Virchows Arch. Abt. A Path. Anat. 356, 111-—118 (1972)
© by Springer-Verlag 1972

The Ultrastructure of Medulloblastoma
in Tissue Culture®* **

Filippo Gullotta and Giinter Kersting
Institut fiir Neuropathologie der Universitdt Bonn

Received March 20, 1972

Summary. Electron microscopic investigation of the tissue cultured from medulloblastoma
fail to demonstrate a glial or neuronal differentiation of the neoplastic cells in vitro. Parti-
cularly impressive are the differences between medulloblastoma cells and the cells of the
tissue cultures of sympathicoblastomas, the nenronal nature of which is readily recognized.
These results confirm former findings of light microscopy and enzyme histochemistry and
support the opinion that medulloblastoma has to be regarded as an embryonic sarcoma
rather than a neuroectodermal tumor.

Zuysammenfassung. Bericht iber die elektronenmikroskopische Untersuchung in vitro
kultivierter Medulloblastome, die in Ubereinstimmung mit den Ergebnissen lichtmikroskopi-
scher und enzymhistochemischer Methoden Zeichen einer neuronalen oder glialen Differen-
zierung der Geschwulstzellen nicht nachzuweisen vermag. Dies in deutlichem Gegensatz
zu den Gewebekulturen der Neuroblastome des Sympathicus, die eindeutig neuronale
Strukturen erkennen lassen. Die Ergebnisse sind geeignet, die Konzeption vom Medullo-
blastom als einem embryonalen Sarkom nachhaltig zu unterstiitzen.

In continuation of our investigation on the formal pathogenesis of medullo-
blastoma (1967, 1970) we report on the ultrastructural findings of two medullo-
blastomas cultivated in vitro.

Case Matorial

No.1 (N 374/70). 26 year old male patient with subarachnoidal metastasis
within the cauda equina of a cerebellar medulloblastoma removed two years before
(N 112/68).

No.2 (N 572/70). 8 year old male patient with rather sharply circumscribed
tumor of cerebellar hemisphere.

In light microscopy the histological sections of both tumors show the typical
criteria of a medulloblastoma or arachnoidal sarcoma. Abundance of isomorphous
cells and nuclei, mitotic figures, a tendency to the formation of whorls. Metallic
impregnations for neural and glial fibrils according to Hortega and Polak give
negative results. Only the nuclei are distinctly darkened. Comparing the metastasis
of case No. 1 with the structure of the primary tumor of 1968 no differences can be
perceived.

The tissue cultures of both tumors (GK 1412, GK 1444)—after particle
explantation in roller tubes according to the technique described by Kersting in
1961—show the growth of longish, sometimes spindle shaped cells with round
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Fig. 1. Medulloblastoma cells in vitro (8th day of cultivation). The tumor elements grow

freely floating in the medium. They are bipolar, elongated and have an oval nucleus. The

cytoplasm consists of a small perinuclear rim with few organelles and shows many collateral

sproutings like microvilli. The cells lie parallel and closely packed to each other, nevertheless

neither a thickening of the cell membranes nor so-called cell junctions can be observed.
10000:1

oval nuclei arranged parallel to the cell axis. The cell colonies of case No. 1
present a higher proliferation rate than those of case No. 2. Otherwise there is no
difference, not even in the cell colonies of the metastasis and those of the pri-
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Fig. 2. Medulloblastoma cells in vitro (8th day of cultivation). Same as Fig. 1. The thin
lamellar prolongations of cell cytoplasm are well recognized: no cell junctions. Some elements
show a well developed Golgi apparatus and elongated mitochondria. 10000:1

mary tumor removed in 1968 (GK 1107). During all the proliferation time the
tumor cell colonies preserve their original cytological shape until the latest stages
of cultivation just before the final degeneration. No differentiation on a cytologi-
cal basis takes place.
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Fig. 3. Medulloblastoma cells in vitro (21st day of cultivation). Irregularly folded nuclei

characterize the cells in this culture. The structure of cytoplasm corresponds to that of

foregoing pictures. Signs of a neuronal differentiation are missing (compare Fig. 4).
10000:1

In electron microscopy the identity of both tumor biopsies (EM 114/70,
EM 170/70) is clearly demonstrated. All closely packed tumor cells with narrow
edges of cytoplasm, only a few organelles, sometimes rosette-like structures.
The nuclei are round oval, often irregularly shaped. Among the viable tumor cells
small degenerated elements partly representing necrobiotic granular cells of the
cerebellar cortex can be found. (For a more detailed description of the electron
microscopy of bioptic material from medulloblastomas see: Galatioto.)

The ultrastructural investigation of both tumor cell colonies (EM 119/70,
GK 1412, cultures 8 days old, EM 178/70, GK 1444, cultures 21 days old) confirms
the results obtained in the bioptic materials. The investigation concerned above
all the intermediate proliferation zone which was selected by semi-thin sectioning.

The spindle shaped freely growing tumor cells are packed closely. Their fine
processes are long, cytoplasmic and sometimes show lateral sprouts like microvilli
extending as thin lamellae to neighbouring cells. The tumor cell nuclei are sur-
rounded only by a thin edge of cytoplasm which contains only a few organelles.
TFilaments are very rare whereas microtubuli can be seen more often. The mito-
chondria are round oval, sometimes longish or irregularly shaped. With some
exceptions Golgi apparatus and endoplasmic reticulum are not developed exten-
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Fig. 4. Sympathicoblastoma cells in vitro (9th day of cultivation). Well developed endo-

plasmic reticulum, microtubules and filaments characterize these cells which are obviously

neuronal in type. The tumor cells have many extremely long processes growing in all directjons;

they appear here transversely sectioned in the proximity of a neoplastic element. Inset: many

osmiophilic, douple outlined round bodies (neurosecretion granula) are frequently found in
the cytoplasm and the processes of these elements. 10000:1. Inset: 10000:1

sively. Numerous cells show lipid inclusions, particularly in case No. 2. In this
latter case the degenerative changes of cells are very pronounced. Synaptic
structures like vesicles, increase of membrane thickness at cell junctions are not
to be seen (Figs. 1-4).

The enzyme histochemical reactions for acetylcholinesterase (Gomori, Karnowsky)
give negative results as well in the biopsies as in the in vitro cultivated material.

Discussion

These new results complete and confirm the former findings of Kersting
(1968), Kreutzberg and Gullotta (1967), Matakas ef al. (1970). The proliferating
tumor cells of medulloblastomas are highly undifferentiated, possess only a few
organelles and do not show any signs of a neuroectodermal maturation. They look
like or are morphologically identical with the cell elements of all embryonic
tumors (e.g. Ewing-sarcoma, Friedmann and Gold, 1968; liver tumors, Misugi
et al., 1967; immature reticulosarcomas, Matsui, 1964) or all embryonic cells,
as long as these do not show any signs of a specific differentiation. Only this
further differentiation allows the histological classification of an embryonic cell
population. In the same way the cells of a medulloblastoma correspond morpho-
logically to the immature parts of a real neuroblastoma, which separates itself
however as soon as the neuronal differentiation starts.

The cells of medulloblastoma do not show the characteristic criteria of matur-
ing ganglional and glial cells. Fujita and Fujita (1963), Glees and Meller (1968),
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Meller et al. (1969), demonstrated the differentiation of embryonic neuroectodermal
elements (neuroblasts) into ganglional and glial cells in vitro within a few days
after explantation. Especially Seil and Herndon (1970), Kim (1970), Wolf and
Dubois-Daleq (1970), Lapham and Markesbery (1971) observed by light and elec-
tron microscopy the in vitro differentiation of embryonic cerebellar granular
cells. Their pictures obviously demonstrate the neuronal nature of these cells:
numerous organelles, well developed endoplasmie reticulum, masses of microtu-
buli. The sympathoblastoma cultures (Goldstein et al., 1964-1968, as well as
unpublished personal observations) in their ultrastructural appearance confirm the
above findings. Within a few days in vitro cells of neuronal type appear with
masses of long processes in which numerous organelles and double outlined
neurosecretion granula can be found. The enzyme histochemical reactions for
acetylcholin-esterase give repeated positive results in our own observations.

In all medulloblastoma cultures no signs of any differentiation could be
found, neither in case No. 1 (8 days old culture) nor in case No. 2 (21 days old
culture). Kadin et al. (1970) found cell-junctions in old formalin fixed material of
medulloblastoma, a finding which we could not verify in bioptic or in cultivated
material. From the illustrations of Kadin ef al., it seems to be possible that
some of the examined tumor areas show preexistent neuroectodermal structures
of the cerebellum. Kadin as well as Escourolle and Poirier (1967) interpreted
microtubuli as criteria for the neuroectodermal nature of the medulloblastoma
cells. But these organelles probably are of no specific importance. Provided
the material is adequately fixed microtubuli may be found in cells from all animal
and vegetable sources (Behnke, 1964 ; Sandborn ef al., 1964 ; Anderson et al., 1966;
Gibbins e¢f al., 1969; Tilney 1971). The exact function of the microtubuli is not
clearly understood yet. They probably form a kind of ““cytoskeleton” (Anderson
et al.) and have something to do with the preservation of the cell shape and its
motility (Tilney).

According to our own and other author’s experiences only an overwhelming
number of microtubuli could indicate the neuronal nature of a cell whereas an
occasionally well developed endoplasmic reticulum alone does not give evidence
enough of a ganglionic nature or a neuroectodermal differentiation. Maturing
neuroblasts are marked by an additional differentiation of the whole cell, especially
by a proliferation of dendritic and axonal processes (Meller et al., 1969). The
same holds true for the sympathoblastomas examined so far.

Repeatedly we pointed out not to take the local glial and neuronal elements
of the cerebellar tissue for the true tumor cells of medulloblastoma. It necessarily
leads to false conclusions if reactive or degenerated neuroectodermal cells are
considered as different grades of maturity of tumor elements. This is extremely
important in electron microscopic investigations of very small particles in which
the histological characteristics of the tissue can hardly be recognized.

The investigation of cells growing in tissue culture is of great importance
in so far as the proliferating cell colonies consist of genuine tumor cells—quite
apart from fibroblastic elements derived from stromal mesenchyma—. In tissue
cultures of cerebellar medulloblastomas sometimes rows and clusters of Purkinje
and granular cells appear which have been explanted together with the tumor
cells and which can easily be recognized by their degenerative changes as non



The Ultrastructure of Medulloblastoma in Tissue Culture 117

neoplastic (Kersting, 1961, 1968). Besides this the mixed structure of some
medulloblastomas in the sense of an overgrowth sarcoma has to be considered
(Gullotta, 1966). We however do not share the opinion that gangli“oid” elements
within a brain tumor tissue prove its neuronal nature (Misugi and Liss).

The results of classic morphology, enzyme histochemistry, electron microscopy
and tissue culture have not been able so far to support the opinion of the neuro-
ectodermal origin of medulloblastoma. Therefore and for the reasons cited in earlier
publications (Gullotta, 1967) we take the medulloblastoma as an embryonic
mesenchymal tumor of the central nervous system, the main representative of
a whole tumor group originating from the embryonic mesenchyma of the brain,
which according to its localization is able to develop into several kinds of
tumors. In this sense Ostertags principles of local dysgenesia find their full
application in medulloblastomas too, considering the special conditions in brain
development as a whole.
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