (59.5) 17 (40.5) 42 (56.0)

Unmethylated (positive expression ) 4 (12.1) 29 (87.9) 33 (44.0)

Table 2. IHC Results Compared to PCR Method

Figure 1. Immunohistochemical Results of MGMT Methylation (magnification 400x). (A). Unmethylated status was 
determined by a positive  nuclear staining of the tumor using anti-MGMT antibody (MT3.1) ab39253 which was 
assessed quantitatively using eye balling technique with a cut-off of ≥10%. (B). Methylated status was determined by 
a negative nuclear staining with cut-off <10%.
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methylation status using the IHC method, 29 samples 
(87.9%) were concordant with PCR results, whereas only 
4 samples (12.1%) were not (Table 2). 

The results of the statistical test showed that the 
AUC value from the ROC curve was 0.746 which was 
statistically significant in the form of the IHC method 
having moderate diagnostic value strength (>70% -80%) 
(Figure 3).

The optimum threshold to determine positivity of 
the nuclear IHC staining percentage was determined by 
Youden Index. The highest index was found in 10% nuclear 
staining. Thus, we propose that specimens with nuclear 
IHC staining in ≤10% cells were considered MGMT 
methylated and specimens with nuclear IHC staining in 

Figure 2. Methylation-specific PCR Curve Shows the Amplification of MGMT with COL2A1 as internal control (red), 
methylated MGMT gene promoter (green) and unmethylated MGMT gene promoter (blue); (A) Methylated status is 
marked with green curve under red curve; (B) Unmethylated is interpreted if blue curve under red curve.

Figure 3. AUC Value was 0.746, Indicating Moderate Diagnostic Value on the ROC Curve

Cut-off (%) Sensitivity Specificity J
1 0.48 0.67 0.15
5 0.72 0.63 0.35
10 0.86 0.63 0.49
15 0.86 0.47 0.33
20 0.86 0.47 0.33
25 0.86 0.41 0.27
30 0.86 0.41 0.27
40 0.89 0.32 0.21
50 0.93 0.28 0.21

Table 3. Cut-off Value of Nuclear Immunostaining 
Percentage in MGMT Methylation Status Based on 
Youden Index (J)
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>10% cells were considered MGMT unmethylated (Table 
3). Diagnostic value calculations showed that IHC detects 
MGMT methylation with sensitivity 86.2%, specificity 
63.0%, positive predictive value 59.5%, negative 
predictive value 87.9% and accuracy 72.0% (Table 4).

Discussion

MGMT promoter methylation was identified in 38.7% 
of the samples, which was less than the unmethylated 
ones. This result is concordant with previous study that 
reported 37.8% of the glioma harbored MGMT promoter 
methylation. The slight difference in proportion can be 
attributed to tumor heterogeneity of the samples (Mellai et 
al., 2012). In this study, the accuracy of the IHC technique 
was 72.0% which is similar with previous studies that 
showed accuracy of 78% (Kristensen et al., 2016) and is 
even higher than a study by Hsu (2017) which showed 
only 49.4% accuracy.

MGMT methylation was mostly found in grade IV 
of glioma which is similar with previous research that 
showed high methylation status in glioblastoma  (WHO 
grade IV) (Wang et al., 2017). However, these findings 
are contrary with a study by Li et al., (2017) that showed 
no association between methylation status of MGMT with 
tumor grade, age, and sex. Li et al., (2017) also reported 
that MGMT expression was higher in low grade glioma 
and lower in high grade glioma. There is still no solid 
consensus concerning the correlation between MGMT 
methylation status and glioma grade yet. 

This study showed that AUC was 0.746, representing a 
moderate diagnostic value of IHC in determining MGMT 
methylation status. IHC was considered as a potentially 
powerful diagnostic tool to assess MGMT expression, 
since it has significant negative association with patients’ 
survival in diffuse astrocytoma and glioblastoma 
(Capper et al., 2008). One study conducted by Pandith 
et al. reported a significant association between IHC and 
PCR results in detecting MGMT methylation status in 
glioma. MGMT gene promoter methylation led to the 
inactivation of its subsequent protein. Thus, methylation 
of MGMT can be detected by its loss of protein 
expression (Pandith et al., 2018). However, Rodriguez 
(2008) reported an insignificant correlation between 
MGMT immunohistochemical expression and promoter 
methylation in human glioblastoma. This difference 
in findings can be attributed to confounding factors in 
the IHC technique, such as interobserver agreement, 
immunostaining protocol, different manufacturers of 
antibody and antibody clonality. Moreover, non-tumor 
cells, such as endothelial cells, lymphocytes, macrophages, 
and microglial cells, can be stained positively by IHC. This 
outcome may also lead to false positive interpretations. 
Tumor heterogeneity is also a factor that can contribute to 
different results across studies (Lipp et al., 2019). 

Sensitivity and negative predictive value of IHC to 

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
IHC 86.2 63.0 59.5 87.9 72.0

Table 4. Diagnostic Value of IHC Compared to PCR in Detecting MGMT Methylation Status

detect MGMT methylation in this study are 86.2% and 
87.9%, respectively. These results were concordant 
with a study in India that reported sensitivity and 
negative predictive value of IHC were 81.6% and 
86.1%, respectively (Pandith et al., 2018). In this study, 
specificity and positive predictive value were 63.0%, and 
59.5%, respectively. On the other hand, a previous study 
reported higher specificity and positive predictive values 
of IHC as 77.3% and 70.8%, respectively (Pandith et 
al., 2018). These differences can be caused by different 
manufacturers of antibodies, immunostaining protocols, 
various cut-off points, small tumor sampling, wide 
necrotic area and tumor heterogeneity (Brell et al., 2011).

In this study, a high value of sensitivity, with relatively 
low positive predictive value indicated that the methylated 
MGMT status using IHC still needs to be confirmed with 
PCR examination. Some studies recommended DNA 
sequencing to detect MGMT methylation. However, the 
number of medical centers and hospitals which have the 
facility of sequencing technology is still very limited. 
Moreover, laboratory cost of using a sophisticated 
technology is still not affordable for most patients. 
A simpler and cost-effective method, such as IHC, is 
necessary to be applied in daily practice, especially 
in health centers that do not have PCR or sequencing 
facilities. 

In conclusion, this study showed a moderate diagnostic 
value of IHC compared with the PCR method in detecting 
MGMT methylation status in glioma patients. IHC method 
is sufficient as a modality to detect MGMT methylation 
status in limited resources setting where the PCR 
technique is not available. 
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