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Summary. An lmmunohistochemical study on ependy- 
mal tumours was performed in order to determine what 
relationships exist between histological subtypes and epi- 
thelial or glial characteristics. Thirty-eight ependymal 
tumours were examined with antibodies to cytokeratin 
(CK), epithelial membrane antigen (EMA), transthyre- 
tin (TTR) and glial fibrillary acidic protein (GFAP) us- 
ing the avidin-biotin-complex technique. They included 
23 ependymomas, 13 anaplastic ependymomas, and 2 
myxopapillary ependymomas. Only 3 of the 23 ependy- 
momas were positive with EMA but 19 reacted with 
GFAP. None of  them were positive with CK. Six of  
the 13 anaplastic ependymomas were positive with 
EMA, 3 with CK and 10 with GFAP.  Five of  the 6 
anaplastic ependymomas which had epithelial marker 
proteins were either negative or weakly positive for 
GFAP. The present study demonstrates that most be- 
nign ependymomas exhibit GFAP positivity while the 
anaplastic ones tend to suppress their glial nature in 
favour of  epithelial differrentiation. However, ependy- 
mal tumours showed few characteristics of  choroid plex- 
us cells; only one of the examined cases was positive 
for TTR. 
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Introduction 

Ependymal tumours have been extensively studied by 
anti-glial fibrillary acidic protein (GFAP) immunostain- 
ing; many authors have shown that most of them have 
GFAP positivity. 

Epithelial membrane antigen (EMA) and cytokeratin 
(CK) have been widely accepted as epithelial differentia- 
tion antigens in both normal and neoplastic tissues 
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(Frierson et al. 1986; Mills et al. 1987; Moll et al. 1982; 
Sloane and Ormerod 1981). In the central nervous sys- 
tem (CNS), both epithelial marker proteins were demon- 
strated in the choroid plexus cell but not in the ependy- 
mal cell (Cruz-Sanchez et al. 1988; Doglioni et al. 1987; 
Kasper et al. 1986; Sloane and Ormerod 1981). In neo- 
plasms, they were expressed not only in choroid plexus 
tumours (Doglioni etal .  1987; Mannoji and Becker 
1988; Matsushima et al. 1988; Miettinen et al. 1986) but 
also in meningiomas (Holden et al. 1987; Schnitt and 
Vogel 1986). Ependymal neoplasms have also showed 
positivity in a few studies (Cruz-Sanchez et al. 1988; 
Mannoji and Becket 1988). Transthyretin (TTR, preal- 
bumin) is a retinol and thyroxin binding protein which 
is produced in the normal and neoplastic choroid plexus 
(Aleshire et al. 1983; Matsushima et al. 1988; Stauder 
et al. 1986) but ependymomas have not been studied 
for T T R  expression. 

An immunohistochemical examination of  the 38 
ependymal turnouts was performed in order to search 
for a correlation between the histological subtypes and 
the epithelial or glial characteristics using anti-EMA, 
CK, TTR and G F A P  antibodies. 

Materials and methods 

Surgical specimens were obtained from 38 ependymal tumours: 
23 ependymomas, 13 anaplastic ependymomas and 2 myxopapill- 
ary ependymomas. A tumour composed predominantly of uniform 
ependymal cells forming rosettes, tubules, clefts and papillations 
as epithelial properties, and perivascular pseudorosettes was diag- 
nosed as ependymoma. Although epithelial-like structures are less 
common than perivascular pseudorosettes, when present they are 
diagnostic. The ependymomas were well differentiated and showed 
no anaplastic features. The anaplastic ependymomas were highly 
cellular with necroses and frequent mitoses. The presence of pleo- 
morphism, endothelial proliferation and multinucleation suggested 
the anaplastic ependymoma. The clinical manifestations and histo- 
pathological diagnoses of the cases are summarized in Table 1. 
Ependymomas showed a tendency to be located infratentorially, 
while the anaplastic ones were more often supratentorial. 

Immunohistochemical analysis was performed with anti-EMA 
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Table 1. Clinical and immunohistochemical findings of ependymal 
tumours 

Case Age/sex Site E MA  CK TTR GFAP 

Ependymomas 
1 23/F 4th v + "  - - + 
2 (1) 2/M 4th v + "  - - + 

(2) 4 + a _ _  _ _  § 

(3) 6 -- + a _ _  ~_ § 
3 6/M 4th V _ ~  a _ _  _ _  § 

4 53/F Cbll-4th v - - - ( + )  
5 2 1 / F  4 t h  v - - - + 

6 8/M 4th v-C2 - - - + 
7 3/M 4th v-C2 - - - + 
8 10/F Lat v-P-O-T - - - + 
9 24/M 4th v - - - + 

10 27/M Lat v . . . .  
11 2/F P-T . . . .  
12 10/F 4th v - - - + 
13 44/F T6 9 -- - - + 
14 46/F 4th v . . . .  
15 11/F 4th v - - - + 
16 8/M 4th v - - - ( + )  
17 1/F 4th v - - - + 
18 18/F 4th v - - - + 
19 0/M 4th v - - - + 
20 44/M Cs 6 -- - -- + 
21 62/M C2 5 - - -- + 
22 43/F C1 -- -- -- + 
23 57/F T7 lo -- -- -- + 
Anaplastic ependymomas 
24 7/F Fr + b ( + )  _ ( + )  
25 14/M Lat v-P + " - - -- 
26 0/M 4th v + b + _ ( + )  
27 13/M Fr-P + " - -- - 
28 (1) 20/F Fr + b ( + )  _ ( + )  

(2) 22 + b + _ __ 

29 8/F 4th v + " -- -- + 
30 6/M Fr-P-T -- -- - + 
31 13/F P-T-O . . . .  
32 18/F 3rd v-C2 - - - + 
33 15/M 3rd~4th v - - - + 
34 16/M Fr-P - - -- + 
35 5/M 4th v -- - -- + 
36 3/M Fr -- -- -- + 
Myxopapillary ependymomas 
37 16/M Cauda equina - - - + 
38 36/M Cauda equina - - - + 

M, Male; F, female; Fr, frontal;  T, temporal, P, parietal; O, occipi- 
tal; Cbll, cerebellar; C, cervical; T, thoracic; Lat, lateral; v, ventri- 
cle 
§ " The EMA positivities were mainly confined to the luminal 
surface of the epithelial like structures as linear deposits 
b Plasma membrane of the tumour cells in glial region were stained 
with ant i -EMA 
( + )  A few positive cells 

monoclonal antibody (DAKO, Copenhagen, Denmark,  1:100), 
anti-CK monoclonal  antibody (Becton-Dickinson Mountain  View 
CA USA, 25 btg/ml), anti-TTR (Kitamoto et al. 1985; 1:1000) and 
ant i -GFAP (Mannoji  et al. 1981; 1:1000) using the avidin-biotin 
complex (ABC) method. Streptavidin and biotin reagents were ob- 
tained from Biogenix Laboratories (Dublin CA USA). The speci- 
mens were fixed in 10% formalin, embedded in paraffin and sec- 
tioned at 6 gm serially. The sections were stained with haematoxy- 
lin and eosin. Deparaffinized sections were incubated in 0.3% 
H202 in methanol  to inhibit the endogenous peroxidase activity 
for 30 min. The sections were subsequently incubated in primary 

antibody diluted in 0.05 M Tris-HC1 pH 7.6 with 10% normal goat 
serum added at 4 ~ C overnight, biotin-labelled goat anti-rabbit  or 
mouse for 30 min at room temperature, and streptavidin-biotiny- 
lated pcroxidase complex for 30 min at room temperature. Each 
step was followed by three 10min washes in 0.05 M Tris-HC1 
pH 7.6. The peroxidase reaction was developed with 0.01% 3,3'- 
diaminobenzidine (Nakarai Chemicals Kyoto Japan) and 0.003% 
H202 in 0.05 M Tris-HC1. The sections were counterstained lightly 
with haematoxylin. When anti-CK was used, the sections were 
pretreated with 0.5% pepsin in 0.01 N HC1 for 45 min at 37 ~ C 
before blocking of endogenous peroxidase activity. 

R e s u l t s  

T h r e e  o f  t he  23 e p e n d y m o m a s  s h o w e d  p o s i t i v i t y  w i t h  
a n t i - E M A  i m m u n o s t a i n .  I n  t h e s e  cases ,  t he  i m m u n o r e -  
a c t i v e  p r o d u c t s  w e r e  p r e s e n t  as  l i n e a r  d e p o s i t s  o n  t h e  
l u m i n a l  s u r f a c e  o f  t h e  e p i t h e l i a l - l i k e  s t r u c t u r e s  s u c h  as  
e p e n d y m a l  r o s e t t e s  a n d  t u b u l e s ,  e p e n d y m a l  e p i t h e l i a  a n d  
p a p i l l a r y  s t r u c t u r e s  (F ig .  1 A) .  I n  1 o f  t h e  3 p o s i t i v e  
cases ,  a n t i - E M A  a l so  s h o w e d  a g r a n u l a r  c y t o p l a s m i c  
p o s i t i v i t y .  H o w e v e r ,  al l  o f  t h e  23 e p e n d y m o m a s  w e r e  
n e g a t i v e  to  C K .  

A n t i - T T R  r e a c t e d  to  o n e  ca se  o f  e p e n d y m o m a  
(case  2), in  w h i c h  t h r e e  o p e r a t i o n s  h a d  b e e n  p e r f o r m e d .  
T T R  p o s i t i v i t y  w a s  o b s e r v e d  in  t h e  e p e n d y m a l  ep i t he l i -  
u m  o f  t h e  s p e c i m e n  o b t a i n e d  a t  t h e  t h i r d  o p e r a t i o n  
(F ig .  1 B), w h e r e  i m m u n o r e a c t i v e  p r o d u c t s  w e r e  v i sua l -  
i zed  as  i n t r a c y t o p l a s m i c  g r a n u l a r  d e p o s i t s  (F ig .  1 C ) .  
T T R - p o s i t i v e  cells  w e r e  a l so  s t a i n e d  w i t h  a n t i - E M A  
(Fig .  1 D )  b u t  n o t  w i t h  a n t i - C K .  

N i n e t e e n  o f  t h e  23 cases  s h o w e d  p o s i t i v i t y  f o r  
G F A P .  I m m u n o r e a c t i v e  p r o d u c t s  w i t h  a n t i - G F A P  w e r e  
m a i n l y  p r e s e n t  in  t h e  cel l  p r o c e s s e s  o f  s o - c a l l e d  p e r i v a s -  
c u l a r  p s e u d o r o s e t t e s  e x t e n d i n g  to  t h e  v a s c u l a r  wal l .  Tu -  
m o u r  cells  f o r m i n g  e p e n d y m a l  t r u e  r o s e t t e s  w e r e  o c c a -  
s i o n a l l y  pos i t i ve .  T h e  cell  b o d i e s  o f  t h e  i n t e r p o s e d  tu -  
m o u r  cells  w e r e  s t a i n e d  w i t h  a n t i - G F A P  to  v a r i o u s  de -  
grees .  

Six o f  t h e  13 cases  o f  a n a p l a s t i c  e p e n d y m o m a s  d e m -  
o n s t r a t e d  p o s i t i v i t y  f o r  E M A .  A n t i - E M A  s t a i n e d  a n a p -  
l as t i c  e p e n d y m o m a s  in  t w o  w a y s :  (1) i m m u n o r e a c t i v e  
p r o d u c t s  w e r e  m a i n l y  c o n f i n e d  to  t h e  l u m i n a l  s u r f a c e  
o f  t h e  e p i t h e l i a l  l ike  s t r u c t u r e s  (cases  25, 27 a n d  29)  o r  
(2) t h e  l i n e a r  d e p o s i t s  ( c o n t a i n i n g  s o m e  g r a n u l a r  d e p o s -  
i ts)  a t  t he  p e r i p h e r a l  a s p e c t s  o f  t h e  t u m o u r  cell  ( w h i c h  
p r e s u m a b l y  r e p r e s e n t e d  t h e  cel l  s u r f a c e )  we re  o b s e r v e d  
in  t h e  ce l l u l a r  p a r t  o f  t he  t u m o u r  ( cases  24, 26 a n d  28).  
A l l  o f  3 cases  o f  t he  f o r m e r  g r o u p  s h o w e d  C K  n e g a t i v i t y ,  
w h e r e a s  3 cases  o f  t h e  l a t t e r  s h o w e d  C K  p o s i t i v i t y .  I m -  
m u n o s t a i n i n g  w i t h  a n t i - T T R  r e v e a l e d  n o  p o s i t i v e  cells  
in  a n y  o f  t h e  a n a p l a s t i c  e p e n d y m o m a s .  In  10 cases  t h e  
t u m o u r s  w e r e  s t a i n e d  w i t h  a n t i - G F A P .  H o w e v e r ,  5 o f  
t h e  6 a n a p l a s t i c  e p e n d y m o m a s  w h i c h  h a d  e p i t h e l i a l  d i f -  
f e r e n t i a t i o n  a n t i g e n  w e r e  n e g a t i v e  o r  w e a k l y  p o s i t i v e  f o r  
G F A P .  

I n  case  27,  a c o n s i d e r a b l e  n u m b e r  o f  e p e n d y m a l  r o -  
se t t e s  a n d  t u b u l e s  w e r e  p r e s e n t  (F ig .  2 A ) ,  a n d  a n t i - E M A  
g a v e  r e a c t i o n  t o  t h e i r  l u m i n a l  s u r f a c e s  a n d  m i c r o c y s t s  
as  l i n e a r  d e p o s i t s  (F ig .  2 B ) .  I n t r a c y t o p l a s m i c  g r a n u l a r  
d e p o s i t s  w e r e  o c c a s i o n a l l y  seen .  I n  t h i s  case ,  t u m o u r  
cel ls  w e r e  s t a i n e d  w i t h  n e i t h e r  a n t i - G F A P  n o r  a n t i - C K .  
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Fig. 1A-D. Case 2. Ependymal rosette and tubule (A) and ependy- 
mal epithelium (B-D) in the sections obtained at the third opera- 
tion. A Anti-EMA reacts with the luminal surface of the ependymal 
rosette and tubule, x 400. B H & E, x 200. C Immunoreactive 

products are visualized as intracytoplasmic granular deposits (anti- 
TTR stain), x 400. D Anti-EMA reacts with the apical portion 
of the ependymal epithelium as linear deposits, x 400 

In case 26, the tumour cells were poorly differentiat- 
ed and proliferated in papillary and sheet-like patterns 
(Fig. 3A). Ependymal rosettes were seen sporadically. 
Anti-EMA stained the plasma membrane of the tumour  
cells diffusely (Fig. 3 B). The anti-CK reacted with the 
cytoplasmic components of  the tumour cells (Fig. 3 C). 
GFAP positive cells were focally seen (Fig. 3 D). We did 
not observe the co-existence of  GFAP and the epithelial 
marker proteins in the same neoplastic cells at serial 
sections. 

Two operations were performed in case 28. Perivas- 
cular pseudorosettes and epithelial-like structures were 
not clearly seen in the specimen from the first operation. 
However, perivascular pseudorosettes and ependymal 
epithelia were evident in the specimen from the second 
operation (Fig. 4A) and ependymal rosettes also ap- 
peared in part. EMA positive cells were seen diffusely 
in both specimens (Fig. 4B, C). Anti-EMA reacted with 

the cell membrane, and with the cytoplasm as granular 
deposits. In contrast with the EMA positive cells, CK 
positive cells were very rare in the specimen from the 
first operation, but  a fair number of cells became positive 
to CK in the specimen from the second operation 
(Fig. 4D). Immunoreactive products were observed in 
the cytoplasm and cell processes extending to the vascu- 
lar walls. GFAP-posit ive cells were focally seen in the 
section from the first operation but were not  seen in 
the section from the second operation. 

The 2 cases of  myxopapillary ependymoma showed 
positivity to G F A P  but not to EMA, CK or TTR. 

Discussion 

There is an intimate relationship between the develop- 
ment of the choroid plexus and that of  the ependyma, 
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Table 2. Immunohistochemical features of ependymal tumours 

Turnout group No. of cases No. of positive cases for 

EMA CK TTR GFAP 

Ependymomas 23 3(+ a 3, + b 0) 0 1 19 

Anaplastic 13 6(+ a 3, + b 3) 3 0 10 
ependymomas 

Myxopapillary 2 0 0 0 0 
ependymomas 

For footnotes, see Table I 

Fig. 2A-D. Case 27. A Ependymal rosettes and tubules are abun- 
dant. H & E, • 200, B Luminal surface of the ependymal rosettes 
and tubules were stained with anti-EMA. Microcysts were also 
stained, x 200 

but the mature cells of both show different characteris- 
tics. The epithelial nature of  choroid plexus cells has 
been demonstrated by electron microscopical and immu- 
nohistochemical studies (Dohrmann and Bucy 1970; 
Kasper et al. 1986). In contrast to the choroid plexus 
cell, the ependymal cell is considered to glial cell even 
if the cell shows some epithelial feature. TTR can be 
identified in the choroid plexus cell after 6 weeks of  ges- 
tation (Jacobsen et al. 1982), but the ependymal cell does 
not express T T R  (Aleshire et al. 1983). 

The normal choroid plexus does not have GFAP,  
but choroid plexus tumours often express GFAP as a 
glial marker (Doglioni et al. 1987; Miettinen et al. 1986; 
Rubinstein and Brucher 1981 ; Teratuto et al. 1983). This 
has been explained as ependymal differentiation because 
ependymal cells are positive for G F A P  transiently in 
the embryonic stage (Roessmann et al. 1980) and often 
in the pathological state (Miettinen et al. 1983; Tajika 

et al. 1988; Velasco et al. 1980). We postulated that the 
correlation between the choroid plexus cell and ependy- 
real cell might be more intimate when they undergo neo- 
plastic transformation. For that reason, ependymal tu- 
mours were studied with antibodies against epithelial 
differentiation antigens and TTR. 

Ependymal neoplasms have been examined using 
EMA and CK antibodies, and many authors have failed 
to find either EMA or CK positivity in them (Doglioni 
et al. 1987; Miettinen et al. 1983, 1986). However, Man- 
noji and Becker (1988) recently reported 5 cases of  CK- 
positive ependymal tumours, and Cruz-Sanchez et al. 
(1988) found EMA-positive ependymoma cases. These 
observations indicate that some ependymal neoplasms 
display epithelial differentiation. 

The present investigation on 38 ependymal tumours 
revealed that 9 were positive with EMA, 3 with CK, 
and 1 with TTR. EMA and CK expression was strongly 
related to the histological subtypes. EMA and CK were 
more often observed in the anaplastic ependymomas 
than in the benign ones. It might be generally considered 
that benign ependymomas differentiate more closely in 
the direction of  normal ependymal epithelia than do an- 
aplastic tumours. It was reported that benign ependymo- 
mas were more frequently stained with ant i -GFAP than 
anaplastic ones (Tajika et al. 1988). In our study, anap- 
lastic ependymomas with either none or a few GFAP-  
positive cells were likely to express EMA and CK. In 
the cases of poor  differentiation, some ependymal neo- 
plasms might have suppressed G F A P  expression and 
shown an epithelial nature. However, their characteris- 
tics with epithelial differentiation were different from 
those of normal and neoplastic choroid plexus cells be- 
cause they did not show TTR positivity. 

In electron microscopic studies, it was pointed out 
that ependymoblastoma cells closely resembled the cells 
lining the normal, embryonic neural tube (Hirano et al. 
1973). GFAP,  EMA and CK-positive tumour cells were 
observed in case 26. This fact suggests that some tumour 
cells have the capacity to differentiate in both directions. 
Thus, undifferentiated ependymoma cells might roughly 
correspond to the early embryonic ependymal cells 
which have not yet developed into choroid plexus cells. 
Mannoji and Becker (1988) postulated the presence of  
a transitional cell between the choroid plexus cell and 
the ependymal cell, and reported two cases of papillary 
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Fig. 3A-D. Case 26. A Highly cellular tmnour with papillary struc- 
tures. Turnout cells have round or oval nuclei and a scanty cyto- 
plasm. H & E, x 150. B The plasma membrane of many tumour 
cells was immunolabelled with anti-EMA, x 400. C Anti-CK reacts 

with the cytoplasmic components of a considerable number of tu- 
rnout cells, x 400. D GFAP-positive cells are occasionally seen, 
x400 

ependymoma corresponding to them. However, in our  
cases, no transitional cells showing glial and epithelial 
differentiation were found. 

The immunostaining patterns of  anti-EMA antibody 
were divided into the two patterns, as described above. 
Three cases in which ant i-EMA reacted to the plasma 
membrane of  tumour  cells in cellular region were also 
positive to CK. In case 28, EMA-positive cells were 
abundant  in the sections from two operations. CK-posi- 
t ire cells markedly increased in number in the specimen 
o f  the second operation, whereas GFAP-posit ive cells 
decreased. In this case, epithelial differentiation seemed 
to have progressed at an interval of 2 years between the 
two operations. 

It  was interesting to observe that epithelial-like struc- 
tures stained with ant i-EMA did not  exhibit any immu- 
noreacfivity to CK. The discrepancy of  immunoreactivi- 
ty with anti-EMA and CK is often observed in undiffer- 
entiated carcinomas (Frierson et al. 1986; Mills e ta l .  

1987). It is possible that these cases did not  differen- 
tiate enough to express CK. Ant i -EMA reacts not only 
to epithelial tumours but also to some mesenchymat- 
type tumours with an epithelioid differentiation 
(Pinkus and Kurtin 1985; Sloane et al. 1983). There- 
fore, it is supposed that EMA might be expressed 
more extensively than CK as an epithelial marker  pro- 
tein. 

One of  the 38 ependymomas was positive to TTR. 
Seitz et al. (1987) examined non-ependymal gliomas us- 
ing anti-TTR. T T R  positivity was found in the intersti- 
tium of  tumour tissue but not in tumour  cells. Matsushi- 
ma et al. (1988) reported that only benign choroid plexus 
papillomas showed T T R  positivity. This is the first paper 
to report  on the T T R  expression in an ependymal tu- 
mour.  

In conclusion, most benign ependymomas do not ex- 
hibit antigenicity to epithelial marker proteins but do 
to glial ones. Some anaplastic ependymomas may ex- 
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Fig. 4A-D. Case 28. The specimens (B) were obtained from the 
first operation while others (A, C, D) were from the second opera- 
tion. A Tumour cells are poorly differentiated with perivascular 
pseudorosette formation. Ependymal epithelium is shown in the 
inset. H & E, x 270. B EMA-positive cells are seen diffusely. Peri- 

vascular pseudorosettes are not apparent, • 370. C Anti-EMA 
reacted with many tumour cells like the section from the first opera- 
tion, x 370. D Anti-CK reacts with the cytoplasm of the tumour 
cells. Cell processes extending to the vascular wall were also 
stained, • 370 

press epithelial marker  prote ins  bu t  at the same time 
suppress their glial characteristics. 
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