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Melanotic mucin-producing neuroepithelial neoplasm
of mesencephalon with consideration of similar
tumours in different locations
SAMRUAY SHUANGSHOTI

From the Department of Pathology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

SUMMARY A six month old boy had a mesencephalic melanotic neoplasm of the neuro-

epithelial derivatives which produced mucin. Location in the mesencephalon and production of the
mucin have not been described previously for this kind of intracranial tumour. The various cellular
elements within the growth are in accord with diverse differentiations of the neuroepithelium of the
neural tube, the neuroectodermal part of the neural crest, or both. Derivatives of the neural tube
and crest can be melanotic, and some neuroepithelial derivatives (ependyma, oligodendrocyte, and
choroidal epithelium) produce mucin. Hence, melanotic neuroepithelial neoplasms with mucinous
product can occur. The present tumour is similar to lesions variously designated as melanotic
medulloblastoma, retinal anlage tumour, and progonoma. Diverse differentiation of the neuro-

epithelium of the neural tube, or of the neuroectodermal part of the neural crest, or both would
create these variously named tumours. The frequency of melanotic neuroepithelial neoplasms in
infancy, and the presence of papillae strongly suggest congental derivation.

We noted a primary malignant melanoma of the
leptomeninges in our previous study of 1028
intracranial tumours, but did not see any mela-
notic neuroepithelial neoplasm." We also
described two unique cases of melanosis of non-
neoplastic neuroepithelial derivatives viz the
epithelium of the choroid plexuses,2 3 ependyma,
subependymal neuroglia, and dentate and trigem-
inal motor nuclei.3 In this communication, we
record a melanotic tumour of neuroepithelial
origin, arising in the mesencephalon and produc-
ing mucin.

Case report

A six month old boy was the product of an uncom-
plicated pregnancy and term delivery. The postnatal
development was unremarkable until two weeks be-
fore hospitalisation when he had fever, nasal dis-
charge, cough, and vomiting. The parents also noticed
that his head was remarkably large. In hospital, he
was found to have a bulging anterior fontanelle and
wide separation of the cranial sutures.
Body temperature was 38°C; pulse rate, 120/min;
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respiratory rate, 28/min; and body weight, 5750 g.
The respective circumference of the head and chest
was 46 and 40 cm. The alert patient did not have
localising signs. Examination of other systems of the
body revealed normal findings. However, isotope
brain scan showed a large area of abnormal uptake
of the radioactive substance in the middle part of
the midline of the posterior cranial fossa and just
above the base; a mass within the midbrain was
suspected. A ventriculogram showed symmetrical
dilatation of both lateral and third ventricles. A
pneumoencaphalogram showed a mesencephalic
mass.
A ventriculoperitoneal shunt inserted on the 24th

day of hospitalisation was followed by decrease in the
size of the head, but the patient was stuporous and
febrile. The body weight declined from 5750 to
4700 g. On the 44th day of admission, a suboccipital
craniotomy disclosed a mesencephalic tumour lying
beneath the tentorium and projecting caudally over
the brainstem. It was loosely adherent to the anterior
aspect of the cerebellar midline, firm, nodular, and
grey. After easy separation of the lesion from the
cerebellum, the superficial part was excised. The
raw surface and the removed fragments of the growth
were focally black. The deep portions of the tumour
over the brainstem and in the mesencephalon were
left behind. The patient recovered uneventfully from
the operation, but still was stuporous and febrile.
He died in coma after two months of hospitalisation.
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Melanotic mucin-producing neuroepithelial neoplasm of mesencephalon
A necropsy was not permitted.
The combined tissue fragments S-17-6164 measured

3 cm in diameter and were stained with haematoxylin
and eosin (H and E). Mallory's phosphotungstic acid
haematoxylin (PTAH), Masson's trichrome, Gomori's
stain for reticulin fibres, Mayer's mucicarmine,
periodic acid-Schiff (PAS) with and without diastase
digestion, Gomori's stain for iron, Fontana-Mas-
son's method for melanin and Nissl's stain for
tigroid substance were also used. Some sections were
bleached with an aqueous solution of potassium
permanganate.

Microscopically, the lesion exhibited widely dis-
seminated dark and pale foci containing various
types of neoplastic cells (fig IA). Cells in the dark
foci ranged from large to small sizes. They were
arrayed in clusters, sheets, strands, papillae with cores
of connective tissue and small blood vessels (fig 1B),
or were scattered individually. The large and medium
tumour cells had epithelial outlines with vesicular
nuclei and occasional distinct nucleoli. Frequently,
they formed true rosettes, tubules, and clefts (fig lB
and C). The pale acidophilic cytoplasm was often
filled by numerous deep brown granules of pigment
which were black in Fontana-Masson's stains,
decolorised by potassium permanganate solution,
and were non-reactive in Gomori's stains for iron.
The pigment was therefore considered to be melanin.
These melanin granules (fig lB and C) were so abun-
dant in several epithelium-like tumour cells that
cellular outlines often were obscured. Moreover, the
mucicarminophilic, PAS-reactive but diastase-
resistant material was present in some epithelium-like
tumour cells (fig 2A) as well as in the stroma, parti-
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cularly in those areas where the epithelium-like
cells were scattered. The substance was regarded
as mucin and mucopolysaccharide. Occasionally, the
epithelium-like cells exhibited blue processes in the
PTAH preparations; they were interpreted as epen-
dymal. The undifferentiated small cells were rounded
(fig 2B). The dark nuclei were rimmed by scanty
perikaryon. Nucleoli were rarely seen. The cells also
contained cytoplasmic granules of melanin. Mitotic
figures were moderate in number in both ependymal
cells and undifferentiated small cells.
The pale region of the lesion consisted of loose

meshes of tumour cells which often ihad angular
outlines and blue processes in the PTAH prepara-
tions. In H and E stained sections, these exhibited
pale eosinopihilic and homogenous cytoplasm; the
ovoid and vesioular nuclei had indistinct nucleoli.
Occasionally, these tumour cells mingled with the
ependymal cells and the undifferentiated small cells.
They were considered as neoplastic astrocytes (fig
2C); a few of them contained cytoplasmic granules
of melanin. Moreover, the pale zone had a few
large and rounded cells in clusters, or mingled with
the astrocytes. The distinctly clear perikaryon was
occasionally interspersed by granules of melanin. The
rounded nuclei were dark, but not as dark as those
of the undifferentiated small cells. The cells were
interpreted as neoplastic oligodendroglia (fig 3A and
B). Neurons were not observed.
The stroma of the tumour consisted of many

collagen fibres, a few reticulin fibres, and sparse
small blood vessels which did not exhibit endothelial
hyperplasia. Occasionally, the reticulin fibres (fig 3C)
traversed groups of the various tumour cells, but

Fig 1 (A)photomicro-
*s q .FXL -|. graph showing dark and

pale foci within the
tumour (HandE, x 30);
(B) a papilla consisting

e'.T ^ 4 ofvascular connective
4.a'>,g=*i' btissue core covered by

stratified tumour cells.
Many true rosettes of
radically-arranged
neo-plastic cells, and- scattered tumour cells at
random are exhibited.

* Melanin granules within
# _ *&f * :' the tumour cells are not
8;_ >0-6 ~clearly visible at this
. magnification (Hand E,

X 65); (C) tubules of
01 } -;,; *E* melanin-laden
*r<<-°t£1 epithelium-like cells,

. h ~~~interpreted asjN 9w; # * 9'''@ ependymal, cluster in
*F the connective tissue

.stroma (Hand E, x 260).
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Fig 2 (A) intracellular
and extracellular mucin
within the tumour is
demonstrated. A
neo-plastic cell toward
the centre of the
photo-micrograph
contained a distinct
cytoplasmic globule of
mucin (Mayer's
mucicarmine stain,
XK 640); (B)
undifferentiated small
and rounded tumour
cells containing melanin
granules are shown (H
and E, x 260); (C) a
miesh ofneoplastic
astroglia with processes
is demonstrated (H and
E, x260).
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Fig 3 (A) neoplastic

oligodendroglia are

clustered as well as

disseminated randomly

within the stromal

connective tissue.

Melanin granules are

present but not seen

distinctly at this

magnification. The

arrows indicate afew

clusters ofoligodend-

roglia which arefurther

exhibited in B (Hand E,
26); (B) the clear

perikaryon of the

oligodendrocytes is

occasionally intersperstd

by melanin granules (H

andE, x 260); (C) afew

reticulin fibres traverse

groups of tumour cells.

Note their absence

among individual tumour

cells (Gomori's reticulin

stain, x65).

did not wrap around the individual neoplastic cells.

They were most likely leptomeningeal in origin be-

cause only the superficial part of the growth was

excised surgically; the leptomeninges would be in-

cluded in the specimen.

The lesion was considered to be a melanotic

mucin-producing neuroepithelial neoplasm of the

mesencephalon (mixed ependymoma, astrocytoma,

oligodendroglioma, and undifferentiated neuroepi-

thelial derivatives). In view of the easy separation

A~~~~~~~~~~~~~~~~~~~~~~......
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Melanotic mucin-producing neuroepithelial neoplasm of mesencephalon

from the anterior part of the cerebellar midline during
surgical intervention, it was concluded that the
tumour did not originate in the cerebellum.

Discussion

General considerations and differential diagnoses
The term "neuroepithelium" as used here is
regarded as analogous to the term "neuroecto-
derm." We consider the present tumour to be of
the same type as the 12 intracranial melanotic
neoplasms previously reported by such diverse
names and locations as the following: malignant
melanin-forming tumour "akin to medulloblas-
toma of the cerebellar vermis and fourth ven-
tricle" (1 case),4 pigmented papillary medullo-
blastoma of the cerebellar vermis and fourth
ventricle (2 cases),56 melanotic progonoma of
the third ventricle (1 case)7 and of the fourth
ventricle (4 cases),8 medulloblastoma-like tumour
with melanin formation of the probable pineal
region (1 case),9 melanotic medulloblastoma of
the cerebellar vermis and fourth ventricle (1
case),10 melanotic neuroectodermal tumour of the
cerebellar vermis and fourth ventricle (1 case),"
and melanotic ependymoma of the left temporal
lobe (1 case).12 Our example brings the total
cases to 13. Thus, cerebellar vermis and fourth
ventricle are the most common sites of occurrence
of these melanotic tumours (9 cases).4-8 1011 Only
in two examples were the growths in adults (aged
21 and 30 years, respectively)." 12 The others
were children ranging in age from 3-5 months to
8 years. The sex was not stated in five cases."; 8
Of the remaining eight patients, seven were male,
and one was female.
Stowens and Lin7 and Hahn et al"l regarded

their cases to be similar to 76 extracranial mela-
notic tumours reported by such names as con-
genital melanocarcinoma, melanotic epithelial
odontoma, atypical melanoblastoma, melanotic
adamantinoma or ameloblastoma, melanoamelo-
blastoma, melanotic congenital tumour,
pigmented retinoblastoma, pigmented epulis,
odontogenic hamartoma, retinal anlage tumour,
retinal or retinoblastic teratoma, retinal choris-
toma, oral glioma. melanotic progonoma,
melanotic anlage tumour, and melanotic neuro-
ectodermal tumour of infancy, as cited by some
authors.'3 '4 Of these 76 tumour,7 55 were in the
maxilla, seven each in the skull and mandible,
three in the epididymis, two in the skin, and one
each in the uterus and mediastinum. Seventy-three
patients were within 1 year of age (3 weeks to
12 months). Only four persons were adults (23, 24,
41, and 67 years of age). The sex was stated in

71 patients: 34 were male, and 37 were female.
Thus, the extracranial melanotic tumours had
no sexual preponderance, in comparison to the
intracranial variety. However, the male prepon-
derance in the latter category is uncertain because
of the small number of cases.
The prognosis has been favourable for the

extracranial melanotic tumours, but this can be
related to the locations allowing extensive or
even total resection.'4 Nevertheless, recurrence
and even widespread metastases have been
reported.'5 By contrast, the intracranial melanotic
tumours often caused death, because they
were difficult to excise completely, being inacces-
sible, as in the mesencephalon with involvement
of the brainstem in our case. However, favour-
able prognosis was also observed following sur-
gical removal." The diverse names"3 14 indicate
the different opinions concerning the origin of
the tumours, but it was thought to be the neural
crest by some workers." 16-18 The presence of a
large amount of urinary excretion of vanilman-
delic acid which declined after resection of the
growth of the anterior part of the maxilla in an
infant," and identification of the neurofilaments
in some tumour cells'7 18 further supported the
neural crest origin of these melanotic neoplasms.
The presence of melanin in a neoplasm does

not indicate that it is a malignant melanoma.
Many tumours of the neural crest origin which
do not usually contain this pigment have been
melanotic, such as ganglioneuroma and ganglio-
neuroblastoma,'9-" Schwannoma,"'5 neuro-
fibroma,'2 27 and meningioma.28'" Granules of
melanin are found in both mesenchymal and
neuroectodermal type cells, as in Schwann's cells,
neurons, neuroglia, and choroidal epithelium.2 3 21
Based on the work of Barden," melanin may be
formed by conversion of lipochrome in the pro-
cess of pseudoperoxidation by certain metallic
elements ratiher than by enzymatic catalytic oxi-
dation.2 If this view is accepted, it explains
the finding of melanin in some mesenchymal,
neuroectodermal, or in mixed mesenchymal and
neuroepithelial tumours other than malignant
melanoma. Moreover, it explains the occurrence
of melanin-laden adrenal cortical epithelial cells
in a "melanotic hamartoma (retinal anlage
tumour)" of the epididymis in which melanin
was present in the epithelial cells of a heterotopic
nodule of the adrenal cortex related to the
tumour," and in a black adenoma of the adrenal
cortex.'4 Furthermore, it explains the presence
of melanin in a "malignant melanoma of the
choroid plexus epithelium."35 However, it is
suggested that such a malignant melanin-laden
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epithelial tumour of the choroid plexus, a glan-
dular structure, should be diagnosed as primary
melanotic adenocarcinoma2 36 37 rather than as a
"malignant melanoma."35 We do not consider
the mesencephalic melanotic tumour of our case
to be a teratoma. The multiple elements in the
lesion were not all foreign to the brain.
The present author concurs with Hahn et all'

that the undifferentiated small tumour cells could
be ependymal cells, sympathicoblasts or neuro-
blasts, or other dedifferentiated neuropithelial
derivatives such as the medulloblasts. Some
neuroepithelial derivatives, namely, ependyma and
choroidal epithelium, tend to form rosettes,
tubules, villi, and clefts as well as to produce
mucin.35 36 38-40 These characteristics may be
maintained when neuroepithelial derivatives be-
come neoplastic. Formation of rosettes is also
well known in sympathicoblastoma or neuro-
blastoma, medulloblastoma, and retinoblastoma.
Nevertheless, these undifferentiated small cells
could also be mesenchymal in origin that is cells
from lymphoma and undifferentiated sar-
coma.41-43 Reticulin fibres within the tumour,
especially those wrapped around the individual
neoplastic cells, are helpful in distinguishing
undifferentiated sarcoma from undifferentiated
neuroepithelial tumour cells. Reticulin fibres
would be absent or insignificantly present among
the latter, as in our case.

I do not consider the intracranial melanotic
tumours under this discussion as variants of
medulloblastoma as contended by others,4-6 10
because they can arise outside the cerebellum,
as in the third ventricle,7 temporal lobe,'2 and
mesencephalon of this example. Indeed, undif-
ferentiated cerebellar tumours having foci of
spongioblastic, oligodendroglial, astrocytic, and
neuronal differentiations; and neoplastic cells in
pseudopalisades around the necrotic foci as well
as papillary formations5 6 should be diagnosed as
undifferentiated neuroepithelial neoplasms which
may contain medulloblastomas, rather than as
medulloblastomas. For these various reasons,
I regard the diagnosis of "melanotic neuroepi-
thelial neoplasm" of the mesencephalon as
appropriate. The presence of mucin within some
tumour cells further supports indirectly the
origin of the present neoplasm from the neuro-
epithelium. Mucin is not a specific product of
neuroepithelium, but this epithelium secretes
mucin in both physiological and pathological
conditions.63-38 40 44-46 The same substance was
also observed in the oligodendroglioma,6 an
element in the present mesencephalic melanotic
tumour, but I have not been able to trace in-

Samruay Shuangshoti

formation from the medical literature concerning
production of this material by the medullo-
blastoma.
Origin of the tumour Melanotic neuroepithelial
neoplasms may arise from the neural tube or
crest when they are intracranial, or from the
neural crest when extracranial. The neuro-
epithelium of the neural tube differentiates into
neurons and neuroglia of the neuraxis and cho-
roidal epithelium. These derivatives may mingle
in a neoplasm. We have emphasised the bidermal
(ectomesenchymal) origin of the neural
crest;48 49 it is formed by mingling of the mesen-
chyme and developing neuroepithelium as bi-
lateral longitudinal cellular cords where the neural
folds join with the superficial ectoderm. After
fusion of the edge of the neural folds and separa-
tion of the latter from the overlying ectoderm,
the neural crests join and assume a dorsolateral
position in relation to the neural tube. The neural
crest cells give rise to several structures along
both neuroectodermal and mesenchymal lines.
The cells from the cranial part of the crest which
migrate to the region of the future head differ-
entiate into the cranial and some spinal neural
ganglions, autonomic ganglions, sheath cells of
the cranial and some spinal nerves, lepto-
meninges, melanoblasts and melanocytes, mem-
brane bones of the skull, jaws, cartilage, odonto-
blasts, subcutaneous connective tissue, and
chromaffin system.50 51 The derivatives of the
neural crest, thus, are widespread throughout the
body, and may mingle with those of the neural
tube in a neoplasm.

Thus, it is not surprising to encounter tumours
of combined neuroepithelial derivatives as in the
present case, of mixed mesenchymal derivatives
as in a combined sarcoma of the nerve sheath
and rhabdomyosarcoma,48 or of mixed mesenchy-
mal and neuroectodermal derivatives (ectome-
senchymoma) as previously reported both intra-
cranially41l43 53-55 and extracranially.49 5s 57 These
mixed tumours may arise from the derivatives
of the neural tube, neural crest, or combined
neural tube and crest. It is likely that some
reported "progonomas" and "retinal anlage
tumours" are neoplasms of mixed mesenchymal
and neuroepithelial origin. For example,
Williams'4 noted osseous tissue in a maxillary
tumour he diagnosed as "melanotic ameloblas-
toma (progonoma)." A "melanotic hamartoma
(retinal anlage tumour)" of the epididymis
reported by Frank and Kotin33 possessed cells
mind fibres reacting as smooth muscle in Masson's
trichrome and Van Gieson's stains, as well as
having numerous reticulin fibres among them.
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Melanotic mucin-producing neuroepithelial neoplasm of mesencephalon

Reticulin fibres, however, were absent from the
"neuroglia-like" areas. The findings in these
two cases14 33 suggest mesenchymal participation
in pathogenesis of the tumours which could be
combined mesenchymal and neuroepithelial neo-
plasms of the neural crest. The diverse locations
of these melanotic tumours, ranging from the
brain, cranium, jaws, mediastinum, and genitalia
result from widespread as well as aberrant migra-
tion of the neural crest cells and their deriva-
tives and of derivatives of the neuroepithelium of
the neural tube.

Congenital occurrence of melanotic neuro-
epithelial tumours Papillary formations of the
neoplastic cells and the common occurrence of
the melanotic tumours in infancy, mostly in the
first six months of life, strongly suggest congenital
derivation. Papillae can be induced to form in
the metencephalon of the chick embryo, aged 33
to 38 hours, by contact between the neuroepi-
thelium and the surrounding mesenchyme.58
Therefore, it is likely that papillae in the tumours
of this case and others were formed by contact
of the neuroepithelially-derived neoplastic cells
with the mesenchymal matrix at the appropriate
time of development of the growth when the
neuroepithelial derivatives are still capable of
differentiating into papillary structures. Thus,
the finding reflects congenital occurrence of the
tumours, as we have concluded in the cases of
neuroepithelial (colloid) cyst, another congenital
lesion.40 47 59 60 Moreover, a simultaneous occur-
rence of brain heterotopia and melanotic neuro-
ectodermal tumour within the same oropharyn-
geal mass had been reported and was detected
on the first day of life.6' In the adult cases,"' 12
perhaps the neural crest and tube remnants
persist and subsequently undergo neoplasia.
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