
Abstract We describe four patients, ranging from 26–
40 years of age, who presented with seizures and large,
poorly circumscribed cerebral tumours on magnetic reso-
nance imaging. The resected tumours demonstrated a
histopathology similar to low-grade glioma, but with ad-
mixed mature neurones. Immunohistochemistry demon-
strated expression of putative neuronal antigens in the
neuronal component as well as in tumour cells which did
not show neuronal morphology. These tumours did not
have the usual radiological and pathological features typ-
ical of gangliogliomas, but demonstrated an infiltrative
pattern of growth and subsequent progressive behaviour.
The term ganglioglioma, with its implication of good
prognosis, is therefore inappropriate for tumours of this
type. The expression of “neuronal” antigens by astrocy-
tomas requires further investigation.
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Introduction

Gangliogliomas are tumours composed of neoplastic glial
and neuronal components. They are characteristically well-
circumscribed lesions of low histological grade (WHO
grade I–II). The grade is determined by the glial compo-
nent but the histological features which separate grades I
and II are not well defined. With the exception of frank
glial anaplasia, specific histological features have not been
found to be of prognostic value and site is the most sig-
nificant predictor of recurrence [3, 4, 5, 8, 10]. The un-

common anaplastic ganglioglioma demonstrates features
of anaplasia in the glial component [6].

Diagnosis requires the identification of a neoplastic
neuronal component, which in some cases is only focally
represented [22], so that under-diagnosis is a hazard in
biopsy material. The neoplastic neuronal component may
consist of abnormally orientated and cytologically atypi-
cal cells [1] or, according to some authors, may comprise
apparently mature neurones [8, 14, 22]. The latter must be
distinguished from over-run cortical neurones, their neo-
plastic nature only recognisable by virtue of their hetero-
topic location [19]. Correct diagnosis may, therefore, be
difficult, but is of considerable importance because gan-
gliogliomas have a good prognosis and may be cured by
excision.

In this report we describe the clinical, radiological and
pathological findings in four patients. Following tumour
resection, histopathological examination in each case dem-
onstrated a low-grade glial tumour associated with a ma-
ture neuronal element in a heterotopic location but with-
out neuronal atypia, and with widespread expression of
“neuronal” antigens. Despite the apparent neuronal com-
ponent, these tumours demonstrated infiltrative behaviour
with a tendency to early recurrence and radiological and
histological progression. This report has implications for
the pathological diagnosis of ganglioglioma.

Case reports

These cases were selected on the basis of their unusual pathologi-
cal and radiological features, and clinical behaviour. In each case
the diagnosis of ganglioglioma was considered, yet radiologically
the tumours appeared ill defined and clinically they progressed.

Case 1

A 39-year-old man presented with a several-week history of con-
fusion, dysphasia and a single generalised seizure. Magnetic reso-
nance imaging (MRI) showed a large, poorly demarcated, left tem-
poro-parietal tumour with considerable mass effect and infiltration
of the corpus callosum (Fig.1a). A craniotomy and subtotal tu-
mour resection was performed. The patient initially made a com-
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plete recovery, but within 9 months developed worsening dyspha-
sia, confusion and headache. A repeat CT scan revealed tumour re-
currence with considerable midline shift but with no contrast en-
hancement. He was treated with steroids and radiotherapy (60 Gy
in 30 fractions) and made a good recovery. Ten months later he re-
presented with confusion, psychomotor slowing, dysphasia and
hemiparesis. MRI showed numerous gadolinium enhancing lesions
in both frontal lobes and corpus callosum and a further biopsy was
taken stereotactically from a frontal lesion. The man died 6 weeks
later.

Case 2

A 30-year-old woman presented with a 2-year history of seizures.
There were no clinical signs but CT disclosed a large poorly cir-
cumscribed low-density lesion in the right temporo-occipital re-
gion. Seizures were well controlled with anticonvulsants for 4 years
and radiologically the lesion was unchanged during this time. She

re-presented with worsening seizures at which time MRI showed
that the lesion had increased in size (Fig.1b). A right temporo-oc-
cipital resection was performed. Post-operatively her seizures re-
solved but resumed 14 months later when MRI showed tumour
progression with a focus of gadolinium enhancement (Fig.1c). A
further resection was performed and post-operative radiotherapy
administered.

Case 3

A 26-year-old man presented with a 4-year history of seizures.
MRI showed a poorly circumscribed left frontal lesion without gado-
linium enhancement which showed little evidence of change on se-
rial scans. However, due to increasing seizures, he underwent elec-
tive craniotomy and tumour resection. Post-operatively the patient
remained seizure free for 15 months but thereafter infrequent
seizures recurred. Serial MRI scans showed an increase in size of
the residual lesion.
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Fig.1 a T2-weighted axial
magnetic resonance image
showing extensive tumour,
predominantly limited to white
matter with vasogenic type
oedema, and infiltration of the
splenium of the corpus callo-
sum (case 1). b T2 axial image
showing a moderate-sized right
periventricular tumour, effac-
ing the right lateral ventricle
and infiltrating white matter.
There was no contrast en-
hancement (case 2). c Post-
gadolinium T1-weighted coro-
nal image showing enhance-
ment of the recurrent tumour
(case 2). d T2 axial image
showing large right temporal
tumour with considerable mass
effect, displacing the midbrain
to the left (case 4)
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Case 4

A 39-year-old man with a history of mental retardation presented
with a 6-month history of increasing seizures and left-sided weak-
ness. MRI showed a very large poorly circumscribed right tempo-
ral tumour extending transtentorially into the cerebello-pontine an-
gle but without gadolinium enhancement (Fig.1d) for which cran-
iotomy and resection was performed.

Materials and methods

Paraffin-embedded formalin-fixed sections were stained with haema-
toxylin and eosin and with reticulin. Immunohistochemistry was
performed using the streptavidin-biotin ABC method. Primary an-
tibodies were used against the following: glial fibrillary acidic 
protein (GFAP) 1 :1,000 (Dako, polyclonal), synaptophysin 1 :150
(Dako, polyclonal), microtubule-associated protein 2 (MAP-2) 
1 :500 (Sigma, monoclonal), neurofilament protein 1 :50 (Euro-
Path), chromogranin A 1 :2,000 (Euro-Path), Ki-67 (MIB-1) 1 :20
(Biogenex, monoclonal). The antibody to MAP-2 recognised both
low and high molecular weight isoforms (i.e. MAP-2a, b and c).
The antibody to neurofilament protein recognised phosphorylated
epitopes of the 70 and 200 kD (low and high molecular weight)
isoforms. Antigen retrieval by pressure cooking in citrate buffer
was used for MAP and synaptophysin, by protease digestion for
neurofilament protein and by pressure cooking for chromogranin A.

Pathological findings

Pathological findings in the initial specimens from all four
cases were similar and are illustrated in Fig.2. Histologi-
cal examination revealed moderately cellular infiltrative
tumours with a microcystic architecture. The tumour cells
had a glial appearance with round, oval or angulated nu-
clei and delicate fibrillary processes. The conspicuous fea-
ture of all four cases was the presence of numerous intra-
tumoural neurones. These had a mature appearance, with-
out atypical forms but were present in tumour from deep
within white matter and thus did not appear to be over-run
cortical neurones. In three cases (nos. 1–3) neurones ap-
peared to float within microcystic spaces (Fig.2d), pro-
ducing an appearance focally reminiscent of the specific
glioneuronal element of a dysembryoplastic neuroepithe-
lial tumour (DNET) [2]. Mitoses, endothelial proliferation
and necrosis were not seen. Eosinophil granular bodies
were not observed and an occasional Rosenthal fibre was
seen only in case 3, while case 4 showed focal perivascu-
lar lymphocytic cuffing.

Reticulin was sparse and confined to perivascular re-
gions. Immunohistochemistry (Table 1) demonstrated ex-
pression of GFAP in the cytoplasm and processes of many
tumour cells. Antibodies to synaptophysin, chromogranin
and MAP-2 highlighted the intratumoural neurones and in
two cases (nos. 2 and 3) a coarse granular pattern of
synaptophysin reactivity decorated the perikaryal surface
of some neurones (Fig.2b). The cytoplasm of many small
tumour cells, whose nuclear characteristics suggested a
glial phenotype, stained strongly for MAP-2. A weaker
and more focal reaction in the cytoplasm of these cells
was observed for synaptophysin in three cases (nos. 1, 2,
4). Tumour cells were essentially negative for chromo-

granin, although a few tumour cells appeared to show
weak cytoplasmic positivity in case 2. The Ki-67 labelling
index was less than 1%, except for case 2 which showed
an index of 6.9%.

In both cases in which biopsies of the recurrent tumour
was performed (nos. 1 and 2) anaplastic progression was
observed, characterised by greater pleomorphism, mitotic
activity, endothelial proliferation and necrosis. Immuno-
histochemistry in both cases revealed strong expression of
GFAP and MAP-2 and weaker, focal expression of synap-
tophysin in tumour cells.

Discussion

We describe four tumours characterised clinically by sei-
zures of variable duration and extensive infiltration of the
brain on MRI scan. Pathologically, these appeared to be
low grade, often microcystic, gliomas with admixed ma-
ture neurones. Although it can be difficult to distinguish
intratumoural neurones from over-run cortical neurones,
these neurones were apparently present in tumour from
deep white matter, and were therefore considered to be in-
tratumoural and an intrinsic part of the tumour [19]. Over-
running of heterotopic white matter neurones is an alter-
native explanation, as even in normal adult brains hetero-
topic white matter neurones are common, particularly in
temporal lobe [18]. Coarse granular reactivity for synap-
tophysin decorating the surface of neurones was observed
in some of our cases and this has been proposed as a
marker of neoplastic neurones [13, 14]. The specificity of
this feature has been questioned recently as such conspic-
uous perikaryal staining has been described in normal hu-
man brain and in disturbed neocortical tissue in proximity
to focal lesions, such as vascular malformations [17]. It is,
therefore, difficult to distinguish between neoplastic neu-
rones and tumour over-running developmentally abnor-
mal white matter in which heterotopic neurones are par-
ticularly frequent. The origin of intratumoural neurones
apparently far removed from normal cortex, which were
an unusual and conspicuous feature in these cases, there-
fore remains uncertain.

In addition, the neuronal markers synaptophysin and
MAP-2 were expressed in many smaller cells, which mor-
phologically appeared glial, as well as in more obviously
neuronal cells. Synaptophysin was considered positive
when expression was seen in the cytoplasm of tumour
cells; the background synaptic pattern of expression in
some areas was not taken to be evidence of true tumour
cell expression. Synaptophysin expression was weaker than
that of MAP-2 and more focal. Immunohistochemistry
did not detect expression of neurofilament protein in the
small tumour cells, although we have previously noted
that detection of phosphorylated epitopes of neurofila-
ment is a less sensitive marker of “neuronal” differentia-
tion in oligodendrogliomas [21]. Expression of chromo-
granin A by small tumour cells was not convincing. The
expression of GFAP also confirmed differentiation along
glial lines (Table 1). In summary these diffusely infiltra-
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tive tumours appeared to harbour a significant component
of intratumoural mature neurones and, in three out of four
cases, showed immunohistochemical evidence of neu-
ronal differentiation in the small tumour cell component.
According to current convention [12, 19], these tumours
could, therefore, be regarded as gangliogliomas. How-
ever, the tumours lacked many classical histological fea-
tures of gangliogliomas [1, 12]. Thus, they were infiltra-
tive rather than circumscribed and demonstrated little reti-
culin. Eosinophilic granular bodies and Rosenthal fibres
were not conspicuous, and although occasional perivascu-
lar cuffs of lymphocytes were noted, these were not promi-
nent. Atypical and binucleate neurones were not seen. Ra-
diologically these tumours were similar; in three cases the
appearances were typical of low-grade gliomas and in the
fourth of a low-grade tumour which had progressed. All
were diffuse and poorly defined radiologically, thus dif-
fering from gangliogliomas, which typically are well de-
fined and often cystic.

Various tumours showing glial and neuronal differenti-
ation are considered separate from gangliogliomas, many
of which are low grade [2, 7, 11, 16, 20]. The neuronal
component is recognised by a combination of morpholog-
ical, immunohistochemical and ultrastructural features.
However, immunohistochemistry may also reveal “neu-
ronal differentiation” in tumours in which there is no mor-
phologically recognisable neuronal component. For ex-

ample, expression of neuronal antigens has been demon-
strated in a proportion of otherwise typical oligoden-
drogliomas [15, 21, 23]. However, the expression of neu-
ronal antigens has not been systematically surveyed in dif-
fuse astrocytomas. It is also unclear how specific some
markers, such as MAP-2, are as indicators of neuronal dif-
ferentiation. The developmental origins of glial cells and
neurones from common precursors and the presence of
neuronal-type ion channels on cells derived from glioblas-
tomas [9] raises the possibility that neuronal differentia-
tion at the level of antigen expression may be more com-
mon in gliomas than is currently recognised.

Also of note in our cases were areas reminiscent of the
specific glioneuronal element of DNET [2], suggesting
that this appearance may be focally mimicked by other tu-
mours. Thus, the presence of such areas in an otherwise
atypical tumour is alone insufficient for a diagnosis of
DNET.

In summary, we describe four predominantly glial tu-
mours, but with a conspicuous mature intratumoural (het-
erotopic) neuronal component. Expression of neuronal
antigens by immunohistochemistry in the smaller tumour
cells in most of the cases suggests more widespread dif-
ferentiation along neuronal lines. However, in the absence
of systematic studies of neuronal antigen expression in
otherwise typical astrocytomas, the histogenetic signifi-
cance of such expression in the glial-appearing cells of
our cases is uncertain. Thus, the expression of neuronal
antigens by astrocytomas requires further investigation.
Regardless of the question of histogenesis, such tumours
may cause diagnostic and prognostic difficulties. Although
showing apparently dual differentiation, these tumours
differed morphologically, radiologically and clinically
from typical gangliogliomas. They had a diffuse growth
pattern and showed a clinically progressive course charac-
terised by early recurrence, change in radiological appear-
ance and, in two cases, histologically proven anaplastic
progression. Thus, the presence of mature neuronal ele-
ments and the demonstration of neuronal antigen expres-
sion do not necessarily imply a good prognosis. The label
of ganglioglioma with its connotations of circumscription
and indolent behaviour should be reserved for more clas-
sical cases.
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physin filament (%)

1 pv +++ + – +++ <1
2 pv ++ ++ – ++++ 6.9
3 pv, s +++ i – + <1
4 pv +++ + – ++ <1

Fig.2 a Case 1: H&E-stained preparation demonstrates tumour
with a microcystic architecture composed of glial cells with fibril-
lary processes. b Case 1: Immunohistochemistry for synapto-
physin demonstrates granular staining decorating the surface of an
intratumoural neurone. A neuropil pattern of synaptophysin is also
seen, but the small tumour cells do not express synaptophysin in
this field. c Case 1: Immunohistochemistry for MAP-2 demon-
strates strong cytoplasmic expression in tumour cells. A large cell
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microcystic spaces within the tumour. e Case 2: Immunohisto-
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acidic protein). a, f × 115; b–e, g, h × 230
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