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Abstract Changes in the cell membrane glycolipid 
composition and metabolism are frequently associated 
with carcinogenesis. The accumulation of globo-series 
glycolipids is the most notable change of the germ cell 
glycolipid composition observed in testicular tumours. In 
this study, the expression of the globo-series core-struc- 
ture, globotriaosylceramide (Gb3) was investigated in 
the preinvasive stage of testicular germ cell turnouts, car- 
cinoma in situ (CIS). Seventeen tissue specimens with 
CIS and 12 samples of overt testicular tumours were im- 
munostained with anti-Gb3 monoclonal antibody 38-13. 
The accumulation of Gb3 was detected in 12 CIS sam- 
ples (70.6%) and in 8 invasive tumour samples (66.7%), 
including seminoma, non-seminoma and a combined 
germ cell turnout. Our findings indicate that the compo- 
sition of glycolipids shift at the common preinvasive 
stage of testicular germ cell turnouts and confirm that 
Gb3 is a tumour-associated antigen of testicular germ 
cell neoplasia. 
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Introduction 

Glycosphingolipids (glycolipids) are important compo- 
nents of the cell membrane. They play a role in the dif- 
ferentiation and development of cells, probably by serv- 
ing as membrane transducers of regulatory signals [7]. 
There are three major series of glycolipids: globo-, lacto- 
and ganglio-series. Changes in glycolipid composition 
and a shift from one series to another are frequently as- 
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sociated with carcinogenesis [7]. Specific patterns of 
glycolipids expressed by turnout cells are known as tu- 
mour-associated glycolipid antigens. Forssman glycolip- 
id in human gastric cancer [11]; GD 3 ganglioside in mel- 
anoma [13], GD 2 in neuroblastoma [23] and glob- 
otriaosylceramide (Gb3) in Burkitt's lymphoma (BL) 
[21] are good examples. 

The profile of glycolipids in human germ cell tu- 
rnouts has been studied previously. Globo-series glyco- 
lipids Gb5 and GL7 were described to be the carriers of 
stage-specific embryonic antigen (SSEA)-3 and SSEA-4, 
and the expression of both glycolipids was reported in 
human teratocarcinoma cell lines [9, 18]. Kannagi et al. 
[10] analysed the glycolipid composition in a human ter- 
atocarcinoma cell line, 2102Ep thoroughly, and noted 
high levels of globo-series glycolipids, including Gb3, 
Gb4, Gb5, and GL-7, but not of the ganglio- or lacto-se- 
ties. SSEA-1 and SSEA-3 have also been demonstrated 
immunohistochemically in embryonal carcinoma, the 
most undifferentiated histological component of nonse- 
minomatous testicular germ cell turnouts [2]. A marked 
accumulation of Gb3, the globo-series core structure, 
was reported in seminoma, the most common histologi- 
cal form of all testicular germ cell turnouts; and Gb3 was 
even proposed as a marker for seminoma [14, 15]. By 
high-performance thin layer chromatography (HPTLC) 
analysis combined with immunostaining of a large num- 
ber of human germ cell tumour lines, Wenk and others 
[20] have recently found distinct patterns of globo-series 
antigens in embryonal carcinoma cell lines and their dif- 
ferentiated derivatives. They concluded that the switch in 
the glycolipid expression might be a key step in germ 
cell differentiation and that the differential expression of 
glycolipids provided a basis for better classification of 
germ cell tumours. 

Testicular carcinoma in situ (CIS) is a precursor of 
germ cell turnouts including classical seminoma and 
nonseminomatous turnouts, but not spermatocytic semi- 
noma (spermatocytoma) [19]. There are no data regard- 
ing the expression of glycolipids in this preinvasive le- 
sion. As Gb3 has been reported in a variety of germ cell 
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tumours  inc luding  both  s e m i n o m a  and e m b r y o n a l  carci-  
noma,  it was an obvious  first  cand ida te  g lyco l ip id  to 
evaluate  in CIS.  CIS cel ls  ar ise  ins ide  semin i fe rous  tu- 
bules  and are usua l ly  loca ted  be tween  the tubular  wal l  
and  the layer  of  Sertol i  cells.  CIS-con ta in ing  tubules  are 
very  f requent ly  found  ad jacent  to over t  tumours ,  some-  
t imes  as focal  changes  in the p rese rved  non-mal ignan t  
tes t icu lar  pa renchyma .  In some cases  CIS m a y  also be  
found  in the test is  cont ra la tera l  to a tumour.  In  o rder  to 
loca l ize  p rec i se ly  the express ion  o f  Gb3 to a specif ic  cel l  
type,  an i m m u n o h i s t o c h e m i c a l  me thod  was chosen.  

Materials and methods 

Seventeen adult testicular tissue samples of CIS, 12 samples with 
overt turnouts and 1 specimen of normal testicular tissue were ex- 
amined in this study, The group of overt tumours included 8 clas- 
sical seminomas, 3 nonseminomas (all pure embryonal carcino- 
mas) and 1 combined germ cell tumour (combination of semino- 
ma, embryonal carcinoma and mature teratoma). Specimens were 
obtained from patients who underwent orchidectomy for testicular 
neoplasia or prostatic cancer (for a normal control). The use of or- 
chidectomy specimens for the immunohistochemical studies had 
been approved by the local Ethical Committee. 

Table 1 Expression of globotriaosylceramide (Gb3) in carcinoma 
in situ (CIS) and overt testicular germ cell tumours (the histologi- 
cal type of turnout to which CIS was adjacent is given in brackets; 
S seminoma, NS nonseminoma, EC embryonal carcinoma) 

Case number Diagnosis Gb3 

1 CIS (NS) +* 
2 CIS (S) + 
3 CIS (NS) + 
4 CIS (NS) +* 
5 CIS (NS) +* 
6 CIS (no overt tumour) +* 
7 CIS (S and NS) + -  
8 CIS (NS) + 
9 CIS (S) + -  

10 CIS (S) +* 
11 CIS (NS) -* 
12 CIS (S) -*  
13 CIS (NS) + -  
14 CIS (S and NS) + -  
15 c~s (s) - 
16 c I s  (s) - 
17 CIS (S) - 
18 S +* 
19 S +-* 
20 S +* 
21 S + 
22 S + -  
23 S - 
24 S - 
25 S - 
26 EC + -  
27 EC +-  
28 EC - 
29 S and NS + 
30 Normal testis (PC) -*  

* Frozen and paraffin sections 
CIS: carcinoma in situ; S: seminoma; NS: nonseminoma; EC: em- 
bryonal carcinoma; PC: prostatic cancer 

One of the CIS samples (case 6 in Table 1) contained isolated 
CIS (no overt turnout) which was diagnosed in a patient with one 
small testicle by ultrasonographic examination and a surgical bi- 
opsy followed by orchidectomy [6]. In the remaining specimens 
CIS was present adjacent to overt turnouts (see Table 1). In these 
cases CIS was found during histopathological examination of 
macroscopically unchanged testicular tissue in the vicinity of tu- 
mours. The histological diagnosis was made according to morpho- 
logical features and positive immunostaining with antibodies used 
as CIS markers, such as placental-like alkaline phosphatase 
(PLAP), M2A, TRA-1-60 and c-kit [4, 5, 8, 16]. Formalin-fixed 
and paraffin-embedded tissue blocks were used in all cases. In 11 
cases (7 CIS, 3 seminomas, 1 normal testis; asterisks in Table 1) 
frozen tissue fragments were also available for the study. 

The monoclonal antibody 38-13 is a rat IgM that recognizes 
Gb3. The antibody was raised by one of the authors as previously 
described [21]. 

For immunocytochemistry paraffin-embedded sections cut at 4 
~tm were dewaxed and rehydrated. Cryo-preserved tissues were 
sectioned at 6 ~tm and fixed in 4% buffered formalin for 15 min at 
4 ° C. Non-specific binding of the antibody was blocked by 20 min 
incubation with human serum (diluted 1:4), afterwards the sec- 
tions were incubated with the primary antibody (diluted 1:50 for 
the paraffin sections and 1:100 for the frozen sections) at 4°C 
overnight. Subsequent steps were performed at room temperature. 
After washing in four changes of 0.05 M TRIS-buffered saline 
(TBS), pH 7.4, the sections were incubated with either a biotinyla- 
ted rabbit anti-rat antibody (DAKO, Copenhagen, Denmark) or a 
biotinylated goat anti-mouse antibody (Zymed Laboratories, San 
Francisco, USA) for 15 min. The anti-mouse antibody cross-react- 
ed with the rat immunoglobulins and gave identical results of 
these obtained with the anti-rat antibody. Subsequently, the sam- 
ples were incubated with a streptavidin-peroxidase conjugate 
(Zymed) for 10 min. Colour reaction was developed using amino- 
ethyl carbazole or 3,3'-diaminobenzidine as substrates (diluted in 
TBS containing hydrogen peroxide). For negative controls, prima- 
ry antibody was substituted with TBS buffer. 

After cover slips were mounted, the sections were examined 
under a light microscope. The Gb3 staining was evaluated qualita- 
tively, using the following symbols: (+) positive in the majority of 
CIS tubules or in large areas of a turnout specimen; (+-) many 
CIS tubules negative or very weakly stained, or large areas of a tu- 
mour negative; (-) no Gb3-positive cells found. 

Results 

The results  are summar ized  in Table 1. The  express ion  of  
Gb3 was detected in CIS samples  as wel l  as in overt  tes- 
t icular  ge rm cell  tumours.  Posi t ive Gb3 staining was 
mos t ly  present  in the p l a sma  membrane .  However ,  some 
dif fused cy top lasmic  staining was also present.  In 
posi t ive  CIS cases,  most  o f  the CIS cells vis ible  in a sec- 
t ion were  stained, a l though the intensi ty was variable.  In 
mos t  cases of  overt  tumours ,  the immunos ta in ing  was 
rather heterogenous ,  ranging f rom a s t rongly posi t ive to a 
negat ive react ion in various areas o f  the same specimen.  

Twelve  out  of  seventeen CIS spec imens  (70.6%) 
showed  posi t ive  immunos ta in ing  with  ant i -Gb3 anti-  
body;  there  was no di f ference  depend ing  on the h is to log-  
ical  type  o f  the ad jacent  tumour.  No  staining was seen in 
the non-mal ignan t  semini fe rous  tubules  ad jacent  to CIS-  
conta in ing  tubules  (Fig.  ] a, 2a). 

In the overt  turnouts ,  immunoreac t iv i ty  was found  in 
8 o f  12 cases  (66.7%),  inc luding  5 s eminomas  (Fig.  3a, 
b), 2 embryona l  ca rc inomas  and 1 c o m b i n e d  ge rm cel l  
tumour  ( s e m i n o m a + e m b r y o n a l  c a r c inoma+matu re  tera-  
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Fig. 1 t Immunoperoxidase staining of a carcinoma in situ (CIS) 
specimen with the anti-globotriaosylceramide (Gb3) antibody. 
Majority of CIS cells are Gb3-positive. Note absence of staining in 

the normal tubules (asterisk), xl00. B Higher magnification of a 
CIS sample; only CIS cells (C) are stained, Sertoli cells (S) show 
no reaction, x250 

Fig. 2 A Frozen section of CIS, immunostaining for Gb3 is seen non-malignant tubules (asterisk), xl00. B Frozen section of a nor- 
in seminiferous tubules with CIS. Note no reaction in adjacent real testis. No immunoreactivity of Gb3 was found, x l00 



372 

probably non-specific staining in Leydig cells was noted 
in some cases. All three frozen samples of seminoma 
showed positive immunoreactivity of tumour cells. In the 
frozen samples, the results were parallel to these ob- 
tained in paraffin-embedded tissue fragments, although 
the intensity of staining was stronger and, in some cases, 
the number of positive cells was greater. 

In the normal testis, positive immunoreaction was 
found in neither paraffin-embedded nor frozen sections 
(Fig. 2b). Control sections immunostained with the 
omission of the primary antibody did not exhibit any 
staining. 

Fig. 3 A An example of immunohistochemical staining for Gb3 
of a seminoma; lymphocytic infiltrate shows no reaction, xl00. B 
Higher magnification of a Gb3-positive seminoma, x250. C Nega- 
tive control, x250 

toma). In the combined tumour, teratoma showed no re- 
activity, except for a few gland-like structures which 
were weakly stained. In comparison with CIS and semi- 
noma, embryonal carcinoma exhibited weaker immuno- 
staining with Gb3. 

In frozen samples, immunoreactivity with anti-Gb3 
was seen in five of seven CIS cases (Fig. 2a). A slight, 

Discussion 

This study has shown the expression of Gb3 in CIS for 
the first time. This observation in the preinvasive stage of 
testicular germ cell tumours provides further insight into 
the histogenetic relationship between CIS and overt germ 
cell tumours. In our series 70% of CIS cases demonstrat- 
ed immunostaining with anti-Gb3 antibody. Our study 
confirmed also the presence of Gb3 in overt testicular 
germ cell cancers. 

Most of the previous reports describing the expression 
of glycolipids in germ cell tumours or cell lines have 
been based on HPTLC analysis. Few studies have pro- 
vided immunohistochemical data, like that of Damjanov 
et al. [2] who demonstrated SSEA-1 and SSEA-3 in em- 
bryonal carcinomas. It is generally considered that paraf- 
fin-embedded samples are not suitable for the detection 
of cell surface glycolipid antigens. Ohyama et al. [14, 
15], however, found marked expression of Gb3 in forma- 
lin-fixed, paraffin-embedded tissue in all seminomas 
studied. In agreement with Ohyama, comparable results 
were obtained in our study in both frozen and paraffin- 
embedded tissue fragments, although the intensity of 
staining was usually weaker in paraffin blocks. The ab- 
sence of Gb3 in a few of our CIS cases may be due in 
part to the loss of antigenicity in the process of tissue 
preparation; for example, in case 5 the Gb3 staining was 
very strong in the frozen specimen, but rather weak in 
the paraffin sections. However, two paraffin-embedded 
Gb3-negative CIS specimens (cases 11 and 12) were also 
negative in frozen sections. Thus, there are apparently 
differences in Gb3 expression in CIS cells that may sug- 
gest heterogeneity of differentiation stages of CIS cell 
despite their morphological similarity. 

The expression of glycolipid Gb3 in CIS, seminoma 
and nonseminoma may have some aetiopathological im- 
plications. The prevalent opinion is that the CIS lesion is 
the common precursor for various types of germ cell tu- 
mours. The co-expression of Gb3 in CIS and overt germ 
cell tumours further corroborates an histogenetic rela- 
tionship between these neoplasms. In addition, the re- 
sults confirm that Gb3 is a tumour-associated glycolipid 
antigen of testicular germ cell neoplasms and indicate 
that the glycolipid composition in malignant germ cells 
shifts by the preinvasive stage. 
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The biological significance of the high expression of 
Gb3 in germ cell tumours remains obscure. Not much is 
known about the role of aberrant glycosylation in human 
carcinogenesis in general. In the haematopoietic system, 
Gb3 (also called CD77), was originally described as a 
specific antigen for BL [22] and was then found on a 
subset of tonsillar germinal centre B lymphocytes which 
probably constitute the normal counterpart of BL cells. 
Although the biological role of Gb3 in these cells is not 
completely understood, it seems likely that this antigen 
play a role in cell apoptosis, since cross-linking of sur- 
face Gb3 induces apoptosis of BL cells [12]. It would 
thus be of interest to test whether or not Gb3 in CIS and 
seminoma is also able to transduce a signal leading to 
apoptosis of these cells. 

Differential expression of glycolipids in a variety of 
tumours is believed to be the result of altered activities 
of synthesizing enzymes. Either an activation of synthe- 
sis of the core structure or a block in synthesis of deriva- 
tive glycolipids can cause the accumulation of Gb3 [7]. 
Wiels et al. [22] reported an activation of the Gb3 syn- 
thesizing enzyme in BL cells, and similarly, G D  3 expres- 
sion in human melanoma is due to high levels of GD 3 
synthetase [17]. Reduced synthesis of derivative glyco- 
lipids may cause the accumulation of Gb3 in testicular 
neoplasms [14]; glycolipid synthesis of one series may 
also shift to another series upon tumourigenesis. It was 
observed that induction of differentiation of human em- 
bryonal carcinoma cells led to reduced levels of globo- 
series glycolipids and increased levels of lacto- and 
ganglio-series glycolipids [1, 3]. The regulation of the 
glycolipids-synthesizing enzymes in the process of tu- 
mour progression and differentiation requires further in- 
vestigation at the molecular level. 

Glycolipid Gb3 has been used as a tumour marker for 
BL and Ohyama has suggested Gb3 to be of value for 
differential diagnosis of seminoma [14, 15]. Although 
CIS is diagnosed on morphological features, the diagno- 
sis has been increasingly supported by immunohisto- 
chemical staining with CIS markers. Gb3 appears to be a 
new CIS marker, although in comparison with PLAR it 
is less suitable for routine use since PLAP is more sensi- 
tive, expressed by more than 90% of CIS cases, and is 
detectable in paraffin-embedded tissues fixed in various 
types of fixatives that preserve testicular morphology 
better (such as Stieve's or Bouin's fluids). 

We have demonstrated the expression of glycolipid 
Gb3 in CIS as well as an invasive testicular germ cell tu- 
mours. The change in the glycolipid pattern occurs at the 
preinvasive stage of tumour development and may mark 
an important step in differentiation of malignant germ 
cells. Our results further confirm the histogenetic rela- 
tionship between CIS and overt testicular germ cell tu- 
mours. 
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