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Summary. Peripheral neuroectodermal tumours 
(PNET) of bone are rare and mimick those seen 
in soft tissue (peripheral neuroepithelioma of soft 
tissue). Their differential diagnosis from Ewing's 
sarcoma (Es) is extremely difficult by optical 
means. Here we report 14 new cases of PNET of 
bone (other than Askin's neoplasm) located pri- 
marily in the limbs, pelvic girdle and scapula. Clini- 
cally and radiologically they displayed Ewing's sar- 
coma-like features : mean age was 14.4 years, male/ 
female ratio being 3:11. Metastasis was present 
in 6 cases at diagnosis (5 with bone metastasis). 
Prognosis was poor;  thirteen patients died; only 
one with a metatarsal located tumour is alive and 
free of disease. The mean survival rate was 
25 months following diagnosis and treatment with 
radio- and multimodal chemotherapy. Histologi- 
cally the 14 cases displayed Homer-Wright rosettes 
and pseudorosette-like structures, as well as a fi- 
brillary background and lobular pattern. Immuno- 
histochemistry revealed positivity in a number of 
neural markers when using paraffin-embedded ma- 
terial: NSE, B-2-microglobuline, HNK-I  (leu-7) 
and E-36 antibodies. At EM level the cell cyto- 
plasms evidenced dense-core granules with neu- 
rosecretion, neurotubules and intermediate fila- 
ments like those seen in peripheral neuroepithe- 
lioma. 
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Introduction 

Peripheral neuroectodermal tumours (PNET) of 
bone are rare but resemble those seen in soft tissue 
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(peripheral neuroepithelioma) (Seemayer etal .  
1975; Nesbitt and Vidone 1976; Bolen and Thorn- 
ing 1980; Harper et al. 1981; Hashimoto et al. 
1983; Voss etal .  1984). Most PNET have been 
described in the thoracopulmonary region in child- 
ren and young adults (Askin's tumour), following 
the first description of this Ewing-like tumour en- 
tity by Ask_in et al. in 1979. Since then a number 
of new cases has been reported, displaying some 
evidence of neuroectodermal differentiation at im- 
munohistochemical and EM levels (Das etal .  
1982; Gonzalez-Crussi et al. 1984; Schmidt et al. 
1985; Linnoila et al. 1986). 

Atypical variants of Ewing's sarcoma (Es) have 
been illustrated by our group (Llombart-Bosch 
et al. 1978; Llombart-Bosch et al. 1982) and by 
Schmidt et al. (1982) within the context of  Es with 
neuroblast-like features. More recently we re- 
ported five cases of atypical Es with neural 
differentiation (Llombart-Bosch et al. 1987) resem- 
bling those previously seen by Jaffe et al. (1984) 
and called "peripheral neuroectodermal sarcoma 
of bone".  Moreover, neural expression has also 
been found in several cases of "bona  fide" Es 
when using fresh tissue from primary tumours 
(Donner et al. 1985; Llombart-Bosch et al. 1986; 
Moll et al. 1987) and in tissue cultures (Cavazzana 
et al. 1987) of established Es cell lines. Therefore 
the question arose: are all Es of bone actually 
PNET, or should this diagnosis be restricted only 
to atypical Es displaying morphological neural at- 
tributes ? 

In this report 14 new cases of  PNET of bone 
are presented. These cases were selected because 
they displayed diverse atypical characteristics for 
an Es histologically, such as irregular cell size and 
contour, lobulated pattern and pseudorosettes. 
Since none of  these tumours was located in the 
thoracopulmonary region, the diagnosis of  Askin's 
tumour was not considered. 
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Table 1. Immunohistochemical analysis of small round blue cell sarcomas antibodies tested 

Antibodies against Source Method Dilution 

Neuron specific enolase (P) 
Neuron specific enolase (M. Gamma) 

Protein S-100 (P) 
GFAP (P) 
Neurofilament prot 68 kd (M) 
HNK-1 (leu-7) (M) 
Vimentin (M) 
~-1 antichimotrypsin (P) 
Myoglobin (P) 
Ulex europaeus-1 (P) b 
/?-2 microglobulin (P) 

Rabbit (Dako, Denmark 
Mouse 
(Innogenetics, Belgium) 
Rabbit (Dako, Denmark 
Rabbit (Dako, Denmark 
Mouse (Sambio, Netherlands) 
Mouse (Dr. Lipinski) c 
Mouse (Dako, Denmark) 
Rabbit (Dako, Denmark) 
Rabbit (Dako, Denmark) 
Rabbit (Dako, Denmark) 
Rabbit 
(Accurate Chem Co., Denmark) 

PAP 1/200 
ABC 1/500" 

PAP 1/200 
PAP 1/500 
ABC Undiluted 
ABC 1/5 
ABC 1/30 
PAP 1/500 
PAP 1/150 
Indirect method 1/1000 
PAP 1/200 

LON E-36 (M) Mouse ABC 1/5 
(Dr. Munro-Neville) c 

a Incubation overnight at 4 ° C 
b The lectin from ulex europaeus-1 (UEA-1) was obtained from the Sigma Chem. Co. (St. Louis, USA) and was employed 
at 2 mc gr/ml diluted in PBS 

Our kind thanks to Dr. Lipinski (Villejuif, France) and also to Dr. Munro-Neville (Sutton, UK) for providing us with the 
indicated immunosera 

P = polyclonal antibody; MO = monoclonal antibody 

Materials  and methods 

The present cases were selected from 315 small round blue cell 
sarcomas of bone, 261 of which were previously published with 
regard to several histological prognostic features determined 
by routine microscopical techniques (Llombart-Bosch et al. 
1986). In that study, 40 cases were diagnosed as atypical Es 
(large cell and endothelial-like variants) and 54 more cases were 
found to possess rosette-like figures. From the latter we have 
selected this group of 14 Es-like neoplasms, on which either 
immunohistochemical and/or EM techniques could be per- 
formed. Being a retrospective study, only paraffin-embedded 
tissue was used for immunohistochemistry. The clinical records 
and follow-up were available in all these cases. 

For light microscopy a representative number of slides was 
stained with hematoxylin-eosin, hematein-erythrosin-safranin 
(HES), periodic acid-Schiff (PAS), Best's carmine for glycogen 
and Gomori for reticulin. No fresh tissue was available in any 
of the 14 cases, and only Bouin or formalin-fixed, paraffin- 
embedded material could be used for immunohistochemistry. 
We have used the indirect immunohistochemical method as 
well as the unlabelled antibody-peroxidase-antiperoxidase 
method (Taylor and Burns 1974; Burns 1982). Endogenous per- 
oxidase activity was blocked with 0.5% hydrogen peroxid in 
methanol for ten minutes and the non-specific reactivity was 
prevented by covering the slides with normal rabbit serum. For 
each antibody tested, negative (first antibody omitted) and posi- 
tive controls were simultaneously employed. Following the spe- 
cific incubations, the tissue was washed in PBS for 10 min, 
and then incubated with rabbit antimouse immunoglobulin an- 
tiserum conjugated to peroxidase (DAKO Labs Santa Barbara 
Cal.). Finally the reaction was revealed with 0.05% of 3.3' dia- 
minobenzidine-tetrahydrochloride with 0.03% hydrogen perox- 
ide in PBS. The following antibodies to antigens were used: 
NSE (polyclonal) and gamma NSE (monoclonal), protein S- 
100, glial fibrillary acidic protein (GFAP), anti 68-kd neurofila- 
ment protein (NFP). The monoclonal antibody HNK-1 (leu-7) 
was kindly supplied by Dr. Lipinski (Gustave Roussy Institute, 
Villejuif, France) and was employed with the avidine-biotin- 

peroxidase technique (Burns 1982). Other immunosera used 
were the following: vimentin, alpha-l-antichimotrypsin, myo- 
globine, beta-2-microglobuline (Funa et al. 1986) and the E-36 
monoclonal antibody (Monaghan and Roberts 1985) which was 
kindly supplied by Dr. Munro Neville (Surrey, UK). The Ulex 
Europeus-l-lectin was also employed for the detection of endo- 
thelial ceils. Table 1 summarizes the antibodies tested, their 
source, method and dilutions. 

Only six cases could be studied by EM. One cubic milli- 
meter fragments were fixed in phosphate-buffered glutaralde- 
hyde (pit 6.9 at 4 degrees C), washed in Millonig solution and 
postfixed in 1% osmium tetroxide. The tissue blocks were then 
progressively dehydrated in graded solutions of ethanol ace- 
tone, immersed in propylene oxide and embedded in EPON. 
Sections were cut in an LKB ultramicrotome and double- 
stained with uranyl acetate and lead citrate (Venable and Gog- 
genshau 1965) and examined with both a JEOL 100B and a 
ZEISS 10A electron microscope. 

Results 

T h e  c l in ica l  f e a t u r e s  o f  the  14 p a t i e n t s  a r e  s u m m a -  
r i zed  in  T a b l e  2 ;  t h e r e  we re  3 f e m a l e s  a n d  11 ma le s ,  
ages  r a n g i n g  f r o m  3 to  23 yea rs ,  the  m e a n  b e i n g  
14.4 yea r s .  T h r e e  p a t i e n t s  we re  N o r t h  A f r i c a n ,  t he  
res t  E u r o p e a n s .  

A n a t o m i c a l  l o c a t i o n  in  all cases  w a s  r a d i o l o g i -  
ca l ly  a n d  c l in i ca l ly  c o n f i r m e d  as  p r i m a r y  m a l i g -  
n a n c y  o f  b o n e ,  w i t h  E w i n g - l i k e  f e a t u r e s ;  t hus  a l l  
cases  were  s u s p e c t e d  o f  b e i n g  o f  th is  t u m o u r  type .  
T h e  p r i m a r y  l o c a t i o n  w a s  m a i n l y  t he  l i m b s  ( f i b u l a r  
3 cases ,  t i b i a  2 cases ,  f e m u r  1 case,  m e t a t a r s a l  
b o n e  1 case,  h u m e r a l  b o n e  2 cases ,  r a d i u s  1 case) ,  
wh i l e  t he  t r u n k  was  i n v o l v e d  in  4 cases  (2 pe lv i c  
i n f i l t r a t i o n s  a n d  t w o  cases  w i t h i n  the  s c a p u l a ) .  
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Table 2. Clinical data and follow-up of 14 patients with malignant peripheral neuroectodermal sarcoma of bone 
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Patient Age Sex Localization Metastasis Treatment Current 
at at status 
presentation diagnosis 

Survival 
(months) 

1 15 M Fibula left Absent rad dead 29 
2 15 M Humerus rt Absent rad + chem dead 25 
3 17 M Fibula left Rachidian rad + chem dead 6 
4 3 F Tibia right Several Bones rad + chem dead 7 
5 23 M Pubis Absent rad + chem dead 49 
6 22 M Metatarsic bone rt foot Lymphnodes surg+chem F.O.D. 108 
7 8 M Fibula left Absent rad + chem dead 47 
8 13 M Humerus left Absent rad + chem dead 13 
9 12 M Scapula rt Absent rad + chem dead 41 

10 22 M Radius left Absent rad + chem dead 51 
11 14 M Tibia rt Absent rad + chem dead 26 
12 16 M Ischiopubic branch Rachidian rad + chem dead 9 
13 6 F Tibia left Cranial base rad +chem dead 12 
14 16 F Femur left Cranial bone tibial bone rad +chem dead 14 

rad = radiotherapy; chem = multimodal chemotherapy; surg = surgery; m = male; f =  female; f.o.d. = free of disease 

Most  of  these neoplasms possessed soft-tissue infil- 
tration but they also extended deep into the bone 
shaft. Only one case could be surgically resected 
(No. 6), the right foot being amputated, with the 
neoplasm located in the second metatarsal bone; 
there was scanty soft-tissue invasion. No macro- 
scopic tumour tissue was available in other cases, 
and no relation with nerves could be found. All 
the cases were reviewed for the presence of  im- 
plants, multiple bony metastasis being found in 
5 cases at diagnosis, with rachidian and cranial 
bone involvement. In 1 case there was also infiltra- 
tion of  the regional lymph nodes. 

Histologically all cases were primary tumours, 
consistent with small round blue cell sarcomas 
(Ewing's type), and were submitted to a protocol 
of  radio- and multimodal chemotherapy (Vin- 
cristine, Actinomycine D, Cytoxan and Adriamy- 
cine). These patients have been included in the re- 
sults published from the clinical point of  view by 
Zucker et al. 1977, 1983). 

Response to therapy was poor  in all cases but  
one; the mean survival time was 25 months. Only 
Case No. 6, with the metatarsal primary submitted 
to surgery and chemotherapy is alive at present, 
nine years later, and free of  disease. Causes of  
death were local tumour relapse (7 cases) distant 
metastasis (9 cases) or both, with generalized dis- 
ease. Patient No. 1 died as a direct result of  a 
traffic accident, having no connection with the dis- 
ease. 

Optical microscopy (Fig. I a-c) of  this tumour 
revealed non-cohesive, densely aggregated small 
round blue cells, distributed in a diffuse form; also, 
and in almost all cases, a lobular pattern was 

found, composed of  reticular fibres surrounding 
large cell groups in a basket-like distribution. Re- 
ticular fibres were sparse in number and ofperivas- 
cular arrangement. A faintly fibrillary background 
was also frequently noted in the diffuse, solid fields 
of  the neoplasm. 

Cells were always small with scanty cytoplasm. 
Nuclei possessed irregular infoldings, variable size, 
and a coarse, dense chromatine with one or two 
nucleoli. Isolated large cells with binucleation 
could be found but no ganglion cells existed. Gly- 
cogen was present in 9 out of  14 cases with similar 
distribution to Es. 

A common and distinctive feature of  all the 
cases studied was the presence of  rosettes of  
Homer-Wright type. The number varied from case 
to case, or even within different fields of  the same 
neoplasm. In the same tumours, areas with more 
immature and poorly developed pseudorosettes ap- 
peared, lacking a central fibrillary core, or sur- 
rounding vascular channels of  capillary type. All 
these features were present in standard HE sec- 
tions, and therefore a differential diagnosis with 
the conventional Es was suggested. 

Several immunohistochemical markers have 
been tested, including NSE and HNK-1,  which 
proved positive in five cases previously published, 
of  similar tumour type (Llombart-Bosch et al. 
1987). 

NSE was positive in 11 out of  the 14 cases 
tested, while HNK-1 was positive in 7 cases. The 
positivity of  NSE appeared not only within the 
cytoplasm of numerous cells, but also in the ro- 
settes and pseudorosette centers, the intensity be- 
ing pale and the distribution uniform (Fig. 2). 
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Fig. 1 a-e. Histological view of a peripheral neuroectodermal tumour  of bone. a Shows a soft-tissue extension of the neoplasm, 
being composed of a diffuse aggregate of small round blue cells, with a rosette pat tern (HE x 5.04). b Similar intraosseous 
extension of the neoplasm with Homer-Wright  rosettes (HE x 5.04). e Higher magnification of pseudorosettes lacking a central 
fibrilar core (HE x 32) 

However, HNK-1 activity was observed as fine cy- 
toplasmic dots in isolated cell groups, only occa- 
sionally were rosettes stained. 

A diffuse and intense activity was seen with 
Beta-2-microglobulin in 12 cases, displaying simi- 
lar decoration to NSE within the cells and rosettes, 

while the monoclonal antibody E-36 presented 
analogous cell distribution such as that found with 
HNK-1. S-100 antigen was observed only in one 
tumour, its intensity limited to isolated cells. Neu- 
rofilaments and GFAP were not demonstrable in 
any of the 14 cases tested. 
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Fig. 2. Immunohistochemistry of the neoplasm, showing two Homer-Wright rosettes displaying diffuse and more condensed NSE 
activity in the tumour cells (PAP technique; × 32; Kodakchrome) 

Vimentin was strictly positive in five tumours, 
its activity spread on the cytoplasm. Ulex-Euro- 
paeus lectin reacted only within the vessels in the 
stroma, while the tumour cells showed no reactivi- 
ty. Isolated macrophages possessed Alpha-l-anti- 
chymotrypsin activity, and myoglobin was positive 
within skeletal muscle cells infiltrating the neo- 
plasms. 

All six tumours displayed areas of poor differ- 
entiation, composed of closely packed small cells 
in groups with a round-to-polygonal contours. 
Poorly developed junctional cell-to-cell attach- 
ments were seen. Within the cytoplasm the number 
of organelles was scarce. Clumps of glycogen were 
present, mainly at a perinuclear level. The nuclei, 
round or elongated, showed a faintly clumpy chro- 
matin associated with one or two prominent nucle- 
oli. The almost complete absence of specific ultra- 
structural features conferred the texture attributed 
to conventional Ewing's sarcoma to these fields 
and only the presence of isolated cell processes es- 
tablished some ultrastructural differentiation 
(Fig. 3). 

The fields which suggested a neuroectodermal 
maturation were made up of groups of cells with 
rosette-like figures, their nuclei elongated or poly- 
gonal but oriented toward a center. This central 
core was filled with cytoplasmic processes, com- 
posed of dendritic-like structures, loosely inter- 
mingled in a complex interdigitated fashion. Short 

cytoplasmic tangles also extended between the 
cells, contacting each other by blunt ends. Neu- 
rophil-like structures formed by such tangled 
masses of neurite-like processes contained neurotu- 
bule-like figures and bands of intermediate fila- 
ments, 7-10 nm in diameter (Fig. 4 a). 

Groups of neurosecretory granules (dense core 
granules enveloped by a membrane of  50-200 nm 
in size) were found not only within the cell pro- 
cesses but also in the cytoplasm and close to the 
Golgi fields. An elaboration of these granules has 
been observed in one case; the newly synthesized 
granules were located within the Golgi fields and 
showed a progressive central core condensation, 
being not only round in contour but also elon- 
gated. Clear morphological differences with prima- 
ry lysosomes were found (Fig. 4b, c). 

At interstitial level aggregates of  basal lamina- 
like material and long-spaced cross-banded fibrils 
(Luse-like bodies), were occasionally seen, which 
has not been the case in Ewing's sarcoma (Fig. 4d). 

Discussion 

The neuroectodermal tumour of bone constitutes 
a recently isolated neoplasm which morphologi- 
cally resembles the peripheral neuroepithelioma of 
soft tissue. 

Clinically this tumour has mainly been consid- 
ered as a restricted regional anatomical entity, lim- 
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Fig. 3. Electron microscopy of an undifferentiated turnout field, with some cell heterogeneity and presence of cell processes not 
usually seen in conventional Es of bone ( x 3400) 

ited to the thoraco-pulmonary region and present 
in children and adolescents (Askin et al. 1979; Das 
et al. 1982; Gonzalez-Crussi et al. 1984; Schmidt 
et al. 1985; Linnoila et al. 1986). At histological 
level the neoplasm displays rosettes or pseudoro- 
sette-like figures, being represented by small round 
blue cells, while showing NSE positivity at immu- 
nohistochemical level (Triche and Askin 1983; Lin- 
noila et al. 1986). Neurosecretory granulae have 
also been found with EM (Triche et al. 1985; Lin- 
noila et al. 1986). Moreover, the presence of  an 
11:22 chromosome translocation has been re- 
ported (Seemayer et al. 1985) which has also been 
found in Es of  bone (Aurias et al. 1983; Turc-Carel 
et al. 1983, 1984), in peripheral neuroepithelioma 

(Wha-Peng et al. 1984) of  soft tissues, and in a 
neuroendocrine neoplasm (Vigfusson et al. 1986). 

Recently other cases, similar to Askin's tu- 
mours, have also been reported outside the thora- 
copulmonary region but  within the bone tissue by 
Jaffe et al. (1984). In a previous publication our 
group (Llombart-Bosch et al. 1987) has reported 
five cases of  bone neoplasms which mimicked atyp- 
ical Es but  displayed neuroectodermal features; 
only one of  those cases was located within the 
thorax. 

In this presentation we report a further 14 new 
cases of  this uncommon tumour entity, all of  which 
were located anatomically outside the thoraco-pul- 
monary fields (only two cases appeared within the 



A. Llombart-Bosch et al. : Malignant peripheral nenroectodermal tumours 427 

Fig. 4a~l.  EM findings of tumoural differentiation within the neoplasm: a presents intermediate filaments and neurotubuli grouped 
in bands within a cell process ( x  72000). b Several types of neurosecretory granules within the neoplastic cells are illustrated: 
groups of dense-core vesicles (round-to-elongated, but membrane-bound) appear associated to glycogen granules and to mitochon- 
dfia (x  38400). c Neurosecretion is present within a dendritic-like cell process (x  38400). d Illustrates a Luse-like body with 
long-spaced fibrils located interstitially between two cells ( x  44000) 

scapula) and therefore cannot be included within 
the consideration of an Askin's neoplasm. As oc- 
curred with the cases presented by Jaffe et al. 
(1984) our patients presented with tumours located 
in the limbs (upper and lower) as well as in the 

pelvic girdle (pubis and ischio-pubic branch). Clin- 
ically they offered an aggressive behavior with a 
mean survival rate of 25 months;  almost half of  
them presented with metastasis (5 cases with multi- 
ple bone deposits and one case with lymph node 
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infiltration). Death was caused through tumour re- 
lapse, metastasis, or both. Of all these cases, only 
one is alive and free of disease, being clinically 
cured after 9 years of follow-up; this is a 22 year- 
old male who suffered a primary malignancy lo- 
cated in the 2nd metatarsal bone of the right foot,  
which was amputated. 

We have found a number of  similarities when 
comparing this group of neoplasms clinically with 
the features attributed to conventional Es of bone. 
The age and sex in these patients are quite similar 
to those observed in the Es group, with a median 
age of 14.4 years and a clear male predominance 
(11 : 3); there are no differences regarding anatomi- 
cal location (Zucker and Henry-Amar 1977; Rosen 
et al. 1981; Zucker et al. 1983 ; Miser et al. 1985). 
The only outstanding difference is the high malig- 
nancy displayed which resembles, in this tumour 
type, the behavior observed in the peripheral neu- 
roepithelioma group of soft tissue tumours (Miser 
et al. 1985). The tendency to present multiple bone 

a n d  lymph node metastasis is not a common find- 
ing in Es. 

There are several histological, immunohisto- 
chemical and EM features which help in the differ- 
ential diagnosis of  this neoplasm from other small 
round blue cell sarcomas of  undifferentiated char- 
acter. Histologically three main features are evi- 
dent in this tumour which are not present in Es: 
firstly, the presence of numerous Homer-Wright 
rosettes or pseudorosettes in clusters distributed 
in an haphazard fashion; secondly the cell and  nu- 
clear variation, for although all are small round 
blue cells with a high nucleo-cytoplasmic ratio they 
show more heterogeneity than that present in con- 
ventional Es (but with similar glycogen deposits). 
The third typical feature is the existence of  a lobu- 
lar pattern with faintly fibrillary interstitial stroma. 
These structures have also been described in As- 
kin's tumour (Askin et al. 1979; Triche et al. 1985; 
Linnoila et al. 1986) and in the neuroectodermal 
sarcoma of bone (Jaffe et al. 1984). It should nev- 
ertheless be remembered that some conventional 
Es display pseudorosette-like figures and some cell- 
size irregularity. Thus, as we have previously indi- 
cated (Llombart-Bosch et al. 1987), it is hazardous 
to establish a diagnosis of  this tumour based exclu- 
sively upon routine histological criteria. 

EM has been of help in the characterization 
of this neoplasm; in all 6 cases studied we were 
able to find membrane-bound neurosecretory 
granules, intermediate filaments and neurotubule- 
like figures within the cytoplasm and in the cell 
processes. Furthermore, fields composed undiffer- 
entiated Ewing-like cells only, and areas in which 

a progressive maturation toward neural structures 
resulted were evident. Fibrin-like interstitial depos- 
its and, in one case, long-spaced collagen bands 
(Luse-like bodies) were seen which have also been 
found in other sarcomas of neural origin (Luse 
1960; Weller and Cervos-Navarro 1977). In fact 
all these EM features resemble those previously 
published for Askin's tumour, and for neuroecto- 
dermal tumour of bone (Askin etal .  1979; Das 
et al. 1982; Schmidt et al. 1982; Jaffe et al. 1984; 
Linnoila et al. 1986; Llombart-Bosch et al. 1987), 
being superimposeable on those seen in peripheral 
neuroepithelioma of  soft tissue (MacKay et al. 
1985; Mierau 1985; Nesland et al. 1985). 

Up to now all cases of  small round blue cell 
sarcomas in bone (other than lymphomas) have 
been termed Ewing's sarcoma, either with typical 
(conventional) or atypical features (Llombart- 
Bosch et al. 1978; 1982; Nascimento et al. 1980). 
The finding of neural markers in some of these 
neoplasms, similar to those seen in peripheral neu- 
roepithelioma of soft tissue, have raised the ques- 
tion whether all Es are neural neoplasms? Within 
this situation several authors have claimed, based 
mainly upon immunohistochemical results with 
NSE and HNK-1 immunosera positivity in several 
cases of  Es, that we are dealing with a unique type 
of neural tumour (Caillaud et al. 1984; Jaffe et al. 
1984; Lipinski et al. 1987). Further support for this 
hypothesis has been obtained by in vitro culture 
of several Es lines, wherein a neural expression 
could be induced after butil AMP stimulation, but 
not with other nerve-growth factors (Cavazzana 
et al. 1987). Primary bone sarcomas, considered 
to be conventional Es, were negative when tested 
for NSE and HNK-1 in paraffin-embedded materi- 
al (Triche and Askin 1983). These same cases be- 
came positive not only for those immunosera but 
also for cytokeratin and neurofilaments, after 
treatment of the tissue sections with collagenase 
Type IV (Cavazzana et al. 1987). 

In this material, specificity for NSE and for 
HNK-I  was seen in a large number of cases; the 
presence of Beta-2-microglobulin was also regu- 
larly found (Funa et al. 1986). The monoclonal an- 
tibody E-36 stains with specifically neural epitopes 
the neuroendocrine cells (Monaghan and Roberts 
1985), also being positive in several of  our cases. 
Therefore, even if some doubts have arisen for the 
specificity of  NSE and HNK-I  (Carlei et al. 1984; 
Tsokos et al. 1984; Mierau et al. 1985; Sasaki et al. 
1985; Carazzana et al. 1987), the presence of  other 
positive neural markers, as well as the histological 
and EM features herein discussed gives support 
for a neural character for these 14 tumours. 
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As a tentative conclusion based upon the pres- 
ent analysis, which supports previously published 
cases (Llombart-Bosch et al. 1987), Es of bone is 
an undifferentiated sarcoma with a restricted mat- 
uration capacity which may produce morphologi- 
cally atypical features (Llombart-Bosch etal. 
1978; 1982; 1986). Those atypical Ewing's sarco- 
mas expressing a rosette-like appearance, neu- 
rosecretory granules and some neural immuno- 
markers should therefore be included within the 
new categorization of "neuroectodermal sarcomas 
of bone". 
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