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Summary. Synaptophysin is an acidic, integral 
m e m b r a n e  g l y c o p r o t e i n  (Mr  38 000) o f  p r e s y n a p t i c  
vesicles in various neurons and neuroendocrine 
cells, and in turnouts derived from such cells. By 
indirect immunofluorescence microscopy of  cryo- 
star sections, using the monoclonal antibody SY 38 
to synaptophysin, a consistent positive immunore- 
activity was observed in all medulloblastomas (n = 
6) and neuroblastomas (n = 3) as well as a ganglio- 
neuroma and a glioneuronal hamartoma. The 
presence of synaptophysin in medulloblastomas 
was confirmed biochemically by immunoblotting 
experiments. For purpose of comparison, the ex- 
pression of intermediate-sized filament (IF) pro- 
teins was also examined. While neurofilament pro- 
teins were consistently expressed in the neuroblas- 
tomas (3/3), the ganglioneuroma and the glioneu- 
ronal hamartoma, IF distribution in medulloblas- 
tomas was variable. A neurofilament-positive type 
of turnout (1/6) could be distinguished from vimen- 
tin-expressing neoplasms (4/6) by immunocyto- 
chemistry. These data indicate that synaptophysin 
is a reliable marker for medulloblastomas as well 
as other differentiated and undifferentiated neuro- 
nal tumours and in this respect is superior to the 
more heterogeneous expression patterns of IF pro- 
teins in these tumours. 
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Synaptophysin is an integral, acidic membrane gly- 
coprotein of presynaptic vesicles (Mr 38 000) which 
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can be immunocytochemically identified by the 
monoclonal antibody SY 38 (Wiedenmann and 
Franke 1985) and other specific antibodies (Jahn 
et al. 1985). Recently, this protein has also been 
identified as a major calcium-binding protein of 
the synaptic vesicle membrane (Rehm et al. 1986). 
Synaptophysin has been immunocytochemically 
demonstrated in diverse types of neurons, in adre- 
nal medulla, in neuroendocrine cells, in pancreatic 
islet cells and in a variety of other cells as well 
(Wiedenmann and Franke 1985). It is conserved 
in neuronal and neuroendocrine tumours, notably 
in pheochromocytomas, paragangliomas, ganglio- 
neuroblastomas, islet cell tumours of the pancreas, 
carcinoids of  the gastrointestinal tract and the lung 
as well as in medullary thyroid carcinomas (Wie- 
denmann et al. 1986). 

Neurofilament (NF) proteins, the neuron-spe- 
cific intermediate-sized filament (IF) components, 
usually appear in the form of three polypeptides 
of different molecular weights (NF-L, NF-M, NF- 
H; Hoffman and Lasek 1975; Lee et al. 1972; for 
reviews see: Dahl and Bignami 1977; Liem et al. 
1978; Osborn et al. 1982; Osborn and Weber 1983; 
Weber etal .  1983). NF proteins are exquisite 
markers for differentiated neuronal tumours but 
are often poorly or variably expressed in undiffer- 
entiated neural tumours such as medulloblasto- 
mas, neuroblastomas and malignant peripheral 
neuroectodermal tumours (Osborn et al. 1982; Os- 
born and Weber 1983; Trojanowski and Lee 1983; 
Lehto et al. 1983; Roessmann et al. 1983; Carlei 
et al. 1984; Trojanowski et al. 1984; Trojanowski 
and Lee 1985; Miettinen et al. 1985; Schmidt et al. 
1985; Tremblay et al. 1985; Mukai et al. 1986; Os- 
born et al. 1986). The aim of the present study 
was to examine the immunoreactivity of synapto- 
physin in primitive neuroectodermal tumours, such 
as medulloblastomas of  the brain and neuroblasto- 
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T a b l e  1. Synaptophysin and intermediate filament immunoreactivity in different types of neuronal tumours 

Tumour type Sex Age (yrs) Site SY 38 NF 68 NF 160 NF 200 Vim GFP 

Medulloblastoma M 7 cerebellum G - - - + - 
n = 6 M 9 IV th ventricle O . . . . .  

M 26 cerebellum + + + + _ + a 
M 9 IV th ventricle + - - - + + "  
M 1 cerebellum G - _ _ + + a 
M 11 cerebellum • - -- -- + -- 

Neuroblastoma M 2 intraspinal + + + + + b _ 
n = 3 M 1 adrenal medulla h + + + - + b _ 

M 1 liver metastasis h + + + + + b -- 

Ganglioneuroma M 26 abdomen + c + a + a + d + o + f 
n = l  

Glio-neuronal hamartoma M 1 cerebral hemisphere + c + d + d + a + g + g 
n = l  

" enclosed normal and reactive astrocytes within the tumour 
b single or clusters of neuroblastoma cells 
c punctate pattern delineating neurons and synapses 
d neurofilament immunoreactivity within neurons and axons 
" satellite and Schwann cells 
f many, but not all Schwann cells and satellite cells in ganglioneuroma 
g vimentin- and GFP-co-expression in the glial compartment of the tumour 
h identical case: primary tumour and metastasis 

G denotes focal synaptophysin immunoreactivity in 4/6 medulloblastomas 
Abbreviations: yrs = years; SY = synaptophysin; NF-L, NF-M, NF-H = neurofilament polypeptides; Vim = vimentin; GFP = glial 
fibrillary protein 

mas, in comparison with IF proteins, particularly 
neurofilament proteins, in order to evaluate its po- 
tential as a differentiation marker for this group 
of tumours. 

Material and methods 

Biopsy specimens of tumours were obtained immediately after 
surgical removal from the Department of Neurosurgery of the 
Surgical Center, University of Heidelberg. The series examined 
in this study was obtained from males (ages range from 1 to 
26 years; see Table 1) and comprised 6 medulloblastomas, 3 
neuroblastomas (including one case in which the primary tu- 
mour as well as a liver metastasis was available), 1 ganglioneur- 
oma and 1 glioneuronal hamartoma. Biopsies were immediately 
frozen in isopentane precooled with liquid nitrogen to about 
- 130 ° C and were usually stored at - 80 ° C until use. 

Immunofluorescence microscopy was performed on 
4-6 gm cryostat sections (Frigocut 2 800 E, Fa. Jung, Nugloch, 
FRG), fixed with acetone at - 2 0 ° C  for 10 min as previously 
described (Franke et al. 1978, 1979). Secondary antibodies 
raised in goats were coupled with either tetramethyl-rhodamine- 
isothiocyanate (TRITC) or Texas Red sulfonyl chloride (TR), 
respectively (Dianova, Hamburg, FRG). Fluorescence was vi- 
sualized with a Zeiss fluorescence photomicroscope (photomi- 
croscope III, Carl Zeiss, Oberkochen, FRG). The following 
primary monoclonal antibodies were used: (a) murine mono- 
clonal antibody (IgG) against synaptophysin (SY 38; Boeh- 
ringer, Mannheim, FRG) 5 gg/ml; (b) murine monoclonal anti- 
bodies (IgG) against neurofilament proteins (anti-NF-L, anti- 
NF-M, anti-NF-H; Boehringer, Mannheim, FRG)4-20  gg/ml; 
(c) murine monoclonal antibodies (IgG) against vimentin 

(Boehringer, Mannheim, FRG) 4 gg/ml; (d) murine monoclon- 
al antibody (IgG) against glial fibrillary protein (GFP; Boeh- 
ringer, Mannheim, FRG) 2M gg/ml or anti-GFP 12.24 (PRO- 
GEN, Heidelberg, FRG). The specifity of these antibodies was 
documented by immunocytochemistry and immunoblotting. 
Controls, performed by omitting the first antibody, were always 
negative thus indicating the absence of non-specific binding 
of the secondary antibodies. 

For electrophoretic and immunoblotting studies tissue 
samples were homogenized in ~ 3  volumes of ice-cold buffer 
(140 mM NaC1, 2-6 mM KC1, 6 .4mM Na2HPO4, 1.4 mM 
KH2PO4, 0.1 mM dithioerythritol, 0.005% phenylmethylsul- 
fonyl fluoride, pH 7.4) by 10 strokes with a Potter-Elvehjem 
homogenizer. The homogenate was centrifuged at 5000 x g for 
10 min, and the pellet was discarded. An aliquot of this "low- 
speed supernatant" was used at different protein concentrations 
for gel electrophoresis. Another aliquot was ultracentrifuged 
at 130000 x g for 120 min, and the resulting sediment was desig- 
nated as the "high speed pellet". SDS-polyacrylamide gel elec- 
trophoresis and immunoblotting were performed as previously 
described (Wiedenmann and Franke 1985). 

Results 

As demonstrated by immunofluorescence micros- 
copy synaptophysin immunoreactivity was found 
in all medulloblastomas tested (6/6). The typically 
granular cytoplasmic pattern was either strong and 
uniform (Fig. 1 a) or more sparse and focal (4/6; 
Fig. I c). These results indicate tumour-to-tumour 
differences in the frequency of synaptophysin-posi- 
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Fig. 1 a-d. Immunofluorescence 
microscopy of different types of 
medulloblastomas, a, b. Neurofilament- 
positive medulloblastoma: (a) 
Synaptophysin immunoreactivity 
showing punctate patterns; (b) NF-L 
immunoreactivity, e, d. Vimentin- 
positive medulloblastoma: (e) 
Synaptophysin immunoreactivity with 
small fluorescent spots; (d) 
immunoreactivity for vimentin, x 500 

tive structures, i.e. neurosecretory vesicles, as well 
as cell-to-cell heterogeneity in the amounts of  syn- 
aptophysin expressed. The full complement of  the 
neurofilament polypeptide triplet was only found 
in one case (1/6). In this tumour, the reaction was 
rather weak and restricted to a small cytoplasmic 
rim of the medulloblastoma cells, whereas it was 
relatively strong in the slender cellular processes 
(Fig. 1 b). In four medulloblastomas, vimentin was 
the only IF protein detected (Fig. 1 d). The absence 
of immunoreactive neurofilaments in five medul- 
loblastomas was in marked contrast to the hetero- 
geneous, but consistent synaptophysin immunore- 
activity (Fig. I c). One medulloblastoma was nega- 

tive for all IF proteins, but, again, synaptophysin 
could be demonstrated in this case. The expression 
of  GFP  co-localized with vimentin in three cases 
was mostly associated with reactive astrocytes en- 
trapped in the tumour. 

Synaptophysin immunoreactivity in neuroblas- 
tomas (3/3) was consistent and usually strong 
(Fig. 2c). In contrast to medulloblastomas, all neu- 
roblastomas examined were NF-positive (Fig. 2a). 
Additionally, single or clusters of  tumour cells 
were vimentin-positive (Fig. 2 b). GFP  was always 
negative (Table 1). 

In the ganglioneuroma studied sparse, small 
synaptophysin-immunofluorescent spots were seen 
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Fig. 2a-g. Immunofluorescence microscopy of other neuronal tumours, a-e. Neuroblastoma, liver metastasis: (a) Neurofilament 
(NF-L) immunor~activity; (b) distribution of vimentin-positive cells; (e) punctate pattern of synaptophysin immunoreactivity. 
d, e. Ganglioneuroma: (d) Sparse fluorescent dots denote some synaptophysin immunoreactivity in the neuroma compartment 
of the tumour (arrows); (e) neurofilament (NF-L) immunoreactivity in the cytoplasm of a ganglion cell (upper left quadrant) 
and strong reaction in the axons, f, g. Glio-neuronal hamartoma: (f) Strong synaptophysin immunoreactivity around the ganglion 
cell bodies (N, neuron); (g) neurofilament (NF-L) immunoreactivity within the ganglion cell bodies and surrounding axonal 
and dendritic processes. × 500 

around large ganglion-cells (data not shown; cf. 
Gould et al. 1986) and also in scattered patterns 
in the neuroma portion of  the tumour (Fig. 2d). 
Neurofilament proteins were detected in cell bodies 

of neurons and their axons in the neuroma com- 
partment (Fig. 2 e). In contrast, Schwann cells were 
negative for synaptophysin and neurofilament pro- 
teins, but were positive for vimentin as were the 
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cal for synaptophysin was found (Wiedenmann 
and Franke 1985; Wiedenmann et al. 1986). 

Fig. 3. Identification of synaptophysin in a medulloblastoma 
by one-dimensional gel electrophoresis and immunoblot analy- 
sis. Lanes 1 and 1': human brain " low speed supernatant"; 
lanes 2 and 2': "high speed pellet" of human medulloblastoma. 
Polypeptides separated by SDS-PAGE were either stained with 
Coomassie blue (lanes 1 and 2) or transferred to nitrocellulose 
paper sheets and reacted with antibody SY 38 against synapto- 
physin, followed by autoradiographic visualization using 1251- 
labeled secondary antibodies (lanes 1' and 2'). The major immu- 
noreactive band migrates with an apparent molecular weight 
of about Mr 38000. Positions of molecular weight markers, 
run in parallel, are denoted on the left margin as horizontal 
bars (from top to bottom: M, 180000, 96000, 50000, and 
33000, respectively; for details, see Wiedenmann and Franke 
1985). The arrowhead on the right margin side indicates the 
position of synaptophysin 

satellite cells. It is worth emphasizing that vimentin 
and GFP  were co-expressed in satellite cells and 
in many, although not all Schwann cells (Table 1). 

Included in this study was a case of  a rare tu- 
mour, probably originating from a developmental 
disorder, which was mainly composed of  typical 
and atypical neuronal and glial cells. Hence, it was 
designated "glio-neuronal hamar toma".  Synapto- 
physin immunoreactivity was very strong in this 
lesion and occurred around the numerous axons 
and mature or atypical ganglion cells (Fig. 2 0. Im- 
munoreactivity in the latter case was probably re- 
lated to the distribution of  dendrites. Brilliant neu- 
rofilament immunoreactivity was noted, apparent- 
ly due to the high content of  axons dendrites and 
to the bundles of  neurofilaments in the large cell 
bodies of  the ganglion cells (Fig. 2g). The various 
immunohistological results are summarized in Ta- 
ble 1. 

The presence of  synaptophysin in medulloblas- 
tomas was also demonstrated by the immunoblot  
technique. Figure 3 presents a case in which the 
immunoreactive polypeptide of  Mr 38 000, as typi- 

Discussion 

Synaptophysin, a new marker for neuronal and 
neuroendocrine cells as well as for tumours derived 
from such cells (Wiedenmann and Franke 1985; 
Gould et al. 1986; Wiedenmann etal.  1986; cf. 
Jahn et al. 1985) was consistently found in all me- 
dulloblastomas examined in this study. These re- 
sults confirm and extend previous data (Gould 
et al. 1986; Wiedenmann et al. 1986) and docu- 
ment the usefulness of  immunocytochemistry for 
this marker in the diagnosis of  medulloblastomas. 
Therefore, this vesicle membrane protein can be 
regarded as a reliable marker for this group of  
tumours. The consistent demonstration of synap- 
tophysin also provides a convincing argument to 
classify medulloblastomas as neuronal tumours. 
Moreover, the presence of  synaptophysin supports 
the concept of the inclusion of medulloblastomas 
amongst the primitive neuroectodermal tumours 
(PNET; Hart  and Earle 1973; Rorke 1983; for 
a recent critical review, see Rubinstein 1985). 

In contrast, examination of  IF protein distribu- 
tion in various medulloblastomas yielded variable 
results. In 4 of  the 6 tumours examined, vimentin 
was the exclusive IF protein detected. The failure 
to demonstrate vimentin in two cases might be due 
to the presence of  very low conentrations of  this 
protein. Neurofilament proteins, on the other 
hand, were demonstrated only in one medulloblas- 
toma. On the basis of  differences in the immunore- 
activity of  IF proteins, we propose that at least 
two distinct subtypes of  medulloblastomas exist, 
i.e. exclusively vimentin-positive ones and those 
that contain neurofilaments. Of  course, the occur- 
rence of  tumours - or tumour cells - that contain 
both vimentin and neurofilament proteins cannot 
be excluded at present. Heterogeneity in IF protein 
distribution in medulloblastomas is also indicated 
in the literature (Trojanowski and Lee 1983; 
Roessmann et al. 1983; Tremblay et al. 1985). In 
classical medulloblastomas, single cells or small 
groups of  tumour cells sometimes show GFP  im- 
munoreactivity. However, cells expressing consid- 
erable amounts of  GFP  within the tumour appear 
to be entrapped or reactive astrocytes (see also 
Herpers and Budka 1985). 

The consistent finding of  synaptophysin in neu- 

rob las tomas  (see also Gould et al. 1986; Wieden- 
mann et al. 1986) emphasizes the value of  this 
marker in the diagnosis of  this tumour, notably 
as a criterion allowing a differentiation from other 
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malignant, small, round-cell tumours which pres- 
ent severe diagnostic problems (Enzinger and 
Weiss 1983). This is all the more important as re- 
ports on neurofilament immunoreactivity in neu- 
roblastomas are controversial (Osborn et al. 1982; 
Osborn and Weber 1983; Carlei et al. 1984; Tro- 
janowski et al. 1984; Mukai et al. 1986; Osborn 
et al. 1986). Whether neurofilament polypeptides 
are immunomorphologically demonstratable or 
not apparently depends in part on tissue preserva- 
tion and fixation. Recently, Osborn et al. (1986) 
reported that when cryostat sections were used, 
neurofilament IF could be identified in all neuro- 
blastomas tested (n = 10). Our results are basically 
in agreement with this study, except for on case 
which was negative for the NF-H polypeptide and 
our observation of clusters of  vimentin-positive 
cells within neuroblastomas, i.e. cells that seemed 
to coexpress both types of IFs. According to our 
results and those of Osborn et al. (1986) neuroblas- 
tomas cannot be subdivided on the basis of their 
IF protein patterns. In agreement with Troja- 
nowski et al. (1984) and Osborn et al. (1986), we 
were unable to detect glial filaments in the tumour 
cells. Again, the possibility of some GFP-positive 
cells in rare cases of neuroblastoma cannot be ex- 
cluded on the basis of  our limited number of cases. 

Our demonstration of a complex IF pattern 
in a glio-neuronal hamartoma is not unexpected. 
Neurofilament protein expression has been demon- 
strated in neuronal cell bodies, dendrites and ax- 
ons. In the glial compartment of the tumour, co- 
localization of GFP and vimentin has been seen. 
This cell type mixture, which is reflected by the 
heterogeneity of IF expression, is in agreement 
with the established concept of  origins of hamarto- 
mas.  

The finding that the ganglion cells and axons 
of ganglioneuroma are positive for neurofilaments 
is consistent with data of other authors (Osborn 
et al. 1982; Trojanowski a n d  Lee 1983; Mukai 
et al. 1986). In contrast, the Schwann and satellite 
cells consistently show vimentin IF as well as, in 
a part of  both cell populations, strong GFP immu- 
noreactivity. This finding is in agreement with sev- 
eral reports of GFP expression in non-glial cells 
and tumours outside the central nervous system, 
especially neurinomas and schwannomas (Memoli 
et al. 1984; Achtstfitter et al. 1986; Gould et al. 
1986) and in myeopithelial cells of  normal and neo- 
plastic salivary glands (Nakazato et al. 1982, 1985; 
Achtst/itter et al. 1986). As in medulloblastomas 
and neuroblastomas, synaptophysin immunoreac- 
tivity is consistently found in the glio-neuronal ha- 
martoma and the ganglioneuroma, again empha- 

sizing the value of synaptophysin as a broad neuro- 
nal marker. 

In conclusion, our data prove that synaptophy- 
sin is a marker for differentiated and undifferen- 
tiated neuronal tumours, including primitive neu- 
roectodermal tumours such as medulloblastomas 
and neuroblastomas. The consistent expression of 
synaptophysin in at least a considerable part of  
the medulloblastoma cell population is of  great im- 
portance in brain tumour diagnosis. This is 
especially true as the IF protein in tumours of this 
group do not present a consistent pattern or can 
even be totally missed by immunocytochemistry. 
Therefore, synaptophysin is recommended as the 
best available broad-range marker for medullo- 
blastomas. Finally, synaptophysin in antibody 
SY 38 is a valuable adjunct to the panel of  neural 
markers relevant to the immunocytochemical char- 
acterization and differential diagnosis of human 
intracranial neoplasm (Schwechheimer 1986). 
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