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Introduction

Gliomas are the most common central nervous system 
(CNS) tumors, which are classified into astrocytic, 
oligodendroglia, oligoastrocytoma, and other tumors 
(komori, 2017; Benmelouka et al., 2021). It was found 
that 35.5% of all CNS tumors in Egypt were gliomas 
(Zalata et al., 2012). The World Health Organization 
(WHO) grading categorizes gliomas into four phenotype 
and genotype classes I, II, III, and IV (Louis et al., 
2016). WHO grade IV glioblastoma is the most prevalent 
subtype and is characterized as a malignant tumor with 
higher mortality risk (Berghoff et al., 2015). Astrocytoma 
is considered to be CNS tumor with poor prognosis 
especially glioblastoma (Martinez-Garcia et al., 2018). 
Although low grade astrocytoma has better prognosis, it 
finally progresses to higher grade. The main therapeutic 
modality is comprehensive treatment including surgical 
resection, radiotherapy and chemotherapy (Paolillo et 
al., 2018).

Both Programmed Death- Ligand 1 (PD-L1) 
and MethylGuanine Methyle Transferease (MGMT) 
methylation are used as a treatment guidance (July et 
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al., 2020). PDL1 and PD-1 antibodies were approved by 
the United States Food and Drug Administration (U.S. 
FDA) for the treatment of multiple cancer types (Cha 
et al., 2019) and are gradually becoming an effective 
therapeutic strategy for glioblastoma (Wang et al., 2020). 
Clinical studies of PD1/PD-L1 checkpoint inhibitors for 
treating glioma are required since PD-L1 is elevated in 
glioblastoma and predicts considerably poorer patient 
survival. Several forms of cancer, including bladder cancer, 
lung cancer, and melanoma, have responded well to a new 
family of immune modulatory antineoplastic drugs known 
as immune checkpoint inhibitors (Topalian et al., 2015). 
To enhance the antitumor T-cell immune response, these 
drugs work by inhibiting immunosuppressive receptors. 

Isocitrate dehydrogenase (IDH) is crucial for cellular 
energy metabolism. The most frequently altered gene 
in grade II–III glioma and secondary glioblastoma 
is IDH1, which has been linked to enhanced overall 
survival in glioma cells (Philip et al., 2018). The IDH1 
mutation lowers the capacity of cancer to proliferate and 
invade while increasing its susceptibility to treatment. 
Additionally, it was shown that IDH1 mutations in various 
stages of glioma had a better prognosis than their wild-type 
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IDH1 counterparts. It was proposed that IDH1 mutations 
may be optimized as novel targets to enhance the prognosis 
of glioma patients in light of these results (Cohen et al., 
2013). Our understanding of the origins of gliomas, the 
assessment of their prognosis, and the formulation of 
effective treatments have all been significantly improved 
by the discovery of molecular genetic biomarkers (Bleeker 
et al., 2012). DNA repair protein O6, which is also known 
as methylguanine-DNA methyltransferase (MGMT), is 
one of these molecular biomarkers. Reduced MGMT 
expression and a lower ability to repair DNA are linked to 
the epigenetic silencing of the gene via the methylation of 
the promoter, which increases the sensitivity to alkylating 
agents (Cabrini et al., 2015). In glioblastoma patients 
receiving treatment with alkylating drugs, the MGMT 
promoter’s methylation status has been discovered as 
a potent and distinct predictor of good survival (Rivera 
et al., 2010). In this study, we aimed to investigate the 
expression rate of PD-L1, IDH1, and MGMT methylation 
in patients with glioma.

Materials and Methods

Study Design and Patients’data  
The present retrospective study retrieved the data and 

archived paraffin blocks of 60 cases of astrocytoma from 
the Pathology Department of Kasr Al-ainy University 
Hospital, Cairo, Egypt. The data were collected through 
the period from December 2018 to December 2019. 
Cases were included if they have confirmed diagnosis 
of grade II-IV glioma, adequate viable tissue for PD-L1 
testing (≥ 100 tumor cells), and blocks with high tumor 
cell content (>80%). We excluded cases with missing 
demographic data, cases with non-diffuse types of 
astrocytoma, and cases with significant oligodendroglial 
components.

The following data were collected from the records of 
eligible cases before  our histopathological reevaluation 
and immunohistological staining: sex, age at presentation, 
site of tumor, histologic diagnosis of the tumor, World 
Health Organization (WHO) grading, and state of 
recurrence. 

Histopathological Examination
The paraffin blocks were sectioned at 3-4 μm thick and 

stained with routine Hematoxylin and Eosin stain. The 
grading of the tumor and histopathological classification 
were done in concordance with the WHO classification 
of central nervous system tumors 2007 .

Immunohistochemical Evaluation
Two other 3-4 μm thick sections were placed 

into positively-charged glass slides. After xylene 
deparaffinization, slices were hydrated in graded alcohols, 
distilled water, and PBS. Peroxidase was blocked with 
3% H2O2. Microwave heating in citrate buffer extracted 
antigens from slides (pH 6.0). The sections were incubated 
for one hour at room temperature with PD-L1 (abbexa, 
cambeirage, UK) and IDH 1 (abbexa, cambeirage, 
UK) monoclonal mouse antibodies. After washing in 
PBS, samples were incubated with a biotin-conjugated 

secondary antibody and the Dako Envision system (Dako 
Envision labelled polymer, peroxidase) was employed for 
detection. Haematoxylin was used to stain the counters, 
which were subsequently rinsed in tap water, ethyl alcohol, 
and pure alcohol. After drying the slides, cover slips were 
fixed with DPX [a combination of distyrene, tricresyl 
phosphate, and xylene]. Positive control sections for 
PD-L1 and IDH1 were human tonsillitis and liver cancer 
tissue respectively.

Semiquantitative evaluation of the slides was 
performed where more than 1% of tumor cells with 
membranous or fibrillary PD-L1 staining were declared 
positive, while in IDH1 stained slides, cytoplasmic 
staining of any density  in more 10%  of stained tumor cells 
was considered  positive.  Positive cases were considered 
IDH mutant, while  negative cases were considered  not 
otherwise specified (NOS) as IDH mutations weren’t 
properly sequenced.

PCR 
Using the QIAamp DNA Mini Kit (Qiagen), 

genomic DNA was extracted from tumor paraffin 
slices. NanoDrop 2000 measured DNA (Thermo 
Fisher Scientific). Bisulfite-treated genomic DNA (1 g) 
was used to convert unmethylated cytosine to uracil, 
leaving 5-methylcytosine unmodified. Methylation-
specific-PCR was used to investigate the MGMT 
promoter (MS-PCR). MS-PCR was used to amplify 
methylation and unmethylated MGMT promoter alleles.. 
The primer sequence for unmethylated reactions was 
5′-TTTGTGTTTTGATGTTTGTAGGTTTTTGT-
3 ′ ( f o r w a r d ) , 
5′AACTCCACACTCTTCCAAAAACAAAACA-3′ 
( r eve r se ) ;  fo r  me thy la t ed  r eac t ions  i t  was 
5′-TTTCGACGTTCGTAGGTTTTCGC-3′ (forward), 
5′- GCACTCTTCCGAAAACGAAACG-3′ (reverse).

The polymerase chain reaction (PCR) was run on a 
2720 thermal cycler (Applied Biosystems). Initial melting 
was performed for 10 minutes at 95°C, followed by 35 
cycles of 30 seconds at 95°C, 30 seconds at 60°C, and 60 
seconds at 72°C, and finally, a seven-minute elongation at 
72°C. The amplification products were put onto 16 percent 
polyacrylamide gels and observed by UV light ethidium 
bromide staining. At 93 bp, an unmethylated state, the 
bands appeared on the polyacrylamide gel. Alternatively, 
bands at 81 bp are regarded as methylated.

Statistical Analysis
Data were analyzed using the SPSS V0.25 software 

for Windows. We used frequencies to summarize 
categorical data, while continuous data were presented as 
mean ± standard deviation (SD). The association between 
categorical variables was tested using the Chi-square test 
at a p <0.05 for statistical significance.

Results

Sixty patients were included, with slight female 
predominance (52%). The mean age of the study group 
was 41.85 ±14.1 years; the majority of the cases were less 
than 50 years old (61.7%). The most common site was 
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the parietal region (30%), followed by the temporal and 
frontal regions (23.7% and 20.3%, respectively). Overall, 
36 cases were diagnosed as  glioblastoma (60%), 13 were 
anaplastic astrocytoma (22%), and 11 cases were diffuse 
astrocytoma (18%) according to WHO classification. 
Regarding the recurrence state of astrocytoma cases, 
seven cases (19.4%) were reported as recurrent, and all 
were diagnosed as glioblastoma (Table 1).

The positive expression of PD-L1 was identified in 
49 cases (81.73%) of astrocytoma (Figure 1). On the 
other hand, IDH1 immunohistochemical expression was 
detected in 44 cases (73.3%) of astrocytoma (Figure 1). 
On detecting MGMT promoter methylation by MS-PCR, 
35 cases (58.3%) were methylated (Figure 2).

There was no statistically significant association 
between high-grade astrocytoma and age (P-value = 
0.350). In studying the relationship between tumor grade 
and PD-L1 expression, a higher expression of PD-L1 was 
detected in high-grade astrocytoma (81.6%) than in low-
grade cases (18.4%). Yet, this relation was statistically 
insignificant (P value= 0.989). Concerning the relation 
between IDH1 expression and tumor grade, a higher 
rate of IDH1 expression was noticed in high-grade cases 
(84.1%) compared to low-grade cases (15.9%). However, 
this relation was statistically insignificant (P value=0.421). 
Similarly, a higher rate of methylated cases was detected 
among high-grade cases (80%). But it was a statistically 
insignificant relation as well (P value=0.748), Table 2.

It was found that all seven recurrent cases were PD-
L1 positive (100%); still, high expression among newly 

 

 

 

 

Figure (1): Different grades of IDH mutant astrocytoma: figures (A, D & G); low grade astrocytoma with 
fibrillary background (WHO G II), anaplastic astrocytoma with neoplastic astrocytes (WHO grade III) and 
glioblastoma (WHO grade IV) respectively (H&E; (A)X400, (D)X400 &(G)X400 original magnification). 
Figures (B,E & H) show positive cytoplasmic staining by IDH 1 antibody in > 10% of neoplastic astrocytes 
(IHC; (B)X400, (E)X400 & (H)X400 original magnification). Figures (C,F& I) show positive membranous 
staining of > 1% of tumor cells (IHC; (B)X400, (E)X400 & (H)X400 original magnification). 
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Figure 1. Different Grades of IDH Mutant Astrocytoma. figures (A, D & G); low grade astrocytoma with fibrillary 
background (WHO G II), anaplastic astrocytoma with neoplastic astrocytes (WHO grade III) and glioblastoma (WHO 
grade IV) respectively (H&E; (A)X400, (D)X400 &(G)X400 original magnification). Figures (B,E & H) show 
positive cytoplasmic staining by IDH 1 antibody in > 10% of neoplastic astrocytes (IHC; (B)X400, (E)X400 & (H)
X400 original magnification). Figures (C,F& I) show positive membranous staining of > 1% of tumor cells (IHC; (B)
X400, (E)X400 & (H)X400 original magnification).

Variables Patients (N =60)
Age in years, mean ±SD 41.85 ± 14.1
Age group. No. (%)
     <50 years 37 (61.7%)
     >50 years 23 (38.3%)
Gender
     Female, No. (%) 31 (52%)
     Male, No. (%) 29 (48%
Tumor anatomic Site, No. (%)
     Frontal 13 (20.3%)
     Temporal 14 (23.7%)
     Parietal 18 (30%)
     Occipital 1 (1.7%)
     > One Segment1 10 (16.7%)
     Others 4 (6.7%)
Tumor grade, No. (%)
     Low grade (Grade II) 11(18%)
     High grade Grade III & IV) 49 (82%)
Recurrent glioblastoma cases2, No. (%)
     Recurrent 7 (19.4%)
     Newly diagnosed 29 (81%)

1, It represent tumors involving more than one lobe as pareito-
occipital, frontoparietal or temproparital; 2, All recurrent cases were 
glioblastoma, but not all glioblastoma cases were recurrent. 29 
glioblastoma cases were newly diagnosed. 

Table 1. Demographic and Clinicopathological 
Characteristics of the Patients
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diagnosed cases was detected (79.3%; P value= 0.317). 
As for the relation between IDH1 expression and state 
of recurrence in glioblastoma cases, it was noticed that 
most of the recurrent cases (85.7%) were IDH1 mutant. 
In comparison, 72.4% of newly diagnosed glioblastoma 
were IDH1 mutant. Again, this relation was statistically 
insignificant (P value= 0.652). There was no significant 
correlation between methylation status and state of 
recurrence in glioblastoma cases (Table 3).

Discussion

In this study, our findings showed that PD-L1 was 
identified in 81.73% of astrocytoma cases, while IDH1 
was detected in 73.3%. Similarly, both Xue et al., (2017) 
and Bolly et al., (2021) reported expression rate of PD-

L1 (78% and 70%, respectively), which was close to our 
results.  As well, Nazari et al., (2020), and Bolly et al., 
(2021), reported higher PD-L1 expression among the 
high-grade group (100% and 87.5%, respectively). A 
lower rate of IDH1 mutation was reported by Nazari et al. 
(2020) (20%) and July et al., (2020) (17%), which could be 
attributed to the larger sample size. Another study showed 
a higher rate of expression where 90.7% of studied cases 
showed IDH1 mutation (Berghoff et al., 2015). This study 
did additional genetic sequencing of IDH1 and IDH2 
genes to detect less common forms of IDH1 mutations. 
Regarding MGMT promoter methylation, 58.3% of the 
cases were methylated, which was close to Bell et al., 
(2018) and Chen et al., (2022), in which 62% and 55.3% 
of studied cases were methylated, respectively. On the 
contrary, Berghoff et al., (2015) and July et al., (2020)  

Tumor grade P value
Low grade High grade

Age ˂ 50, No. (%) 8 (21.6%) 29 (78.3%) 0.35
≥50, No. (%) 3 (13%) 20 (87%)

PD-L1 expression Positive, No. (%) 9 (18.4%) 40 (81.6%) 0.989
Negative, No. (%) 2 (18.2%) 9 (81.8%)

IDH 1 expression Positive (IDH1 mut), No. (%) 7 (15.9%) 37 (84.1%) 0.421
Negative (IDH1 NOS),No. (%) 4 (25%) 12 (75%)

MGMT promoter methylation Methylated, No. (%) 7 (20%) 28 (80%) 0.748
Unmethylated, No. (%) 4 (16%) 21 (84%)

Table 2. Association between Tumor Grade and Other Variables

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Figure (2): A polyacrylamide gel electrophoresis showing PCR product of MGMT methylation. 

Lane M represents  DNA ladder with 100 bp. Yellow line shows MGMT methylation with 81 bp. 

Red line represent unmethylation with 93 bp. 
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Figure 2. A Polyacrylamide Gel Electrophoresis Showing PCR Product of MGMT Methylation. Lane M represents  
DNA ladder with 100 bp. Yellow line shows MGMT methylation with 81 bp. Red line represent unmethylation with 
93 bp.

Recurrence P value
Recurrent Newly diagnosed

PD-L1 expression Positive, No. (%) 7 (100%) 23 (79.3%) 0.317
Negative, No. (%) 0 (0%) 6 (20.7%)

IDH 1 expression Positive (IDH1 mut) , No. (%) 6 (85.7%) 21 (72.4%) 0.652
Negative (IDH1 NOS) , No. (%) 1 (14.3%) 8 (27.6%)

MGMT promoter methylation Methylated, No. (%) 4 (57.1) 17 (58.6%) 1
Unmethylated, No. (%) 3 (42.9%) 12 (41.4%)

Table 3. Association between Recurrence (Glioblastoma Cases) and Other Variables



Asian Pacific Journal of Cancer Prevention, Vol 23 4337

DOI:10.31557/APJCP.2022.23.12.4333
PD-L1 and IDH1 in Astrocytoma

showed a higher presentation of unmethylated cases (53% 
and 70%, respectively). This discrepancy in results could 
be related to variable sample sizes among studies. 

We could not identify any association between 
tumor grade and PD-L1 expression (P = 0.989), IDH1 
expression (P=0.421), or MGMT promoter methylation 
(P= 0.748). Moreover, there was no significant association 
between the recurrence rate and PD-L1 expression (P = 
0.317), IDH1 expression (P=0.652), or MGMT promoter 
methylation (P= 1.00). Bolly et al.,(2021) reported that 
most of the high-grade studied astrocytoma cases were 
IDH1 wild. This could be explained by most of our cases 
may arise from lower-grade tumors, which unfortunately 
were unavailable in our records. This study showed 
a high prevalence of MGMT promoter methylation 
among high-grade cases (80%). This is consistent with 
July et al., (2020), who reported that MGMT promoter 
methylation was more frequent in high-grade astrocytoma 
(70%). Another study by Kim et al., (2018) reported a 
lower methylation rate among high-grade astrocytoma 
(53.3%). Upon studying the relationship between recurrent 
glioblastoma cases and PDL1 expression, 100% of 
recurrent glioblastoma cases were PD-L1 positive. This 
was similar to what was stated by Nazari et al., (2020). 
Moreover, 72.4%  of newly diagnosed glioblastoma 
were IDH1 mutant in our study; Nazari et al., (2020) 
reported a slightly higher percentage of IDH1mutant 
newly diagnosed glioblastoma (83%); this study has a 
larger sample size (152 glioblastoma cases) compared 
to our study (36 glioblastoma cases). Regarding the 
relation between recurrent glioblastoma cases and MGMT 
promoter methylation in this study, 57.1% of recurrent 
cases were methylated, while 42.9% were unmethylated. 
Newly diagnosed glioblastoma showed close results 
(58.6%) methylated and 41.4% unmethylated. Other 
studies in the literature were concerned with methylation 
status changes between initial and recurrent tumors; this 
could not be applied to our study due to the limitation 
of proper institutional reporting system. In this study, 
IDH1 mutant astrocytoma showed a higher rate of PD-L1 
expression (77.5%) than IDH1 NOS cases (22.5%). This 
relation was statistically insignificant. On the contrary, 
other studies in the literature showed more frequent PD-L1 
expression in IDH1 wild-type tumors than in IDH1 mutant 
ones [5, 20]. This difference might be due to a higher IDH 
mutation percentage in our studied cases (73.3%). Higher 
PD-L1 expression was also detected in IDH1 mutant low-
grade cases (66.7%) and IDH1 mutant high-grade cases 
(80%) in relation to IDH1 NOS cases. On the contrary, 
Wang et al., (2016), Berghoff et al., (2015), and Bolly 
et al., (2021) reported that IDH wild-type astrocytoma 
is associated with significantly higher PDL1 expression 
in all grades of astrocytoma. This discrepancy could be 
attributed to the that these studies used different both anti 
IDH1 clones and anti-PD-L1 clones, in addition to the high 
prevalence of IDH mutation in our cases. Kaminska et al. 
(2019) found that IDH wild-type astrocytoma is associated 
with significantly higher PD-L1 expression in all grades 
of gliomas, so it was likely to be more immunologically 
active and more suitable for PD-L1 immunomodulator 
therapy compared to mutant IDH, which could explain 

the importance of evaluating the molecular status of 
IDH1/2 in immunotherapy. We also reported that MGMT 
promoter methylation was detected in (61.4%) IDH1 
mutant astrocytoma cases. Similar findings were reported 
by Pandith et al., (2020), who found that 60.5% of IDH1 
mutant astrocytoma cases were methylated. In studying 
MGMT promoter methylation and IDH1 mutant status in 
low-grade and high-grade astrocytoma, methylated low-
grade astrocytoma (GII) was reported in 85.7% of IDH1 
mutant cases. This agreed with Tanaka et al., (2015), who 
reported a higher rate of methylation among IDH1 mutant 
low-grade cases (72.7%). In high-grade astrocytoma 
cases included in this study, 56.8% of IDH1 mutant cases 
were methylated. Another study reported a contradictory 
higher methylation rate in IDH1 wild high-grade cases 
(Molenaar et al., 2014). Those contradictory results could 
be explained by the usage of the different clones of IDH1 
antibody, and most of our IDH1 mutant high grade arose 
from the previous low-grade initial; however, no records 
were available to prove that. Based on our data, the rate of 
PD-L1 positive astrocytoma was high in methylated cases 
(63.3%) compared to unmethylated cases (36.7%). Also, 
a higher rate of PD-L1 expression was reported among 
methylated high-grade cases (62.5%) and methylated low-
grade cases (66.7%). However, these correlations were 
statistically insignificant and were not evaluated by other 
comparative studies. The limitations of this study included 
the lack of patient follow-up and correlation with the 
patient’s prognosis and survival and the lack of previous 
grades of recurrent cases. Additionally, detection of IDH1 
and IDH2 mutation by gene sequencing (as recommended 
by WHO) could not be performed.

In conclusion, our study showed a relatively high 
expression of PD-L1 and IDH1 in patients with 
astrocytoma. All recurrent glioblastoma were PD-L1 
positive, most of them were IDH mutant and more than 
half were MGMT methylated.  Further studies with larger 
sample size are required to investigate the association 
between these biomarkers and prognosis, overall survival 
and response to immunotherapy.
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