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IDH1(R132H) Immunoexpression in Glioma
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Abstract

Background and objectives: Gliomas are the most common type of primary brain tumors. They result from accumu-
lation of multiple genetic alterations. Isocitrate dehydrogenase 1 mutations are detected in gliomas. This study aimed
to assess IDH1 immunoexpression in different types of gliomas and to correlate the results with patient’s age, gender,
tumor site, tumor type and grade. M ethods: During the period from January 2015 —January 2017, 97 cases of gliomas
were collected from Rizgary Teaching Hospital and private laboratories in Erbil city. Typing and grading of tumors were
done according to World Health Organization classification of brain tumors 2007.Immunohistochemical staining was
done for IDH1 using monoclonal Antibody IDH1R132. Results: Qut of 97 cases of gliomas; 16 were grade |, 27 were
grade Il, 10 were anaplastic gliomas grade Ill and 44 cases were glioblastomas; grade IV. Positive IDH1 immunoex-
pression was observed in 36 (37.1%) cases of gliomas. The highest prevalence of IDH1 was found in the age group
30-44 years (52.8%), in supratentorial tumors (44.3%) and in grade Il and Il astrocytoma (72.2% and 75%).Highly
significant correlation was found between Isocitrate dehydrogenase 1 expression and age of the patients, tumor type
and grade while a significant correlation was found between Isocitrate dehydrogenase 1 expression and tumor site.
Conclusions.Our study concluded that Isocitrate dehydrogenase 1 is 36 (37.1%) expressed in gliomas and it is sig-
nificantly associated with patient’s age, tumor site, histological type and grade, thus it may act as a good diagnostic

and prognostic marker for gliomas.
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Introduction

Gliomas are the most common type of primary brain tu-
mors and constitute about 40-50% of all central nervous
system neoplasms'. They arise from glial cells and de-
pending on their origin; there are mainly of three types:
astrocytomas, oligodendrogliomas, and ependymomas.
The WHO has classified gliomas to Grade | to IV on the
basis of clinicopathological criteri as' ?as follow:

WHO grade | gliomas have an indolent growth, usually
benign, generally with complete surgical resection and
are curable?. While WHO grade Il or Il are invasive, pro-
gress to higher-grade lesions, and having a poor outcome.
WHO grade IV tumors; glioblastoma multiforme(GBM) is
the commonest and biologically it’s the most aggressive
type with dismal prognosis and it is classified into two
groups: primary and secondary, the primary GBM present
de novo as advanced tumors with no evidence of precur-
sor lesions, whereas secondary GBM are tumors that have
clinicopathological and radiologic evidence of malignant
progression from lower grade tumors®?.

Isocitrate dehydrogenase 1; belongs to IDH gene family,
is localized on 2¢33, in the cytoplasm and in peroxisoms,
and encodes for the cytosolic NADP+ dependent isocitrate
dehydrogenase, the product protein catalyzes the cytosol-
ic oxidative decarboxylation of isocitrate to alpha-ketoglu-
tarate, and resulting in the production of reduced form of
NADP+ (NADPH) which is main function as anti- oxidant
and promotes resistance to apoptosis, gene mutation al-
ters the enzymatic property of IDH1and leads to increase
conversion of alpha-ketogluterate to 2-hydroxyglutarate

metabolite and decreased production of NADPH, and ac-
cordingly reduced glutathione. These alterations may raise
the oxidative stress level in mutant IDH1cells and acting as
an oncogen®0,

In the routine pathologic evaluation of glioblastomas
and lower grade diffuse gliomas; IDH1mutant protein is
increasingly performed because of its prognostic signifi-
cance, and it has been mentioned that about80% of all
WHO grade [l infiltrating/diffuse gliomas and grade IV
secondary glioblastomas show mutations in IDH1, these
mutations correlated with better outcomes®".

Expression of IDH1 mutant protein has established to be
diagnostically useful in the distinction of diffuse low-grade
gliomas from reactive astrocytosis'?. Also, immunopositiv-
ity of IDH1mutant protein may be useful in distinguishing
diffuse gliomas from other primary brain tumors and met-
astatic malignancies which are typically negative' ',

The aims of this study were to determine the frequency of
IDH1 immunoexpression in gliomas in Erbil city and corre-
late the IDH1immunoexpression with some clinicopatho-
logical parameters like: Age, sex, tumor site, histological
type and tumor grade.

Materials and methods

This is a retrospective study, done in a period from Janu-
ary 2015- January 2017, in which 97 cases were enrolled.
All types of intracranial gliomas were collected including
both sexes and all age groups. The cases were registered
at the department of histopathology in Rizgary Teaching
Hospital as well as private laboratories in Erbil city/ Kurd-
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istan region - Iraq. Clinical data including age, sex and the
site of tumor were collected from histopathology reports.
Paraffin-embedded blocks were sectioned on three mi-
cron thickness and stained with hematoxylin and eosin.
Tumors then classified and graded according to 2007 WHO
classification of the CNS tumors. Ethical Approval was ob-
tained from the regional Committee of Ethics in the Kurd-
istan Board for Medical Specialties.

Immunohistochemical technique:

Additional 3 micron thickness slides from the tumor tis-
sue were deparaffinized and rehydrated. Antigen retrieval
was carried out by autoclaving at 97 CO for 20 minutes
using antigen retrieval solution (citrate buffer 10 mmol/L,
pH 6.0). Sections then allowed for cooling at room temper-
ature, followed by washing 3 times, each for 3 minutes, in
phosphate buffered saline (PBS). Endogenous peroxidase
activity was blocked by dipping sections in 3% hydrogen
peroxidase blocker (Dako USA) for 10 minutes and washed
in 3 changes of PBS. After the initial processing step, sec-
tions were incubated overnight with 1:20 diluted primary
antibodies anti-human IDH1 R132H (USA, Mouse Mono-
clonal Antibody) at room temperature. This was followed
by incubation with supersensitive nonbiotin HRP detection
system for 35 minutes. Finally, the sections were counter-
stained with hematoxylin, dehydrated and mounted.
Positive result showed strong cytoplasmic and weak nu-
clear staining which appear only in the tumor cells and
negative controls are prepared simultaneously for all 97
samples by replacing the primary antibody with distilled
water Expression of IDH1was determined by semiquan-
titative assessment of the proportion of the positively

60.00% -

stained tumor cells. Cases with >10% stained cells were
labeled as positive, and cases with <10% stained cells
were labeled as negative. A weak diffuse staining and
staining of macrophages were scored as negative'® 1314,
Statistical analysis was performed by using Statistical
package for social sciences (SPSS) version 20.Data were
interpreted in form of frequencies, percentages and Mean
Standard deviation of quantitative variables . A Chi square
test and Fisher exact test were used to associate the IDH-
1status and different study variables. Statistical signifi-
cance was achieved when the p-value was less than or
equal to 0.05.

Results

Out of total of 97 cases, 59 were females and 38 were
males with a female to male ratio of 1: 0.64. The patients’
age ranged from 3 months to 84 years with a mean age of
37.075+20 years and a median of 38 years.

In the current study positive IDH1staining was observed in
36 (37.1%) cases of gliomas while negative IDH1 staining
was observed in 61(62.9%) cases.

The highest prevalence of IDH1 was found in the age group
30-44 years (52.8%) followed by age group 15-29 years
(22.2%) and age group 45-59(16.7%). A highly significant
correlation was found between IDH1 expression and pa-
tient’s age (p-value<0.001), Figure 1.
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Figure (1): Patients Age and IDH1 expression

Regarding gender, out of 38 males; 11 were positive while among 59 females; 25 were positive for IDH1and the asso-
ciation of IDH1 expression with gender was statistically not significant (p-value<0.182), Figure2.
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Figure (2): Patients Gender and IDH1 expression

As far as tumor site; majority of tumors were supratentorial 79 cases(81.4%), among these; 35 cases were positive for
IDH1, while the reminder 18 cases were infratentorial in location and among them one case was positive and the asso-
ciation of IDH1 expression with tumor site was statistically significant (p-value=0.002),Figure 3.
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Figure (3): Tumor Site and IDH1 expression

Concerning the tumor type, astrocytic tumors were the predominant type of glioma in this study, including 44 glio-
blastomas (GBM) (one case was gliosarcoma), 18 diffuse astrocytomas (DA), 15 pilocytic astrocytomas, 4 anaplastic
astrocytomas (AA), 2 pleomorphic xanthoastrocytomas, 1 subependymal giant cell astrocytoma, also there were 3 ol-
igodendroglioma/oligoastrocytoma, 2 anaplastic oligodendroglioma, 4 conventional ependymomas and 4 anaplastic
ependymomas. Among astrocytomas; DA and AA showed the highest IDH1 expression (72.2% and 75% respectively),
followed by GBM (34.09%).While all pilocytic astrocytomas were negative for IDH1 expression and the association of
IDH1 expression with tumor type was statistically highly significant (p-value<0.001),table 1.
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Table (1): IDH1 expression with tumor type

No. Histologic_type IDH-1 Total no. (%)
Positive no. (%) Negative no. (%)
1 Pilocytic astrocytoma 0(0) 15(100) 15(15.46)
2 Subependymal gaint cell 0(0) 1(100) 1(1.03)
astrocytoma
3 Diffuse astrocytoma 13(72.2)* 5 (27.3) 18(18.55)
4 Oligodendroglioma 2(100) 0(0) 2(2.06)
5  Oligoastrocytoma 1(100) 0(0) 1(1.03)
6  Pleomorphic xanthoastrocytoma 1(50) 1(50) 2(2.06)
7 Ependymoma 0(0) 4(100) 4(4.1)
8 Anaplastic astrocytoma 3(75) 1(25) 4(4.1)
9 Anaplastic oligodendroglioma 1(50) 1(50) 2(2.06)
10  Anaplastic ependymoma 0(0) 4(100) 4(4.1)
11 Glioblastomamultiforme 15(34.88)* 28(65.2) 43(44.3)
12 Gliosarcoma 0(0) 1(100) 1(1.03)
Total 36(37.1) 61(62.9) 97(100)

*p value <0.001 Fisher’s exact Test

Regarding tumor grade; all 16 (100%) grade | gliomas were negative for IDH1 expression, while 17/27 (62.96%) of grade
II(Figure5A) and 4/10 (40%) in grade lll glioma (Figure 5C) were positive for IDH1, the predominant grade was grade IV
representing44 cases and among them 15 cases (34.09%) were positive (Figure 5E), and the association between IDH1
expression and grade of gliomas was statistically highly significant (p-value<0.001),Figure 4.
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Figure (4): Tumor grade and IDH1expression
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Figure (5): Immunohistochemical expression of IDH1-R132H in different grades of astrocytoma. A, Diffuse astrocytoma,
WHO grade Il positively stained and B, negatively stained. C, Anaplastic astrocytoma, WHO grade lll positively stained and
D, negatively stained. E, Glioblastoma, WHO grade IV, positively stained, and F, negatively stained (A- F, x400).

Discussion

Worldwide brain tumors are considered one of the most dramatic and rapidly fatal of all human cancers's . Multiple
oncogenic events have been recognized in the progression of the brain tumor cells involving several defects in signalling
pathways with variety of genes. Among these genes cytosolic IDH1located on chromosome 2g33.3 has emerged as a
major diagnostic and prognostic biomarker for gliomas?.

The present study is the first in our region to detect IDH1 R132 H immunoexpression in gliomas and correlatesIDH1 ex-
pression with various clinico pathological parameters by using antibody specific for IDH1 mutation, as studies also found
that immunohistochemistry for IDH1 protein expression was sensitive and specific in detecting IDH1 R132 H mutation?®.
In the current study IDH1 was expressed in 36(37.1%) cases of gliomas, our result is in close alignment with what has

been observed by others as shown in Table 2.

Study(year) Location Sample (n) IDH1 positive (n)  IDH1 positive (%)
Sonoda et al.(2009)'*  Japan 125 39 31.2
Qi etal.(2011)" China 203 75 36.9
Myung et al.(2012)® Korea 134 72 53.7
Thota et al.(2012) India 74 31 41.9
Mukasa et al.(2012 )*'  Japan 250 73 29.2
Qi etal.(2014)% China 193 111 57.5
Saeed MS(2014)™ Mosul-Iraq 109 38 34.86
Wagn et al.(2016)% China 811 488 55.2
Current study(2018) Erbil-lraq 97 36 37.1

Table (2): IDH1 immunoexpression in different studies

In the present study highest IDH1 expression was observed
in age group(30-44)constituting 52.8%of the positive cas-
es and the correlation was statistically highly significant (p
value<0.001), and this result was in agreement with other
studies? 8162425 thus suggesting that IDH1 mutation occurs
as an early event in gliomagenesis specifically in 3rd and
4thdecades.

IDH1 expression was observed more in females (42.37%)
than males with no significant statistical correlation, how-
ever other studies found a higher prevalence of IDH1 ex-
pression in males than females' 2226, This discrepancy is

probably due to the predominance of female gender in our
study forming 60.8% of cases and limited sample size.
The majority of IDH1 positive tumors were supratentorial
in location and forming (44.3%) with statistically signifi-
cant correlation (p-value=0.002) In agreement with Yan
et al result® and this could be explained by the fact that
majority of astrocytic tumors which showed IDH1 immu-
noexpression were supratentorial in location.

The frequency of IDH1 expression in DA was (72.2%), and
in AA was (75%); which are in agreements with others
who mentioned high expression of IDH1 in both DA and
AA_Z, 8,27,28
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In GBM,IDH1 expression was positive in 15/44 (34.09%)
which probably all represent secondary GBM as they are,
in contrast to primary GBM, well known for high IDH1 ex-
pression, although a full clinical history was not available
in all our cases.our figure was within the range that has
been reported in other studies (from 12.5% up to 64.5%)®
17.29: 3 point to be mentioned here is that in some studies
more secondary GBM were included so they got higher
IDH1 expression'®'”, while in others more primary GBM
were included so they reported lower figures8. This clari-
fies the importance of differentiating secondary glioblas-
toma from primary glioblastoma confirming that; this pat-
tern of IDH1 expression may indicate secondary GBM and
associated with longer overall survival rate of patients.30
Also in our study there was a highly significant correla-
tion between IDH1 expression and the tumor type Table1
(P-value <0.001) which was in agreement with Yusoff et
al'.

In agreement withseveral previous studies that reported
a high frequency of IDH1 expression in grade Il gliomas
ranging from (52%-83.5%),'824303" which were in close
alignment with our result (62.96%), while in grade Il glio-
mas IDH1 expression was found in(40%) which was lower
than other studies that their expression was ranging from
52%-92.8%832428-32 and this probably due to limited sam-
ple size in our study (only 10 cases) in addition among
these 10 cases there were 4 anaplastic ependymomas
which are well known to be negative for IDH1 expression
and probably have other pathways for tumorogenesis. In
Grade IV gliomas 15/44 (34.09%) cases were positive and
our results fall within the range that has been reported
by others (from 12.5% up to 64.5%)%'":2° . This variability
may be due to differences in ethnicity, cut off value for
IDH1 expression and type of antibody clones used, regard-
ing the correlation of IDH1 with tumor grade; it was sta-
tistically highly significant(p-value <0.001) which was in
agreement with other studies'*.

Another observation in our study was that IDH1 expression
not identified in all pilocytic astrocytoma 15(100%) grade
l, all grade Il ependymoma 4(100%), and all anaplastic
ependymoma 4(100%) grade lI; a result which was sim-
ilar to other studies>'” confirming that, these tumors are
genetically distinct, arising through different mechanisms
and may be derived from different type of glial progenitor
cells.

Conclusions
Our study revealed that IDH1 is frequently expressed in
different types of gliomas, particularly in grades Il — Ill as-

trocytomas and in younger age group, more in females
and in supratentorial tumors and it is significantly asso-
ciated with patient’s age, tumor site, histological type and
grade, thus it may act as a good diagnostic and prognostic
marker for gliomas.
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