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Summary.  9 medulloblastomas were investigated by electron microscopy. They all showed 
a rather unique histological and cytological structure. The cells were differently shaped, had 
in general many cytoplasmic processes and only few organells. Special differentiations which 
would have made tumour elements look like glial or neural cells were not observed when the 
tissue samples under investigation were carefully selected by light microscopical examination. 
Glial or neural elements were found only in infiltration zones where no clear distinction between 
pre-existing cerebellar and tumourous tissues could be made by conventional histological 
investigation. Medulloblastomas have essentially the same appearance as parvicellular sat- 
comas or embryonic tissues. Their common characteristic, viz. that they usually show no 
special differentiation, is also the most specific quality of medulloblastomas. 

Zusammen/assung. 9 Medulloblastome wurden elektronenmikroskopisch untersucht. Sic 
zeigten eine relativ einheitliche histologische und cytologische Struktur. Die Tumorzellen 
haben eine wechselnde Form, wenig Organellen und in der Regel zahlreiche cytoplasmatische 
Fortsgtze. In Gewebspartikeln, die nach der vorherigen lichtmikroskopischen Untersuchung 
aus dem Tumorzentrum stammten, wurden keine Zellen mit glialer oder neuronaler Differen- 
zierung beobachtet. Nur in den am Tumorrand gelegenen Infiltrationszonen, wo die Tumor- 
grenze nicht mehr sieher zu bestimmen war, fanden sieh gliale oder neuronale Zellelemente. -- 
])as Medulloblastom hat die wesentliehen morphologischen Kriterien der kleinzelligen Sarkome 
und des embryonalen Gewebes. Deren gemeinsames Charakteristicum, dab sic ngmlich keine 
speziellen Differenzierungen besitzen, ist aueh eine spezifische Eigenschaft des Medulloblastoms. 

Key-Words:  Medulloblastoma - -  Electron Microscopy --  Araehnoid Sar- 
coma - -  Lymphocyte-Like  Cells - -  Dark  Cells - -  Histogenesis. 

Due to the fact t ha t  medul loblas tomas infi l trate the cerebellar tissue i t  is 
difficult to determine which of the tissue s t ructures  are tumourous  or autochtho- 
nous. This difficulty becomes even more complicated, when the tissue areas under  
inves t igat ion are minu te  as to the degree necessary for electron microscopy. As 
the t u m o u r  usual ly  has a soft consistency, the surgeon removes most  of i t  by  
suction. Thus  in most  cases the parts  which remain  for morphological invest igat ion 
are mixed with inf i l t rated cerebellar tissue. 

The only way to su rmoun t  these difficulties is by  a selection of the tissue par ts  
tha t  are to be invest igated electron microscopically by  preparing broad sections 
of the epon embedded mater ia l  for preceding l ight  microscopical examinat ion.  
Except  for Voigt (1968) and  in  some respect for Waga (1965) the reports per ta in ing 
to the fine s t ructure  of medul loblas tomas (Luse, 1962; Raimondi ,  Mullah, and  
Evans ,  1962; Raimondi ,  1966; Escourolle and  Poirier, 1967; Sawada, 1967; Zfileh 
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and  Wechsler 1968) publ ished so far, do no t  explain the criteria by  which the 
tissue samples, t ha t  were supposed to reveal the s t ructure  of mcdulloblastomas,  
were selected. Consequent ly  our observations differ in some respect from earlier 
investigations.  

Material and Methods 

For light microscopy, parts of the tumours in the vicinity of the fragments used for ultra- 
structural study were embedded in paraffine and stained with routine methods and by silver 
impregnation techniques. For tissue culture tumour fragments were explanted in roller tubes 
according to the method of Kersting (1961). 

We investigated 9 medulloblastomas. Immediately after removal pieces of 7 tumours 
were fixed in 50/0 glutaraldehyde for 3 hours, washed in buffered saccharose solution for 1 to 
4 days, fixed in osmium tetroxide for 2 hours, dehydrated in acetone, and embedded partly 
in Yestopal-W, partly in epon. In 2 turnouts, which were treated as above after a formaline 
fixation of 4 years, the fine structure was not well preserved. However, the tumour specific 
qualities observed in properly fixed tumours could be recognized in these eases, too. 

In order to get information about the general histological structures built up by the tu- 
mours, and to distinguish between tumour cells and infiltrated tissues semi.thin sections were 
made and stained with different methods (Matakas, 1969) before cutting the blocks on the 
ultrotome. 

Results 

One tumour had infiltrated the arachnoid and subarachnoid space. The number of 
mitosis and pyknosis phenomena was as great as it is usual in medulloblastomas. Only one 
tumour showed necrosis to any considerable extent. Collagen was demonstrable in all tumours. 
It  was dispersed in fine fibres, except for a few smaller regions where it had accumulated in 
rather large bundles. The reticulin fibres were dispersed in "strands" and "fields" (Gullotta, 
1967). There was no myxomatous degeneration, but in 6 tumours fat vacuoles were observed 
in a few cells. Histochemical investigations proved it to be neutral fat. In 3 tumours small 
areas with hyaline degeneration were present. 

In the tissue culture the cell colonies consisted of small fusiform or triangular cells with 
oval nuclei that always contained a prominent nucleolus. The cytoplasmic body was small. 
The cells grew uniformly without any special arrangements. The cultures were full of small 
ceils with hyperchromatic nuclei. While some of the cultures reached a steady state after a 
short period of proliferation, slowly proceeding to degeneration, others went on growing and 
proliferating without displaying an endothelial appearance so characteristic of the former 
type. Except for explanted cell elements, no cells appeared in vitro that could be identified 
as rudimental or transitional forms of glial or neuronal cells. 

Electron Microscopy 

Except  for marginal  differences the tumours  showed a uniform morphological 
pa t te rn .  They will therefore be described together.  

The histological s t ructure  of the medul loblas tomas was ra ther  unique.  The 
cells were round,  polygonal,  or elongated, and  densely packed. There were regions 
in  all tumours  which had a composit ion consisting of cross-sectioned cell pro- 
cesses surrounded by  a circle of cell nuclei  (Fig. 1). These s t ructures  corresponded 
to pseudo~rosettes seen by  light microscopy. The intercel lular  space var ied in  size. 

Main Tumour Cells 

The nuclei  were round,  elliptic or polygonal.  Occasionally they  had invagina-  
t ions or were even lobulated (Fig.2). I n  some areas two separated nucleus profiles 
wi thin  one cell were found. They might  either be the cross-section of two separated 
nuclei  or one bent  nucleus, which had been cut twice (Fig.3). W h e n  well fixed 
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Fig. 1. Tumour ceils lying in a circle, forming a pseudo-rosette. In the centre of it there are 
ma.ny cytoplasmic processes in cross-section 

the  ea ryop la sm was finely g ranu la t ed  and  formed a few eondensa ted  zones, mos t l y  
loca ted  in  the  pe r iphe ry  (Fig. 2). Nucleol i  were rare  and  se ldom large. The perL 
nuclear  cy top l a sm was usua l ly  a small  r im a round  the  nucleus conta in ing only a few 
organells  (Fig. 1, 2, 3). 

19" 
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Fig. 2. The nuclei of these tumour cells are highly lobulated. Within the cytoplasm are irregu- 
larly running citofilaments and vesicles of the endoplasmie reticulum. One of the cells is 

degenerated. Its caryoplasm is darker than usual, the cytoplasm is only a small rim 
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Fig. 3. A ~umour cell, probably with 3 nuclei. At the left side some neuropil structures 

Golgi zones were present in great amounts. Microtubules were constantly 
found and most obvious in more extensive cytoplasmic areas. In  cytoplasmic 
processes they ran parallel to the axis of the process, i n  one case they dominated 
over all other organells. This tnmour was further marked by  the abundant  eyto- 
plasm of its cells which contained a lot of agrannlar endoplasmic reticutnm (Fig. 4). 
I t  could not be excluded, however, tha t  the tubules appearing as endoplasmic 
retienlum were only very strongly impregnated microtubules. In  all other cases 
the endoplasmic reticulum was only poorly developed and rough-surfaced. 
Occasionally it was swollen by a homogenous mass of medium electron density. 
The mitochondria were small and few. The Golgi apparatus was usually located 
near the nucleus and consisted of swollen tubules and vesicles. A eentriole was 
observed quite frequently. Three times we saw rudimental, intraeellularly located 
and enveloped cilia and twice a diplosome. Cytosomes and glycogen granules were 
seldom observed. 

The plasma membrane of the round or polygonal tumour  cells was rather  smooth. 
Cytoplasmic processes were infrequent and short in appearance (Fig. 5). In  some 
eases their diameter became larger at  a greater distance from their origin. The 
elongated cells had long processes tha t  interdigitated occasionally. 

~'at Cell8 

Light microscopy examination revealed fa t  in 6 tumours. In  4 of them fat  
could be seen also with the electron microscope. The f~t was stored in cells in the 
form of more or less round, empty  appearing holes without any  membranous 
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Fig.4. Parts of tumour cells with many free ribosomes and a well developed endoplasmic 
retieulum. The intercellular space is wide and partly filled with a homogenous material 

border. These fat  droplets had a diameter  of about  1 p. and  confluated only in  
rare cases. While in  2 tumours  some of the cells were completely deformed by  
accumula ted  fat, fat  droplets were usual ly  found in  circumscribed cytoplasmic 
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Fig. 5. Tumour cells t h a t  have only few cytoplasmic organells. At  the  bot tom of the picture 
one sees fat  droplets within the  cytoplasm. The section shows vesical clusters magnified to a 

larger extent  
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Fig. 6. A dark cell with a finely granulated caryoplasm. The nucleus membrane is intact. 
The very small cytoplasm contains more mitoehondria than usual. They are extremely swollen 

areas  of a few cells (Fig.5). Trans i t iona l  forms of  ma in  t u m o u r  cells and  fa t  s tor ing 
cells were observed  in bo th  cases. 

Other  cells conta ined  smal ler  vesicles t h a t  were crowded a t  the  pe r iphe ry  of  
the  cy top la sm and  enveloped  b y  a m e m b r a n e  (Fig.5). They,  too, were e m p t y  in 
appea rance  and  had  a d iamete r  of  abou t  150--500 nm. The vesicles, af ter  being 
s ta ined  wi th  azane and  acr idin  orange,  could be made  visible in semi- th in  sections. 

Dark Cells 

I n  2 medu l lob las tomas  a few ve ry  d a r k  cells were observed.  (Fig.6).  The 
chromat in  of  the i r  nucleus was so finely g ranu la t ed  t h a t  i t  seemed to be a lmos t  
homogenous,  only  regional ly  showing larger  granules.  The nucleus m e m b r a n e  
was normal .  The cy top lasm was only  a small  r im a round  the  nucleus genera l ly  
no t  wider  t h a n  150 n m  and  nea r ly  as da rk  as the  nucleus. I t  grew wider  a t  one 
side of  the  cell where i t  con ta ined  numerous  swollen mi tochondr ia  wi th  a l ight  
ma t r ix .  These d a r k  cells were somet imes  found  wi th in  regula r  t u m o u r  areas  bu t  
more of ten were seen near  cerebel lar  tissues. 

Interstitial Space and Vessels 

I n  some areas  of the  t umours  the  in terce l lu lar  space, usua l ly  only  a small  cleft, 
grew cons iderab ly  wider  and  was filled wi th  a fine g ranu la t ed  ma te r i a l  (Fig. 4). 
This  ma te r i a l  had  some resemblance  to  a basemen t  m e m b r a n e  b u t  differed f rom 
i t  b y  i ts  g rea te r  e lectron dens i ty  and  the  absence of  any  s t ra t i f icat ion.  I n  3 t umours  
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Fig. 7. Infi[ tration zone. Several cytoplasmic processes of uncertain nature. At the right tumour 
cells 

the intercel lular  space conta ined m a n y  collagen fibres confined to a circumscribed 
area usual ly  connected with the perivaseular  space. I n  2 tumours  the in ters t i t ia l  
space was wide bu t  wi thout  any  conten~s. - -  The aforement ioned vesical clusters 
were also found  in  the intercel lular  space (Fig.5). 
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In  most cases it was impossible to decide whether a vessel was produced by the 
tumour or not. In  cases where the perivaseular astrocytic processes and a double 
basement membrane were still present the vessel was assumed to be pre-existent. 
But  even when the capillaries were surrounded by  tumour cells and only by  one 
endothelial basement membrane, it could not definitely be concluded tha t  this 
vessel was built by the tumour. The endothelial cells were sometimes swollen and 
showed in other eases a very active pinocytosis. 

Cerebellar Tissue 

The most frequent non-tumourous structures within the examined tissue parts  
were astroeytes. They generally showed reactive changes and a strong development 
of their eytofilaments (Fig. 7). They usually were connected with vessels. 

Non-myelinated nerve fibres were difficult to distinguish from cytoplasmic 
processes of tumour cells, because sometimes they contained many  microtubules. 
In  cases where these cell processes contained axoplasmic vesicles or were arranged 
in patterns strongly resembling the neuropil they must  be classified as nerve 
cell processes. 

Discussion 

Not all histological features of medulloblastomas observed by light microscopy 
can be analysed by the electron microscope because of the different dimensions 
of the two methods. However, the ultrastructure of some details helps us to 
understand better  the architectural essentials of the tumour under discussion. 

Observation showed tha t  "pseudo-rosettes" are accumulations of cytoplasmic 
processes irregularly surrounded by cell nuclei. This has already been reported by  
Waga (1965) and confirmed early findings (Bailey and Cushing, 1925). Depending 
on the tissue infiltrated by the tumour the tumour cells form different pat terns 
(Waga, 1965). Within the white substance the single cells arrange themselves 
according to pre-existing tissue structures and have an almost spindle-like form 
preserved by  them even when the white substance has been destroyed. In  other 
regions the cells are round or polygonal and tightly packed, thus corresponding 
to mosaic-like tumour aspects seen light microscopically. On the ground of these 
observation, however, it cannot definitly be excluded that  it is a specific " inborn" 
tendency and consequently a form of differentiation of the medulloblastoma cells 
to arrange themselves in pseudo-rosettes around bundled cell processes, as the 
granular cells of the cerebellum do and is observed in neuroblastomas (BeItran, 
Leiderman, Stuekey, Ferrans, and Mogabgab, 1969). The characteristics of the 
tumour stem cells may  well become much more manifest in the cyto-architecture 
than in cytological differentiations of the tumour.  

I t  is of special interest that  no reticnlin could be demonstrated electron 
microscopically either in the form of microfibrilles or in tha t  of collagen fibrilles 
although "reticulin" could be demonstrated by silver impregnation methods. The 
ultrastructural substrate of retieulin in medulloblastomas is a very osmiophilic, 
finely granulated substance with could be observed within the extracellular space 
in 5 of the tumours. This confirms the doubts concerning the specific nature of 
reticulin impregnation methods (Cervos-Navarro and Vazquez, 1969). 

Our investigations confirm tha t  medulloblastomas are constructed by a unique 
cell type from which all described cell types originate. Also the fat  storage cells 
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show tha t  they are related to the tumour cells. However, the dark cells may  be an 
exception. As they are mostly neighbouring on the granular cells, it seems justified 
to regard them as necrobiotic granular cells. Dark cells with a more or less similar 
appearance as observed by us are quite common in reticuhim sarcomas (Wein- 
berger and Banfield, 1965; Horvat ,  Pena, and Fisher, 1969). This, on the other side, 
makes it more probable tha t  they originate from tumour  cells. In  any case, the 
dark cells are degenerated cell elements as is proved by  their swollen mitochondria. 
They are probably identical with the lymphocyte-like cells of medulloblastomas 
as described by Roussy and Oberling (1931), Sehiffer, Fabiani, Montieone, and 
Cognazzo (1966). The two cell types tha t  Sawada (1967) observed in medullo- 
blastomas do not correspond to the types of cells observed by us. I t  is questionable 
whether all of the cells described by Sawada were really medulloblastoma cells. 
In  contrast to most of the other authors (Raimondi, Mullan, and Evans, 1962; 
Waga, 1965; Raimondi, 1966; Escourolle and Poirier, 1967; Sawada, 1967) we 
could not find any indication for a neuronal or g]ial differentiation of the tumour 
cells, even ff abortive. 

The granular cells of the cerebellum have roughly the same size and form as 
the tumour  cells. They too have only a small perikaryon, few organells, show 
only occasionally cytoplasmic processes and form glomeruli. In  contrast to the 
tumour  they are generally in contact with myelin sheaths orneuropi]. They 
differ also in their chromatin structure which is composed of larger granules and 
is usually concentrated in condensation zones. Although this chromatin conden- 
sation is an artefact, it is characteristic for the granular cells of the cerebellum 
to form this artefact to a greater extent than many other cells (Dahl, Olsen, and 
Birch-Andersen, 1962; Herndorn, 1964). Goldin (1968), however, using only 
osmium tetroxide as fixative could not observe this chromatin condensation which 
is quite usual in undifferentiated embryonic cells. 

The oligodendroglia and myelin sheaths are rapidly destroyed by the tumour 
because they depend to a high degree on the integrity of the tissue they constitute. 
Axons and astrocytes are preserved longer. The former because they may continue 
to be nourished by a cell body which is out of the tumour region, the latter because 
of their contact with intact capillaries. This is supported by the fact that in almost 
all tumourous areas the perivascular glia persisted and that the astroeytes pre- 
served some capacity of reaction within the tumour. 

Pre-existing astrocytes are commonly found in medulloblastomas (Gullotta, 
1967). Some authors claim that these astrocytes are differentiations of tumour 
cells (l~aimondi, Mullan, and Evans, 1962; Escourolle and Poirier, 1967). But 
Voigt (1968), who had carefully selected the tissue particles he investigated elec- 
tron microscopically, could not find definite astrocytic tumour cells in medullo- 
blastomas. 

The small cytoplasmic rim containing only a few organells, except for ribo- 
somes that may be present in greater numbers, is characteristic for medullo- 
blastoma cells. They have this in common with undifferentiated stem cells of 
neural, glial or ependymal origin. In spite of this, the morphological similarity 
between medulloblastomas and embryonic tissue of the central nervous system 
cannot be a basis for histogenetic conclusions. The specific features of medullo- 
blastoma cells are essentially the same as those of all embryonic tissues and can 
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therefore he interpreted at best as a hint for accelerated growth. The microtuhules 
which Eseourolle and Poirier (1967) have regarded as an indication for the neuro- 
blastic origin of medulloblastomas are also found in embryonic cells of mesenchy- 
real nature. A comparison with the fine structure of other cerebral tumours may 
help to define further characteristic features of medulloblastomas. 

Ganglioeytomas, althm~gh rather seldom, have been frequently investigated (l%obertson. 
Hendry, and Vogel, 1964; Lee and Glasauer, 1968). They consist of large cells which have a 
broad cytoplasm and form synaptosomas or at least clusters of axoplasmie vesicles in cell 
processes. Sympathoblastomas and neuroblastomas similar to gangliocytomas are often 
further eharaeterised by pheoehromie granules (Luse, 1964; Gonzalez-Angulo, Reyes, and 
Navarette Reyna, 1965; Misugi, Misugi, and Newton, 1968). The cells of fibrillary and proto- 
plasmic astroeytomas as well as of spongioblastomas eontMn masses of eytofilaments which are 
only occasionally polarized. This makes them easy to identify and to distinguish from medullo- 
blastomas (Luse, 1962 ; Raimondi, 1966; Ziileh and Weehsler, 1968). There is a similar difference 
from glioblastomas which, apart from the eytofilaments, differ by their pleomorphie form 
which is electron microscopically evident even in eases where the tumour observed light 
microscopically seems to be isomorphic. Oligodende'ogliomas contain an abundance of mito- 
ehondria but few ribosomes (Luse, 1962; lgaimondi, 1966; Ziileh and Wechsler, 1968). They 
ca~ therefore be easily distinguished from medu/Ioblastomas although ~hey often ~brm cell 
~rrangements similar to the latter. There are no similarities ~o the ultrastrueture of menin- 
g[omas (Kepes, 196t; Gusek, [962; Na.politano, Kyle, and Fisher, 1963; Castaigne, Eseou- 
rail% and Poirier, 1966; Raseol, i966; Cervos-Navarro and Vasquez, 1969)~ 

The fine structure of arachniod sarcomas, however, is essentially the same 
as that of medulloblastomas (Ramsay and Kernohan, 1964; Wage, 1965), as 
we confirmed by own studies. Already gubinstein and Northfield (1964) have 
claimed from light microscopical studies that  the two are only variants of one 
tumour type~ The cells of araehnoid sarcomas are uniform, have many long cyto- 
plasmic processes embracing the perikaryon, many free ribosomes, and a few 
mitoehondria. The endoplasmie retieulum is often filled with an amorphous 
m a s s .  

There are some ultrastruetural similarities between sarcomas and medulto- 
blastomas. However, it is the absence of any differentiation that  most of them, 
e. g. Ewing sarcomas and retieulum cell sarcomas (Matusi, 1964; Weinberger and 
Banficld, 1965; Friedman and Gold, 1968), have in common with mednlloblastomas. 
The same holds true for the re~ieulum cell sarcoma of the brain (Blaekbourne and 
Waggener, 1967; Horvat, Pena, and Fisher, 1969). 

t~etinoblastomas were long thought {o be neuronal turnouts and closely 
related to mednlloblastomas (Bailey and Cushing, 1925; Roussy, Oberling, and 
gaileanu, 1931; Zfilcb, 1968). But even ultrastructural investigations (Allen, 
Lotto and Straatsma, 1962 ; Franvois , Hansses and Lagasse, 1965; Ikui, Tominaga, 
Konomi, and Ueno, 1966; Fujikura, KawM and Nukui, 1969) could not remove 
all doubts eoneemling this theo W. Since Ts'o, Fine and Zimmerman (t 969), however, 
showed that  the Flexner-Wintersteiner rosettes of retinoblastomas represent an 
abortive at tempt to form photoreeeptor cells the neuronal origin of retinobtasto- 
mas was proved. The terminal bars of luminal limiting membranes, cilia with a 
9 + 0 pattern etc., are specific retinal characteristics of Flexner-Wintersteiner 
rosettes. The observations of Popoff and Ellsworth (1969) that  retinoblastomas 
show nuclear alterations identical to those of the developing human retina were 
another dt~hough less strong support of this concept. In  medulloblastomas no 
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specific ce l lu lar  d i f fe ren t ia t ions  t h a t  wo u l d  ver i fy  the  t h e o r y  of  a n e u r o n a l  or igin 

of  th i s  t u m o u r  could  be  obse rved  so far. U n t i l  n o w  the re  are no  obse rva t i ons  
j u s t i f y i n g  to r ega rd  m e d u l l o b l a s t o m a s  a n d  r e t i n o b l a s t o m a s  as r e l a t ed  t u m o u r s .  
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