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Summary. Thirteen primary and metastatic testicular germ cell tumours, 
including classical and anaplastic seminomas, and non-seminomatous 
testicular turnouts were examined for their intermediate filament protein 
(IFP) types. The seminomas were shown to react with a monoclonal 
and a polyclonal antibody to bovine lens vimentin, while non-seminoma- 
tous germ cell tumours were strongly positive for a polyclonal and a 
monoclonal antibody to cytokeratin. 

In one case of  seminoma with elevated serum levels of  f lHCG and 
~FP, cytokeratin positive tumour cells were found. In the case of  terato- 
carcinoma, several components of  the tumour could be distinguished 
using a combination of  antisera in double-label immunofluorescence mi- 
croscopy. The glandular component of this tumour was positive with 
the polyclonal antikeratin, but also with the monoclonal cytokeratin 
antibody specific for glandular epithelia (RGE 53). However, the squa- 
mous component  was negative with this latter antibody. Strikingly, the 
spindle cell component showed focal positivity for vimentin, with coex- 
pression of  cytokeratin and vimentin in some cells. 

Our data show that antibodies to cytokeratin and vimentin can be 
helpful in the diagnosis of  testicular germ cell turnouts, especially in 
the differentiation between seminomas and non-seminomatous tumours. 

Key words: Cytokeratin - Vimentin - Testis - Seminoma - Embryonal 
cell carcinoma - Endodermal sinus tumour - Teratocarcinoma 

Introduction 

Identification of  the intermediate filament protein types in cells of  an un- 
known tumour offers the opportunity to obtain more information about  
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its origin and nature (for reviews see Osborn and Weber 1983; Ramaekers 
et al. 1983 a). Antisera specific for intermediate filament proteins have prov- 
en to be useful immunohistochemical tools in surgical pathology especially 
in those cases where routine histological techniques do not permit a clear 
cut (differential) diagnosis. For example, antibodies to cytokeratins and 
vimentin can be used to differentiate between anaplastic carcinomas and 
lymphomas or melanomas (Gabbiani et al. 1981; Altmannsberger et al. 
1982a; Schlegel et al. 1980; Ramaekers et al. 1983b, c, 1985a), while an 
antibody to desmin allows a distinction between rhabdomyosarcomas and 
leiomyosarcomas from other soft tissue turnouts (Altmannsberger et al. 
1982b; Denk et al. 1983). Cytokeratins, the epithelial type of intermediate 
filament proteins, comprise a family of 19 closely related, though biochemi- 
cally distinct, polypeptides which to a certain extent are distributed in a 
tissue specific manner throughout human epithelia (Moll et al. 1982). As 
a result monoclonal antibodies to distinct cytokeratin polypeptides have 
been shown to distinguish between different types of epithelia using immu- 
nohistochemical techniques (Lane 1982; Tseng et al. 1982). For example, 
antisera to cytokeratin 18 recognize glandular epithelia and not squamous 
epithelia (Debus et al. 1982; Ramaekers et al. 1985b). Such monoclonal 
antibodies also distinguish adenocarcinomas from squamous cell carcinomas 
(Debus et al. 1984; Ramaekers et al. 1983d). The present report describes 
the use of monoclonal and polyclonal antibodies to the intermediate filament 
proteins vimentin and the cytokeratins in the diagnosis of primary and 
metastatic testicular tumours. Our findings show that such antibodies can 
distinguish seminomas from non-seminomatous turnouts which may be 
helpful in surgical pathology, especially in those cases where the tumour 
cells exhibit an anaplastie appearance. 

Materials and methods 

In addition to a panel of human malignant tumours used to test further the monoclonal 
vimentin antiserum we investigated seven samples of seminomas and seminoma metastases, 
and six cases of non-seminomatous testicular tumours, both primary and metastatic. Table 2 
summarizes the relevant clinicopathological data of the tumours investigated. Furthermore, 
we have investigated the intermediate filament distribution in five normal human testes, which 
were removed on clinical indications. 

A portion of each tumour was fixed in formalin, embedded in paraffin and used for 
routine histology using H&E staining. A second portion was frozen in liquid nitrogen immedi- 
ately after surgery and either stored in liquid nitrogen or cut immediately into frozen sections. 

Immunohistochemistry. Frozen tissue material was cut on a cryostat and 5-7 gm thick frozen 
sections were fixed with methanol ( - 2 0  ° C, 5 min) and acetone (room temp., 10 to 30 sec) 
or in acetone alone (5 min). 

Air dried sections were either rehydrated with phosphate buffered saline (PBS) or used 
directly for incubation with the first antiserum. Incubation procedures for single and double 
labeling indirect immunofluorescence have been described before (Ramaekers et al. 1981, 1982, 
1983d, e) as has the immunoperoxidase (PAP) staining method used for the four cases of 
paraffin embedded normal testis (Ramaekers et al. 1983 a). 

The following antibody preparations were used in this study: 
1. An affinity purified antiserum to human callus keratins (pKer) raised in rabbits and 

affinity-purified on human keratins. The serum was diluted 1:10 to 1:20 for immunofluores- 
cence and 1 : 50 for immunoperoxidase assays. For preparation and specificity testing see Ra- 
maekers et al. (1982, 1983a, b). 



Intermediate filaments in testis tumours 129 

2. The mouse monoclonal antibody RGE 53 (available from Euro-Diagnostics BV Apel- 
doorn, The Netherlands) specific for cytokeratin 18. Preparation and specificity testing of 
this antibody have been described (Ramaekers et al. 1983 d). 

3. An antiserum to calf lens vimentin (pVim), raised in a rabbit. Preparation and specificity 
of this antiserum have been described (Ramaekers 1981, 1983a, c). 

4. A monoclonal antibody to calf lens vimentin (MVI) purchased from Euro-Diagnostics 
B.V., Apeldoorn, The Netherlands. The antibody preparation was diluted 1 : 5 to 1 : 10. 

5. A rabbit antiserum to chicken gizzard desmin (pDes), prepared as described before 
(Ramaekers 1983 a). 

6. A monoclonal antibody to chicken gizzard desmin (RD 301), specific for desmin as 
demonstrated by immunoblotting and immunofluorescence assays (to be published). 

7. A monoclonal neurofilament antiserum (MNF), purchased from Euro-Diagnostics B.V. 
(Apeldoorn, The Netherlands) reactive with the 70 kDa and 200 kDa neurofilament proteins. 

Corresponding fluorescein isothiocyanate- and Texas-red conjugated second antibodies 
were obtained from Nordic, Tilburg, The Netherlands, and from New England Nuclear, Bos- 
ton, MA. 

In control experiments either second antibodies alone or primary antibodies to GFAP 
and a monoclonal antibody to epidermal keratin (RKSE 60 which reacts only with keratinizing 
epithelial cells) were used (Ramaekers et al. 1983 a). 

Gel electrophoresis and immunoblotting. Cytoskeletal preparations from calf lens, bovine liver 
hepatocyte cultures, and LLCMK-2 cultures were made by extracting cell pellets with 1% 
Triton X-100 in PBS, containing 0.01 mM phenylmethylsulfonyl fluoride (PMSF). The insolu- 
ble fraction was washed with PBS and applied to gel electrophoresis in sodium dodecylsulfate 
containing 10% polyacrylamide slab gels as described by Laemmli (1970). Vimentin was puri- 
fied from bovine lens as described before (Ramaekers et al. 1981). For immunoblotting experi- 
ments the electrophoretically separated polypeptides were transferred to nitrocellulose sheets 
using an electrophoresis buffer containing 25 mM Tris-HC1, 192 mM glycine and 20% metha- 
nol (pH 8.3), essentially as described by Towbin et al. (1979). The sheets were then exposed 
at room temperature and under constant shaking to the following incubation steps in sequence: 
preincubation for 3 h in buffer I, a 3% solution of bovine serum albumin (BSA from Sigma) 
in 350 mM NaC1, 10mM Tris-HC1, pH 7.6, and 0.5 mM PMSF (Sigma); 3 washing steps 
for 10 rain each in buffer II (0.5% Triton X-100 from BDH in PBS); incubation for 18 h 
with the first antibody in buffer III (0.3% BSA, 150 mM NaC1, 10 mM Tris-HC1, pH 7.6, 
0.1 mM PMSF, 1% Triton X- 100, 0.5 % sodium deoxycholate from Merck, and 0.1% sodium 
dodecylsulfate (SDS from BDH). The vimentin monoclonal antibody was diluted 1:20; 3 
washing steps, 10 rain each in buffer III; 3 washing steps, 10 min each in buffer II; incubation 
for 60 min in peroxidase-conjugated rabbit anti-mouse IgG (Nordic, Tilburg, The Netherlands) 
diluted 1:200 in buffer IV (0.5% Triton X-100, and 0.5% BSA in PBS); 3 washing steps, 
10 rain each in buffer II. Peroxidase activity on the immunoblot was detected using 4-chloro-1- 
naphtol from Merck (Darmstadt, FRG). 50 mg of 4-chloro-l-naphtol was dissolved in 5 mt 
ethanol, added to 95 ml PBS and stirred for 5 min. After filtration, 30% H202 was added 
to the solution to a final concentration of 0.06% (40 gl 30% H202 per 20 ml) and the peroxi- 
dase reaction developed by gentle shaking of the blot in this solution during 5 rain. The 
sheets were then rinsed with tap water for 10 rain and dried at room temperature between 
filter paper. 

Results 

Antibodies 

The specificity and reactivity patterns of most of the antibodies used in 
this study have been described extensively before (Ramaekers et al. 1981, 
1982, 1983a-e, 1984a, b). 

In brief, the rabbit antiserum to callus keratins (pKer) reacted exclusively 
with most epithelial tissues, while the monoclonal antibody RGE 53 reacted 
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with a subgroup of epithelial tissues, i.e. glandular and columnar epithelial 
cells and mesothelial cells. This antibody reacts specifically with cytokeratin 
18 as detected by one- and two-dimensional immunoblot t ing assays and 
does not seem to interact with other cytokeratin polypeptides or any of 
the other types of intermediate filament proteins. 

The rabbit antiserum to vimentin (pVim) was shown to react exclusively 
with the 57 kD vimentin protein in immunoblot t ing experiments (Herman 
et al. 1983). In general it is specific for cells of mesenchymal origin and 
does not react with epithelial cells in vivo (for exceptions see for example 
Herman et al. 1983). 

The commercially available monoclonal  antibody to calf lens vimentin 
(MVI) was further characterized, using the indirect immunofluorescence 
technique on frozen sections and cell cultures as well as immunoblot t ing 
assays. It was obvious that the antibody reacted only with tissues of mesen- 
chymal origin, such as fibroblasts, endothelial cells, some blood vessel 
smooth muscle cells (Fig. 1 a), glomeruli in the kidney (Fig. i b) etc., but 
did not stain epithelial tissues. In cultured cells (bovine lens cells, BHK-cells, 
PtK-cells, HeLa cells, Kb cells and cultures from bovine hepatocytes) the 
antibody gave a filamentous staining pattern (Fig. 1 c), identical to that 
obtained with the polyclonal antiserum to calf lens vimentin. Moreover, 
this antibody was tested on a series of frozen sections from different types 
of human  malignant tumours  including astrocytomas, transitional cell carci- 
nomas of the bladder, endometrial tumours,  renal cell tumours,  mesothelio- 
mas, several other types of carcinomas and some sarcomas. F rom these 
experiments it was obvious that the monoclonal  vimentin antibody gave 
a staining pattern virtually identical to that of the polyclonal vimentin antise- 
rum (results not shown). 

In the immunoblot t ing technique (Fig. 1 e) the antibody gave a specific 
positive reaction coinciding with the vimentin band seen at 57 kD in the 
Coomassie-stained gel strip or its replica. Cytoskeletal extracts from bovine 
lens and LLCMK-2 cell cultures next to purified bovine lens vimentin were 
used as antigen preparations. 

T a b l e  1. D i s t r i b u t i o n  o f  i n t e r m e d i a t e  f i l a m e n t  p r o t e i n s  ( I F P )  in d i f f e r en t  cell t ypes  o f  n o r m a l  

test is  as  d e t e c t e d  w i t h  seve ra l  I F P - a n t i b o d i e s  

Cell t y p e  p K e r  R G E 5 3  p V i m  M V I  p D e s  R D 3 0 1  M N F  

S p e r m a t o g o n i a  . . . . . . .  

Ser tol i  cells - - + + - - - 

L e y d i g  cells - - + / -  + / . . . .  

M y o i d  cells s u r r o u n d i n g  - - + / - + / - + + - 

s e m i n o f e r o u s  t ubu l e s  

R e t e  test is  l in ing  cells + + + + --  --  --  

D u c t u s  e f fe rens  l in ing  + N . T . "  - N . T .  - N . T .  - 

cells 

N e r v e  cells . . . . . .  + 

a N . T . :  n o t  t e s t ed  
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Fig. 1 a-e. Specificity test of the monoclonal antibody to vimentin (MVI). a, b Staining pattern 
on human kidney frozen sections showing a positive reaction in endothelial cells, blood vessel 
smooth muscle cells, stromal cells and glomeruli, but no reaction in epithelial cells, e, d Bovine 
cultured lens cells showing a fibrillar staining pattern after incubation with the MVI antibody 
(e) but not with the FITC-conjugated goat-anti-mouse antibody alone (d). e Immunoblotting 
of MVI on a cytoskeletal preparation from LLCMK-2 cells (lane 1), bovine lens (lane 2) 
and on purified bovine lens vimentin (lane 3). Note only a strong reaction with vimentin 
(V). Bars indicate 50 ~tm 

Intermediate filament pattern in normal human testis 

W h e n  n o r m a l  h u m a n  tes tes ,  e i t he r  as  f r o z e n  sec t ions  o r  as p a r a f f i n  s ec t ions  
were  i n c u b a t e d  w i t h  the  a n t i s e r a  d e s c r i b e d  a b o v e  a n d  in  the  M a t e r i a l s  a n d  
M e t h o d s  sec t ion ,  the  f o l l o w i n g  d i s t r i b u t i o n  o f  I F P  was  o b s e r v e d  (see a l so  
T a b l e  1). 
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Fig. 2 a-f. Immunoperoxidase (a-f) and double-label indirect immunofluorescence (g-j) staining 
of normal human testis tissues with the antibodies to cytokeratin (a, b, g), vimentin (e, d, 
f, h, j) and desmin (e, i) showing the ductus efferens (a, e, e) the rete testis (b, d, g, h) 
and seminiferous tubules (f, i, j). Bars indicate 50 pm 
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Fig. 2 g-j. 

With the cytokeratin antibodies pKer and RGE53 a strongly positive 
reaction was seen only in the epithelial cells lining the ductus efferens and 
the fete testis (Fig. 2 a, b). No other cell types were positive. The antibodies 
to vimentin did not  stain the epithelial cells of the ductus efferens (Fig. 2c). 
Strikingly, however, a considerable part of the epithelial cells of the rete 
testis were also positive for vimentin (Fig. 2d). Double-label experiments, 
using pKer and MVI or pVim and RGE 53 as primary antibody mixtures, 
clearly demonstrated this co-expression of cytokeratin and vimentin in rete 
testis lining epithelial cells (Fig. 2g, h). Furthermore,  a positive reaction 
with the vimentin antibodies was found in Sertoli cells and in Leydig cells 
(Fig. 2f). The latter cells, however, showed a variable reaction, with some 
Leydig cells negative and others containing perinuclear clusters. Fibroblasts 
and blood vessels were also stained (Fig. 2 c, d, f). Myoid cells surrounding 
the seminiferous tubules were strongly positive with the antibodies to desmin 
(Fig. 2i). Some of these myoid cells could be shown to co-express desmin 
and vimentin as demonstrated in the double-label indirect immunofluores- 
cence technique using pDes and MVI or pVim and RD 301 as primary 
antibody mixtures (Fig. 2i, j). The desmin antibodies did not stain any 
other cell types than muscle cells (see also Fig. 2e). The neurofilament anti- 
body only stained nerve cells. 

Testieular tumours 

The staining patterns obtained with the cytokeratin and vimentin antibodies 
in the different testicular germ cell tumours  are summarized in Table 2 
and depicted in Figs. 3-5. 
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Fig. 3a-d.  Seminoma frozen sections, incubated with the polyclonal antibody to cytokeratins 
(e) and RGE 53 (fl). d and e represent double-label immunofluorographs of case nr. 3 in 
an area with a high concentration of cytokeratin-positive cells. Bar indicates 50 gm 

Seminomas. Four classic seminomas, an anaplastic seminoma in the testis 
and two metastases of anaplastic seminomas were examined for their IFP- 
content using the antibodies to vimentin and cytokeratin. It was obvious 
that in all cases turnout cells were positive for vimentin as detected by 
the polyclonal antiserum (Fig. 3 a) but also a considerable number of vimen- 
tin negative tumour cells were seen. Four cases were examined with the 
monoclonal anti-vimentin antibody, which gave results similar to those ob- 
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tained with the polyclonal antiserum. Again vimentin-negative tumour cells 
were seen. The vimentin antibody also stained stromal components (fibro- 
blasts, blood vessels) and Sertoli cells. When incubated with the polyclonal 
or monoclonal antibodies to (cyto)keratins six out of  seven cases were nega- 
tive (Fig. 3b) although in four of these cases a few cytokeratin positive 
cells scattered through the tissue sections were seen. It was not possible 
to determine whether these latter cells were malignant tumour cells or if 
they represented preexisting epithelial cells from, for example, the rete testis. 

In case no. 7, a lymph node metastasis which was morphologically pure 
anaplastic seminoma, a few cytokeratin positive cells were detected. This 
correlates well with the finding that the primary tumour in the testis was 
a mixed Yolk-sac tumour/seminoma. From earlier studies (Ramaekers et al. 
1983d) we know that this latter type of germ cell tumour is positive for 
cytokeratin but negative for vimentin. Double labeling studies performed 
on frozen sections from case no. 7 supported this suggestion. A complete 
overlap of the reaction pattern of the polyclonal and the monoclonal anti- 
cytokeratin antibodies was seen with the reaction of the monoclonal anti- 
body stronger than that of the polyclonal antiserum. No overlap was ob- 
served between the reactivity patterns of the polyclonal vimentin antiserum 
and RGE 53. We have, however, also observed tumour cells that were 
negative for both cytokeratin and vimentin antibodies. Interestingly, in one 
of the cases (no. 3 which had elevated levels of  serum markers) it was quite 
obvious that tumour cells were also positive for cytokeratin (Fig. 3 c). Dou- 
ble-label studies in this case again showed a total overlap between reactivity 
patterns of the two cytokeratin antibodies, the monoclonal antibody react- 
ing more strongly than the rabbit antiserum. No overlap was seen in the 
reactivity patterns of the polyclonal vimentin antiserum and RGE 53 on 
one hand or between the monoclonal vimentin antibody and the polyclonal 
keratin antiserum on the other (Fig. 3 c, d). Furthermore, it was clear that 
tumour cells staining neither for cytokeratin nor vimentin were also present 
in this case. In no case of seminoma was a positive reaction found in the 
tumour cells with antibodies to desmin, GFAP or the monoclonal antibodies 
RKSE 60 or MNF.  The desmin antibodies did, however, stain preexisting 
and vascular smooth muscle tissues, while M N F  stained nerve cells. 

Non-seminomatous testicular tumours. Five non-seminomatous testicular tu- 
mour cases, including two primary and one metastatic embryonal cell carci- 
noma, one primary and one metastatic endodermal sinus tumour and a 
teratocarcinoma, were tested for their IFP-type. The two samples of the 
endodermal sinus tumour (cases 10 and 11) were from the same patient, 
obtained about one year apart. 

When incubated with the different types of antibodies the tumour cells 
in all five embryonal cell tumours reacted only with the polyclonal and 
monoclonal (cyto)keratin antibodies (Fig. 4 a, c, d) but not with the poly- 
clonal or monoclonal vimentin antiserum (Fig. 4b). The reaction of RGE 
53 was normally slightly more intense than the reaction with the rabbit 
anti-keratin antiserum pKer (compare Fig. 4a and 4d). Stromal components 
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Fig. 4a-L Embryonal cell carcinoma frozen sections, incubated with the polyclonal antibody 
to cytokeratins (a), the polyclonal antibody to vimentin (b, f) and RGE 53 (e, d, e). e and 
f represent double-label immunofluorographs. Bars indicate 50 gm 

of  the tumour were positive for vimentin only. When double-label immuno- 
fluorescence microscopy was applied to cases nr. 8 and 9 using the rabbit 
antiserum to vimentin in combination with RGE 53 or the monoclonal 
antibody to vimentin in combination with the polyclonal anti-cytokeratin 
antiserum, it was obvious that both reactions are mutually exclusive (Fig. 4e, 
f). No reaction was found in the tumour cells with the antibodies to desmin, 
GFAP,  MNF,  or with RKSE 60. 
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Fig. 5 a-f. Double-label indirect immunofluorescence staining patterns of the teratocarcinoma, 
incubated with the cytokeratin antibodies (a, e, e, pKer; d, f, g, i, RGE 53) and the vimentin 
antibody (b, h, ]). Bar indicates 50 gm 

The teratocarcinoma in the left testis (case 13) could be shown to contain 
different types of epithelial differentiation in H&E stained sections. In addi- 
tion to keratinizing stratified squamous epithelium and ducts consisting 
of columnar and mucus producing epithelium, an additional component 
consisting of more atypical cells, focally forming ducts, and focally growing 
as solid nests, was observed. The stroma had a myxoid appearance. When 



Intermediate filaments in testis tumours 139 

Fig. 5 g-j. 

frozen sections of this tumour were incubated with the rabbit antiserum 
to keratin, virtually all tumour cells, including the glandular-, squamous-, 
and spindle cell components as well as most dispersed tumour cells, were 
positive (Fig. 5a, c, e). When incubated with RGE 53 a distinction could 
be made between the glandular component (which was RGE 53 positive) 
and the squamous component (which was negative for RGE 53; compare 
Fig. 5 c-f). Surprisingly, like all other components of the tumour, this latter 
component was negative with RKSE 60, the monoclonal antibody specific 
for keratinizing cells. 

When incubated with the antibodies to vimentin, only the spindle cell 
component was stained in addition to (other) stromal elements (Fig. 5 b). 
Double label immunofluorescence studies revealed a complete overlap be- 
tween the staining patterns of the antikeratin rabbit antiserum and RGE 
53 in the glandular component of the tumour and no overlap in the squa- 
mous component (Fig. 5c-f). An overlap between the staining patterns of 
the polyclonal antiserum to vimentin and RGE 53 on one hand or the 
polyclonal antiserum to keratin and the monoclonal antibody to vimentin 
on the other hand, was seen only in some spindle cells but not in other 
components of  the tumour or stroma (Fig. 5 g-j). Although not generally 
observed, co-expression of cytokeratins and vimentin has also been detected 
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in some other types of tumour cells (see for example Herman et al. 1983 
and Ramaekers et al. 1983e). No reaction was seen in this tumour with 
the antisera to desmin, GFAP, or neurofilaments. 

Discussion 

In the practical management of malignant germ cell turnouts of the testis, 
the most important diagnostic distinction is between seminomas on the 
one hand and non-seminomatous tumours including embryonal carcinoma, 
endodermal sinus tumour, teratocarcinoma and choriocardnoma on the 
other (Paulson et al. 1982; Mostofi 1973). In practice the only situation 
in which real diagnostic difficulties may be encountered is the distinction 
between anaplastic seminomas and embryonal cell carcinomas. This distinc- 
tion is an important one, however, since these tumours show significant 
differences in sensitivity to irradiation and in prognosis. Therefore, proper 
diagnosis of these germ cell tumours is essential for the selection of treatment 
modalities. 

In some of the tumours an overlapping of diagnostic criteria such as 
cell and nuclear size, pleomorphism, and arrangement, as well as presence 
of a lymphocytic infiltrate may cause confusion. The results described here 
with intermediate filament protein antibodies show that seminomas contain 
mainly vimentin as their intermediate filament protein. In contrast, embryo- 
nal cell carcinomas usually contain cytokeratin but not vimentin. 

Some tumours which are histologically classified as seminomas may 
show elevated serum levels of  flHCG and/or ~FP. It has been proposed 
that these seminomas have a significantly worse prognosis than those with 
normal serum levels of  these markers (Morgan et al. 1982). However this 
interpretation remains controversial (Mauch et al. 1979). It is of interest 
that the one patient in our series who presented with a histologically pure 
seminoma but elevated serum levels of flHCG and ~FP also showed an 
intermediate filament protein pattern intermediate between seminoma and 
embryonal cell carcinoma (see Table 2). However it is important to note 
that a mixed embryonal cell carcinoma/seminoma is characterized and re- 
cognized as such (because of extensive cytokeratin positive tumour areas) 
although the serum markers were not elevated. 

Based on these studies and those previously reported (Battifora et al. 
1984) we conclude that intermediate filament typing of testis turnouts may 
provide a useful adjunct to routine histology and determination of serum 
flHCG and ~FP in determining therapy and prognosis. The routine use 
of antibodies to vimentin in addition to cytokeratins provides a useful posi- 
tive test to corroborate the cytokeratin negativity of seminoma. 
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