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ABSTRACT: Background: Thirty-one gliosarcomas (25 nonirradiated and 6 postirradiated tumors) 
were selected based on the presence of two distinctive areas: a malignant gliomatous and a sarcomatous 
component. In all cases, the sarcomatous component appears like fibrosarcoma or malignant fibrous 
histiocytoma. Two tumors showed additional areas consisting of osteochondroid differentiation. 
Methods: All tumors were examined using antibodies against Ulex europaeus agglutinin I (UEA), glial 
fibrillary acidic protein (GFAP), vimentin (VM), epithelial membrane antigen (EMA), desmin, colla
gen IV, alpha-1-antitrypsin (a-l-AT) and smooth muscle actin (SMA). Results: While the VM high
lighted the sarcomatous areas of all tumors there were only scattered spindle cells that were 
GFAP-positive in the same areas. The a-l-AT was diffusely reactive in the sarcomatous areas in 20 
cases. Focal immunoreactivity was seen with SMA (20 tumors), UEA (8 tumors), EMA (5 tumors), 
collagen IV (5 tumors) and desmin (4 tumors) in the nonvascular sarcomatous cells. Conclusions: The 
range of immunophenotypical expression is likely to be a reflection of the capacity of a multipotential 
progenitor to undergo divergent differentiation. There is very little morphological difference between 
the postirradiated and nonirradiated tumors except that a higher proportion of postirradiated tumors are 
immunoreactive to SMA and desmin. 

RESUME: Gliosarcomes irradies et non irradies: profil immunophenotypique. Introduction: Trente-et-un 
gliosarcomes (25 non irradies et 6 irradies) ont ete etudifis a cause de la presence de deux zones tumorales distinctes, 
soit une composante gliomateuse maligne et une composante sarcomateuse. Dans tous les cas, la composante sarco-
mateuse ressemblait a un fibrosarcome ou a un histiocytome fibreux malin. Deux tumeurs avaient en plus des zones 
de differenciation osteochondroTde. Methodes: Toutes les tumeurs ont 6t€ examinees au moyen d'anticorps diriges 
contre 1'agglutinine Ulex europaeus I (AUE), la proteine acide fibrillaire gliale (PAFG), la vimentine (VM), 
1'antigene de la membrane epith61iale (AME), la desmine, le collagene IV, l'alpha-1-antitrypsine (-I-AT) et I'actine 
du muscle lisse (AML). Resultats: Alors que le VM rdv61ait les zones sarcomateuses de toutes les tumeurs, il n'y 
avait que quelques cellules fusiformes 6parpill6es qui dtaient positives pour la PAFG dans ces memes zones. II y 
avait une reaction diffuse a P-l-AT dans les zones sarcomateuses chez 20 cas. Une immunoreactivite' a ii& observed a 
I'AML (20 tumeurs), a l'AUE (8 tumeurs), a I'AME (5 tumeurs), au collagene IV (5 tumeurs) et a la desmine (4 
tumeurs) dans les cellules sarcomateuses non vasculaires. Conclusion: La plage d'expression immunophenotypique 
est probablement un reflet de la capacite d'un progeniteur multipotentiel a subir une differenciation divergente. 11 y a 
peu de differences morphologiques entre les tumeurs irradi6es et non irradi^es sauf qu'il y a une proportion plus 
61ev6e de tumeurs irradi£es qui ont une immunoreactivite a l'AMS et a la desmine. 
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Gliosarcoma (GS) is a tumor consisting of 2 distinctive com
ponents, namely the gliomatous and the sarcomatous elements.1 

A sarcomatous stroma occurs in about 2% to 8% of the malig
nant gliomas.23 Though prognostically, there is not very much 
difference between glioblastoma multiforme and GS, the diverse 
morphological representation of GS has led to controversies 
concerning its histogenesis. It is still uncertain whether the sar
comatous component arises from the hyperplastic vascular ele
ments of a glioblastoma (e.g., endothelium or smooth muscle) or 
a multi-potential mesenchymal precusor. Furthermore, while 
most would consider the sarcomatous component to derive from 

the malignant glioma, mainly glioblastoma, there are instances 
where the reactive gliosis responding to a primary intracranial 
sarcoma transforms into a malignant glioma, giving rise to an 
entity named sarcoglioma.4-5 Morphologically, it could be very 
difficult to differentiate a sarcoglioma from a GS. 
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In this paper, 31 gliosarcomas were examined histologically 
and immunohistochemically to determine the various phenotypi-
cal expressions found in the sarcomatous component of the 
tumor. We also compared the immunohistochemical profile 
between postirradiated and nonirradiated GS. 

MATERIALS AND METHODS 

We have selected biopsies from 31 cases of cerebral gliosar
comas based on the presence of a dimorphic tumor with distinc
tive malignant gliomatous and sarcomatous components. The 
histopathological diagnoses were reviewed and confirmed by 
two of us (LCA and JMB). In all these cases there was sufficient 
tissue from the paraffin blocks for sections to be cut for 
immunohistochemistry. 

The clinical data such as age, sex and outcome of patients, 
site of tumor and mode of treatment were also available from 
hospital records. Twenty-five of these tumors were initially 
diagnosed as gliosarcomas before the institution of radiotherapy 
and chemotherapy. The other six GS were biopsied or resected 
after irradiation to a primary malignant glial tumor. 

Immunohistochemistry using the avidin-biotin conjugation 
method*6' was performed on paraffin sections with antibodies 
against: 1) glial fibrillary acid protein (GFAP), 2) vimentin, 3) 
desmin, 4) epithelial membrane antigen (EMA), 5) smooth mus
cle actin (SMA), 6) collagen IV and 7) alpha-1-antitrysin (oc-1-
AT) and 8) ulex europaeus agglutinin-1 (UEA-1). These sections 
were counterstained with hematoxylin. The primary antibodies, 
the dilutions used and their sources are shown in Table 1. 

RESULTS (see Table 2) 

All the tumors had prominent spindle cell components in the 
sarcomatous areas which resemble either fibrosarcoma, malig
nant fibrous histiocytoma or both. Morphologically, using the 
routine hematoxylin-eosin preparation it was not possible to dis
tinguish the postirradiated and nonirradiated GS. The sarcoma
tous components are heavily stained with reticulin which 
outlines the individual tumor cells. In addition to the spindle cell 
sarcoma, two tumors showed osteochondral differentiation, of 

Table 1. Primary antibodies used in the immunostaining. 

Table 2. Immunoreactivity in gliosarcoma. 
n = 31(6)a 

Reagent Dilution Source 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

GFAP 

Vimentin 

Desmin 

EMA 

SMA 

UEA-1 

Collagen IV 

a-l-AT 

1:400 

1:400 

1:200 

1:40 

1:200 

1:400 

1:200 

1:800 

Dako Corp 
Carpinteria, CA, USA 
Progen 
Heidelberg, FRG Laboratories 
BioGenex 
San Ramon, CA, USA 
Dako Corp 
Carpinteria, CA, USA 
Dako Corp 
Carpinteria, CA, USA 
Dako Corp 
Carpinteria, CA, USA 
Enzo Biochem Inc 
Farmingdale, NY, USA 
Dako Corp 
Carpinteria, CA, USA 

GFAP 

Vimentin 

Desmin 

EMA 

SMA 

Ulex 

Collagen IV 

a-l-AT 

0b 

31(6) 

4(3) 

5(0) 

17(5) 

8(1) 
3(1) 

22(3) 

Sarcomatous Component Gliomatous Component 

31(6) 

31(6) 

0 

0 

0 

0 

0 

31(6) 
a - parentheses apply to postirradiated cases 
b - isolated spindle cells are GFAP-positive in all cases 

which one definitely exhibited osteosarcomatous features 
(Figure 1). 

GFAP was reactive in the gliomatous component of all 
tumors but in the sarcomatous areas only scattered single cells 
were immunoreactive (Figure 2). Some of these positive cells 
had radiating cytoplasmic processes resembling astrocytes, but 
others were spindle cells and had more semblance to the sur
rounding sarcomatous cells (Figure 3). 

Desmin was expressed in the cytoplasm of occasional large 
pleomorphic cells in the sarcomatous component of 4 cases. 
Three tumors were postirradiated GS and only one belonged to 
the nonirradiated group. Morphologically, some of these cells 
had multiple nuclei and eosinophilic cytoplasm resembling 
rhabdomyoblasts but no cross-striations were noted (Figure 4). 
SMA was expressed in the wall of hyperplastic blood vessels hi 
the gliomatous and sarcomatous areas. In addition it was seen in 
the sarcomatous cells adjacent to or away from the blood vessels 
in 20 tumors (Figure 5). Five out of the 6 postirradiated tumors 
(83%) expressed SMA whereas 15 out of 25 of the nonirradiated 
tumors showed SMA reactivity (60%). In all of these the 
immunostaining was restricted to small foci and not diffusely 
present throughout the tumors. The staining in the large blood 
vessels within the tumors containing smooth muscle served as a 
good control. The UEA-1 was expressed in the sarcomatous 
cells in 8 tumors (only one postirradiated tumor) though it was 

Figure 1: Gliosarcoma with osteosarcomatous change. (Hematoxylin-
eosin; magnification bar = 82\x) 
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seen in virtually all the endothelial cells regardless of size and 
location of the blood vessels. This antigen was only focally 
expressed either as individual cells, small clusters or trabeculae 
in the sarcomatous areas (Figure 6). 

The a-1 -AT showed background staining but heavy and diffuse 
immunoreactivity was noted in the spindle cell sarcomatous com
ponent in 20 cases with much lighter reactivity in the gliomatous 
component (Figure 7). The immunoreactive areas in the sarcoma 
had either a storiform or interlacing pattern. EMA was reactive 
focally in the sarcomatous areas in 5 cases. There was no resem
blance of these cells to meningiotheliomatous cells. No EMA 
immunostaining was noted in the gliomatous cells. Collagen IV 
was noted in the basement membrane of blood vessels especially 
the normal appearing vessels. In 4 cases of GS, this antigen was 
also expressed focally in the sarcomatous cells. No collagen IV 
reactivity was seen in the gliomatous cells. Vimentin is expressed 
in endothelium, and diffusely in the gliomatous and sarcomatous 
areas in all the tumors; however, the sarcomatous cells were defi
nitely more vimentin reactive than the glial cells (Figure 8). 

DISCUSSION 

Regardless of whether the sarcomatous component of GS 
appears similar to fibrosarcoma or malignant fibrous histiocytoma, 

Figure 2: The sarcomatous component is GFAP-negative except for iso
lated cells while the gliomatous component is intensely GFAP-positive. 
(GFAP, magnification bar = 164\l) 

Figure 3: GFAP-positive spindle shaped cells in the sarcomatous area. 
(GFAP, magnification bar = 41\i) 
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Figure 5: The SMA immunoreactivity in the blood vessel wall and the 
surrounding sarcoma cells. (SMA, magnification bar = 4l\i) 

Figure 6: Ulex reactivity is noted in small blood vessels and sarcoma
tous cells. (UEA-1, magnification bar = 41\l) 
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Figure 7: The sarcomatous areas have more intense a-I-AT reactivity 
than the gliomatous areas. (a-I-AT, magnification bar = 65\i) 

the vimentin was intensely reactive in all cases pointing to its 
mesenchymal nature.7-8 While GFAP is generally non-reactive in 
the sarcomatous areas, there are isolated individual cells which 
are GFAP-positive. These could either be trapped glioma cells, 
reactive astrocytes or isolated sarcoma cells with glial differenti
ation. While the presence of these GFAP reactive cells were 
often not well recognized previously, Jones et al.9 have identi
fied GFAP-positive spindle cells in the reticulin-rich areas of the 
GS. Based on this finding, they have suggested that most of the 
"mesenchymal" areas of GS are actually gliomatous and there
fore GS should be re-designated as "spindle-cell glioblastoma". 
Their interpretations, though interesting, have remained rather 
controversial.10 

The a-l-AT was diffusely reactive in the sarcomatous com
ponent of 20 GS. In many immunoreactive areas the morpholog
ical features of these tumors could resemble either malignant 
fibrous histiocytoma, fibrosarcoma or both. Though a-l-AT is 
not a specific histocytic marker,7" previous ultrastructural stud
ies have also demonstrated the presence of histiocytic cells in 
GS.12 These a-l-AT cells are not only found to comprise a 
major proportion in some GS by Kochi et al.13 but they also sug
gest that these cells promote sarcomatous proliferation of other 
mesenchymal cells by mediating the production of fibronectin. 

The UEA-1 was reactive in the nonvascular element of the 
sarcomatous areas in only 8 cases and the extent of reactivity 
was less than SMA in most cases. In 4 of these cases there was 
also focal SMA expression though not exactly in the same areas. 
The immunoreactivity of UEA-1 and factor VIII was reported in 
the sarcomatous areas of GS in previous studies.71415 In fact, 
Weibel-Palade bodies, a marker for endothelial cells were also 
identified in the tumor cells on electron microscopy.14 This 
immunophenotypical expression of endothelial antigen in the 
nonvascular sarcomatous cells of GS has also been used as evi
dence to support the derivation of GS from the hyperplastic 
endothelial cells in malignant gliomas. 

SMA expression was noted in the 20 GS in a focal rather 
than diffuse manner. The fact that SMA was seen in the vascular 
elements of glioblastoma led Haddad and co-workers1617 to pos
tulate that GS is derived from the smooth muscle component of 
the proliferative vascular element in glioblastoma. They felt that 
malignant glia could induce the proliferation and malignant 
transformation of smooth muscle in the vascular elements 

through the paracrine influence. Platelet-derived, fibroblast 
growth factors and other factors produced by glioblastomas are 
known to be smooth muscle mitogens.18"22 The platelet-derived 
growth factor has also been shown to have oncogenic effect.23 It 
is suggested that radiotherapy and/or chemotherapy could facili
tate the malignant transformation of smooth muscle cells in 
malignant glioma.17 This could explain the high proportion of 
postirradiated GS (5 out of 6) with SMA expression in our 
study. Interestingly, of the four GS used by Haddad et al.17 to 
demonstrate smooth muscle expression, three of them had prior 
irradiation. The focal nature of smooth muscle differentiation, 
however, needs to be explained. One possibility is that these 
tumors may have been derived from smooth muscle within the 
vascular element of GBM but underwent de-differentiation 
resulting in the loss of smooth muscle expression in most areas. 
Alternatively, the sarcomatous and gliomatous components 
could have shared a common origin and the smooth muscle dif
ferentiation is one example of the divergent differentiation of 
this multipotential progenitor. The studies of p53 protein 
immunohistochemistry and p53 gene mutation lend support to 
the notion that a common progenitor gives rise to both glial and 
sarcomatous components in at least some GS.2425 Albrecht et 
al.24 using immunohistochemistry have shown that the mutant 
p53 protein is expressed in both glial and sarcomatous areas in 
all the 8 GS studied. Subsequently, single-strand confirmation 
analysis and direct DNA sequencing have demonstrated identi
cal p53 protein gene mutation in both glial and sarcomatous 
components in two tumors.25 

Unlike the report of Barnard et al.26 on a rhabdomyosarcoma 
arising from a malignant glioma, the rhabdomyoblastic differen
tiation in our four cases was very focal and would not have been 
detected if not for the desmin immunostaining. Such focal dif
ferentiation towards skeletal muscle has been well described in 
malignant peripheral nerve tumors and may reflect the multipo-
tentiality of certain neoplastic cells.27 As for central nervous 
system tumors, such differentiation could be seen in medul-
lomyoblastoma28 and very rare cases of cerebral medullo-epithe-
lioma.29 Significantly, 3 out of 4 cases are postirradiated tumors, 
raising the remote possibility of a relationship between irradia
tion and rhabdomyoblastic transformation. 
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After reviewing a significant number of GS, we have found 
that such tumors could exhibit morphological features of 
fibrosarcoma, malignant fibrous histiocytoma and osteochon
drosarcoma.3032 As well, immunostaining of epithelial (EMA 
immunoreactivity), glial, mesenchymal, histiocytic, skeletal 
and smooth muscle cells has been noted in the sarcomatous 
component. While there is considerable difference in opinion 
as to the cell of origin in GS, we feel that the various pheno-
typical expressions in this tumor are merely a reflection of the 
capacity of multipotential mesenchymal elements to undergo 
divergent differentiation. Such divergent differentiation is seen 
in some other malignant tumors. One such example is a group 
of malignant peripheral nerve tumors which shows focal rhab-
domysarcomatous, osseous, chondroid and epithelial differen
tiation.27 

The relation between irradiation of GBM and the histogene
sis of GS remains uncertain.141733 Other radiation-induced cere
bral and meningeal sarcomas, however, appear several years 
after the radiation.34"39 In our cases of GS, the mean time 
between the original radiation and the confirmation of diagnosis 
is about 9 months;40 a period too short to suggest that the sarco
matous changes are entirely due to irradiation. Previous patho
logical studies on GS have not looked specifically at the 
difference between postirradiated and nonirradiated tumors.3 

Morphologically, it was not possible for us to distinguish the 
differences between postirradiated and nonirradiated GS using 
routine preparations such as a hematoxylin-eosin stain. 
Although the number of irradiated tumors in the present study is 
small, we have noted that SMA and desmin immunoreactivity 
was present in a greater proportion of postirradiated than nonir
radiated GS. Previously, Haddad et al.17 have suggested the pos
sibility that irradiation could facilitate the differentiation of 
neoplastic mesenchymal cells along the line of smooth muscle. 
Although our findings appear to support their ideas, further 
studies are necessary before any definite conclusion could be 
drawn. 
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