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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 neuronal 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 neuroeetodermal tumor. 

Zusammen/assung. Bericht fiber die elektronenmikroskopische Untersuchung in vitro 
kultivierter Medulloblastome, die in ~bereinstimmung mit den Ergebnissen liehtmikroskopi- 
seher und enzymhistochemischer Methoden Zeichen einer neuronMen oder glialen Differen- 
zierung der Geschwulstzellen nicht nachzuweisen vermag. Dies in deutliehem Gegensatz 
zu den Gewebekulturen der Neuroblastome des Sympathicus, die eindeutig neuronMe 
Strukturen erkennen lassen. Die Ergebnisse sind geeignet, die Konzeption yore Medullo- 
blastom als einem embryonalen Sarkom nachhaltig zu unterstiitzen. 

I n  con t inua t ion  of our inves t iga t ion  on the  formal  pa thogenes is  of medul lo-  
b l a s toma  (1967, 1970) we r epo r t  on the  u l t r a s t ruc tu rM findings of two medullo-  
b l a s tomas  cu l t iva ted  in vi t ro .  

Case Material 

No. 1 (N 374/70). 26 yea r  old male  pa t i en t  wi th  subarachnoida l  me tas tas i s  
wi th in  the  cauda  equina  of a cerebel lar  medu l lob la s toma  removed  two years  before 
(N 112/68). 

No. 2 (N 572/70). 8 yea r  old male  p a t i e n t  wi th  r a the r  sha rp ly  c i rcumscr ibed 
t u m o r  of cerebellar  hemisphere .  

I n  light microscopy the  histological sections of bo th  tumors  show the  typ ica l  
cr i ter ia  of a medn l lob l a s toma  or a rachnoidM sarcoma.  Abundance  of i somorphous  
cells and  nuclei,  mi to t i c  figures, a t endency  to the  fo rma t ion  of whorls.  Metal l ic  
impregna t ions  for neura l  and  glial fibrils according to H o r t e g a  and  Po lak  give 
nega t ive  results .  Only  the  nuclei  are  d i s t inc t ly  darkened.  Compar ing  the  metas tas i s  
of case No. 1 wi th  the  s t ruc ture  of the  p r i m a r y  t u m o r  of 1968 no differences can be 
perceived.  

The tissue cultures of bo th  tumors  ( G K  1412, G K  1444) - -a f te r  par t ic le  
exp l an t a t i on  in roller tubes  according to the  technique  descr ibed b y  Kers t ing  in 
1961- - show the  g rowth  of longish,  somet imes  spindle  shaped  cells wi th  round  
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Fig. 1. Medulloblastoma cells in vitro (Sth 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 perinuelear rim with lew 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-cMled cell junctions can be observed. 

10000:1 

o v a l  nuc le i  a r r a n g e d  pa ra l l e l  to  t h e  cell axis.  T h e  cell colonies  of case No.  1 

p r e s e n t  a h ighe r  p ro l i f e r a t i on  r a t e  t h a n  t hose  of case No.  2. O the rwi se  t he r e  is no  
d i f ference ,  n o t  e v e n  in t h e  cell  colonies  of t h e  m e t a s t a s i s  a n d  those  of t h e  pri-  
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Fig. 2. Medulloblastoma cells in vitro (Sth 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 

m a r y  t u m o r  r emoved  in 1968 ( G K  1107). Dur ing  all the  pro l i fe ra t ion  t ime  the  
t u m o r  cell colonies preserve  the i r  original  cytological  shape unt i l  the  l a t es t  s tages  
of cu l t iva t ion  jus t  before the  final degenerat ion.  No d i f ferent ia t ion  on a cytologi-  
cal basis t akes  place.  

8* 
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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: t 

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 ultrastruetural 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. 
Filaments 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 directions ; 
they appear here transversely sectioned in the proximity of a neoplastic element. Inset: many 
osmiophilic, douple outlined round bodies (neurosecretion granule) are frequently found in 

the cytoplasm and the processes of these elements. 10000:1. Inset: 10000:1 

sively. Numerous  cells show lipid inclusions, part icular ly in case No. 2. I n  this 
latter ease the degenerative changes of cells are very  pronounced.  Synapt ic  
structures like vesicles, increase of membrane  thickness at  cell junctions are not  
to be seen (Figs. 1-4). 

The enzyme hi~tochemiccd reaction8 for acetyleholinesterase (Gomori, Karnowsky)  
give negative results as well in the biopsies as in the in vitro cult ivated material. 

Discussion 

These new results complete and confirm the former findings of Kerst ing 
(1968), Kreutzberg  and Gullotta (1967), Matakas et el. (1970). The proliferating 
tumor  cells of medulloblastomas are highly undifferentiated, possess only a few 
organelles and do not  show any  signs of a neuroeetodermM maturat ion.  They  look 
like or are morphologically identical with the cell elements of all embryonic  
tumors  (e.g. Ewing-sareoma, Fr iedmann and Gold, 1968; liver tumors,  Misugi 
etal., 1967; immature  retieulosarcomas, Matsui, 196~) or all embryonic  cells, 
as long as these do not  show any  signs of a specific differentiation. Only this 
fur ther  differentiation allows the histological classification of an embryonic  cell 
population. I n  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 ganglionM and glial cells. Fuj i ta  and Fuj i ta  (1963), Glees and Meller (1968), 



116 F. Gullotta and G. Kersting: 

Meller et al. (1969), demonstrated the differentiation of embryonic neuroectodermal 
elements (neuroblasts) into ganglional and gliM cells in vitro within a few days 
after explantation. Especially Sell and tIerndon (1970), Kim (1970), Wolf and 
Dubois-DMcq (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 endoplasmic 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 
acetyleholin-esterase give repeated positive results in our own observations. 

In  all mcdulloblastoma cultures no signs of any differentiation could be 
found, neither in ease 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 bioptie or in cultivated 
material. From the illustrations of Kadin et al., it seems to be possible tha t  
some of the examined tumor areas show preexistent neuroeetodermal structures 
of the cerebellum. Kadin as well as Escourolle and Poirier (1967) interpreted 
mierotubuli 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 et al., 1964; Anderson et al., 1966; 
Gibbins et al., 1969; Tilney 1971). The exact function of the mierotubuli is not 
dear ly understood yet. They probably form a kind of "eytoskele ton"  (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 endoplasmie reticulum alone does not give evidence 
enough of a ganglionic nature or a neuroeetodermal 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 eerebellar tissue for the true tumor cells of medulloblastoma. I t  necessarily 
leads to false conclusions if reactive or degenerated neuroectodermal cells are 
considered as different grades of matur i ty  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 
apar t  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 
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neoplastic (Kersting, 1961, 1968). Besides this the mixed s t ructure  of some 
medul loblas tomas in  the sense of an overgrowth sarcoma has to be considered 
(Gullotta,  1966). We however do not  share the opinion t ha t  gangl i "o id"  elements 
wi thin  a bra in  tumor  tissue prove its neuronal  na tu re  (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 
publ icat ions (GuIlotta, 1967) we take the medul loblas toma as an  embryonic  
mesenehymal  tmnor  of the central  nervous system, the main  representat ive of 
a whole tumor  group originating from the embryonic  mesenehyma of the brain,  
which according to its localization is able to develop into several kinds of 
tumors.  I n  this sense Ostertags principles of local dysgenesia find their  full 
applicat ion in medul loblas tomas too, considering the special condit ions in  bra in  
development  as a whole. 
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