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Abstract 

We report our results on the ultrastructure of 21 ependy- 
momas and establish the following diagnostic criteria: 1. 
Glycogen is the most frequently encountered criterion, fol- 
lowed by desmosomes, cilia, basal bodies and microvilli. 
Fifteen tumors had 3 or more of these features. 2. The 
allegedly typical nuclear pattern was found in only 6 cases. 
3. Special ultrastructural features seen include basement 
membranes in a mid-thoracic ependymoma. Furthermore 
we propose the hypothesis that glycogen might be involved 
in cilia assembly. 

Keywords: Electron microscopy, ependymoma, glycogen, 
ultrastructure. 

1 Introduction 

Ependymomas were first classified and differenti- 
ated by BAILEY [1], based on six of his own cases. He 
particularly emphasized that previous diagnoses had 
included a variety of other brain tumors. SVlEN et al. 
[30], from the group of Kernohan then suggested 
that a subclassification be made according to the de- 
gree of malignancy. The morphologic criteria were 
the occurrence of pleomorphism, hyperchromatism 
and pathological mitoses. 

LusE [22] published early electron microscope 
studies in 1960, and several authors subsequently 
confirmed the ultrastructural criteria in single cases 
[6, 7, 9, 12, 14, 24]. Characteristic were microvilli, 
cilia, elongated desmosomes and a typical nuclear 
structure. Observations on embryonal material, ex- 
perimentally induced tumors and xenograft tumors 
were included in the evalution of the ultrastructural 
findings [13, 16, 25]. 

Nevertheless, there remain questions which cannot 
be answered by histological methods, even after the 
inclusion of newer techniques. One drawback is the 
fact that almost all reports consider single or small 
groups of cases. Recently we presented data on the 
histopathology of ependymoblastomas [3, 4]; related 

histological work has been done including the cases 
presented here (5). It is the aim of the present report 
to investigate to what extent electron microscopy 
can aid the diagnosis of ependymomas. 

2 Materials and methods 

In all cases the tumor material was obtained by 
biopsy. The clinical data are summarized together 
with the histological diagnosis in Table I. Material 
from 21 tumors was prepared for electron micro- 
scopy. Tissue samples were fixed in 3.5% buffered 
glutaraldehyde solution for 4 hours, washed in 0.2 M 
sucrose and post-fixed in 1% osmium tetroxide solu- 
tion for 1 hour. After  dehydration in the alcohol 
series, the samples were embedded in Mikropal or 
araldite. Semithin sections cut from 4-8 blocks were 
examined. After  elimination of hematoma or necro- 
tic areas, ultrathin sections were prepared with a 
Reichert microtome and stained with lead citrate or 
uranyl acetate. 

3 Results 

Histological landmarks are perivascular halos und 
rosettes (Figure 1). The tumor cells usually occur in 
small mosaic-like groups, occasionally separate from 
each other (Figure 2). A variable number of cell 
processes push their way between neighboring 
perikarya - in some areas these processes constitute 
the mayor part of the tumor. They often spread to 
the vascular basal membrane and thereby run paral- 
lel to each other. Undifferentiated cells comprise a 
large part of the cell population (Figure 3). The 
perikaryon consists of a narrow band of cytoplasm, 
rarely wider than 2 ~tm. It may contain christae-type 
mitochondria, lysosomes, little rER, free ribosomes 
and polysomes. Occasionally the Golgi complex is 
well developed. Rosette formation (Figures 2, 4, and 
5) occurred in the following combinations: rosettes 

© 1988 by Walter de Gruyter & Co. Berlin • New York 



68 

Table I. Clinical data and histological results 

Haustein et al., EM of Ependymomas  

Case Age/Sex History Localization LM diagnosis 

1 26/F 4 mo L temporal  intraventricular E I 
2 48/M 4 mo R parasellar E I 
3 44/F I mo 3rd ventricle E I 
4 7/M - L temporobasal  to brainstem E I 
5 62/F 3 wk L occipital paramedian E I 
6 16/F - - E I 
7 46/M 2 yr Th 3 -8  E I 
8 65/M 3 mo Th 7-8  E I, relapse after 2 

years 
9 10/M - L 4 extradural E I 
10 24/- - S 1 E I 
11 27/-  - L parietal E I 
12 28/M 3 wk R frontotemporal  E III-IV,  

connected to ventricle relapse after 2 
years 

13 40/F 6 mo R ffontotemporal  E III-IV,  
relapse after 14 
years 

14 45/M 3 wk R precentral  E I I I - IV 
15 59/M 1 wk L temporo-occipital connected to E I I I - IV 

ventricle 
16 8 mo/F 2 mo L cerebellar E I I I - IV 

hemisphere  
17 8/M 2 mo cranio-cervical cord to floor of E I I I -VI  

4th ventricle 
18 49/M 5 yr R cerebellar hemisphere  E I I I - IV 

tentor ium incisure 
19 44/F - - E I I I - IV 
20 4/F - - E I I I - IV 
21 14/F 1 yr pineal region E I I I - IV 

Negative ( - ) :  no data; L-left; R-right; E -ependymoma  

Figure 1. Light micro- 
graph of a typical area of 
one of the spinal tumors  
showing perivascular 
halo. Case 7. HE  x 150. 
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Figure 2. General tumor morphology: cell-flee perivascular zone, vessel (v), ultrastructural rosettes (arrows), cilium 
(curved arrow), nuclear inclusions (open arrow), dense bodies (small arrows). Case 19, x 1.700. 

with microvilli, elongated desmosomes and cilia (5 
cases); with microvilli and elongated desmosomes (3 
cases); with microvilli (2 cases); with elongated des- 
mosomes (1 case). In the first three combinations, 
the central lumen is usually completely filled with 
microvilli, an empty lumen is rare. Basal bodies are 
often also present. Some nuclei contain intranuclear 
bundles of 8 nm filaments which have neither a halo 
nor contact with the nucleolus or nuclear membrane 
(Figure 2). Considerable irregularities are seen in 
malignant variants, including lapped nuclei and 
chromatin clumping. We found mitoses in 6 of the 
grade I I I - IV  tumors. 

Intracytoplasmic 10 nm wide filaments are distri- 
buted evenly throughout the perikaryon but are par- 
ticularly numerous in the cell processes. One of the 
spinal tumors showed a particularly dense accumula- 
tion of filamentous material in the perikaryon, sur- 
rounding the entire nucleus and displacing the other 
cytoplasmic organelles to the periphery. 

In 14 cases we found glycogen (Figures 4-10), partly 
in alpha- oder beta granule form, distributed 
throughout the cytoplasm and in the cell processes. 
As well as this more diffuse distribution, glycogen 
was also found in more concentrated pools which 

Neurosurg. Rev. 11 (1988) 



Figure 3. Un- 
differentiated tumor 
cells. Case 4, x 2.600. 
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Figure 5. Multiple intracellular lumina filled with cilia, microvilli and glycogen. Slim cytoplasm bridges between adjacent 
compartments. Case 19, x 12.500. 

filled parts of the perikaryon or even entire pro- 
cesses (Figures 7-9). Occasionally the concentrated 
glycogen was limited to the immediate vicinity of 
vessels. 

Cilia were found in 9 cases; transversely sectioned 
they showed 9 peripheral and 2 central tubuli. Some- 
times the cilia reach into the lumina of rosettes but 
more often they are found deep in the cytoplasm 
without contact with the plasma membrane (Figure 
2). Malignant tumors often contain abortive cilia, 

Figure 4. "True" rosette: lumen with microvilli, cilium 
(arrowhead), basal body (arrow), desmosome (curved 
arrow), dense body (small arrowhead) and glycogen (open 
arrows). Case 19, x 28.300. 

which appear as a local perturbation of the plasma 
membrane without any differentiated internal tubu- 
lar structure. Basal bodies and parts of the ciliary 
root system also occur in the absence of cilia. 

Desmosomes occurred as isolated connections be- 
tween cell processes, also connecting lateral surfaces 
of neighboring tumor cells with short wide segments. 
Differentiation between zonulae adhaerentes and 
zonulae occludentes was generally not possible in 
our material. In two spinal tumors (Figure 9), the 
plasma membrane of the tumor cell is also 
surrounded by a basal membrane. In cerebral epen- 
dyomas and tumors of the posterior cranial fossa, 
collagen could only be demonstrated in the perivas- 
cular space. 
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Figure 9. Cell invagi- 
nation covered with 
basement membrane 
(arrow), glycogen 
(open arrow). Case 8, x 
1.500. 

Figure 10. Microvilli 
and scattered glycogen 
granules. Case 8, x 
8.000. 

Figure 6. Sparse glycogen underneath branching micro- 
villi. Case 19, x 12.500. 

Figure 7. Lumen formation with cilia, intracellular glyco- 
gen accumulation. Case 14, x 40.000. 

Figure 8. Cell process filled with glycogen granules. Case 
14, x 12.500. 
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4 Discussion 

Ependymal  brain tumors are generally defined 
according to conventional  criteria on the basis of 
their localization in the vicinity of the ventricles, 
macroscopic findings and their typical histological 
picture of soma-free perivascular halos [33]. Prob- 
lems in the diagnosis do, however,  arise when there 
is an atypical localization, doubtfull macroscopic re- 
sult or undifferentiated tissue. 

In our material  there were five tumors which fulfil- 
led all criteria for real rosettes which are proof of the 
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diagnosis. RUBINSTEIN [28] already pointed out their 
relative rarity and emphasized that they are not an 
absolutely essential criterion. ZOLCH [33] did not 
find any rosettes in cerebral tumors. In agreement 
with the literature, we must conclude that "true" 
rosettes are too seldom to be of much relevance in 
the electron microscopic diagnosis. 

The electron microscope literature generally dis- 
cribes modified ependymal cell patterns in rosette- 
like formations around very small lumina, which are 
not recognizable in the light microscope, especially 
in thick paraffin sections. Microvilli and disor- 
ganized cell contacts are usually present; they have 
been described as "rosette-like formations", 
"minirosettes" and "ultrastructural rosettes" [12, 
13]. Quantitative data are lacking in the literature; 
only HrRANO and GHATAK [13] mention that rosettes 
are rare in malignant forms. We found ultrastruc- 
tural rosettes in 9 cerebral and one spinal tumor. 
These ultrastructural rosettes are incomplete. Supra- 
tentorial tumors demonstrate a morphology which 
appears like an inadequate attempt to form a free 
surface, just failing to form an ependymal tube. Fur- 
thermore, ultrastructural rosettes are characteristic 
but not pathognomic for ependymomas. Intracyto- 
plasmic lumen formation has also been observed in 
tuberous sclerosis [2] as well as in a subependymoma 
[23]. Both tumor types have been assumed to have 
partially ependymal origin [10]. 

Basement membranes which are formed by tumor 
cells independently of vessel mesenchyme have been 
demonstrated in myxopapillary cauda tumors [26] 
and ependymal cysts [14]. Our case 8 (Figure 9) 
demonstrates that a tumor variant with basement 
membranes can also occur at the thoracic level. In 
this particular case we are concerned with a relaps- 
ing tumor with regressive changes which could also 
be seen in the primary tumor. 

Glycogen granules in their various morphological 
forms are the most common ultrastructural feature 
of our material. RUBIN et al. [27] pointed out the 
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relatively high glycogen content in reactive ependy- 
mal cells, but did not find any glycogen in experi- 
mental ependymoblastomas. RAWLINSON et al. [26] 
described glycogen in spinal ependymomas. The 
electron microscope literaure does not mention the 
massive glycogen accumulation in cerebral ependy- 
momas. This is even more noteworthy because gly- 
cogen analysis is one of the routine tests in 
neuropathological tumor diagnosis. The differential 
diagnosis should include the glycogen-positive Ew- 
ing sarcoma [17] and neuroblastoma [32]. Moss [24] 
found pools of glycogen granules in plexus 
papilloma, and according to that author glycogen 
may be lost during processing of the biopsy speci- 
men. Some findings suggest that beta-granules may 
develop into branching filaments [29]. A close spa- 
tial relation of cilia and glycogen from a morphologi- 
cal point of view might suggest direct involvement of 
the carbohydrates into "manufacturing" of cilia and 
related structures. We are not aware of any 
biochemical analysis of human tissue regarding this 
problem. Recently massive glycogen accumulation 
has been described in the aging brain, and it was 
suggested that the aging process itself might lead to a 
disorder of carbohydrate metabolism [11]. 

After administration of psychotropic drugs like 
chlorpromazine there was pronounced accumulation 
of glycogen granules in pyramidal cells of rabbits 
[18, 19]. These drugs might inhibit the glycolytic me- 
tabolism in nerve cells. In our cases the medical 
treatment was unknown. 

Microvilli, cilia and desmosomes are described as 
the major feature [6, 22]. GOEBEL and CRAVIOTO [12] 
observed that cilia usually project intracellularly, 
which is in agreement with our results. It may be 
worthwhile to study variants of abnormal cilia - this 
may have some impact on staging [15, 21]. 

Microvilli often appear to be pressed into the ex- 
tracellular clefts or into the cytoplasm of tumor cells. 
Only serial sectioning can clarify the question of 
whether the latter localization is actually intracellu- 

Table II. Summary of electron microscopic criteria. Order according to the frequency of positive features 

Case 

1 4 12 2 16 14 3 21 5 8 6 11 17 18 15 7 10 13 9 19 20 
Desmosomes + + + + + + + + + + + + + + 
Basal bodies + + + + + + + + + + 
Cilia * + + + * + + + * + * 
Microvilli + + + + + + + + + + 
Glycogen + + + + + + + + + + + + + + + 
Typical Nuclei + + + + + + 

*abortive cilia 
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1at or  whether  it is an invagination of the cell sur- 
face. The relatively f requent  presence of microvilli 
in the tumor  cells without  any indication of a connec- 
tion with the extracellular space suggests, however ,  
an intracellular localization. A real ependymal tube 
with microvilli  is much more  seldom. 

General ly  we could not further classify desmosomes,  
probably due to the fact that the number  of zonulae 
adhaerentes  in malignant  ependymomas is consider- 
ably reduced [31]. 

FRIEDE and POLLACK [9] and other  authors describe a 
typical nuclear structure for ependymomas,  but em- 
phasize that this is not  in itself a sufficient criterion 
for their identification. This is in agreement  with our 
results. Nuclear  inclusions are also nonspecific and 
have been  seen in a number  of gliomas [6, 20]. Their  
functional relevance is still unknown. Dense  bodies 
are a common feature - it was speculated by ESTES 
[8] that their appearance is associated with a bet ter  
prognosis,  but until now no data on this issue are 
avaible. 

In Table II we have summarized the most important  
results for the confirmation of the diagnosis. When 
three or  more  positive criteria are present,  then elec- 
tron microscopy analysis may contribute signific- 
antly to the diagnosis. Fif teen tumors in our study 
fall into this category; 10 of these show ultrastruc- 
tural rosettes and further characteristics of ependy- 
mal differentiation. Of  particular interest is that 13 
cases demonstra ted glycogen, a marker  which until 
now has not  received adequate  attention. Cases 1 
and 4 do not show any ultrastructural features of 
ependymal  differentiation. They thus do not permit  
an electron microscopic diagnosis, although his- 
tologically the diagnosis was unequivocal.  Both 
cases were grade I tumors,  and both patients were 
under  30 years of age. A further four tumors (cases 
12, 2, 16, 14) each provided fewer than 3 positive 
ultrastructural features. 

The negative electron microscopic results can be ex- 
plained by methodological  problems due to small 
samples for analysis as well as by histological factors. 
We are aware of another  problem of our study: the 
amount  of criteria in our samples depends on correct 
diagnosis, so our values might be underestimations.  
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