
Abstract Clear cell histology is the hallmark of oligo-
dendroglioma (OG) but also characterizes clear cell ependy-
moma (CCE) and central neurocytoma (CN). Immunohis-
tochemistry for glial and neuronal proteins may support
differential diagnosis. We investigated systematically di-
agnostic value and limits of immunohistochemistry using
representative tumor specimens (>1 cm in diameter) of
well-defined OGs, CCEs, and CNs (n=10, respectively).
Antibodies comprised anti-neuron specific nuclear protein
(NEUN), anti-synaptophysin, anti-neuron-specific eno-
lase, anti-microtubule-associated protein 2, anti-phos-
phorylated neurofilament protein, anti-non-phosphory-
lated neurofilament protein, anti-glial fibrillary acidic pro-
tein (GFAP), anti-S100 protein, anti-vimentin (VIM), and
anti-epithelial membrane antigen (EMA). Among the
panel of antibodies anti-NEUN, anti-VIM and anti-EMA
proved most useful for differential diagnosis. Prominent
(>90%) anti-NEUN immunolabeling of tumor cells clearly
distinguished CNs from OGs and CCEs. Anti-VIM im-
munolabeling and a characteristic cytoplasmic dot-like
anti-EMA immunoreactivity pattern of tumor cells were
detectable only in OGs and CCEs. Furthermore, promi-
nent anti-VIM immunoreactivity and anti-EMA cell
membrane staining including ring-like staining pattern is
characteristic for CCEs. Additionally, a widespread glio-
fibrillary and minigemistocytic cytoplasmic anti-GFAP
immunostaining pattern is restricted to some OGs. Our
data indicate that immunohistochemistry using anti-
NEUN, anti-VIM, and anti-EMA on representative tumor
specimens allows clear-cut distinction of CNs vs OGs and
CCEs. Anti-VIM, anti-EMA, and anti-GFAP support dif-

ferential diagnosis of OGs vs CCEs. Nevertheless, it is
noted that due to focal expression of glial proteins in CNs
and, conversely, of neuronal proteins in OGs and CCEs,
immunohistochemistry is of limited value on small tumor
specimens.
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Introduction

Clear cell histology is the classic hallmark of oligoden-
droglioma (OG) but also characterizes clear cell ependy-
moma (CCE) and central neurocytoma (CN). The OGs,
CCEs, and CNs show different clinical and biological be-
havior; thus, prognosis and therapeutic approaches differ
significantly [18]. In particular, diagnosis or exclusion of
OG has become a major topic of scientific and clinical in-
terest in recent years due to the implications with regard
to postoperative therapy decision making [7]; thus, exact
histopathological typing of these tumors is mandatory.
The OGs, CCEs, and CNs display distinctive histological
features allowing clear-cut differential diagnosis on the
basis of plain histology in most cases [17]. According to
the World Health Organization (WHO) classification of
tumors of the central nervous system (CNS), OGs are de-
fined as neoplasms composed of tumor cells with rounded,
homogeneous nuclei, and, on paraffin sections, clear peri-
nuclear halos (“honeycomb” appearance). Additional fea-
tures include microcalcifications and a dense network of
delicate branching capillaries. In ependymoma, key histo-
logical features comprise perivascular pseudorosettes and
ependymal rosettes. The CCEs also display tumor cells
with a clear cell appearance. The CNs are composed of
isomorphic tumor cells with small round nuclei and fibril-
lary cell-free areas (i.e., neuropil islands). Despite the dis-
tinctive histopathological features of OGs, CCEs, and
CNs, differential diagnosis may be difficult in cases in
which clear cell morphology is predominant and in small
(e.g., stereotactic) biopsies [8, 13, 21]. In such cases, im-
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Fig. 1a–l Representative histology of investigated tumor samples
(hematoxylin–eosin stain: a–f; magnification: a–c ×100; d–f ×200)
and immunohistochemistry results (magnification: g–i ×100;
j ×200, k, l ×400). a–c Characteristic histological features of cen-
tral neurocytoma (CN), oligodendroglioma (OG), and clear cell
ependymoma (CCE). The CN showing neuropil islands (a); OG
showing honeycomb appearance, fine capillary network and calci-
fications (b); CCE showing perivascular pseudorosettes (c). d–f

Clear cell histology in CN (d), OG (e) and CCE (f). g–l Prominent
anti- neuron-specific nuclear protein (NEUN) labeling (>90% of
tumor cells) is seen only in CNs (g). OGs (h) and CCEs (i) may
show partial anti-NEUN labeling. A globular cytoplasmic anti-
synaptophysin staining pattern is characteristic for OGs (j). Dot-
like anti-epithelial membrane antigen (EMA) is seen only in OGs
(k) and CCEs (l). In addition, CCEs show staining of cell surface
structures (l, inset)



munohistochemistry with antibodies against glial and neu-
ronal antigens is employed as a diagnostic aid.

A continuously increasing number of anti-glial and
anti-neuronal markers is used for diagnostic purposes [5,
17, 28, 32, 36]. In previous studies, immunostaining of
glial and neuronal antigens was considered a reliable
means for identification of glial or neuronal differentia-
tion of CNS neoplasms [4, 11, 19, 20, 35]. In recent years,
however, expression of neuronal antigens, in addition to
glial antigens, has been documented in OGs and also in
ependymal neoplasms [23, 26, 34]. Conversely, CNs may
express glial antigens, in addition to neuronal antigens
[15]. In consequence, none of the glial or neuronal anti-
gens appear to be specific and thus diagnostic per se for
OG, CCE, or CN; however, the diagnostic value and lim-
its of the various anti-glial and anti-neuronal markers
have not been precisely determined to date.

In the present study, we addressed this issue and ana-
lyzed systematically anti-glial and anti-neuronal markers
that are commonly used in the routine diagnostic setting
on well-defined cohorts of OGs, CCEs, and CNs.

Materials and methods

We retrieved archived formalin-fixed and paraffin-embedded tu-
mor specimens of 10 OGs, 10 CCEs, and 10 CNs from the files of
the Institute of Neurology, Medical University Vienna. Tumor
specimens were selected according to appropriate size (>1 cm in
diameter) and diagnostic histomorphology on hematoxylin and
eosin (HE)-stained sections. Review and typing of CCEs and CNs
was performed on a multi-headed microscope. For tumor typing
we used the current WHO 2000 criteria [17]. According to these
criteria, each case showed diagnostic tissue features and, in addi-
tion, large clear cell areas (see Fig. 1a–f). Diagnostic histopatho-
logical features were considered as follows: (a) OG: diffusely in-
filtrating clear cell primary brain tumor with delicate vascular net-
work; (b) CCE: primary brain tumor containing characteristic
perivascular pseudorosettes and/or ependymal tubules; and (c) CN:
primary brain tumor containing typical neuropil islands. Electron
microscopy investigations were not performed. The OGs were re-
trieved from a series of 79 oligodendroglial neoplasms, in which
chromosome arms 1p and 19q status [9] were determined accord-
ing to previously published protocols [1, 2, 6]. The DNA deletions
on chromosome arms 1p and 19q are characteristic molecular cy-
togenetic alterations of oligodendroglial neoplasms [29] and all
OGs in the present study had a combined 1p and 19q deletion sta-
tus. Four OGs and 4 CCEs were classified as WHO grade II, and 
6 OGs and 6 CCEs as WHO grade III. All CNs were classified as
WHO grade II.

Immunohistochemistry was performed in all cases using a
panel of anti-neuronal and anti-glial antibodies according to proto-
cols shown in Table 1. As secondary system the ChemMate detec-
tion kit (Dako, Denmark) was used. Immunoreactivity was deter-
mined semiquantitatively. Semiquantitative evaluation was per-
formed as follows: category ++: immunostaining of ≥90% tumor
cells/fibrillary matrix (“prominent immunostaining”); category +:
immunostaining of ≤90% tumor cells/fibrillary matrix (“partial im-
munostaining”); category –: no immunoreactivity. In addition, we
assessed characteristic patterns of immunostaining.

The significance of differences of protein expression in the
three tumor types were assessed statistically using Kruskal-Wallis
test and subsequent Mann-Whitney tests. To control results of
these tests, we shifted the cutoff value of ≥ or <90% tumor cells/
fibrillary matrix staining to a cutoff value of ≥ or <50% tumor, and
repeated analysis. A two-tailed p value of <0.05 was considered as
significant.

Results

We considered for evaluation tumor cell nuclei, tumor cell
somata, and fibrillary matrix. Evaluating the fibrillary ma-
trix, the difficulty in distinguishing expression of glial fib-
rillary acidic protein (GFAP) and synaptophysin (SYN) in
tumor cell processes vs non-neoplastic cell processes arose.

Results of semiquantiative evaluation are summarized
in Table 2. Most notably, total anti-neuron-specific nu-
clear protein (NEUN) immunolabeling of tumor cell nu-
clei can only be seen in CNs (see Fig. 1g). Nevertheless,
we observed focal anti-NEUN immunostaining also in
some OGs and CCEs (see Fig. 1h,i). Anti-vimentin (VIM)
immunoreactivity proved to be detectable only in some
OGs and CCEs, but not in CNs. Furthermore, prominent
anti VIM-immunostaining is seen in 6 of 10 CCEs, but
not in OGs and CNs. In OGs, anti-VIM staining is seen
only in WHO grade-III tumors, whereas CCEs showed
VIM expression both in low- and high-grade lesions.

Anti-epithelial membrane antigen (EMA) immunoreac-
tivity is detectable in tumor cell somata of OGs and CCEs.
Anti-EMA immunoreactivity in OGs and CCEs displays a
characteristic dot-like pattern (see Fig. 1k,l). In addition,
5 of 10 CCEs show staining of cell membrane structures
(see Fig. 1i) including previously described ring-like struc-
tures [12]. Prominent anti-GFAP immunostaining of tumor
cell somata is visible in 3 of 10 OGs, displaying gliofibril-
lary and minigemistocytic immunolabeling patterns. We
observed widespread anti-GFAP immunoreactive gliofib-
rillary oligodendrocytes and minigemistocytes in some
OGs but not in CNs or CCEs. Interestingly, all OGs con-
taining GFAP-positive gliofibrillary oligodendrocytes or
minigemistocytes are WHO grade-III tumors. Anti-GFAP
immunostaining of fibrillary matrix was seen in CNs,
OGs, and CCEs. In most instances it was difficult or im-
possible to distinguish anti-GFAP immunoreactivity of tu-
mor cell processes vs cell processes of preexisting non-
neoplastic cells. Anti-S100 protein is considered as a glial
marker [32]. Only OGs showed prominent immunoreactiv-
ity and were never completely negative as were some CNs
and some CCEs. Tumor-specific expression of SYN in fib-
rillary matrix was difficult to distinguish from preexisting
non-neoplastic matrix structures. In addition to fibrillary
matrix staining we saw partial anti-SYN immunostaining
of tumor cell somata in OGs and CCEs. Nevertheless, anti-
SYN immunoreactivity patterns showed characteristic dif-
ferences between CNs, OGs, and CCEs: prominent stain-
ing of fibrillary matrix was detectable in all CNs but not in
OGs and CCEs. A characteristic globular cytoplasmic anti-
SYN staining pattern was seen in OGs (see Fig. 1j).

Antibodies of minor diagnostic value

Immunostaining of glial tumors by the neuronal marker
anti-neuron-specific enolase (NSE) is well known in the
literature [33]. We observed widespread anti-NSE stain-
ing of CNs, OGs, and CCEs. The neuronal marker anti-
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microtubule associated protein 2 (MAP2) has been re-
ported to show strong cellular immunolabeling of OGs,
labeling of fibrillary processes in CNs, and no labeling of
CCEs [3]. We observed prominent anti-MAP2 staining of
CNs but also of OGs and CCEs. Immunoreactivity was
seen in perinuclear cytoplasm and in fibrillary processes.
As reported previously, anti-phosphorylated neurofila-
ment protein (pNFP) did not immunolabel any tumor tis-
sue structure, not even in CNs [15, 34]. Antibodies against
non-phosphorylated neurofilament protein (npNFP) showed
only partial immunostaining of some CNs and OGs.

Statistical analysis

Testing the semiquantitatively assessed data statistically,
we found significant differences of expression of EMA,
GFAP in fibrillary matrix (GFAPmat), VIM, S-100,
npNFP, NEUN, and SYN between the three tumor types

(Kruskal-Wallis test). Changing the cut off value from >or
<90% tumor cells/fibrillary matrix staining to a cutoff
value of >or <50%, statistical results remained unchanged
except for GFAP in cell somata (GFAPsom) which be-
came significant (exact p=0.069 vs exact p=0.010). Com-
paring CNs and OGs (Mann-Whitney test), EMA expres-
sion (exact p=0.007), as well as GFAPmat expression (ex-
act p<0.001) was significantly stronger in OGs. The NEUN
expression was significantly stronger in CNs than in OGs
(exact p<0.001), as well as SYN expression (SYNmat
p<0.001, SYNsom p=0.002).

Comparing CNs and CCEs, we observed that EMA ex-
pression (exact p<0.001), GFAPmat expression (exact p=
0.002), and VIM expression (exact p<0.001) were signifi-
cantly stronger in CCEs. In contrast, expression of NEUN
(exact p<0.001), SYN (exact p<0.001), and npNFP (exact
p=0.023) were significantly stronger in CNs.

When we compared OGs and CCEs, we found that ex-
pression of S-100 was significantly stronger in OGs (ex-
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Table 1 Primary antibodies used for immunohistochemistry. np non-phosphorylated, p phosphorylated, Mc/Pc monoclonal/polyclonal,
SMI Sternberger Monoclonals Incorporated, boil boiled in citrate puffer, p24 5 min protease XXIV

Antigen Antibody clone/ Mc/Pc Company City State/country Dilution Pretreatment
product no.

NEUN MAB377 Mc Chemicon Temecula California, USA 1:1000 Boil 10 min
SYN Sy38 Mc Dako Glostrup Denmark 1:100 Boil 10 min
NSE BBS/NC/VI-H18 Mc Dako Glostrup Denmark 1:100 –
HMW-MAP2 AP20 Mc Chemicon Temecula California, USA 1:500 Boil 10 min
np NFP SMI32 Mc SMI Lutherville Maryland, USA 1:100 Boil 20 min
p NFP 2F11 Mc Dako Glostrup Denmark 1:800 –
GFAP Z0334 Pc (rabbit) Dako Glostrup Denmark 1:4000 p24
S1OO Z311 Pc (rabbit) Dako Glostrup Denmark 1:2000 –
VIM V9 Mc Dako Glostrup Denmark 1:50 –
EMA E29 Mc Dako Glostrup Denmark 1:100 –

Antigens: neuron-specific nuclear protein (NEUN); synaptophysin
(SYN); neuron-specific enolase (NSE); high molecular weight mi-
crotubule associated protein (HMW-MAP2), neurofilament pro-

tein (NFP); glial fibrillary acidic protein (GFAP); vimentin (VIM);
epithelial membrane antigen (EMA)

Table 2 Summary of immunohistochemistry results. som immunoreactivity of cell somata, mat immunoreactivity of fibrillary matrix,
np non-phosphorylated, p phosphorylated. ++ prominent (>90% of tumor cells) immunoreactivity (IR), + partial IR, – no IR

Antigen Central neurocytoma (n=10) Oligodendroglioma (n=10) Clear cell ependymoma (n=10)
Immunoreactivity Immunoreactivity Immunoreactivity

++ + – ++ + – ++ + –

NEUN 10 0 0 0 1 9 0 2 8
SYN som 6 4 0 0 5 5 0 3 7
SYN mat 10 0 0 0 6 4 0 3 7
NSE 10 0 0 6 4 0 6 4 0
MAP2 10 0 0 10 0 0 9 1 0
npNFP 0 6 4 0 2 8 0 0 10
pNFP 0 0 10 0 0 10 0 0 10
VIM 0 0 10 0 4 6 6 4 0
GFAP som 0 3 7 3 2 5 0 9 1
GFAP mat 0 4 6 7 3 0 7 2 1
S100 0 8 2 4 6 0 0 6 4
EMA 0 0 10 0 7 3 0 10 0

For antigen definitions see Table 1



act p=0.015), whereas VIM expression was significantly
stronger in CCEs (exact p=0.001).

Discussion

In the past 25 years, immunohistochemistry has become
an indispensable method for analysis of tissue samples in
virtually all fields of clinical pathology. In the field of tu-
mor pathology, immunohistochemical visualization of cell-
type-specific proteins reveals patterns of differentiation
and may significantly contribute to classification of biopsy
samples. In primary CNS neoplasms, immunohistochem-
istry is used for identifying expression of neuronal and
glial proteins [20, 28, 32, 35, 36]. The protein expression
profile may provide diagnostic information even in brain
tumor biopsies, in which plain histology is inconclusive.
Small (e.g., stereotactic) biopsy samples displaying clear
cell histology are a particular challenge with regard to dif-
ferential diagnosis. To date, no systematic studies investi-
gating value and limits of immunohistochemistry in dif-
ferential diagnosis of clear cell CNS neoplasms have been
published. Furthermore, selection of the most useful mark-
ers from the great number of antibodies recommended for
the diagnostic setting is not only important for practical
but also for financial reasons. To this end, we investigated
the diagnostic value of anti-glial and anti-neuronal mark-
ers that are commonly used in the routine diagnostic set-
ting on well-defined cohorts of OGs, CCEs, and CNs.
Evaluating the diagnostic impact of the antibodies, we de-
termined semiquantitatively the prominence of immuno-
reactivity and assessed characteristic patterns of immuno-
labeling. The panel of antibodies we tested comprised an-
tibodies against antigens preferentially localized in the
cell nucleus, perinuclear cytoplasm, or cell processes.

Comparison of semiquantitatively assessed immuno-
histochemistry data shows that the value of the different
anti-neuronal and anti-glial antibodies for differential di-
agnosis of primary clear cell CNS tumors is variable. An-
tibodies that proved most useful for differential diagnosis
in our hands comprised anti-NEUN, anti-VIM, and anti-
EMA.

Anti-NEUN is directed against a neuron-specific pro-
tein in the cell nucleus [22]. Prominent anti-NEUN im-
munolabeling of tumor cells clearly delineated CNs from
OGs and CCEs (see Fig. 1g). Nevertheless, we also observed
focal anti-NEUN immunostaining in some OGs and
CCEs. In our study anti-VIM showed immunoreactivity
only in CCEs and OGs, but not in CNs. In OGs, anti-VIM
staining was seen only in WHO grade-III tumors, whereas
CCEs showed VIM expression both in low- and high-
grade lesions. Furthermore, prominent anti-VIM staining
was seen only in CCEs; therefore, anti-VIM seems to
identify specifically a glial nature of a primary clear cell
CNS tumor and seems to be helpful for identification of
CCEs.

We investigated also the diagnostic role of anti-epithe-
lial membrane antigen (EMA) immunoreactivity. The
EMA is a protein, which is expressed abundantly in ep-

ithelial cells [27]. In the CNS, anti-EMA immunostains
ependymal cells and is therefore commonly used for iden-
tification of ependymal features in brain tumor biopsies.
In some of our CCEs, we detected a characteristic cell
membrane staining including ring-like staining pattern
which has been described previously as highly specific for
ependymoma [12]. In addition, a characteristic cytoplas-
mic punctuate anti-EMA immunostaining pattern could
be observed in all cases (see Fig. 1l). The punctuate anti-
EMA immunostaining pattern has been described previ-
ously and is considered as a characteristic feature of ependy-
mal neoplasms [31]. The subcellular substrate of punctu-
ate anti-EMA labeling has not been definitely clarified.
As candidate structures, blepharoblasts or intracytoplas-
mic microlumina have been discussed [17, 31]. Punctuate
anti-EMA staining has been reported recently not only in
ependymal neoplasms, but also in astrocytoma, glioblas-
toma, and infrequently in oligodendroglioma [12]. In our
study, we found the punctuate anti-EMA staining pattern
in CCEs and in 7 of 10 OGs but in none of the CNs (see
Fig. 1k,l); thus, the punctuate anti-EMA immunostaining
pattern in primary CNS tumors can be considered to be a
specific feature of glial neoplasms. Dot-like anti-EMA
immunoreactivity comparable to the punctuate anti-EMA
in glial neoplasms has also been described in anaplastic
large cell lymphoma and in nodular lymphocyte predomi-
nant Hodgkin’s lymphoma. As a subcellular location, the
golgi apparatus was proposed [16, 30].

Anti-synaptophysin (SYN) is traditionally considered
as the most useful neuronal marker for identification of
neurocytomas [8, 10]. In our hands tumor-specific expres-
sion of SYN in fibrillary matrix was difficult to distin-
guish from preexisting non-neoplastic matrix structures.
In addition to fibrillary matrix staining we observed par-
tial anti-SYN immunostaining of tumor cell somata in
OGs and CCEs. Nevertheless, anti-SYN immunoreactiv-
ity patterns showed characteristic differences between CNs,
OGs, and CCEs: prominent staining of fibrillary matrix
was detectable in all CNs, but not in OGs and CCEs. Fur-
thermore, a characteristic globular cytoplasmic anti-SYN
staining pattern was seen only in OGs.

In OGs, cytoplasmic perinuclear ring-like anti-GFAP
immunoreactivity is a characteristic feature. These cells
have been designated “gliofibrillary oligodendrocytes”
[14]. We observed widespread anti-GFAP immunoreac-
tive gliofibrillary oligodendrocytes and minigemistocytes
in some OGs but not in CNs or CCEs; thus, widespread
GFAP-positive, gliofibrillary oligodendrocytes, and mini-
gemistocytes in clear cell brain tumor biopsies seem to be
firm indicators of OG and are particularly helpful for dis-
tinction of OG vs CCE.

Summary and conclusion

This study showed that the diagnostic value of anti-glial
and anti-neuronal antibodies for differential diagnosis of
clear cell primary brain tumors is highly variable. Choice
of antibodies used in the routine diagnostic setting should
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therefore be based on careful and systematic analysis of their
diagnostic value and limits. In this study, anti-NEUN, anti-
VIM, and anti-EMA proved most useful. Our data indi-
cate that anti-NEUN, anti-VIM, and anti-EMA on repre-
sentative tumor specimens allows clear-cut distinction of
CNs vs OGs and CCEs. Anti-VIM, anti-EMA, and anti-
GFAP support differential diagnosis of OGs vs CCEs.
Nevertheless, the value of immunohistochemistry is of lim-
ited value on small tumor specimens due to focal expres-
sion of glial proteins in CNs and, conversely, of neuronal
proteins in OGs and CCEs. In such situations, neurora-
diological images and clinical data may significantly sup-
port differential diagnosis [24]. Furthermore, molecular
cytogenetic analysis may amend histopathology and im-
munohistochemistry. In particular, losses of chromosome
arms 1p and 19q have been proven to be of diagnostic
value [25, 26, 29].
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