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ABSTRACT

Background: Molecular studies have uncovered that histopathologically diagnosed Astrocytomas are genetically heterogeneous. Majority
of Diffuse Astrocytomas (DA), Anaplastic Astrocytomas (AA) and secondary Glioblastoma multiforme (GBM) have concurrent mutations
of IDH, TP53 and ATRX. Astrocytomas without IDH mutation have distinct genotype and poor prognosis. Primary GBM show EGFR
amplification and lack IDH mutation.

Methods: We studied 95 Astrocytic tumours including 15 Pilocytic Astrocytoma (PA), 21 Diffuse Astrocytomas, 7 Anaplastic Astrocytomas
and 52 GBM using tissue-microarray (TMA) to assess immunohistochemical expression of IDH1IR132H, TP53 and EGFR protein in all four
grades and the association between these three immunohistochemical markers. TMA blocks with core size 3.0 mm were constructed using
manual tissue-microarrayer. IHC for IDH1R132H, TP53 and EGFR was performed.

Results: A 13%(2/15) of PA showed IDH1R 132H expression. TP53 and EGFR expression was not seen in any case. 52%(11/21), 71%(15/21)
and 9%(2/21) of DA showed expression of IDH1, TP53 and EGFR respectively. Frequency of mutant IDH1, TP53 and EGFR in Anaplastic
astrocytoma was 85%(6/7), 85%(6/7) and 0%(0/7). Among GBMs there was significant difference in IHC expression of IDH1 and EGFR.
Primary GBMs show high EGFR expression of 70%(26/37) and low IDH1 expression of 21%(8/37). Secondary GBM in contrast show
higher IDH1 expression 80%(12/15) and low EGFR expression of 13%(2/15).

Conclusion: IDH and TP53 mutations are seen in majority of DA, AA and secondary GBM and are hallmarks of these tumours. Primary

GBMs have distinct molecular pathway. They lack IDH, TP53 mutation and overexpress EGFR.
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aberrations has been a very promising advance in recent
years in cancer therapeutics and development of targeted
therapies is much needed for gliomas.

Introduction

Gliomas account for 70% of primary brain tumours in
adults with a yearly incidence of 6 cases per 100,000.
1 The 2007 WHO classification of CNS tumours was
based on histopathological features, histogenesis and
immunohistochemical expression of lineage-specific
proteins. This approach has changed in the 2016 update,
which has brought in the concept of integrated diagnosis.
Integrated diagnosis uses molecular pathology in addition
to light microscopy to classify CNS tumours.!

Advances in molecular genetics have revealed that
histopathologically  diagnosed diffusely infiltrating
astrocytomas consist of two genetically different groups of
tumours. The majority have concurrent mutations of IDH1/
IDH2, TP53 and ATRX.Concurrent IDH1/2 and TP53
mutations are now considered to be a genetic hallmark of
diffuse astrocytomas. ¥

Glial tumours are divided into two major classes on the
basis of invasion into surrounding brain tissue. Diffuse
gliomas infiltrate into the adjacent brain parenchyma
and recur even after gross total resection. These tumours
respond poorly to conventional chemotherapy and radiation
and are thus incurable. Therefore, understanding of their
molecular pathways to develop more effective targeted
therapy is urgently needed. Targeting driver molecular

The molecular pathogenesis of Glioblastomas is different
and majority (>90%) arise de-novo without any evidence
of a pre-existing lower-grade astrocytoma. These
GBMs are known as primary GBMs and show a higher
prevalence of EGFR gene amplification (>40%) and EGFR
overexpression (>60%). Secondary GBM, in contrast, arise
from lower grade gliomas and are seen in younger patients
in comparison to primary GBMs. !
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EGFR geneamplification is thus one of the genetic hallmarks
of GBM and a tumour showing EGFR amplification should
be treated like GBM even if the WHO histologic criteria
of necrosis and microvascular proliferation are not met.”!
EGFR signalling pathway, therefore, is a potential target
for the development of targeted therapies using antibodies,
tyrosine kinase inhibitors (TKIs) or vaccines. [

With this knowledge, we studied the immunohistochemical
expression of IDHIR132H, TP53 and EGFR protein as a
surrogate marker of genetic mutations among all four grades
ofastrocytoma and the association between these mutations.
This study will help to better understand the pathways of
gliomagenesis and the utility of immunohistochemistry to
diagnose, classify, prognosticate astrocytomas and predict
response to therapy.

Materials and Methods

In this study, cases of astrocytomas diagnosed at our
institute from 2011to 2016 were studied. FFPE tissue
blocks were retrieved from the archives. H&E slides were
evaluated to ascertain the diagnosis and WHO grade of
astrocytomas by an experienced neuropathologist. The
clinical data pertaining to the cases was collected from the
histopathology database and requisition forms sent with
the specimen.

To construct tissue microarray (TMA) H&E slide from
each tissue donor block was used to identify the most
representative tumour area. H&E slide was overlaid on
the donor block and the area of interest was marked.3 mm
diameter cylindrical tissue cores were taken from donor
tissue blocks using a manual tissue microarrayer (IHC
world, USA).These cylindrical tissue cores were arrayed on
an empty steel mould containing a small amount of molten
paraffin in a 4 x 3 grid with the tissue cores facing down.
First tissue core from a different tissue (Liver, spleen)
served as an orientation marker. When the cylindrical
cores got adhered to the mould additional molten wax at
60 degrees C was poured from the side and a paraffin block
containing eleven tissue cores from astrocytic tumours and
one core for orientation was prepared.

For the purpose of immunostaining, 3-4 micron thick
sections from TMA blocks were obtained on poly-L-lysine
coated glass slides and were incubated overnight at 37°C.
High-temperature antigen retrieval was performed by
autoclaving the sections in 0.01 M citrate buffer (pH 6.0)
at 121°C for 10 minutes. Sections were treated with two
drops of 3% hydrogen peroxide of the universal staining
kit for 15-20 minutes to block the endogenous peroxidases,
followed by protein blocking using ultra block of the
universal staining kit for 5 minutes.
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Immunohistochemical staining was performed by LSAB
technique (LSAB Kit, M/s Abcam, Germany) using
mouse monoclonal antibodies to IDH1 2H9 in a dilution
of 1:100. (Clone-ab117976; M/s Abcam, Germany).
Subsequently, the biotinylated anti-mouse secondary of
the universal staining kit followed by streptavidin/horse
radish peroxidases was applied to the sections. Finally,
DAB chromogen concentrate diluted in the substrate
were applied, and slides were continuously seen under
the microscope till desired colour intensity was reached.
Counterstaining was done by Harris hematoxylin for a
period of 1 minute. A visual semi-quantitative grading
scale was applied to assess the immunoreactivity. A
strong cytoplasmic staining in >10% oftumour cells for
IDHR132Hwas scored positive.

For studying EGFR protein expressionprimary
polyclonal rabbit anti-EGFR antibody in 1:50 dilution
(M/s Biogenex, Fremont CA) was used and a strong
cytoplasmic staining in >50%tumour cells for EGFR was
considered positive. A weak diffuse background staining
was taken as negative.

Primary ready to use mouse monoclonal anti-human p53
protein antibody; clone DO-7 (M/s Dako, Denmark) was
used for studying TP53 protein expression and a strong
nuclear staining of tumour cell nuclei in >10% of tumour
cells was taken as positive.

Result

Actotal of 95 cases of astrocytic tumours were studied which
included 15 pilocytic astrocytomas (15.8%), 21 diffuse
astrocytomas (22.1%), 07 anaplastic astrocytomas (7.4%)
and 52 glioblastomas (54.7%). Among glioblastomas 37
(38.9%) were de-novo or primary glioblastomas and 15
(15.8%) were secondary glioblastomas.

62 patients were male (65%) and 33 were female (34.7%).
The age range was 10-75 years and the mean age was 20.9
years for pilocytic astrocytoma (PA), 40.6 years for diffuse
astrocytoma (DA), 46 years for anaplastic astrocytoma
(AA), 53.4 years for primary GBM and 49 years for
secondary GBM.

Isocitrate dehydrogenase 1 (IDHR132H) expression:
When IDHIR132Hexpression was compared among
different grades of astrocytoma it was observed that only
2/15 cases (13%) of PAwere IDH1 positive. 11/21 (52%)
cases of DA and 6/7 cases (85%) of AA showed IDHI1
expression.Among glioblastomas, there was a significant
difference in the pattern of IDHI1 expression among
primary and secondary glioblastomas. IDH1 expression
was significantly higher in secondary GBM and 12/15 cases
(80%) showed positive immunostaining. In contrast, only
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8/37 cases (21%) of primary GBM were IDH1 positive
(Table 1, figure 1A).There was a significant association
between grade of astrocytoma and IDH1R 132H expression
(Fisher’s exact test, p-value <0.001).

TP53 expression: The wild type or unmutated p53 gene
is easily degraded and is therefore not detectable by IHC.
On the other hand, mutant p53, which has lost its normal
function of tumour suppressor gene resists degradation and
accumulates in the nucleus. This mutated TP53 which is
accumulated in the nucleus is detected as strong nuclear
positivity in tumour cells. It was observed that none of the
15 cases of PA expressed TP53 (0%). Among DA and AA
TP53 expression was high and 15/21 cases (71%) of DA
and 6/7 (86%) of AA were positive for TP53 expression.
In contrast to grade II and III astrocytic tumours, the
expression of TP53 was significantly lower in primary
GBM with only 3/37 cases (8.1%) cases showing positivity.
Secondary glioblastomas also had a lower percentage of
TP53 positive cases with 4/15 (26.6%) showing nuclear
positivity (Table 1, figure 1B).

EGFR protein expression: EGFR expression was
significantly higher in primary glioblastomas with 26/37
(70.3%) cases expressing EGFR protein. In contrast,
only 2/21 cases (9.5%) of DA and 2/15 (13.3%) cases of
secondary glioblastoma expressed EGFR protein. None of
the PA or AA showed EGFR expression (Table 1, figure
1C). A significant association was found between tumour
grade and EGFR protein expression using Fisher’s exact
test with a p-value of < 0.05.

Association of IDH1 with EGFR and TP53 protein
expression: When expression of IDH1 was compared
with EGFR, it was observed that there is an inverse
relationship between IDH1 and EGFR expression (figure
3D). Among the subgroup of 39 astrocytomas which were
IDH1 positive only 6 cases (15.4%) showed EGFR protein
expression. Whereas, among 30 astrocytomas which were
positive for EGFR protein; IDH1 expression was seen in

6 cases (20%). Using chi-square test a significant inverse
association was found between IDH1 and EGFR protein
expression.

In contrast to EGFR it was noted that there is a positive
association between IDHI1 and TP53 expression. In 39
astrocytomas which were IDH1 positive 17 cases (43.6%)
showed TP53 expression. Whereas, among the subgroup
of 56 astrocytomas which were negative for IDH1, TP53
expression was seen in 6 cases (10.7%).A significant
association was seen between IDH1 and TP53 expression
(chi-square test, p-value 0.021)

Discussion

Previous studies have noted that IDH mutation is an early
event in the pathogenesis of diffusely infiltrating gliomas
(Grade II and III). " Normal cellular function of IDH is to
protect cells from oxidative stress by producing NADPH.
NADPH is used to generate reduced glutathione (GSH),
which is the main antioxidant in the central nervous
system. IR 132H mutation in IDH1 reduces its enzymatic
activity to convert Isocitrate to a-KG. ""Mutated IDH1
also acquires a new enzymatic activity and convertsa-KG
to D-2-hydroxyglutarate (D-2HG) and utilises NADPH in
the process. [!'This in turn reduces the concentration of
reduced glutathione and makes the cells more susceptible
to free radical induced injury and DNA damage. There is
evidence to suggest that D-2HG is also an oncometabolite
and is directly involved in the pathogenesis of IDH mutated
tumours. [JJAstrocytomas further acquire mutations in
tumour suppressor gene TP53 and ATRX gene during the
course of malignancy. '

Secondary GBM progress from pre-existing lower grade
gliomas and thus also tend to express these molecular
alterations. ') Primary GBM, on the contrary arise from a
different genetic pathway and often show EGFR amplification.
[5IThis difference in molecular pathogenesis among
various grades of astrocytomas manifests as differential
immunohistochemical profile among various grades.

Table 1: Table showing immunohistochemical expression of IDH1R132H, TP53 and EGFR protein among different grades of

astrocytomas.
WHO Grade Total cases IDH + % IDH + TP53 + %TP53 + EGFR + %EGFR
+
GRADE | 15 2 13% 0 0% 0 0%
GRADE Il 21 11 52% 15 71% 2 9%
GRADE Il 7 6 85% 6 85% 0 0%
Primary GBM 37 8 21% 3 8% 26 70%
Secondary GBM 15 12 80% 4 27% 2 13%
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Fig. 1: Bar diagrams showing IDH1R132H (1A), TP53 (1B), EGFR (1C) expression among different grades of astrocytoma.
Figure 1D shows association of IDH1 and EGFR expression.
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Fig. 2: Photomicrograph showing H&E stained section of Pilocytic Astrocytoma (WHO grade I) with IDH1R132H, TP53 and
EGFR protein expression. All three IHC markers are negative.
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Fig. 3: Photomicrograph showing H & E stained section of Diffuse Astrocytoma (WHO grade II) with IDH1R132H, TP53
and EGFR protein expression. IDH1R132H (cytoplasmic) and TP53 (Nuclear) are positive in tumour cells. EGFR protein
expression is negative.

and EGFR protein expression. IDH1R132H (cytoplasmic) and TP53 (Nuclear) are positive in tumour cells. EGFR protein
expression is negative.
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Fig. 5: Photomicrograph showing H & E stained section of Primary GBM (WHO grade 1V) with IDHR132H, TP53 and EGFR
protein expression. EGFR protein overexpression (cytoplasmic) is seen in tumour cells. IDH1R132H and TP53 expression

is negative.

protein expression. IDHR132H (cytoplasmic) and TP53 (Nuclear) are positive in tumour cells. EGFR protein expression is
negative.
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In previous studies 59-90 % of diffuse astrocytoma, 2882
% of anaplastic astrocytoma and 70-75% of secondary
GBM showed IDHIRI132H positivity. Whereas IDHI1
mutations are less frequent in primary GBM (<10%) and
rare in PA. !4

In the present study, we have studied the
immunohistochemical expressionof IDH1R 132Hmutations
across various grades of astrocytomas and found that 13%
of pilocytic astrocytoma, 52% of DA, 85% of AA, 80%
of secondary GBM and 21% of primary GBM expressed
IDHIR132H. We found IDH mutations are significantly
associated with astrocytoma grade.

p53 is a tumour suppressor gene which is mutated in a
vast majority of human tumours. '”’Mutated p53 encodes
for a mutated nuclear protein which cannot be degraded
easily and accumulates in the nucleus. '®This mutated
TP53 can be detected by IHC and so overexpression of p53
is considered to be a surrogate marker for p53 mutation.
In our study, it was observed that TP53 expression was
significantly higher in grade II (71%) and grade III (86%)
astrocytomas. Grade I astrocytomas arise from different
molecular alterations and thus do not exhibit p53 mutation
(figure 2). Among grade IV astrocytomas the expression
was variable among primary GBM (8.1%) and secondary
GBM (26.6%). A significant association was found
between the grade of tumour and TP53 expression (p value
0f <0.001 using Fisher’s exact test). Tumours with mutated
p53 cannot tolerate genotoxic stress and as a result, undergo
apoptosis when chemotherapeutic drugs and radiotherapy
is used against them. ['"]

Previous studies have shown that the frequency of EGFR
gene amplification increases with increasing tumour grade.
IEGFR amplification is rare in grade II astrocytomas and
is seen in only 4% of cases in some studies. Glioblastomas
show the highest expression of EGFR among all four
grades and EGFR amplification is seen in around 60%
of cases. ?* In our study, EGFR over-expression was
not seen in any case of PA. Only 2/21 cases (9.5%) of
DA showed EGFR over-expression. Primary GBM show
the highest percentage of EGFR protein expression with
26/37 cases showing EGFR positivity (70.3%). Secondary
GBM, in contrast, show an expression profile similar to
low grade gliomas with only 2/15 cases showing EGFR
over-expression (13.3%). In the present study, EGFR
overexpression was associated with the higher-grade
gliomas, suggesting that EGFR overexpression was
associated with tumour aggressiveness and invasion.

Association of IDHR132H with TP53 and EGFR Protein
Expression: The results of our study show that IDHR132H
mutation is significantly associated with TP53 expression.

On the other hand, a reverse relationship was found
between IDHI1 mutation and EGFR protein expression.
TP53 and IDH1 expression are found in grade II (figure
3) and III (figure 4) astrocytomas and younger age group
patients. [ These tumours also acquire mutation of TP53
gene along their natural history and thus both mutations
are often found in these group of tumours. The inverse
relationship between IDH1 mutation and EGFR expression
and the preferential expression of EGFR in glioblastomas
shows that glioblastomas arise from a genetic mechanism
which is different from lower grade gliomas (figure 5).
This view is further strengthened by the fact that secondary
glioblastomas arise from lower grade astrocytomasand
show an immunohistochemical profile similar to grade II
and III astrocytomas (figure 6).

To our knowledge studies showing a functional relationship
between IDHI, p53 and EGFR expression in various
grades of astrocytomas are few. Our study shows a strong
association between IDHI1R132Hwith TP53 and an inverse
association with EGFR protein expression.*!Other studies
probing new pathways involved in gliomagenesis are
underway. A better understanding of these mutations will
help investigators develop newer targeted therapies against
high-grade gliomas, which as of date are incurable. Targeted
therapies which act as competitive antagonists of mutant
Isocitrate dehydrogenase enzyme are in development. 24
Glioma patients harbouring IDH mutation may benefit
from these therapies in future. [

Conclusion

IDHR132H and TP53 mutations are seen in the majority of
DA, AA and secondary GBM. Primary GBM, in contrast,
were found to overexpress EGFR protein and thus arise
from a molecular pathway that is different from that
of lower grade gliomas.IDHRI132H and EGFR protein
expression was found to be mutually exclusive and there
is a significant inverse association between these two IHC
markers.

Further studies need to be done to better understand the
pathogenesis of gliomas so that new molecular targets are
identified against which targeted therapy can be developed
to treat high-grade gliomas which are incurable and have a
poor prognosis and survival despite treatment.
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