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Summary. The presence of blood group isoantigens in vascular endothelium cells was 
used in order to identify cells of endothelial origin in CNS tumors. 70 cerebrospinal tumors 
coded as "angioblastie meningiomas" and 30 cerebellar hemangioblastomas were examined 
for the detection of BG isoantigens by the specific red cell adherence (SRCA) test by 
Davidson (1972). In eerebellar and supratcntorial hemangioblastomas a positive SRCA 
reaction in endothelial cells forming the prominent component of this neoplasm was opposed 
by a negative reaction in the large majority of interstitial (stroma) cells that argues against 
their endothelial origin. Identical behavior of SCRA test supports the histogenetic identity 
of hemangioblastomas and angioblastie meningiomas. A consistently negative SRCA reaction 
in cerebrospinal hemangiopericytomas except for the endothelial cells lining the capillaries 
supports the concept of a non-endothelial (pericytie) histogenesis of this neoplasm. Richly 
vascularized meningiomas with positive SRCA reaction restricted to vascular endothelial 
cells can be separated from angioblastie meningiomas, although transition forms are likely 
to occur. Angioblastic meningiomas suggested to originate from vasoformative elements 
(endothelium and pericytes) were found to represent 3.2 percent of a biopsy sample of 
660 eases with eerebrospinal meningiomas. Their relationship to primary meningeal neo- 
plasms needs further elucidation. 
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Introduction 

Angioblas t ic  meningiomas  (Cushing and Eisenhard t ,  1938) t h a t  cons t i tu te  
abou t  4 percen t  of the  p r i m a r y  meningeal  neoplasms (P i tke th ly  et al., 1970) include 
a t  least  th ree  his tological ly  different  categories:  1. h ighly  vascular ized menin-  
giomas;  2. hemangiob las tomas ;  and  3. hemang iope r i cy tomas  (Gul lo t ta  and  
Wti l lenweber ,  1969; Rubins te in ,  1972). U l t r a s t ruc tu ra l  s tudies  suppor t  the  histo- 
genet ic  s imi la r i ty  if no t  i d e n t i t y  of the  hemangioblas t ic  form of angioblast ic  
mening ioma and  hemangiob las tomas  (Castaigne et al., 1968; Cervds-Navarro ,  
1971), a l though t rans i t ions  be tween  hemangioblas t ic  and  usual  meningiomas  
showing typ ica l  mening iomatous  whorls are r a the r  f requent  (P i tke th ly  et al., 1970). 
Capi l lary  hemang iob las tomas  (angioret ieulomas),  mos t  f requent ly ,  bu t  no t  ex- 
clusively occurr ing in the  eerebelIum, are  composed of embryonM vascular  
channels,  prol i fera t ing pr imi t ive  endothe l ia l  cells and  in ters t i t ia l  (stroma) cells 
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which are suggested to or iginate  from vasoformat ive  e l e m e n t s - - e n d o t h e l i u m  
and/or  per icytes  (Cancilla and  Z immerman ,  1965; CervSs-Navarro,  1971; Kawa-  
mura  et al., 1973). Hemang iope r i cy toma  is a vascular  t umor  in the  soft t issues, 
p rominen t ly  arising from per icytes  (S tout  and  Mur ray  1942; Si lverberg et al., 
1971) a l though t rans i t ion  forms be tween per icytes  and  endothe l ia l  cells (Bat t i fora ,  
1973) or smooth  muscle cells have been observed in this  neoplasm (Hahn  et al., 
1973; Popoff  and  Rosomoff,  1973). The f requent  a t t a c h m e n t  of cerebrospinal  
hemangioper iey tomas  to  meninges  and the  f inding of men~ngiomatous whorls in 
t issue cul ture  lend suppor t  for the i r  inclusion with  the  meningiomas (Muller and  
Mealey,  1971), a l though the i r  poorer  prognosis ( tendency to recur  locally and 
me tas t a t z i e  ex t racrania l ly)  justifies thei r  d i f ferent ia t ion from the  general  group 
of angioblast ic  meningiomas  (P i tke th ly  et al., 1970). Ev idence  for the  ubiqui tous  
presence of blood group isoant igeus in endothel ia l  cells of blood vessels and  
e ry th rocy tes  (Davidson,  1972; Denk  et al., 1973) was used in order  to  iden t i fy  
cells of endothe l ia l  origin in the  course of morphological  s tudies in angiob]~stic 
meningiomas  and hemangioblas tomas .  

Mater ial  and Methods 

From a series of biopsy specimens of 660 cases with meningiomas 70 tumors coded as 
"angioblastic meningiomas" and ~0 cerebellar hemangioblastomas were treated for the 
detection of blood group isoantigens by the specific red cell adherence test (SRCA), a 
modification of Coombs' et al. (1956) mixed cell agglutination test (for review see Davidson, 
1972). As both water and alcohol soluble blood group substances are preserved during formalin 
fixation and paraffin embedding, specimens fixed in neutral buffered formalin and embedded 
in paraffin were used. Commercial antisera to blood group substance ( B G ) ~  and B (Ortho) 
were concentrated to a hemagglutination titre of approximately 1:1000. Only specimens 
of blood group A and B were used. After completion of the specific red cell adherence 
reaction the specimens were fixed in 1-5% glutaraldehyde and stained with hematoxylin- 
eosin. Reagent controls were non-isologous antiserum and isologous indicator erythrocytes 
and vice versa. The endothelial cells of the blood vessels and the erythrocytes in the normal 
brain tissue as well as in the tumors were positive with respect to BG-substance in every 
ease thus providing appropriate positive tissue controls. The results in CNS tumors were 
compared with those in capillary hemangioblastomas and hemangiopericytomas in the orbit 
and other regions. 

Results 

1. I n  cerebellar  hemangiob las tomas  and his tological ly  similar  hemangioblas t ie  
t ype  of angioblast ic  meningiomas in o ther  locat ions  (supra tentor ia l  and  spinal  
cord hemangioblas tomas)  the  endothel ia l  cells lining the  vascular  channels and  
apposed  endothel ia l  cells wi thou t  visible lumen,  as well as red  blood cells were 
posi t ive wi th  respect  to  B G  substances  in every  case (Figs. 1-6). By  contras t ,  
in the  large m a j o r i t y  of the  large, polygonal  and  of ten foamy  in ters t i t ia l  (stroma) 

Figs. 1 and 2. Cerebellar hemangioblastoma, female aged 23 years; blood group B (N 79-67). 
Fig. 1. Positive SCRA reaction in endothelial cells lining vascular branches with negative 
reaction of stroma cells (x). BG B, H &E • 375. Fig. 2. Negative control. BG A H &E • 375 
Fig. 3. Angioblastic meningioma (hemangioblastoma) in parietal region of female aged 65; 
blood group B (N 184-72). Positive SCI%A in many vascular channels. BG B ~ H  &E • 375 
Fig. 4. Parietal hemangioblastoma in female aged 64 years; blood group A (N 313-72). Positive 
SCRA reaction in vascular endothelium, negative in stroma cells except for occasional 

adherence of erythrocytes to one stroma cell (x). BG A- -H  &E • 375 
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Figs. 1--4 



140 K. Jellinger and H. Denk 

Fig. 5. Spindle cell type of cerebellar hemangioblastoma. (N 416-73). Male aged 60, blood group 
A. Intensely positive SCRA reaction. BG A- -H.  &E • 375 

Fig. 6. Clear cell type of cerebellar hemangioblastoma (N 397-72) in male aged 41; blood 
group A. Positive SCRA in few capillaries and negative reaction in stroma cells. BG A - - H  &E 

• 375 

Fig. 7. Meningeal hemangiopericytoma in falx region of male aged 28 ; blood group B. Second 
recurrence (N 438-73). Positive SCRA reaction only in capillaries, negative in tumor areas. 

BG B - - t I  &E • 120 

Fig. 8. Meningeal hemangiopericytoma in sagittal region of female aged 32; blood group A. 
Third recurrence (N 472-73). Positive SCRA reaction only in capillaries, negative in tumor 

areas. BG A - - H  &E • 250 

Fig. 9. Highly vascularized endothelial meningioma in frontal region of female aged 61 years; 
blood group A (N 204-71). Positive SCRA reaction only in capillaries, negative in meningio- 

matous tissue. BG A - - t I  &E • 250 
Fig. 10. Angioblastie meningioma (transition form) in frontal region of male aged 50; blood 
group A (N 134-75). Highly vascularized meningothelial area (left) with positive reaction 
only in capillaries combined with hemangioblastoma areas (right). BG A - - H  & E • 250 
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Figs. 7--10 
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cells no BG activities were demonstrable (Figs. 1, 4, 6). Only in a very small 
number of singular interstitial cells adherence of an occasional indicator erythro- 
cyte was suggestive for the presence of some blood group specific macro-molecules 
(Fig. 4). From the light microscopic appearance and the intensity of SCRA 
reaction, two types were distinguished: a) those rich in endothelial cells with small 
to moderate proportion of large stroma cells with foamy cytoplasm showing 
no BG activities (Fig. 5). This variety is consistent with the "juvenile t ype"  
(Silver and Hennigar, 1952) or "spindle-cell t ype"  (Leu and Rtittner, 1973). 
b) Other tumors were rich in clear stromal cells, loaden with lipids and occasionally 
showing giant hyperchromatic nuclei with comparatively few endothelial cells 
containing BG substances (Fig. 6). They are akin to the "c lear -ce l l  t ype"  (Silver 
~nd Hennigar, 1952) or "xanthomatous"  type (Leu and Rtittner, 1973). Combi- 
nation and transition forms were rather frequent, but no meningiomatous whorls 
were seen. There was no valid distinction in the histological appearance and 
distribution pattern of BG isoantigen activities between cerebellar and supra- 
tentorial hemangioblastomas nor between solid and cystic tumors. 

2. In hemangiopericytomas of both the central nervous system and extra- 
neural sites presence of BG-activities was limited to erythroeytes and endothelial 
cells lining the branching slit-like or patent capillaries, while no SCRA activity 
was demonstrable in the plump intervascular tumor cells (Figs. 7, 8). This 
distinctive pattern was uniformely observed in 11 such tumors located in the 
cranial cavity and cauda equina (one ease), six of which showed up to 5 local 
recurrences. None of these tumors showed transition to meningioma-like features. 
There was no difference between cerebrospina] tumors and those in other locations 
including uterine angiomatosis or endolymphatic stromal myosis (Denk and Feigl, 
1974) which shows close ultrastructural similarities to hemangiopericytoma. Only 
one recurring orbital hemagiopericytoma in a boy aged 4 years was particularly 
rich in SCRA-positive endothelial cells with or without lumina thus giving an 
appearance reminiscent of malignant hemangioendothelioma. Gradual blending 
of this pattern with areas of fairly typical pericytes without specific BG-activity, 
however, confirmed the diagnosis of hemangiopericytoma. 

4. In examples of highly vascularized meningiomas only the endothelial cells 
of the blood vessels of the tumor stroma and preexisting erythrocytes showed 
intense adherence of specific indicator cells thus demonstrating the presence of 
BG isoantigens (Fig. 9). All areas of meningeal tumor including nests of menin- 
giomatous tissue between the blood vessels and connective tissues were consistently 
negative. 

In a small number of endotheliomatous meningiomas there was local admixture 
of usual meningothelial tissue showing typical whorls, and loose, reticular, richly 
vascularized areas with large amounts of BG-positive endothelial cells with 
variable numbers of SCRA-negative, clear interstitial cells, suggesting combina- 
tions or transitions between usual meningioma and hemangioblastoma (Fig. 10). 

Discassion 

Presence of blood group isoantigens A, B and I t  has been demonstrated, by 
means of the SCRA reaction, in erythrocytes, endothelial ceils of blood vessels, and 
normal epithelium in many organs, while negative reactions were seen in connec- 
tive and lymphatic tissues, leukocytes, basal layers, smooth and striated muscle 
fibers, nerve cells and glia, and carcinomas and their metastases arising in other- 
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wise positive tissues (f. rev. Davidson, 1972). The loss of the isoantigens was 
interpreted as evidence of immunologic dedifferentiation analogous to morphologic 
dedifferentiation or anaplasia. Ubiquitous positive controls are endothelial ceils 
lining blood vessels. 

The results of the SCI~A test obtained in hemangioblastomas and angioblastie 
meningiomas permit the following conclusions: 

1. There is identical reaction in infratentorial and supratentorial hemangio- 
blastomas, the latter type often referred to as angioblastie meningioma or heman- 
gioblastie type of angioblastic meningioma. 

2. On the basis of our observations it is concluded that the prominent cell 
type in these neoplasms is formed by or derived from endothelial cells. Although 
the ultrastrueture of many endothelial cells in hemangioblastomas makes them 
different from aduIt normal endothelium (el. Kawamura et al., 1973), they show 
uniformely positive SCRA reaction in both isomorphic and pleomorphic types of 
capillary hemangioblastoma (angioreticuloma). 

3. On the other hand, a negative reaction in the vast majority of the stroma 
cells in both supratentorial and infratentorial hemangioblastomas argues against 
their general origination from endothelial cells. Whether the demonstration of 
incomplete SCRA reaction in an occasional interstitial cell may suggest some 
transitional features noted in the morphology of endothelial and stroma cells 
(Caneilla and Zimmerman, 1968; Cerv6s-Navarro, 1971; Kawamura et al., 1973) 
is still open for discussion. 

4. The consistently negative reaction of tumor cells in hemangioperieytomas 
of the CNS and estraneural sites fails to give evidence favoring their origin from 
endothelial cells. These findings do not support the close histogenetic relationship 
between hemangioperieytoma and hemangioblastoma which is suggested by some 
ultrastructnral findings. The positive SCRA reaction in the endothelial cells of 
hemangioperieytoma cannot answer the question whether these are actively 
neoplastic (Stout, 1956) or simply a reaction of the host stroma to the prolifera- 
tion of the tumor cells. On the other hand, rare tumors with features intermediate 
between hemangioperieytomas and hemangioendotheliomas are suggestive of a 
common origin for both vasoformative cell components in hemangioperieytoma, 
i.e. endothelial cell and pericyte (Battifora, 1973). I t  should be admitted, however, 
that  the histogenesis of pericytes is still a matter of controversy (el. Cervds- 
Navarre, 1971). Tile aggressive growth characteristics of meningeal hemangioperi- 
eytomas with their tendency to recur locally is confirmed in the present series. 
six from 11 patients with such eerebrospinal tumors showed up to 5 recurrences 
within 10 years as opposed to two among 40 cases of hemangioblastomas of the 
CNS. 

5. The majority of richly vaseularized meningiomas can be separated from the 
"angioblastie" type (hemangioblastomas) on the basis of their light microscopic 
appearance and the results of SCI~A test, although transition or combination 
forms between common meningiomas and hemangioblastomas are likely to occur. 

A preliminary review of 70 CNS tumors previously coded as angioblastic 
meningiomas revealed 10 hemangioblastomas, 11 hemangiopericytomas, and 
49 highly vaseularized meningiomas. Angioblastie meningiomas, i.e. tumors at- 
tached to cerebrospinal meninges but suggested to originate from vasoformative 
elements, thus constitute 3.2 percent of primary meningeal neoplasms in the present 
biopsy material. As the SCRA test obviously does not show different results in 
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normal,  reactive and  neoplastic endothelial  cells, no dist inct ion between blasto- 
matous and purely reactive proliferation of blood vessels in vasogenic and  non- 
vasogenie tumors  can be provided by this reaction. The problems of histogenesis 
of hemangioblastomas,  hemangioperieytomas,  and the relationship of both types 
of vascular tumors  to meningeal  neoplasms, therefore, remain  yet  to be clarified. 
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