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Abstract

Background: The distinction of diffuse astrocytoma from asytosis is a major challenge in neuropathology. Rea@strocytosis can occur in
a variety of non neoplastic CNS lesions and casda® in some CNS tumors. This can be particulédienging with small biopsies considering
the marked differences in prognosis and therapsr @tpathologic diagnosis. Somatic IDH1 mutatiores @esent in the vast majority of low-
grade diffuse astrocytoma (WHO grade NJethods: In the present study we investigated the spetifiof anti-IDH1 immunostaining in
differentiating diffuse low grade astrocytomas frogactive CNS lesionResults: The study included 24 WHO grade 1l diffuse asttooyas and
22 reactive conditions with astrocytosis (8 infayctO gliosis, and 4 traumatic brain injury). Alkses were stained by IDH1 immunostain.
Positive granular cytoplasmic staining of tumor<ébr IDH1 was found in 13 out of 24 (54.2%) WH@ade |l astrocytomas, but was entirely
absent in all 22 reactive samples . Tumor cellasimocytoma cases demonstrated staining both idehsely cellular areas of the tumor, as well
as in the less cellular infiltrating tumor edgeshil% reactive astrocytes at the tumor edges wekllDegativeConclusion: This study showed
that IDH1 is a useful immunohistochemical markerdifierentiate reactive gliosis from low-grade asftoma. IDH1 has potential as an

independent marker to diagnose neoplastic congispecially in small surgical samples with higbacsiicity.
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INTRODUCTION

glia from posttherapy glioma may be challengingsirch a

i ituation®
Gliomas are the most common cancers of the nervotuation.

system. They are classified as grade | to grader\the basis
of histopathologic and clinical criteria establidh®y the World

The most commonly used markers to differentiate
astrocytoma from astrocytosis are immunohistochahstains

Health Organization (WHO). Gliomas comprise 3 commo for glial fibrillary acid protein (GFAP), prolifetson markers

histologic subtypes: astrocytomas, oligodendrogéismand

(e.g. Ki-67) and p53. However, these markers do not

ependymomas, which are based on their morphologicalifferentiate between reactive and neoplastic cgills, because

similarities to their normal cellular counterpdtts.

A major challenge in the routine practice of suagic
neuropathology is the distinction between reactisgocytosis
and a low-grade infiltrating diffuse astrocytomadid Health
Organization (WHO) grade Il]. Reactive astrocytasas occur
in a variety of non neoplastic CNS lesions inclgdstroke,
hemorrhage, metastatsis, CNS inflammation, demgtdin, or
vasculitis. Also reactive astrocytes can be seesome CNS
tumors. This can be particularly challenging witmadl
biopsies considering the marked differences in posg and
therapy after a pathologic diagnosis. Diffuse agtremas are
characterized by an extensive diffuse infiltratmfnthe central
nervous system (CNS). Histologic features of reactjlial
proliferations as seen in many nonneoplastic opeslgh those
of diffusely infiltrating gliomas?

As a response to pathologic changes reactive gstc
typically increase in number and size and may displ
pleomorphic nuclei. Reactive astrocytes proliferademetimes
reaching proliferation indices of up to 5% and nean display
mitotic figures. Irradiated brain may also beconighly gliotic
and sometimes considerable radiation-induced atyia
nonneoplastic cells is observed. The differentratibreactive
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they are also highly expressed in gliomas. GFARissd to

highlight astrocyte distribution, the architectuaed the type of
processes involved. Astrocytosis should featurenlgvepaced
astrocytes with multiple, thin, long, radiatingalprocesses. In
contrast, diffuse astrocytoma involves clusterddoagtic cells

with shorter, thicker processes. However, thesmsstare not
always diagnostic because reactive astrocytogsiftén seen at
the infiltrating edges of astrocytomés.

Previous studies of Ki67 proliferation index valaeglioma
and gliosis proved that the rates of astrocyticlifgm@tion in
reactive conditions are similar to those seen w-dpade glioma
and concluded that this marker is not reliable @wfinitive
diagnosig® Immunohistochemical staining of p53 is the most
widely used marker in neuropathology practice tffedentiate
reactive and neoplastic glial cells. However, p§30t a sensitive
stain because it is expressed in a subset of veaastrocytes and is
only detected at moderate frequency in low-gradens’® New
molecular markers have emerged in recent decadksare been
shown to be useful as predictive, prognostic, amdome cases,
diagnostic marker!

The first mutations discovered in the genes engpdin
isocitrate dehydrogenases (IDHSs; including IDH1 dbBdH2)
were identified in metastatic colon canfétn 2008, the genes
encoding IDH1, and to a lesser extent IDH2, weratbto be
mutated in low-grade gliomas and a subset of sergnd
glioblastomas”

IDH1, IDH2, and IDH3 are enzymes involved in th&ici
acid cycle and catalyze the oxidative decarboxytedf isocitrate
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to a-ketoglutarate while reducing NADP+ to NADPHADH to
NADH in the case of IDH3) . IDH1 is found withinglcytoplasm
and peroxisomes, whereas IDH2 and IDH3 are lodalszgely in
the mitochondri&® Later, multiple studies corroborated these?
ndings and additionally revealed that somatic IDHiltations are
present in the vast majority of low-grade diffusstrecytoma
(WHO grade Il). Mutations in IDH2 have also beeenitified in
gliomas, although they are much less common andrareally
exclusive with mutations in IDH%:*?

Notably, nearly all IDH1 mutations are the samethwi
CGT-CAT transition causing a specific amino acidarae
from arginine to histidine at codon 132 (R132H). &sesult,
the detection of IDH1 mutations may be a specifeans to aid
indifferentiatingbetweengdmaandglios
is® Immunohistochemical detection of IDH1 mutationais
rapid and practical method of screening mutated1@jene in

gliomast*14

In the present study we investigated the spegifmitanti-
IDH1 R132 immunostaining in differentiating gliomasom
reactive CNS lesions. We analyzed reactive gliadisvarious
etiologies for binding of IDH1 and cases of asttooyas.

MATERIALSAND METHODS
Tissue samples

A retrospective study including 46 formalin-fixed
paraffin-embedded tissue blocks from patients diagd within
the Pathology Department, Tanta University Hospifedm
January 2010 to 2015. We analyzed 24 WHO gradeffilisg
astrocytomas and 22 reactive conditions with agtosis (8
infarcts, 10 gliosis, and 4 traumatic brain injunApproval to
perform this work was obtained from the InstituabriResearch
Ethics Committee. The clinical data of the investiégl cases were
obtained from patients clinical files.

Immunohistochemistry

Sections of 4 mm thick of the selected paraffirckfowere
de-paraffinized in xylene for 20 min, rehydratedgmaded alcohol
and incubated in 0.5% hydrogen peroxide/methanol@min to
block endogenous peroxidase activity. The antigesr® retrieved
by boiling for 10 min in 10 mM citrate buffer, pH® using a
microwave, followed by cooling to room temperattwe 20 min.
After washing in phosphate buffered saline (PBSiffei@nt
sections were incubated with ready to use rablbitliPolyclonal
Antibody PA5-28206 (Thermo Scientific) for overnigat 4 _C.
Next day, the sections were washed in PBS befagition with
secondary antibody for 10 min at room temperatlire sections
were then washed in PBS, incubated with streptaviai 10 min
at room temperature, washed and exposed to
diaminobenzidine tetrahydrochloride solution (DAB) yield an
insoluble brown deposit. Finally, the sections wesanterstained
with hematoxylin, washed in running water, dehyeldain graded
alcohol and mounted as usual. Replacement of thmapy
antibodies with PBS worked as negative controls fbhe
immunohistochemistry process.

Evaluation of IDH1 immunostaining

The expression of IDH1 was determined
semiquantitatively assessing the proportion of tpady stained
tumor cells. IDH1 immunoreactivity was positive whéumor
cells showed strong cytoplasmic staining. The pesge of

negative
RESULTS

Among the 24 studied cases of diffuse astrocytoma
(79.2%) were males and the remaining 5 (20.8%) Viarales.
The mean age of the patients was 45.4 years. Tlrag®s with
reactive gliosis were obtained as follows 8 infeyctO gliosis
and 4 traumatic brain injury. The mean patient &gelow-
grade astrocytomas and reactive cases was 43.82ahd/ears,
respectively.

Histological findings

All included cases were stained by routine H&E to
confirm the diagnosis. The included 24 cases ofusif
astrocytoma showed moderate increase in cellularitly low
mitoses. No or minimal atypia and no necrotic lasiavere seen
Figure 1. Reactive astrocytes seen adjacent tosamfa
heamorrhage or infarction showed evenly distributed
hypercellularity with no atypia or mitosis.

IDH1 immunostaining

Positive granular cytoplasmic staining of tumorsébr
IDH1 was found in 13 out of 24 (54.2%) WHO grade Il
astrocytomas, but was entirely absent in all 22tre@a samples .
Tumor cells in astrocytoma cases demonstratedirs¢gaboth in
the densely cellular areas of the tumor, as welinathe less
cellular infiltrating tumor edges. While reactivsticytes at the
tumor edges were IDH1 negative. [Figure 2,3,4]

DISCUSSION

Flgure 1: A case of diffuse astr ocytoma showing minimal

atypla and mild i mcreasem cellularlty (H&E X 200)
‘[':!'

'ﬁ

e P
positive cells was rated as follows: cases with I@Hs were Figure2: A case of reactive gliosis showing negative stamlng

rated as positive, and cases with < 10% cells watesl as

for IDH1 (immunoper oxidase x 400)
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Figure 3: Representive case of diffuse astrocytoma showing
positive cytoplasmic IDH1 immunostaining
(immunoper oxidase x 100)
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Correct interpretation of central nervous systerN$L
resection specimens can be challenging in curresttipe in
which pathologists receive limited tissue samplesmf
stereotactic image guided biopsies.
challenging decisions is the differentiation betwéaw grade
astrocytoma and reactive astrocytosis. Misdiagnafsisactive
and neoplastic astrocytes can occur at the irfirgatumor
margins. Atypical reactive gliosis is a non-neofitaprocess
that will have markedly different prognosis and repes?!
Further molecular understanding of specific tisswakers can
reduce the problems of histological assessmensaradl tissue
sampling*?

Immunohistochemical detection of p53 is the mostely
used marker for this differentiation; However, p&3 not an
entirely accurate marker since it may show liglairshg of non-
neoplastic cells and strong positivity in some tieac

conditions™ Another marker of neoplastic cells is the epiderma

growth factor receptor (EGFR) protein. Unfortungtehis marker
is not of diagnostic utility in differentiating glimas from gliosis
since EGFR is primarily expressed in glioblastomather than
lower-grade astrocytom&§! A mutation in isocitrate
dehydrogenase 1 (IDH1), the enzyme involved indlignd
glucose metabolism, has been identified in a wargdt diffuse
gliomas. Recently, isocitrate dehydrogenase 1 (ID&fid IDH2
mutations have been demonstrated in a varietyfafsdi gliomas,
with IDH1 mutations occurring commonly in lower-gea
gliomas™”

In attempts to differentiate between reactive aedptastic
astrocytes, multiple molecular genetic methods hasen used,
including in situ hybridization, to detect chromosal aberrations
absent in non-neoplastic tissues. However, theyspensive, and
cannot replace immunostainifif.

In this study;

astrocytosis was evaluated by immunohistochemigtogitive
cytoplasmic IDH1 staining was observed in 54.2%stoidied
cases of diffuse astrocytoma while non of the reactases
showed IDH1 positivity. Our positivity rate for @lise
astrocytoma was similar to the 42.5 % reported rievipus
study which screened a total of 195 gliomas forciisate
dehydrogenase (IDH1) mutations using a tissue rarcay
(TMA) - based approach and assessed the role
immunohistochemical expression of IDH1 protein hede
tumorst™®!

These results were also in agreement with Piad eha

concluded that IDH1 tends to express preferentialliow-grade
gliomas, and it thus may serve as a valuable mamker

isocitrate dehydrogenase 1 (IDH1
expression in cases of diffuse astrocytoma and tiveac

diffuse astrocytoma (immunoper oxidse x 400)

distinguishing low grade gliomas from glioS¥. These results
were also close to previous study of Capper &l alsed IDH1
antibody to differentiate diffuse gliomas from noeeplastic CNS

One of the mo#tsions and therapy induced changes. They exaniig@deactive

gliosis specimens using anti IDH1 antibody. Thespahvestigated
staining for WT1 and p53 proteins. All of their agis samples
were IDH1-negative, 17 % were positive for WTI, &8l
% were positive for p53. These results were alsara With
Camelo-Piragua et &. who compared 20 non-neoplastic
lesions with 21 grade Il diffuse astrocytomas, fthat while
42.9 % of the gliomas expressed IDH1, non of theeXttive
gliosis samples showed IDH1 expression.
concluded that IDH1-specific immunohistochemistsyuiseful
for the differentiation between diffuse astrocytomiad non-
neoplastic astrocytosis. Makino et al analyzedetkgression of
mutant IDH1 in 10 non-neoplastic and 52 neopldssmns and
tated that IDH1 was negative in all non neoplastimples.
he study concluded that IDH1 does not generage{pbsitive
results in non-neoplastic tissues, which may migtiema, and
it facilitates the detection of mutations even iopgsy samples
that yield equivocal histological resufts

In this study tumor cells in astrocytoma cases
demonstrated staining both in the densely cellalaas of the
tumor, as well as in the less cellular infiltratibgmor edges.
While reactive astrocytes at the tumor edges wddelll
negative. This finding was in agreement with presistudies
whom reported that reactive astrocytes in thetrafilbn zone of
gliomas are not bound by IDH1 and by the findingCafmelo-
Piragua et df' who investigated 20 specimens of reactive
gliosis with IDH1 and also reported no staininglifre with our
results, Horbinski et al studied IDH1 gene mutadioanalysis
in gliomas and reported that IDH1 mutations are fooid in
DNA from reactive CNS lesions. The study concludleat the

JIDH1. fulfills the criteria of a tumor-specific maek>”

To argue the sensitivity of IDH1 immunostaining;n@do-
Piragua et al. evaluated a combination of immuriobigemical
and molecular techniques to detect TP53 and IDkiUgations as
well as copy number gain in chromosome 7. Theyntegahat the
combination of p53 and IDH1 immunohistochemistrguleed in
higher sensitivity (71.4 %) than either test al¢g4@.8 %) and that
the best total sensitivity (95 %) was achieved wi@8H for
chromosome 7 gain was added to the p53 and muiiHt |
afmunohistochemical panels
[6]. Also a study by Makino et al investigated the sfi@ty of
IDH1 and FAS antibody staining for differentiatidg@fuse gliomas
from non-neoplastic lesions and recommended a ipahct
combination of immunohistochemical panels with thagetabolic-
related molecules to increase diagnostic spegifitit

Both groups
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CONCLUSION

In conclusion, this study showed that IDH1 is afulse 10.

immunohistochemical marker to differentiate reaetiliosis

from low-grade astrocytoma. IDH1 has potential as a g1
independent

marker to diagnose neoplastic condition

especially in small surgical samples with high $ety.
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