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Background: Astrocytoma is the most common primary intracerebral tumor in adults and causes high morbidity and
mortality. Most patients with astrocytomas, especially diffuse gliomas, have a poor prognosis. Recent genetic and epigenetic
studies have shown that mutations in the Isocitrate Dehydrogenase (IDH) gene play an important role in the pathogenesis
and prognosis of gliomas, thus facilitating IDH1 mutations in the population to become an important marker, not only to
assist in the diagnosis and prognostic factors of these gliomas but also to develop therapeutic targets as currently available.
This study aims to see differences in the expression of the IDH in each astrocytoma classification.
Methods: A cross-sectional analytic study was conducted at the Anatomical Pathology Laboratory, Faculty of Medicine,
Universitas Hasanuddin, from October 2020 to August 2021. The research sample came from 65 paraffin block preparations
for primary brain tumors with the diagnosis of Diffuse Astrocytoma (DA), Anaplastic Astrocytoma (AA) and Glioblastoma (GB).
The immunohistochemical staining was performed using the monoclonal antibody IDH1-R132H. The microscopic assessment
was carried out using a light microscope. Data were analyzed using SPSS version 20 for Windows.
Results: There was a significant relationship between the expression of IDH1-R132H in each astrocytoma classification
(p=0.008). The prevalence of astrocytoma with negative IDH1-R132H expression (IDH-wildtype) is lower by 21 samples
(32.3%) compared to astrocytoma with positive IDH1-R132H expression (IDH-mutant), which is 44 samples (67.7%).
Conclusion: There are significant differences in the expression of IDH1-R132H in Diffuse Astrocytoma, Anaplastic Astrocytoma
and Glioblastoma, where the proportion of IDH-mutant status is higher than IDH-wildtype and IDH1 mutation status has a
significant relationship with tumor grade.
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INTRODUCTION
Brain cancer accounts for about 85-90% of
central nervous system cancers.1 Malignant
primary brain tumors are significantly
lower in East Asia, Southeast Asia, and
India. The highest incidence is found in
Europe, Canada, the United States, and
Australia. Data from Globocan 2018
shows the worldwide incidence of brain
and nervous system tumors is 308,000
(1.6%), with a mortality rate of 251,000.1
Anaplastic astrocytomas and glioblastomas
account for about 38% of all primary
central nervous system tumors, and 27%
are meningiomas and other mesenchymal
tumors.2 The other primary brain tumors
include pituitary tumors, schwannomas,
CNS lymphomas, oligodendrogliomas,
184

ependymomas, low-grade astrocytomas,
and medulloblastomas. There is no clear
national epidemiological data regarding
primary brain tumors in Indonesia,
especially astrocytomas.2,3
Astrocytoma is the most common
primary intracerebral tumor in adults
and causes high morbidity and mortality.
Most patients with astrocytomas,
especially diffuse gliomas, have a poor
prognosis.4 Astrocytomas are classified
into subtypes according to glial cell
histology. They are divided into grades 1
to 4 based on morphology and malignant
behavior as well as molecular information
as determined in the World Health
Organization (WHO) 2016 classification.
High-grade glioma (HGG), also called
malignant glioma, has rapid tumor growth

but rarely metastasize outside the CNS.
Glioblastomas are included in the WHO
grade 4 HGG, with an incidence of about
75% of all HGG.4
The change in classification by
including molecular parameters based
on genotype creates new challenges
concerning testing and reporting glioma
diagnoses. This 2016 classification updates
molecular parameters into diffuse gliomas,
and this shift has affected the classification
in several ways. All astrocytic tumors were
previously grouped. At present, however,
all diffuse gliomas (astrocytic origin or
not) are grouped, based on not only their
growth pattern and behavior but also on
the expression of genetic status Isocitrate
Dehydrogenase 1 and 2 (IDH1 and
IDH2).5
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In this new classification, the category
of diffuse glioma includes WHO grade
1 and 3 astrocytic tumors, grade 2 and
3 oligodendrogliomas, grade 2 and 3
oligoastrocytomas, grade 4 glioblastoma,
and associated diffuse gliomas (in
childhood). This approach separates
astrocytomas with a more restricted
growth pattern, lacks the IDH gene,
and occasionally has BRAF mutations
(pilocytic astrocytomas, pleomorphic
xanthoastrocytomas, and subependymal
giant cell astrocytomas) from diffuse
gliomas. IDH1 and IDH2 mutations are
found in almost all glioblastomas that
develop from astrocytomas (secondary
glioblastomas).5,6 Clinically, primary
Glioblastoma with IDH1 mutations can
be misclassified and may actually be an
asymptomatic low-grade glioma that has
developed and then become symptomatic
after becoming a glioblastoma. Thus, the
IDH1 mutation is a molecular marker
that can be used to separate groups of
glioblastomas that may be clinically
or histopathologically identical to the
secondary type.5,6
Recent genetic and epigenetic studies
have shown that mutations in the IDH
gene play an important role in the
pathogenesis and prognosis of gliomas so
that identification of IDH1 mutations in
the sample population can be an important
marker, not only to help diagnose and
determine the prognosis of these gliomas
but also for the development of targeted
therapies such as chemotherapy.6
Based on those mentioned above,
this study aims to evaluate the analysis
of Isocitrate Dehydrogenase (IDH)
expression in astrocytoma patients at
South Sulawesi, Indonesia.

MATERIAL AND METHODS
This study collected 65 paraffin block
samples of patients by consecutive
sampling technique. Patients with
Diffuse Astrocytoma (DA), Anaplastic
Astrocytoma (AA) and Glioblastoma
(GB) from the Anatomical Pathology
Laboratory of Wahidin Sudirohusodo
Hospital,
Universitas
Hasanuddin
Hospital, Makassar Pathology Diagnostic
Center, Siloam Hospital Makassar, and
Sawerigading Palopo Hospital during the
period October 2020 to August 2021 were

collected.
Unstained slides were made from
paraffin blocks and IDH1-R132H
immunohistochemistry staining was
performed. In each case, slides were made
from paraffin blocks then cut with a 3 µm
thick microtome. The cut in the water bath
was taken using a poly-L-lysine slide, then
deparaffinized-immunohistochemical
staining using Rabbit anti-IDH1_R132H
Monoclonal Antibody.
IDH1-R132H
expression
was
assessed on membrane and cytoplasm
of tumor cells using a light microscope
with 400x objective magnification by
two pathologists who were blinded to
clinical information and outcomes. IDH
expressions were divided into 2 groups:
IDH-mutant if IDH1 expression was 10%
stained on the membrane and cytoplasm
of tumor cells and IDH-wildtype if IDH1
expression <10% stained on the membrane
and cytoplasm of tumor cells.7
The data in this study were processed
using SPSS version 20 for Windows.
Descriptive statistical techniques were used
to describe the basic data obtained in the
frequency distribution. Chi-Square tests
were used to determine IDH1 expression
in each astrocytoma classification.

RESULTS
Of the 65 samples, the distribution
of astrocytoma samples is based on
Table 1.

Sample distribution
Characteristics.

Characteristics
Diagnosis
Diffuse Astrocytoma (DA)
Anaplastic Astrocytoma (AA)
Glioblastoma (GB)
Gender
Male
Female
Age (Years Old)
0-19
20-39
40-59
> 59
Location
Supratentorial
Infratentorial
IDH1-R132H
> 10% (positive)/ mutant
< 10% (negative)/ wild-type

diagnoses in line with histopathological
grading, gender, age, tumor location based
on clinical or radiological data, and the
molecular status of IDH1 R132-H shown
in Table 1. Distribution of samples based
on histopathological diagnosis, 22 samples
(33.80%) of DA cases were obtained, 15
samples of AA (23.10%) and 28 samples
of GB (43.10%) were found. From this
total sample, there were 40 samples of
male (61.50%) and 25 samples of female
(38.50%) (Table 1).
In the age category 0-19 years, there
were 9 samples (13.80%), for the age
category 20-39 years, there were 24
samples (36.90%), for the age category 4059 years, there were 22 samples (33.80%)
and the age category >59 years obtained
10 samples (15.40%) (Table 1). For the
location of the tumor, it was categorized
into 2 locations as supratentorial with 53
samples (81.50%) and infratentorial with
12 samples (18.50%) (Table 1). The results
of the examination using IDH1-R132H
immunohistochemical staining, obtained
44 samples (67.70%) expressing IDH1R132H >10% (positive/IDH-mutant) and
21 samples (32.30%) expressing IDH1R132H <10 % (negative/ IDH-wildtype)
(Table 1). IDH1-R132H expression in
astrocytoma can be seen in Figure 1.
From Table 2, the results of the
correlation analysis test between age and
astrocytoma diagnosis using the ChiSquare test show that p-value = 0.837

based

on

Demographics

and

Clinical

Total (N=65)

Percentage (%)

22
15
28

33.80
23.10
43.10

40
25

61.50
38.50

9
24
22
10

13.80
36.90
33.80
15.40

53
12

81.50
18.50

44
21

67.70
32.30

IDH: Isocitrate Dehydrogenase
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(p>0.05), which means that there is no
significant relationship between age and
astrocytoma diagnosis. In the age category
0-19 years, from a total of 9 samples, there
were 3 samples (33.3%) with a diagnosis
of diffuse astrocytoma, 1 sample (11.1%)
with a diagnosis of anaplastic astrocytoma
and 5 samples (55.6%) with a diagnosis
of Glioblastoma. In the age category 2039 years, from a total of 24 samples, there
were 10 samples (41.7%) diagnosed as
diffuse astrocytoma, 5 samples (20.8%)
diagnosed as anaplastic astrocytoma
and 9 samples (37.5%) diagnosed as

Glioblastoma. In the age category of 40-59
years, from a total of 22 samples, 6 samples
(27.3%) were diagnosed with diffuse
astrocytoma, 7 samples (31.8%) were
diagnosed with anaplastic astrocytoma
and 9 samples (40.9%) were diagnosed
with Glioblastoma. In the age category >59
years, from a total of 10 samples, 3 samples
(30.0%) were diagnosed with diffuse
astrocytoma, 2 samples (20.0%) were
diagnosed with anaplastic astrocytoma
and 5 samples (50.0%) were diagnosed
with Glioblastoma (Table 2).

Figure 1. Expression of IDH1-R132H (Glioblastoma). A. Negative IDH1-R132H
expression at 400x magnification. B. Expression of IDH1-R132H positively
stained on the membrane and cytoplasm of tumor cells at 400x magnification.
Table 2.

Characteristics of astrocytoma diagnosis based on age.
Age (years old)

DA (%)
0-19
3 (33.3)
20-39
10 (41.7)
40-59
6 (27.3)
>59
3 (30.0)
*Chi-Square Test: statistically significant if p-value less than 0.05

Table 3.

Diagnosis
AA (%)
1 (11.1)
5 (20.8)
7 (31.8)
2 (20.0)

Total (%)

GB (%)
5 (55.6)
9 (37.5)
9 (40.9)
5 (50.0)

9 (100.0)
24 (100.0)
22 (100.0)
10 (100.0)

p
0.837*

Characteristics of astrocytoma diagnosis based on tumor location.

Location (%)
Supratentorial
Infratentorial
DA
13 (59.1%)
9 (40.9%)
AA
12 (80.0%)
3 (20.0%)
GB
28 (100.0%)
0 (0%)
*Chi-Square Test: statistically significant if p-value less than 0.05
Diagnosis

Table 4.

In Table 3, the results of the correlation
analysis test between the diagnosis of
astrocytoma and the location of the tumor
using the Chi-Square test were obtained,
which showed p-value was 0.001 (p<0.05),
which indicates that there was a significant
relationship between the diagnosis of
astrocytoma and the location of the tumor.
For tumor samples with a diagnosis of
diffuse astrocytoma, the most commonly
found in supratentorial locations were 13
samples (59.1%). Similarly, most of them
were found in supratentorial locations
(80.0%). All glioblastoma tumor samples
were located in supratentorial (100%), and
no samples were located in Infratentorial.
Based on Table 4, the results of
the correlation analysis test between
the diagnosis of astrocytoma and the
expression of IDH1-R132H using the ChiSquare test showed p value=0.008 (p<0.05),
which means that there is a significant
relationship between the diagnosis of
astrocytoma and the molecular status of
IDH1-R132H. Astrocytoma with negative
IDH1-R132H expression was classified
as IDH-wildtype, while astrocytoma with
positive IDH1-R132H expression was

Total (%)

p

22 (100.0%)
15 (100.0%)
28 (100.0%)

0.001*

Relationship between astrocytoma diagnosis and expression of IDH1-R132H.
Diagnosis
DA
AA
GB

IDH1-R132H expression (%)
<10% (negative)
>10% (positive)
IDH-wildtype
IDH-mutant
(N=21)
(N=44)
12 (54.5)
10 (45.5)
1 (6.7)
14 (93.3)
8 (28.6)
20 (71.4)

Total (%)

p

22 (100.0)
15 (100.0)
28 (100.0)

0.008*

*Chi-Square Test: statistically significant if p-value less than 0.05
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classified as IDH-mutant. The prevalence
of astrocytoma with negative IDH1R132H expression (IDH-wildtype) is
lower by 21 samples (32.3%) compared to
astrocytoma with positive IDH1-R132H
expression (IDH-mutant), which is 44
samples (67.7%) (Table 4).
In Table 4, it can be seen that from the
total 22 samples of diffuse astrocytoma,
there were 12 samples (54.5%) with
negative IDH1-132H expression (IDHwildtype diffuse astrocytoma) and 10
samples (45.5%) with positive IDH1132H expression (IDH-mutant diffuse
astrocytoma). From a total of 15 samples
of anaplastic astrocytoma, there was only 1
sample (6.7%) with a negative IDH1-132H
expression (IDH-wildtype anaplastic
astrocytoma) and 14 samples (93.3%)
with a positive IDH1-132H expression
(IDH-mutant anaplastic astrocytoma).
For the diagnosis of Glioblastoma, more
IDH-mutant samples were obtained
compared to IDH-wild-type samples. Of
the total 30 samples of Glioblastoma, there
were 8 samples (28.6%) with negative
IDH1-132H expression (IDH-wildtype
Glioblastoma) and 20 samples (71.4%)
with positive IDH1-132H expression
(IDH-mutant Glioblastoma) (Table 4).

DISCUSSION
Astrocytoma is a primary brain tumor
derived from astrocyte cells with a poor
prognosis and the most frequent and
aggressive incidence. In Indonesia, apart
from surgery, other therapies have not
been developed. In addition, tumor cells
remaining after surgery are generally
resistant to conventional therapies such
as radiotherapy and chemotherapy so
that astrocytoma patients show high
therapeutic recurrence.8
The recent developments have added
several molecular characteristics to the
classification of astrocytoma. Although
astrocytoma is a very heterogeneous
disease, this molecular classification of
astrocytomas may reflect their biologic
behavior suggesting that tumors with
similar expression profiles exhibit
similar gene alterations and signaling
pathways. Identifying mutations in
isocitrate dehydrogenase, 1/2 (IDH1/2)
offers astrocytomas a better prognosis
regardless of the histopathological

grade. One hypothesis is that mutated
IDH1 converts α--ketoglutarate to
2-hydroxyglutarate, which in turn blocks
various enzymes, thereby contributing to
tumor development.7
The recent findings found that the
most samples were Glioblastoma (43.10%)
followed by diffuse astrocytoma (33.80%)
and then anaplastic astrocytoma (23.10%).
From this whole sample, the highest
incidence is in males compared to females
with a ratio of 1.5:1. These data are in
line with several previous studies, which
found that the incidence of Glioblastoma
was highest compared to other types of
astrocytoma and was most common in
males.4,9,10
In the age category, we found the highest
prevalence of astrocytoma was in the age
group of 20-59 years, and this result is in
line with other studies. This shows that
gliomagenesis occurs at a younger age in
the 2nd to 5th decades with an average age
of 39 years.10 In the anaplastic astrocytoma
and Glioblastoma, the frequency increased
with age and decreased over the age of 59
years. This may be due to the low survival
rate of astrocytoma patients. However,
we did not find a statistically significant
relationship between age and astrocytoma
diagnosis.
There was a significant relationship
between astrocytoma diagnosis and tumor
location based on the tumor location. The
most common location was supratentorial
(81.50%) compared to infratentorial
location (18.50%). This is in line with
research conducted by Omer NS et al.,
who said that this could be due to the
supratentorial location containing the
most glial cells.10 Neural Stem Cells (NSCs)
can be found in several locations in the
adult brain, including the Subventricular
Zone (SVZ), the dentate gyrus of the
hippocampus, and the subcortical white
matter. This SVZ is thought to be the
origin of most of these cells and has been
proposed to be the origin of gliomas and
other brain tumors. Louis DN et al., also
mentioned that Diffuse Astrocytoma
(DA) can occur throughout the CNS but
is usually located supratentorial and has
an intrinsic tendency to develop into
anaplastic astrocytoma and eventually to
Glioblastoma.5
This study used a specific monoclonal
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antibody
to
detect
IDH1-R132H
mutations. Based on several previous
studies, immunohistochemical staining
and sequencing accuracy for IDH1
mutation detection ranged from 88% to
100%. Several studies have even shown that
immunohistochemical staining is more
sensitive in detecting IDH1 mutations
than DNA sequencing, especially in
tumor samples that are so small. However,
several other studies have shown that
DNA sequencing is a more sensitive
test because the antibodies can only
detect the R132H mutation. In contrast,
other mutations such as R132C, R132L,
R132S, and R132G cannot be detected by
immunohistochemical staining.11,12
We found that IDH1-R132H was
positively expressed (IDH-mutant) in
44 cases (67.70%) of astrocytomas. Our
results are in line with studies conducted
by Myung et al. and Wagn et al. The
important point of these results is that
in this study and several other studies,
more secondary glioblastoma samples
were included in the study resulting in
higher positive IDH1-R132H expression.
In contrast, the primary glioblastoma
samples included had lower rates. This
explains the importance of differentiating
secondary Glioblastoma from primary
Glioblastoma and confirms that this
IDH1 expression pattern may indicate
that secondary Glioblastoma has a longer
survival rate. There are also different results
of other studies in America, Australia
and Europe, where the expression of
negative IDH1 (IDH-wildtype) is higher
(about 90%) compared to positive IDH1
(IDH-mutant). These different results
are caused by different epidemiology and
polymorphisms or the different methods
used for IDH1 mutation detection.10,13,14
Table 4 shows a significant relationship
between the diagnosis of astrocytoma and
the molecular status of IDH1-R132H.
These results prove that IDH1-R132H plays
a role in the occurrence and development
of astrocytoma. Huang J et al., revealed
that IDH1 mutations give rise to new gene
functions, decreasing the production of
α α-KG and increasing the production of
D-2-Hydroxyglutarate (D-2HG).15 D-2HG
has a similar structure to α-KG, acts as
an oncometabolite and competitively
inhibits the activity of various dioxygenase
187
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enzymes. In addition, this IDH1 mutation
produces high levels of 2-hydroxyglutaric
acid (2-HG), thereby inhibiting the
differentiation of glioma stem cells. At the
same time, IDH1 mutations can increase
vascular endothelial growth factor
(VEGF), which plays a role in forming the
tumor microenvironment. In addition,
IDH1 mutations can also induce HIF-1α
to trigger glioma invasion. Ultimately,
these changes will lead to the development
and pathogenesis of astrocytoma.15
In Table 4, we can see that the frequency
of astrocytomas with a positive IDH1R132H molecular status (IDH-mutant)
will be higher in line with the increase in
tumor grade compared to astrocytomas
with negative IDH1-R132H molecular
status (IDH-wildtype). IDH1 mutations
were lowest in astrocytoma grade 2, which
correlated with slow tumor growth and
good survival. IDH1 mutations are highest
in grade 4 gliomas or glioblastomas that
correlate with rapid tumor growth and
poor survival. In early 2008, Parsons
DW et al., found an association between
astrocytoma and IDH mutations in exon
sequencing.16 Parsons DW et al., found the
IDH1 gene in 1/5 of the tumor samples.16
Further studies have found that the IDH1R132H mutation is the most frequent
in astrocytoma. In contrast, the IDH2R172H gene also undergoes a similar
mutation, but the mutation frequency is
relatively low.15
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