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Abstract
We report 10 cases of a non-neurocytic, purely neuronal tumor affecting adults. Situated in
the cerebral hemispheres, with 7 of 10 confined to the temporal lobes, most presented with
seizures as their principal clinical manifestations. On magnetic resosnance imaging (MRI),
the tumors generally appeared solid and non-contrast enhancing with minimal diffuse
infiltration, edema, or mass effect. Six examples demonstrated internal nodularity. Micro-
scopically, the tumor cells were largely distributed into discrete and coalescent nodules
exhibiting varying degrees of matrix vacuolization, principally within the deep cortical
ribbon and superficial subcortical white matter. Populating elements ranged from morpho-
logically ambiguous to recognizably neuronal, with only two cases manifesting overt
ganglion cell cytology. In all cases, tumor cells exhibited widespread nuclear immunolabe-
ling for the HuC/HuD neuronal antigens, although expression of other neuronal markers,
including synaptophysin, neurofilament and chromogranin was variable to absent. Tumor
cells also failed to express GFAP, p53, IDH1 R132H, or CD34, although CD34-labeling
ramified neural elements were present in the adjoining cortex of seven cases. Molecular ana-
lysis in a subset of cases failed to reveal DNA copy number abnormalities or BRAF V600E
mutation. Follow-up data indicate that this unusual neuronal lesion behaves in benign, World
Health Organization (WHO) grade I fashion and is amenable to surgical control.

INTRODUCTION
We present our experience with a group of purely neuronal
tumors having distinctive morphologic attributes. Most became
symptomatic in adulthood and all exhibited multinodular patterns
of cerebral involvement on histopathologic assessment, multin-
odularity also being apparent in most cases on neuroradiologic
study. Ambiguous cytologic features and an incompletely devel-
oped, “weakly” neuronal immunoprofile complicated the classi-
fication of these curious lesions, which evolved in benign clinical
fashion.

MATERIALS AND METHODS

Histopathology

Case materials were collected by the authors in the course of their
hospital or consultative (MKR) practices. Formalin-fixed and
paraffin-embedded tissues were employed for all immunohisto-
chemical and molecular diagnostic assays. The streptavidin-biotin
peroxidase complex method was utilized for immunohistochemical
studies with antibodies to: glial fibrillary acidic protein (GFAP;
Biogenex, Fremont, CA, USA; polyclonal, 1:50), synaptophysin

(SYN; Biogenex, monoclonal, 1:100), 160/200 kD neurofilament
proteins (NFP; Zymed, Life Technologies, Grand Island, NY, USA;
RMd0-20 clone, monoclonal 1:200), neuronal nuclear protein
(NeuN; Chemicon, Millipore, Billerica, MA, USA; monoclonal,
1:1000), neuronal protein HuC/HuD (HuC/HuD; Molecular
Probes, Life Technologies; monoclonal, 1:50), chromogranin
(CHR; Ventana Medical Systems, Tuscon, AZ, USA; monoclonal,
prediluted), CD34 (Ventana, monoclonal, prediluted), p53
(Ventana, monoclonal, prediluted), Ki-67 (MIB-1; Ventana, mono-
clonal, prediluted), R132 IDH1 (Dianova, Hamburg, Germany;
H09 clone, monoclonal, 1:50), and OLIG2 (Millipore; polyclonal,
1:100).

DNA copy number analysis

Array comparative genomic hybridization (aCGH), genomic DNA
was extracted from unstained 5 uM sections in cases 5 and 8 using
the Formapure kit (Agencourt, Beverly, MA, USA) using a modi-
fied version of the manufacturer’s method in a semi-automated
fashion (12). Eluted double-stranded DNA (dsDNA) was subse-
quently quantified [by Quant-iT ™ PicoGreen ® reagent (Invitro-
gen, Carlsbad, CA, USA) the average yield was 373 ng of ds DNA]
and subjected to whole genome amplification by Genome Plex
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(Sigma, St. Louis, MO, USA) following the manufacturer’s
instructions. Amplified genomic DNA was used for CGH on the
Agilent 1M array platform employing whole genome amplified
male genomic DNA (Promega, Madison, WI, USA) as normal.
Regions of copy number variation were determined by RAE analy-
sis as previously described (34).

Mutational genotyping

The Sequenom MassARRAY system was used in cases 1, 5, 6 and
8 to detect recognized somatic point mutations in the following
eight genes: EGFR, ERBB2, KRAS, BRAF, NRAS, PIK3CA,
MEK1 (MAP2K1) and AKT1. Mutation detection was based on
the mass differences between the wild-type and mutant polymer-
ase chain reaction (PCR) products as resolved by matrix-assisted
laser desorption/ionization-time-of-flight mass spectrometry (16).

RESULTS
Detailed cases records are provided following a summation of
major demographic, clinical and radiologic features (see also
Table 1).

Demographic features

Cases were equally divided between men and women, patients
ranging from 31 to 64 (mean = 47, median = 46) years of age at the
time of tumor discovery.

Localization

All lesions were situated in the cerebral hemispheres and relatively
superficial in position, six arising on the right and four on the left.
Eight of 10 tumors involved the temporal lobes, seven being
entirely intratemporal, five of these being medially positioned and
four of these five being right-sided. One lesion involved the left
superior temporal gyrus and contiguous supramarginal gyrus, the
two extratemporal cases arising in the medial left frontal and right
parietal lobes.

Clinical manifestations

Seizures or seizure equivalents (eg, episodic confusion) were by
far the most common neurologic complaints and were experienced
by seven of 10 patients, an eighth suffering a motor vehicle acci-
dent that may have been seizure-related as well. Focal and complex
partial seizures (with secondary generalization in some cases),
grand mal seizures and status epilepticus were all encountered in
this series. Other complaints included numbness and tingling of
the extremities and vertigo. One patient (see case 6 below) had a
mother, brother and paternal aunt with chronic seizure disorders.
Symptoms were of recent onset in five cases, while in five cases
symptom duration prior to tumor discovery was 1 year or longer.
Only one patient (number 5) had a relevant neurologic history (of
pharmacoresistant epilepsy) dating back to childhood when he was
found at 54 years of age to have a temporal lobe tumor.

Neuroradiologic features

Save for case 9, which exhibited a small cystic component, all
lesions were solid on magnetic resonance imaging (MRI).
Maximal dimensions ranged from 1.8 to 4.1 (mean = 2.7) centim-
eters. T1 iso/hypointensity, T2-hyperintensity and increased signal
in fluid attenuated inversion recovery (FLAIR) sequences charac-
terized all lesions. Six cases demonstrated internal nodularity that
was conspicuous in four and fainter in an additional two, this being
best appreciated in FLAIR sequences but also demonstrable in
T2-weighted images (Figures 1 and 2). Eight of 10 lesions were
devoid of contrast enhancement, two exhibiting focal and faint
enhancement following administration of gadolinium. Involved
regions of brain exhibited, at most, only minimal expansion and
there was not evidence of edema or mass effect in any case.
Additional small foci of non-specific, increased T2 and FLAIR
signal were observed in the cerebral hemispheric white matter of
two patients. MR spectroscopy, performed in one case (number 8),
demonstrated a relatively increased choline to NAA peak ratio.
Four tumors manifested complete stability during pre-operative
MRI surveillance intervals ranging from 9 to 18 months, a
fifth evidencing only questionable enlargement over a surveil-
lance period of 2 years. Diagnoses entertained by reviewing

Table 1. Clinical and demographic characteristics of patient cohort

Case Age Sex Location Clinical manifestations (duration) Treatment/follow-up (duration)

1 38 M R medial temporal Dizziness, loss of attention (2 years) Near-total resection/no recurrence (8 months)
2 54 F L amygdala Dizziness, dysarthria, blurred vision, R numbness

(one episode)
Gross total resection and radiation/no recurrence

(6 years)
3 38 F R parietal Gran mal seizure (one episode) Near-total resection/no recurrence (16 months)
4 35 M R medial temporal Episodic confusion (14 months) Subtotal resection/no regrowth (6 months)
5 54 M R medial temporal Partial complex and gran mal seizures (>40 years) Gross total resection/no recurrence (11 months)
6 31 F L temporal Simple, complex, and gran mal seizures (2 years) Subtotal resection/no regrowth (1 year)
7 41 M R medial temporal Confusion after motor vehicle accident (one episode) Gross total resection/No recurrence (5 years)
8 63 F R temporal L numbness and tingling (1 year) Gross total resection/no recurrence (3 years)
9 64 M L temporal Staring and mumbling (1 episode) Biopsy/no follow-up

10 52 F L frontal Episodic vertigo (2 years) Gross total resection/no follow-up

F = female; L = left; M = male; R = right.
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neuroradiologists included glioma, cortical dysplasia, hamartoma,
dysembryoplastic neuroepithelial tumor, focal cerebritis and
contusion.

Treatment and follow-up

With the exception of one case (patient 10) in which only biopsies
were performed, all patients underwent complete or substantial
lesion excision. This was deemed gross total in five cases, near-
total in two and subtotal in two. Only one patient received adjuvant
treatment (case 2; involved field radiotherapy). Post-operative
follow-up information over intervals of 6 to 72 (mean = 27.5;
median = 14) months was available for eight patients. All were free
of recurrence regardless of extent of excision, the four patients
with near-total or subtotal resections having stable signal changes
on MRI from 6 to 16 (mean = 10) months after surgery. Seven of
the 8 patients for whom follow-up information was available were
neurologically asymptomatic, two on anticonvulsants and the
remainder without medication, this group including patients
with total, near-total and subtotal resections. One patient (case 6)
remained symptomatic after subtotal lesion removal, suffering sei-
zures and cognitive disturbances despite continuing anticonvulsant
therapy.

Case histories

Case 1. This 38-year-old man was evaluated in October 2011 for a
2-year history of self-described “dizzy spells” associated with loss
of attention and balance, these being brief but increasing in fre-
quency to several episodes daily by the time he consulted a phy-
sician. MRI revealed a 4.1 ¥ 2.2 cm, non-enhancing mass in the

right medial temporal lobe that was centered in the hippocampal
region with extension into the parahippocampal gyrus. This pro-
duced minimal expansion of the involved structures and demon-
strated increased signal on T2-weighted and FLAIR sequences
with foci of subtle nodularity in its hippocampal component on
coronal FLAIR imaging (Figure 1). A near-total resection was
performed in early January 2012. As of August 2012, the patient
was neurologically asymptomatic and MRI demonstrated only a
small focus of persistent T2/FLAIR signal abnormality in the right
temporal lobe that was stable.

Case 2. This 54-year-old woman was in her usual state of good
health until March 2006 when she experienced a transient episode
of dizziness, slurring of her speech, blurring of her vision and
right-sided numbness. Her family physician ordered a computed
tomography (CT) scan, which proved to be unremarkable. A con-
sulting neurologist subsequently ordered an MRI, this demonstrat-
ing a 1.7 ¥ 1.8 cm region of increased T2 and FLAIR signal with
internal nodularity in the left amygdala. There was not accompa-
nying mass effect, edema or contrast enhancement. A presumptive
diagnosis of low grade glioma was made. The patient was main-
tained on anti-seizure medications and followed over the next
9 months, during which there was no change in serial MRIs.
She desired surgery, however, and a gross total resection was
performed in January 2007. As initial pathologic assessment sug-
gested a potentially aggressive neoplasm, involved field radio-
therapy was administered. The patient remained asymptomatic
post-treatment, follow-up MRI in July 2012 demonstrating only a
surgical cavity at the site of prior operation.

Case 3. This previously healthy 38-year-old woman suffered a
grand mal seizure in October 2008. A CT scan proved negative, but
on additional study the patient was found to have a 3.0 ¥ 2.4 cm

Figure 1. T2 –weighted (A), fluid attenuated
inversion recovery (FLAIR B) and
contrast-enhanced (C) MR images from case
1. Note manner in which this solid,
non-enhancing lesion conforms to the
contours of the right medial temporal lobe
without significant tissue expansion or mass
effect. T2/FLAIR- hyperintense, the lesion
exhibits a subtle internal nodularity most
evident in the FLAIR sequence.

Figure 2. Conspicuous lesion multinodularity
is apparent in fluid attenuated inversion
recovery images from cases 3 (A) and 6 (B).
Note the superficial location and manner in
which underlying gyral conformations are
preserved without mass effects. A tumor
nodule spans the grey-white junction in a
gross photograph of the neurosurgical
specimen from case 6 (at arrowheads, C).
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lesion in the posterior right parietal region that exhibited in-
homogeneous signal characteristics on T1-weighted MRI with
multinodular T2 and FLAIR hyperintensity (Figure 2A). Faint
enhancement was apparent in the deepest portion of the lesion,
which produced mild expansion of the involved gyrus without
mass effect or edema. The neuroradiologist suggested a diagnosis
of dysembryoplastic neuroepithelial tumor. Additional subcortical
T2 signal abnormalities of uncertain nature were noted in the right
frontal and left frontotemporal areas. A biopsy was performed in
December 2008 and near-total resection accomplished in April
2009. The lesion did not exhibit any neuroradiologic changes
during this interval. The patient was maintained on anticonvulsants
and was seizure-free with stable MRI as of August 2010.

Case 4. This 35-year-old man was well until early 2007, when he
experienced several episodes of confusion. MRIs in March of that
year demonstrated a 3.6 ¥ 2.6 ¥ 1.9 cm focus of increased T2 and
FLAIR signal, without contrast enhancement or restricted diffu-
sion, in the medial right temporal lobe. The affected region was
mildly swollen without mass effect or edema. Surveillance MRIs in
June 2007 and March 2008 were unchanged. A subtotal resection
was performed in mid-March 2008. An MRI in mid-September of
the same year (6 months postoperatively) demonstrated residual
T2 signal abnormalities in the inferomedial right temporal lobe
unchanged from prior studies. The patient was contacted repeatedly
over the next 2 years but refused follow-up examinations.

Case 5. This 54-year-old man (age at tumor discovery) had a
history of complex partial epilepsy dating to childhood and had
been on anticonvulsant therapy since age 18. At age 37, he began
to experience secondary generalization of his seizures with urinary
and fecal incontinence as well as tonic-clonic convulsions. Over
the next 17 years, seizure frequency increased gradually from one
to two episodes per year to one episode every month or two. The
patient also suffered progressive cognitive difficulties during this
period that forced him to stop working. In May 2009, he suffered
status epilepticus, requiring intubation and ventilatory support.
MRI demonstrated a 1.7 ¥ 2.6 ¥ 1.4 cm lesion in the medial right
temporal lobe that was isointense to grey matter on T1 and
T2/FLAIR-bright with vague internal nodularity. The lesion was
non-enhancing and without mass effect or edema. An anterior
temporal lobectomy with gross total tumor excision was per-
formed in July 2009. The patient was seizure-free (on multiple
anticonvulsants) and without MRI evidence of recurrence as of
late June 2010.

Case 6. This 31-year-old woman with a 5-year history of simple
and complex partial epilepsy and a left temporal lobe abnormality
demonstrated by MRI in 2007 experienced increased seizure fre-
quency and severity culminating in a grand mal convulsion in
January 2009. Of note is the fact that her mother, one brother and
a paternal aunt suffered from chronic seizure disorders. MRI
then demonstrated a 3.1 ¥ 2.5 ¥ 3.1 cm lesion conforming to the
contour of the dorsal and superior aspects of the left superior
temporal gyrus and following along the contour of the left
supramarginal gyrus. This was iso-to slightly hypointense on
T1-weighted study and T2/FLAIR-hyperintense with a multinodu-
lar appearance in the latter weightings and foci of faint contrast
enhancement (Figure 2B). There was question of slight lesional
enlargement when compared to the appearance in MRI studies
from February 2007. A diagnosis of cortical dysplasia was sug-
gested with the possibility raised of a complicating low grade

glioma. The left hippocampus exhibited increased T2 signal with
an overall decrease in anterior hippocampal volume suggesting
seizure-related changes/early mesial temporal sclerosis. A subtotal
resection was performed in August 2009. The patient continued
to experience partial seizures with fugue episodes and cognitive
disturbances despite anticonvulsant therapy, but there was no
evidence of tumor regrowth on MRI 1 year after operation.

Case 7. This previously well 41-year-old man was involved in a
minor motor vehicle accident in November 2006. A highway
patrolman on the scene found him to be confused, though not
obviously injured, and had the man taken to a local hospital where
CT was unremarkable. A subsequent MRI, however, demonstrated
a 2 cm focus of increased T2 signal in the right medial temporal/
uncal region without contrast enhancement, mass effect or associ-
ated edema. Gross total resection was performed in January 2007.
As of January 2012 the patient was asymptomatic and had no
evidence of lesion regrowth on follow-up MRI.

Case 8. This previously healthy 63-year-old woman experi-
enced, over the course of 1 year, several brief episodes of numb-
ness and tingling in the fingers of her left hand. In June 2008, an
episode of transient left-sided arm and body numbness prompted
her to consult a physician, who noted a normal neurologic exami-
nation but ordered an MRI that disclosed a 2.2 cm lesion involving
the right middle and inferior temporal gyri. This was characterized
by T2 and FLAIR hyperintensity with a multinodular appearance.
There was slight T1-hypointensity. The lesion did not exhibit mass
effect, contrast enhancement or associated edema. The patient was
followed with serial MRIs, these exhibiting no interval changes
through mid-March 2009. MR spectroscopy at that time, however,
demonstrated increased choline compared to NAA peaks and was
read as consistent with a neoplastic process most likely represent-
ing an infiltrating glioma. A gross total resection was performed
shortly after. The patient was asymptomatic and without MRI
evidence of recurrence through April 2012.

Case 9. This 64-year-old man suffered a transient attack of
staring and unintelligible mumbling while at work in late April
2010. MRI revealed a non-enhancing lesion in the left posteroin-
ferior temporal lobe that was T1-isointense relative to grey matter
and T2/FLAIR-hyperintense with a small cystic component. There
was not restricted diffusion, mass effect or edema associated with
this lesion. The patient underwent surgery in June 2010 at which
time multiple biopsies were obtained. Further follow-up informa-
tion was unavailable.

Case 10. This 52-year-old woman with a 2-year history of epi-
sodic vertigo was found on MRI in February 2012 to have a
2.5 ¥ 1.4 ¥ 2.0 cm lesion in the medial aspect of the left frontal
lobe. This involved the cortex and subcortical white matter of the
orbital and cingulate gyri, was solid, manifested increased signal
on FLAIR and T2-weighted images, did not enhance on contrast
administration and was without mass effect or edema. Incidentally,
noted were scattered small foci of increased FLAIR/T2 signal in
the deeper white matter of both cerebral hemispheres and an arach-
noid cyst in the left middle cranial fossa. Gross total excision was
accomplished in May 2012.

Macroscopic findings

Gross descriptions of submitted neurosurgical materials noted
specific abnormalities in two cases. The uncus included in the
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specimen from patient 4 was described as exhibiting grey discol-
oration and being abnormally firm. Gross examination of the
specimen from patient 6 revealed discrete grey nodules measuring
up to 1.5 mm in diameter scattered in the digitate white matter and
along the cortical-white matter junction (Figure 2C).

Histopathologic findings

Features observed in all cases and readily apparent on low power
microscopic assessment included the distribution of tumor cells in
discrete and coalescent nodules, these exhibiting conspicuous
vacuolar alterations and being separated by apparently normal or
astrogliotic neuroparenchyma (Figure 3A–D). In most cases, such

nodules lay principally within the deep half of the cortical ribbon,
along the grey-white junction and within the digitate white matter.
An entirely intracortical tumor topography was not encountered in
any case. In addition to micronodular aggregates, tumor cells were
also found in plaque-like and more diffuse array in select cases.

The abnormal neuroepithelial elements constituting the deposits
described above ranged from small and astrocyte-like forms
having modest to moderate expanses of eosinophilic and, in some
cases, granular cytoplasm to cells of more suggestively neuronal
profile with vesicular nuclei, distinct nucleoli and amphophilic or
lightly basophilic cytoplasm (Figure 4). Large, overtly ganglion
cell-like elements were encountered in only two cases (numbers 1
and 6), these including tumor cells with basophilic cytoplasmic

Figure 3. Multinodular tumor architecture is
demonstrated in whole mount hematoxylin
and eosin-stained sections from cases 6 (A)
and 5 (B) and in an anti-synaptophysin
immunohistochemical preparation from case
4 (C). Note distribution of nodules within
cortex and at grey matter junction and
greatly diminished intratumoral expression of
synaptophysin in (C). Discrete tumor nodules
surrounded by gliotic white matter are
apparent at higher magnification (case 6; D).
Note vacuolar alterations. Tumor (white
arrows) abuts cortex (black arrows)
exhibiting architectural disarray (case 6; E).

Figure 4. The cytologic variability of tumor
cells is demonstrated in sections, all at the
same magnification, from cases 5 (A), 4 (B),
1 (C) and 6 (D). These range from relatively
small in size with eosinophilic cytoplasm (A)
to large and overtly ganglion cell-like (D). For
comparative purposes, native neurons are
included in B (arrows). Note vacuolar
changes.
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stippling reminiscent of Nissl substance formation (Figure 4D).
Within each case, constituent cells tended to a uniform size
and cytomorphology. Whereas most lesions did not manifest any
apparent architectural structuring, tumor cells in some cases
exhibited focal clustering about small intracortical blood vessels.
Multinucleation was not apparent, nor were the bizarre cytologic
abnormalities displayed by some gangliogliomas in evidence.
Mitotic figures were not found in any case. The vacuolar altera-
tions apparent on scanning examination proved, on higher power
view, to involve both tumor cell perikarya and the intercellular
matrix, tumor cells also appearing to float within lacunar spaces.
The tumor matrix generally manifested a delicate neuropil-like
appearance.

Conspicuous lymphoid infiltration, the formation of eosinophilic
granular bodies or Rosenthal fibers, piloid or other neoplastic
astroglial forms, myxoid/microcystic changes or microcalcifica-
tions were not observed in any case. Oligodendrocyte-like cells
organized in small aggregates (hamartia) were seen in the adjoining
temporal cortex of patient 5, but not within the tumor micronodules
of this or any other case. Absent from all cases were neurocytoma-
tous components and anything resembling the “specific glioneuro-
nal elements” of dysembryoplastic neuroepithelial tumor (DNT).
Two cases (numbers 2 and 6) were associated with frankly dysplas-
tic alterations of cerebral cortex included in the resection speci-
mens, these demonstrating marked cytoarchitectural disarray with
abnormal clustering of neurons and loss of normal lamination
(Figure 3E).

Immunohistochemical findings

All cases exhibited widespread immunolabeling of tumor cell
nuclei (and, to a variable degree, perikarya) for the HuC/HuD
neuronal antigens, although at noticeably lesser intensity than that
manifested by native cortical neurons (Figure 5C,G,K,O). Three
cases (numbers 1, 6 and 9) evidenced unequivocal, granular labe-
ling of perikarya for synaptophysin, these including the two cases
characterized by the most overt morphologic evidence of ganglion
cell differentiation. Three cases were synaptophysin-negative
(numbers 4, 7 and 10), the remaining demonstrating focal and
relatively weak, non-granular perikaryal labeling that was difficult
to interpret conclusively. Irregular, punctate synaptophysin reac-
tivity in tumor matrices was apparent in cases with and without
perikaryal labeling, but difficult to distinguish from background
neuropil. Surface perikaryal synaptophysin expression of the sort
often characterizing gangliogliomas was not observed in any case
(Figure 5B,F,J,N). In a similar vein, tumor cells proved uniformly
non-reactive for chromogranin, NeuN (Figure 5D,H,L,P) and neu-
rofilament proteins. Labeling for GFAP was restricted to a network
of hyperplastic astrocytes within and around tumor micronodules
(Figure 5A,E,I,M). All lesions studied for OLIG2 expression
(cases 1, 2, 5, 6, 8, 9 and 10) manifested diffuse labeling of tumor
cell nuclei (Figure 6). Save for one case (number 4) in which a
minor population of tumor cells manifested weak granular labeling
of their peripheral perikarya, immunoexpression of CD34 was
restricted to process-rich, ramified neural elements of the sort
associated with gangliogliomas and pleomorphic xanthoastrocyto-
mas (Figure 7). These elements were present in the cortices of
seven cases (numbers 1, 2, 3, 5, 6, 9 and 10) and ranged in density
from isolated examples (case 1, 2, 10) to dense aggregates, nodules

and plaques (case 5 and 6). Five assessed cases (numbers 1, 3, 4,
6 and 10) were entirely p53-negative and failed to demonstrate any
immunoexpression of R132H mutant IDH1. MIB-1/Ki-67 labeling
activity was restricted to only rare cells in each case and whether
these represented tumor elements was difficult to determine.

Molecular genetic findings

Array CGH analysis of cases 5 and 8 did not demonstrate obvious
evidence of copy number variations. Sequenom-based mutational
analysis for the eight gene panel listed under Material and
Methods demonstrated a point mutation involving MEK 1 (MAP
2K1) p. Q56P (c.167A>C) in the tumor sample of patient 5. BRAF
v600E mutations were not detected in cases 1, 5, 6 or 8.

DISCUSSION
The cases presented in this report are examples of a benign and
sporadically occurring lesion that could be regarded as a form of
gangliocytoma, but one that we have not found to be clearly
delineated in the literature pertaining specifically to tumors of the
ganglion cell group (2, 7, 11, 17, 24, 28, 36, 37, 39) or in major
series detailing the surgical pathology of chronic seizure disorders
(26, 27, 38). That these merit specific illustration and comment is
underscored by the fact that most were collected from the consul-
tation files of the senior author (MKR), having occasioned uncer-
tainly as to their appropriate classification. The ganglion cell tumor
series is heavily dominated by gangliogliomas, purely neuronal
representatives being much the less common species. The cases
collected here constitute the majority of benign, purely neuronal
and non-neurocytic tumors encountered in the senior author’s con-
sultation experience, which includes regular referrals from clinical
practices specializing in the surgical management of epilepsy in
children and adults.

The features complicating proper classification of these peculiar
growths included their ambiguous cytologic profiles and the failure
of those neuronal “immunomarkers” in widest employ to consist-
ently label their constituent cellular elements. Gangliocytoma
would be a misnomer as applied to the majority of these lesions
inasmuch as only two manifested overtly ganglion cell-type mor-
phology, the remainder being composed of more modestly sized
forms exhibiting a degree of cytoplasmic eosinophilia raising ques-
tion of an astroglial neoplasm. Furthermore, nearly all examples
became symptomatic in adulthood (unlike the great majority of
conventional ganglion cell tumors) and none evidenced those
commonly accompanying phenomena (eg, eosinophilic granular
body formation, conspicuous lymphoplasmacellular infiltration
and microcalcification) that necessarily prompt consideration
of a ganglion cell tumor in differential diagnosis. Vacuolar
alterations, on the other hand, are not uncommon in the neuron-
rich components of conventional ganglion cell tumors. As regards
immunophenotypes, neither aberrant cell membrane label-
ing for synaptophysin nor diffuse cytoplasmic chromogranin
expression—attributes facilitating the identification of neoplastic
ganglion cells (15, 24) —were encountered in our material. In fact,
synaptophysin expression was not a constant feature of the tumors
in this series and we could not demonstrate reactivity for chrom-
ogranin, neurofilament proteins or NeuN in any of our assessed
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cases. Immunolabeling for these neuron-associated proteins is not,
however, a uniform attribute of ganglion cell tumors either (15, 29).

Of those antibodies that we employed to screen for evidence of
neuronal differentiation, only the anti-HuC/HuD reagent produced
consistent labeling of tumor cells. Belonging to a family of highly
conserved proteins that affect aspects of post-transcriptional RNA
metabolism from splicing to translation (14), HuC and HuD are
relatively neuron-restricted in their normal cellular distributions
and play integral roles in neuronal differentiation and maintenance
(8, 10, 25). The immunoexpression of HuC/HuD—associated
epitopes has emerged from various studies as a sensitive and
reasonably specific indicator of neuronal differentiation within
tumors of the human central nervous system (13, 18), our findings
clearly placing the lesions under discussion within the neuronal
series. A state of maldevelopmental arrest may be reflected in the
failure of these to regularly co-express other antigens associated

with neuronal maturation, animal studies indicating that Hu
protein expression is a particularly early index of commitment to
the neuronal lineage and a phenomenon predating the elaboration
of neurofilament proteins and other neuron-associated products (1,
22). In this connection, it is noteworthy that work in avians has
documented the selective expression of these Hu family members
by primitive cell populations specifically destined to neurogenesis
(1, 21, 22). A developmental disturbance might also account for
the consistent co-expression of OLIG2 by cells exhibiting immu-
noreactivity for the neuron-association Hu antigens and, in some
cases, synaptophysin as well. A regulator of cell fate in the devel-
oping central nervous system, OLIG2 is normally expressed by
progenitor elements in the ventral neuroectoderm that spawn both
oligodendrocytic and select neuronal populations (19, 31). Particu-
larly germane to our study may be the observation that OLIG2 is
expressed in the human brain by ventricular and subventricular

Figure 5. Immunohistochemical features of the cases illustrated in Figure 3 are shown (case 4: A–D; case 5: E–H; case 6: I–L; case 1: M–P).
Regardless of cytologic presentation, shared immunophenotypic features include GFAP-negativity (only the cell bodies and processes of reactive
astrocytes are labeled) and nuclear as well as cytoplasmic expression of HuC/HuD in the absence of nuclear of NeuN labeling. Cytoplasmic reactivity
for synaptophysin ranges from absent (B) to conspicuous (J, N) without surface perikaryal accentuation.
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zone progenitor cells of the ganglionic eminences (and dien-
cephalon) from which certain classes of interneurons, as well as
oligodendroglia, derive (19). In the course of normal differentia-
tion, however, OLIG2 expression persists only in oligodendro-
cytes, being rapidly downregulated in the neuronal progeny of

these precursors and not detected in mature neurons (19). We
should also note that some investigators have reported immunola-
beling for OLIG2 in central neurocytomas, which are patently
neuronal neoplasms, as well as medulloblastomas, tumors clearly
disposed to neuronal differentiation (19).

Raising further question of dysregulated development playing a
role in the pathogenesis of these unusual growths is their associa-
tion with cortical disorganization, microhamartomas and, in six of
nine cases, aberrantly CD34-expressing neural elements of rami-
fied type. The last, not visualized to date in the normal human
brain, have been found in complex with glioneuronal hamartia and
some forms of cortical dysplasia (3, 9), frequently colonize the
cerebral cortex adjoining pediatric gangliogliomas (3–5, 9) and
pleomorphic xanthoastrocytomas (9, 30), and have been detected
by some observers in association with dysembryoplastic neuroepi-
thelial tumors as well (35). The observation of transient CD34
expression in the embryonic murine neural tube (6, 20) has
prompted speculation that these cells represent developmentally
arrested or abnormally differentiated precursor elements that are,
at the least, a testament to regional dysontogenesis if not the
progenitors of the tumors with which they are associated. In the
latter connection, we would point out that the demonstrably
neuronal elements constituting the lesions we describe did not
share the CD34 expression displayed by this ramified population.
Furthermore, the decided over-representation of adult-onset cases
encountered in this series would not be anticipated of a “develop-
mental” tumor, although further studies could show children and
adolescents to be more significantly represented among affected
patients. Why CD34-expressing cells of a type strongly associated
with epileptogenic lesions of the young were apparent in a major-
ity of our cases remains unclear. Whether the tumors included in
this report represent bona fide neoplasms or are more dysplastic or
hamartomatous in nature is debatable. We emphasize that the des-
ignation “tumor” is employed in this report in the noncommittal
sense of a space-occupying abnormality (as it was used, for
example, in naming the dysembryoplastic neuroepithelial tumor)
and is not meant to endorse a pathogenesis involving cellular
transformation. The subset of cases specifically assessed for
molecular genetic abnormalities did not manifest copy number
variations or the BRAF v600E-mutant profile that characterizes a
minor group of conventional gangliogliomas (32).

We conclude with additional remarks pertaining to the
neuroradiologic identification, differential diagnosis, and clinical
management of the unusual entity addressed in this report. While
definitive diagnosis requires tissue examination, particularly

Figure 6. Nuclear OLIG2 expression, a feature of all examples studied,
is depicted in fields from cases 1 (A), 5 (B) and 6 (C).

Figure 7. Ramified, CD34-labeling neural
elements are depicted from cases 5 (A) and
6 (B). Tumor cells are non-reactive.
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suggestive on MRI (albeit inconstant) is a multinodular pattern of
increased signal, best appreciated in FLAIR sequences but poten-
tially apparent in T2-weighted studies, within a superficially posi-
tioned and non-enhancing cerebral lesion producing, at most,
minimal expansion of the involved neuroparenchyma. This profile,
foreign to the large run of conventional gliomas and ganglioglio-
mas, may be shared, however, by the dysembryoplastic neuroepi-
thelial tumor (which also exhibits a predilection for the temporal
lobes but typically presents in childhood or adolescence). Distinc-
tion of these entities at the light microscopic level should not
be problematic. Again (see Histologic Findings), the “specific gli-
oneuronal element” that characterizes the dysembryoplastic neu-
roepithelial tumor was not identified as a component of any of the
lesions reported here. Specifically, oligodendrocyte-like clear cells
in columnar (or, for that matter, any other) array, accumulations
of myxoid matrix material containing “floating” neurons, and
patterned, alveolar nodules were uniformly absent. Conversely,
we have not encountered within dysembryoplastic neuroepithelial
tumors vacuolated micronodules populated by cells having the
cytologic and immunohistochemical profiles on display in our
cases. Nodular neuronal heterotopias, another potential considera-
tion, typically exhibit the MRI signal characteristics of normal
grey matter, but can occasionally appear T2/FLAIR-hyperintense
(33). These, however, are composed of highly differentiated neu-
ronal elements that closely resemble their counterparts in the
native cortex and that retain, in further contrast to the abnormal
cells described in this report, the NeuN expression characterizing
cortical neurons of all classes (23). As regards treatment, our
experience to date indicates that the neuronal tumors annotated in
this study are benign and that gross total or substantial resection
not only suffices for disease control, but is likely to alleviate
lesion-associated neurologic manifestations.
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