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Intracranial olfactory neuroblastoma: Evidence
for olfactory epithelial origin
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Olfactory neuroblastoma is a relatively rare

malignant tumour with a wide spectrum of
morphological appearances and uncertain his-
togenesis. Difficulty in establishing a correct
diagnosis may be experienced because of
variable morphology, unusual location, or

unfamiliarity. Recent immunohistochemical
and ultrastructural studies have attempted to
resolve the question of histogenesis and at the
same time have provided useful diagnostic
criteria."w The results of these studies have
not been consistent, however, and further
application of these techniques continues to
add new information about the nature of
olfactory neuroblastoma.

Case No Age/sex Primary site Treatment Follow up

1 28 M Anterior cranial fossa Surgery radiation Spinal metastasis,
ethmoidal tumour nine
months after operation

2 22 M Anterior cranial fossa Surgery Died
Nasal cavity
nasopharynx

3 26 M Anterior cranial fossa Surgery, radiation Optic atrophy, no
tumour 1 year
postoperatively

Methods
Four specimens from three Indian patients
with olfactory neuroblastoma who presented
to the neurosurgical unit of this hospital with
an anterior cranial fossa mass were studied.
Nasal or paranasal tumour was detected nine
months after diagnosis along with a spinal
metastasis in case 1 and at the time of presen-
tation in case 2. The excised intracranial
tumours from all the cases and the naso-
pharyngeal tumour from case 2 comprised the
material of this study (table).

Light microscopic and immunohisto-
chemical studies were performed on formalin
fixed, paraffin wax embedded sections.
Immunostaining was performed for the
presence of neurone specific enolase (NSE), S-
100, cytokeratin and glial fibrillary acidic
protein (GFAP). The conventional indirect
immunoperoxidase method was used with
primary antibodies against polyclonal NSE
(prediluted) (San Ramon, California, USA),
polyclonal S-100 (prediluted) (San Ramon),
monoclonal cytokeratin (prediluted anticyto-
keratin cocktail MAK-6, Triton Biosciences,
Almada, California, USA) and polyclonal
GFAP (Dako, Santa Barbara, California,
USA), diluted 1 in 1500. The MAK-6 cyto-
keratin cocktail used in this study provides
qualitative demonstration of human cyto-
keratin numbers 8, 14, 15, 16, 18 and 19.
Electron microscopy was performed on tissue
removed from a paraffin block in case 1 and
fixed in 3% glutaraldehyde in case 3. Ultrathin
sections stained with lead citrate and uranyl
acetate were examined using a Philips 201
electron microscope.

Results
Light microscopic morphology in the three
cases was similar to some extent but each
showed certain distinctive features. The com-
mon features were a lobulated appearance,
small lyphocyte-like cells, and olfactory
rosettes. The fibrous septae dividing the lobules
were thin and contained capillaries. The small
cells had scanty cytoplasm, round nuclei, well
defined nuclear membrane, moderately dense
chromatin and nucleoli (fig 1). These cells
exhibited from two to five mitotic figures per
high power field. A focally fibrillar background
related to these cells was present in cases 2 and
3 but not in case 1 which consisted of a
homogenous population of small cells only.
Rosettes of the olfactory type with a well
defined lumen were present in all the cases and
case 1 also displayed several Homer-Wright

Abstract
Aims: To determine the possible his-
togenesis of the intracranial variant of
olfactory neuroblastoma.
Methods: Four specimens from three
cases of intracranial olfactory
neuroblastoma were studied by light
microscopy and immuno-histochemis-
try, and electron microscopy in two
cases.
Results: Light microscopical examina-
tion showed small cell tumour with
additional features of epithelioid cells in
one case and ganglion cells in another.
Olfactory and Homer-Wright rosettes
were present. All the specimens showed
a uniform positive reaction to neurone
specific enolase, S-100, and cytokeratin
antibodies. Glial fibrillary acidic protein
was absent. The salient electron micro-
scopic features were the presence of cell
junctions, cytoplasmic intermediate
filaments, basal bodies and cytolasmic
processes. Dense cored vesicles were
absent.
Conclusions: The results strongly sup-
port the view that intracranial olfactory
neuroblastomas are of olfactory epi-
thelial origin and differ from conven-
tional neuroblastomas.
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Figure 1 Case 1: lobulated tumour consisting of more or less uniform cells and no
fibrillar background. Note rosette with lumen (Haematoxylin and eosin).

pseudorosettes. Focal necrosis was present in
all the cases. The intracranial portion of the
tumour in case 2 contained small numbers of
another cell type towards the periphery ofsome
of the lobules. These were well defined larger
discrete cells with abundant hyaline cytoplasm
and relatively smaller eccentrically placed
nuclei (fig 2). A nasopharyngeal specimen ofthe
same tumour did not contain these cells. These
are subsequently referred to as ganglion cells.

Cells of epithelial appearance in solid nests
or mixed with small cells were observed only in
case 3. These were larger with a moderate
amount of cytoplasm, relatively larger nuclei
with lighter chromatin, and attached to each
other (fig 3). These are subsequently referred to
as epithelioid cells. The nasopharyngeal
tumour in case 2 showed a polypoidal mass

Figure 2 Case 2: intracranial tumour showing clusters of large cells (ganglion cells)
between lobules of small cells (Haematoxylin and eosin).

covered with intact surface epithelium and
olfactory rosettes bearing small cell tumour in
the submucosa (fig 4).

IMMUNOHISTOCHEMICAL FINDINGS
Immunostaining was positive for NSE, S-100,
and cytokeratin, and negative for GFAP in all
the four specimens. NSE positivity was
observed in scattered tumour cells throughout
the lesions and did not follow any specific
distribution pattern. Dense staining was
observed in the positive cells while other small
cells were totally negative. The fibrillar back-
ground, when present, also stained positively.
The ganglion cells of case 2 and the epithelioid
cells of case 3 were weakly positive. The S-100
positivity exhibited a consistent and character-
istic distribution pattern. The positively
stained cells were located almost exclusively at
the periphery of the lobules. The cytoplasmic
processes of these cells were also positive and
merged with the connective tissue fibres of the
septae but could be clearly distinguished from
these under high magnification. Occasional
positive cells found within the lobules could be
traced to the periphery in adjacent sections.
These cells could not be identified in the
routinely stained sections. The ganglion cells
and the epithelioid cells were S-100 negative.

Cytokeratin positive cells were aslo dis-
tributed throughout the tumours. In the small
cell areas, apart from strongly positive scat-
tered cells, positive staining was particularly
prominent at the centre ofthe rosettes, both the
olfactory and the Homer-Wright types.
Because of this, much larger number of
Homer-Wright rosettes were visible in cyto-
keratin preparations of case 1 than in
haematoxylin and eosin stained sections. .The
ganglion cells and the fibrillar material were
cytokeratin negative, but the epithelioid cells
were strongly positive. The nasopharyngeal
specimen stained strongly positive for cyto-
keratin in the surface epithelium and the
tumour underneath (fig 4). A fragment of brain
tissue outside the tumour capsule in case 3
stained positively for astrocytes to S-100 and
GFAP. Apart from the epithelioid cells show-
ing positive staining for both NSE and cyto-
keratin, there was no topographic overlap
between cells reacting to different antibodies.

ELECTRON MICROSCOPIC FINDINGS
Preservation of structure was poor in case 1.
The features confidently identified were the
prominent cell junctions and centrioles or basal
bodies in several cells. Several blocks examined
in case 3 showed predominantly one cell type-
oval or polygonal cells with moderate amounts
of cytoplasmic organelles. These cells were
closely packed with prominent cell junctions
extending over a considerable area (fig 5). True
desmosomes were not identified. Folded basal
lamina-like material was observed at the peri-
phery of groups of cells but not the plasma
membrane of cells. Abundant polyribosomes,
rough endoplasmic reticulum, and mitochon-
dria were consistently present.
A number of cells contained centrioles or

basal bodies and a few bundles of intermediate
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Figure 3 Case 3: contrasting appearance of darkly stained small cells and large
epithelioid cells (Haematoxylin and eosin).

filaments (fig 5). The second cell type was
represented by portions of cytoplasm or cyto-
plasmic processes clearly outlined by plasma
membrane. Polyribosomes, rough endoplasmic
reticulum, mitochrondria and centrioles were
present as in the other cells, but the distingui-
shing feature was the presence of a large
number of tightly packed microtubules. These
cells or processes were seen in round or lon-
gitudinal profiles in which nuclei were not
identified. Dense cored granules and synaptic
complexes were not seen in any cells of the two
cases.
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Figure 4 Case 2: nasopharyngeal tumour shwoing strong cytokeratin staining of
surface epithelium and submucous tumour particularly outlining the lumina of olfactory
rosettes (immunoperoxidase).

Discussion
Although these three cases were observed
within a short period, no racial or geographic
factors are implicated. The purpose of this
report is mainly to support the view that
olfactory neuroblastoma with primary
intracranial presentation differ from the more
common examples in the nasal cavity and
related areas.
Most of the reported olfactory neuroblas-

toma have morphological, immunohisto-
chemical, and electron microscopic features
similar to those ofchildhood neuroblastomas of
the adrenal glands and the sympathetic nervous
system.'7 "' Another group of olfactory
neuroblastoma with epithelial-type cells have
been described as neuroendocrine carcin-
omas.10 The morphological feature specific for
olfacatory neuroblastoma is the presence of
olfactory rosettes.5 101213 Despite variation in
morphology, all the four specimens from our
cases had this feature, conforming to the
accepted diagnostic criteria of olfactory
neuroblastoma. In case 1 there was no fibrillar
background, and, but for the rosettes, the
diagnosis of olfactory neuroblastoma would
have been difficult. The findings in case 2 more
closely resembled childhood neuroblastoma
but the olfactory rosettes confirmed the diag-
nosis ofolfactory neuroblastoma. The nature of
the ganglion cells remains uncertain. Although
true ganglion cells have been reported in olfac-
tory neuroblastoma,'0 11 14 and the cells in our
cases were weakly NSE positive, their mor-
phological resemblance to neurones was in-
appropriate. Negative reaction to S-100 and
GFAP precluded a Schwann cell or glial cell
nature. The epithelioid cells were similar to
those reported in a small number of olfactory
neuroblastoma.35 81013 These cells were indeed
epithelial because of their strong cytokeratin
expression.

Despite the heterogenous light microscopic
features all the four specimens had the same
immunohistochemical findings. Choi and
Anderson reported NSE and S-100 positivity
in all the 10 cases they studied.' Similar results
have subsequently been reported by other
workers.2' Our results are similar and we also
observed the characteristric distribution pat-
tern of S-100 positive cells so far reported only
by Choi and Anderson.'2 These cells have
generally been regarded as supporting cells like
the Schwann cells,23 but their exact relevance is
not clear. Normal olfactory epithelium is
negative for S-100.2 '5NSE positivity, although
sometimes present in non-neuronal cells and
their tumours,16 supports the neuronal nature
of some of the cells in olfactory neuroblastoma
in the present context. Unfortunately,
neurofilament protein was not sought in our
material which could have further confirmed
the neuronal nature of these cells.

Cytokeratin expression in olfactory
neuroblastoma has previously been reported in
only a small number of cases."5 Axe and
Kuhajda,4 in an attempt to define the immuno-
staining pattern of various small cell nasal
tumours including olfactory neuroblastoma,
studied these tumours with a series of antisera

301

11

r

.7.,p
10 C.0.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.45.4.299 on 1 A
pril 1992. D

ow
nloaded from

 

http://jcp.bmj.com/


Banerjee, Sharma, Vashista, Kak302

Figure 5 Case 3: electron micrograph illustrating tumour cells with celljunctions and
cytoplasmic organelles including centrioles or basal bodies (uranyl acetate and lead
citrate).

to intermediate filaments, neuroendocrine, and
tissue specific antigens. Cytokeratin was

negative in all and neurofilament protein was

positive in only one out of eight cases of
olfactory neuroblastoma. Taxy et al reported
cytokeratin expression in a proportion of mor-
phologically different groups of olfactory
neuroblastoma and coexpression of
neurofilament protein in two cases.3 In this
respect our results are similar to the case

reported by Takahashi et aF which also presen-
ted primarily as an intracranial tumour. The
common cytokeratins detectable by the
antibodies used in these two studies are cyto-

keratins 8, 18, and 19. It is, however, impos-
sible to be more specific as to the precise
cytokeratin involved. In the present series
cytokeratin expression was noted in all the

cases irrespective of morphological variation,
but differed in distribution pattern. A positive
cytokeratin reaction in the centre of both

Homer-Wright and olfactory rosettes was a

consistent finding in our cases. This character-
istic distribution pattern has not been emphas-
ised previously, although cytokeratin positivity
in the centre of olfactory rosettes and 150

kilodalton neurofilament protein in rosette-like
areas was observed in the one case reported by

Takahashi et al,5 but these authors failed to

show coexpression of both the antigens in the
same locations. Results of our, as well as

previous, studies show a far greater degree of

positive correlation between cytokeratin and

NSE expression than cytokeratin and

neurofilament protein."46 It is likely, therefore,

that in keeping with the normal olfactory
sensory epithelium, some tumour cells in ol-

factory neuroblastoma attain complete epi-

thelial differentiation while other cells retain a
variable degree ofneuronal characteristics. Our
ultrastructural data are limited and mainly
point towards the presence of ciliated epithelial
cells and some possible neuritic elements. Al-
though Schwann cells were not precisely iden-
tified, the finding of folded basal lamina-like
material and uniform S-100 expression would
be in keeping with the findings of previous
studies that similar cells occur in olfactory
neuroblastoma. 1-3
Our results strongly support the suggestions

made by Hassoum et al8 and Takahashi et al5
that olfactory neuroblastoma are derived from
the olfactory epithelium and not the neural
crest. This is particularly relevant for a sub-
group of olfactory neuroblastoma with an
intracranial component.
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1 Choi H-SH, Anderson PJ. Immunohistochemical diagnosis
of olfactory neuroblastoma. J Neuropathol Exp Neurol
1985;44:18-31.

2 Choi H-SH, Anderson PJ. Olfactory neuroblastoma: An
immuno-electron microscopic study of S-100 protein-
positive cells. J Neuropathol Exp Neurol 1986;45:576-87.

3 Taxy JB, Bharani NK, Mills SE, Frierson HF Jr, Gould VE.
The spectrum of olfactory neuroblastoma. A light micro-
scopic, immunohistochemical and ultrastructural
analysis. Am J Surg Pathol 1986;10:687-95.

4 Axe S, Kuhajda FP. Esthesioneuroblastoma. Intermediate
filaments, neuroendocrine and tissue specific antigens. Am
J Clin Pathol 1987;88:139-45.

5 Takahashi H, Ohara S, Yamada M, Ikuta F, Tanimura K,
Honda Y. Esthesioneuroblastoma: a tumour of true olfac-
tory epithelium origin. An ultrastuctural and immunohis-
tochemical study. Acta Neuropathol 1987;75:147-55.

6 Ross GW, Mills SE, Frankfurter A, Collins VP, Walker CC.
Immunohistochemical characteristation of human olfac-
tory neuroblastomas with multiple markers. JNeuropathol
Exp Neurol 1988;47:349.

7 Chaudhry AP, Haar JG, Koul A, Nickerson PA. Olfactory
neuroblastoma (esthesioneuroblastoma). A light and
ultrastuctural study of two cases. Cancer 1979;44:564-79.

8 Nassoun J, Gamberelli D, Grisoli F, Henric A, Toga M.
Esthesioneuroblastoma, a true neurosensorial tumour.
Light and electron microscopic study of a case with
endocranial extension. Acta Neuropathol 1981;55:77-80.

9 Trojanowski JQ, Lee V, Pillsbury N, Lee S. Neuronal origin
ofhuman esthesioneuroblastoma demonstrated with anti-
neurofilament monoclonal antibodies. N Engi J Med
1982;307:159-61.

10 Silva EG, Butler JJ, Mackay B, Goepfert H. Neuroblas-
tomas and neuroendocrine carcinomas of the nasal cavity.
A proposed new classification. Cancer 198250:2388-405.

11 Mills SE, Frierson HF Jr. Olfactory neuroblastoma: a
clincopathological study of 21 cases. Am J Surg Pathol
1985;9:317-27.

12 Schochet SS Jr, Peters B, O'Neal J, McCormick WF.
Intracranial esthesioneuroblastoma. A light and electron
microscopic study. Acta Neuropathol 1975;31:181-9.

13 Taxy JB, Hidvegi DF. Olfactory neuroblastoma. An ultra-
structural study. Cancer 1977;39:131-8.

14 Miller DC, Goodman ML, Pilch BZ, et al. Mixed olfactory
neuroblastoma and carcinoma: a report of two cases.
Cancer 1984;54:2019-28.

15 Takahashi S, Iwanaga T, Takahashi Y, Nakano Y, Fujita T.
Neurone-specificenolase,neurofilamentproteinand S-100
protein in the olfactory mucosa of human fetuses. An
immunohistochemical study. Cell Tissue Res 1984;
238:231-4.

16 Vinores SA, Bonnin JM, Rubinstein LJ, Marangos PJ.
Immunohistochemical demonstration of neurone specific
enolase in neoplasms of the CNS and other tissues. Arch
Pathol Lab Med 1984;108:536-40.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.45.4.299 on 1 A
pril 1992. D

ow
nloaded from

 

http://jcp.bmj.com/

