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SUMMARY: It is generally accepted that testicular seminomas and spermatocytic seminomas have separate pathogeneses,
although the origin of these two types of germ cell tumors of the adult testis remains a matter of debate. Although an embryonic
germ cell origin seems to be most likely for seminomas, a spermatogonia-spermatocyte origin has been suggested for
spermatocytic seminoma. To shed more light on the etiology of spermatocytic seminomas, we undertook an immunohistochem-
ical and molecular approach using SCP1 (synaptonemal complex protein 1), SSX (synovial sarcoma on X chromosome), and XPA
(xeroderma pigmentosum type A) as targets. Although a stage-specific expression pattern has been reported for SCP1 and SSX
in normal spermatogenesis, we demonstrate here that it also exists for XPA. In fact, immunohistochemistry shows that the
proteins of SCP1 and XPA are specifically present in the stage of primary and pachytene spermatocytes. In contrast, SSX was
found in spermatogonia and primary spermatocytes, as well as in germ cells, from at least the 17th week of intrauterine
development onward. Although no protein encoded by any of these genes was detected in tumor cells of a series of testicular
seminomas, all tested spermatocytic seminomas were positive, in agreement with expression analysis. These data support the
model that seminomas originate from an embryonic germ cell, and they imply that the cell of origin of spermatocytic seminomas
is at least capable of maturing to the stage of spermatogonia-pachytene spermatocyte. (Lab Invest 2001, 81:919–928).

W ithin the human adult testis, two types of germ
cell tumors are distinguished: (a) the semino-

mas and nonseminomas, known as testicular germ
cell tumors of adolescents and adults (TGCTs), and (b)
the spermatocytic seminomas (Mostofi and Sester-
henn, 1998). The TGCTs originate from carcinoma in
situ (Skakkebæk, 1972), supposed to be the malignant
counterpart of an embryonic germ cell. This view is
based on the finding that, morphologically (Gondos,
1993) and immunohistochemically, carcinoma in situ
(and seminoma) shows similarities to embryonic germ
cells, including their positivity for placental/germ cell
alkaline phosphatase (Roelofs et al, 1999), stem cell
factor receptor c-KIT (Rajpert-De Meyts and Skakke-
bæk, 1994), and glycogen (Mostofi and Sesterhenn,

1998). Moreover, epidemiological data indicate that
the initiating event in the pathogenesis of TGCTs
occurs during intrauterine development (Møller, 1989).
TGCTs are aneuploid, with a characteristic pattern of
gains and losses of chromosomal material (Oosterhuis
et al, 1989; Rosenberg et al, 1999; Van Echten-Arends
et al, 1995).

It is generally accepted that spermatocytic semino-
mas have a different pathogenesis from TGCTs. Mor-
phological analyses indicate that the tumor cells may
undergo part of meiosis (Romanenko and Persidskii,
1983; Rosai et al, 1969; Walter, 1980), although other
studies do not support this contention (Eble, 1994;
Takahashi, 1993; Talerman, 1980). No carcinoma in
situ has been identified in the adjacent parenchyma of
spermatocytic seminomas (Burke and Mostofi, 1993;
Eble, 1994; Mostofi and Sesterhenn, 1998; Rosenberg
et al, 1998). In contrast, the precursor lesion of sper-
matocytic seminoma is known as intratubular sper-
matocytic seminoma, which fills up the seminiferous
tubule, suggesting that the cell of origin resides on the
luminal side of the tight junctions present between
Sertoli cells. Most spermatocytic seminomas are neg-
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ative for placental/germ cell alkaline phosphatase
(Cummings et al, 1994; Dekker et al, 1992) and glyco-
gen (Burke and Mostofi, 1993; Eble, 1994; Mostofi and
Sesterhenn, 1998). Although an increasing incidence
has been shown for TGCTs during recent decades
(Adami et al, 1994), no such phenomenon has been
reported for spermatocytic seminoma.

Although morphologically carcinoma in situ and
seminoma cells are rather homogeneous, three types
of cells are identified in spermatocytic seminomas:
those with small, intermediate, and large nuclei (Eble,
1994; Romanenko and Persidskii, 1983; Rosai et al,
1969; Talerman, 1980). This is in agreement with data
from flow cytometric analysis, as well as from in situ
hybridization experiments (Kraggerud et al, 1999;
Kysela and Matoska, 1991; Looijenga et al, 1994;
Rosenberg et al, 1998; Takahashi, 1993; Talerman et
al, 1984). These investigations show that at least a
diploid tumor cell population is present. We demon-
strated recently that spermatocytic seminomas have a
completely different chromosomal constitution from
seminomas and nonseminomas (Rosenberg et al,
1998).

We questioned whether spermatocytic seminomas
indeed originate from a cell that is able to undergo
(partial) meiosis. Therefore, we studied the presence
of mRNA and proteins of three genes, two of which
have a specific pattern of expression during male
germ cell development. In fact, synovial sarcoma on X
chromosome (SSX) is mainly found in spermatogonia
(Dos Santos et al, 2000) and synaptonemal complex
protein 1 (SCP1) in cells undergoing meiosis, in par-
ticular, meiotic prophase (Meuwissen et al, 1992;
Tureci et al, 1998). Moreover, we show here that
xeroderma pigmentosum type A (XPA) protein is pre-
dominantly found in pachytene spermatocytes. Anti-
bodies against these proteins were applied to a series
of frozen and formalin-fixed, paraffin-embedded sem-
inomas and spermatocytic seminomas. Although
seminomas were found to be negative, in agreement
with an embryonic germ cell origin, all spermatocytic
seminomas were positive. These antibodies are there-
fore suitable for distinguishing seminoma from sper-
matocytic seminoma in a clinical setting. In addition,
the results support the idea that carcinoma in situ
originates from an embryonic germ cell and indicate
that spermatocytic seminomas originate from a cell
capable of differentiating toward the primary-
pachytene-spermatocyte stage of development.

Results

Antibody Specificity and Staining Patterns during Normal
Germ Cell Development

Recently, specific antibodies for SSX (recognizing
subtypes 2–4) and SCP1 have been reported (Dos
Santos et al, 2000; Meuwissen et al, 1992; Pousette et
al, 1997; Schmekel et al, 1996). They were found to
stain certain stages of male germ cell development in
rodent (Heyting et al, 1989; Meuwissen et al, 1992)
and human (Dos Santos et al, 2000; Pousette et al,

1997), in particular spermatogonia and primary sper-
matocytes. These patterns were confirmed by us (Fig.
1, A and B). The antibodies against SSX were specif-
ically developed for formalin-fixed, paraffin-
embedded tissues and were used as such. In contrast,
the antibodies for SCP1 are only applicable on frozen
tissue, and despite different methods of antigen re-
trieval, no consistent staining could be obtained on
formalin-fixed, paraffin-embedded material (data not

Figure 1.
Representative examples of the immunohistochemical detection of (A) synovial
sarcoma on X chromosome (SSX), (B) synaptonemal complex protein 1
(SCP1), and (C) xeroderma pigmentosum type A (XPA) on testicular paren-
chyma with normal spermatogenesis. Analysis for SCP1 is done on frozen
tissue, whereas SSX and XPA are done on formalin-fixed, paraffin-embedded
tissue. Note the positivity of the germ cells at various stages of maturation.
Spg, spermatogonia; Pps, primary and pachytene spermatocytes; Sp,
spermatids.
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shown). Therefore, all results with the antibodies
against SCP1 were obtained from snap-frozen cases.
Antibodies against XPA have been available; however,
their specificity has not been investigated extensively.

Here, we demonstrate that these antibodies do not
stain XP12RO cells transfected with an empty vector
(Fig. 2A). In contrast, XP12RO cells transfected with
the same vector, but now also containing the XPA

Figure 2.
Results of the analysis of specificity of the antibodies against XPA. Immunohistochemistry was performed on (A) XP12RO cells transfected with an empty vector,
showing no staining; (B) XP12RO cells transfected with the same vector including the XPA cDNA, showing positivity; and (C) HeLa cells, also showing positivity (insert
represents the negative control). All cells were fixed with formalin and embedded in paraffin. The XP12RO cells were stained directly on the tissue well-plates in which
they were grown. D, Western blot analyses of HeLa, MGH-U1 (a bladder cancer cell line), 833K (a germ cell tumor cell line), XP12RO clones 1 and 4 (transfected
with the pcDNA3.1 XPA-cDNA containing vector), and XP12RO clones 2 and 3 (empty vector). Note that all samples are positive, except the XP12RO cells transfected
with the empty vector.

Origin of Spermatocytic Seminomas

Laboratory Investigation • July 2001 • Volume 81 • Number 7 921



cDNA, are positive (Fig. 2B). The specificity of these
antibodies was confirmed using the same
immunohistochemistry-approach on formalin-fixed,
paraffin-embedded HeLa cells, which are known to
contain XPA (Fig. 2C). This specificity was confirmed
using Western blot analysis (Fig. 2D), showing a band
of 40–42 kd. We serendipitously found that these
antibodies specifically stain some of the pachytene
spermatocytes present in testicular parenchyma with
normal spermatogenesis (Fig. 1C).

To investigate from which stage onwards germ cells
show positivity for SSX in particular, we studied 14
formalin-fixed, paraffin-embedded testes in different
developmental stages, from 17 weeks to full term, and
one testis of 7 months post partum (Table 1). For this
latter case, as well as for an additional gonad of 36
weeks of development, frozen material was available.
As expected, no positivity was found for XPA at any of
the stages studied, and no SCP1 was found in the
frozen specimens (data not shown). In contrast, SSX
was present in germ cells in all testes at different
developmental stages (Fig. 3A). As controls, immuno-
histochemistry was performed using antibodies
against c-KIT and placental/germ cell alkaline phos-
phatase. Positivity for both proteins was found in germ
cells at the different stages of intrauterine develop-
ment (Fig. 3,B and C). The highest number of germ
cells positive for c-KIT was observed in our series from
the first developmental stage onwards (17th week) to
the 21st week of development. Double-staining anal-
ysis revealed that embryonic germ cells positive for
c-KIT can be either positive or negative for SSX (Fig.

3D). Germ cells positive for only SSX were also found.
This is in accordance with the results found in the post
partum specimens (data not shown).

Staining Patterns of Testicular Seminoma and
Spermatocytic Seminoma

Using the antibody against SCP1, snap frozen sper-
matocytic seminomas (cases detailed in Rosenberg et
al, 1998), and seminomas were stained (Table 1).
Although all seminomas were negative (Fig. 4A), sper-
matocytic seminomas showed a consistent positive
staining (Fig. 4B). In addition, all carcinoma in situ
cases found adjacent to invasive TGCTs were nega-
tive (data not shown). A similar staining pattern was
observed for the other two antibodies, recognizing
SSX and XPA, respectively, although they were used
on formalin-fixed, paraffin-embedded cases. In fact,
no positivity was observed in the majority of semino-
mas (Fig. 4C and E). Three out of the 25 cases tested
showed sporadically SSX-positive cells throughout
the tissue section. Analysis of the matched samples
containing carcinoma in situ showed no positivity (not
shown). In contrast, all spermatocytic seminomas
were homogeneously positive for both SSX and XPA
(Fig. 4, D and F). Spermatogonia present in the sem-
iniferous tubules entrapped in the seminoma compo-
nent still showed positivity for SSX (Fig. 4C, arrow). A
staining pattern similar to that in the invasive sper-
matocytic seminoma component was found in intra-
tubular spermatocytic seminoma (data not shown).
Some of the infiltrating lymphocytes present both in

Table 1. Results of Immunohistochemical Detection of SCP1, SSX, XPA, AP, and c-KIT on Germ Cells at Different
Stages of Development, as well as in Seminomas and Spermatocytic Seminomas

Histology
Age

(wks) No. SCP1 SSX XPA AP c-KIT

Embryonic testis 17 1 ND 1 2 6 111
19 1 ND 1 2 2 1
21 2 ND 1 2 6 111
23 1 ND 1 2 6 11
24 1 ND 1 2 6 11
28 1 ND 1 2 6 1
35 2 ND 1 2 6 1
36 1a 2 1 2 6 1
37 1 ND 1 2 6 1
38 1 ND 1 2 2b 6
40 1 ND 1 2 2 2b

Post partum 28 1a 2 1 2 2 2
Seminomad 2 (6) 2 (25/3)b 2 (25) 1 (all)c 1 (all)c

Carcinoma in situd 2 (3) 2 (12) 2 (12) 1 (all)c 1 (all)c

Spermatocytic
seminomad

1 (4) 1 (13) 1 (13) 2 (13) 2 (11)

Intratubular variantd ND 1 (11) 1 (2) 2 (2) 2 (11)

SCP1, synaptonemal complex protein 1; SSX, synovial sarcoma on X chromosome; XPA, xeroderma pigmentosum type A; c-KIT, stem cell factor receptor; AP,
placental/germ cell alkaline phosphatase; ND, not determined.

Staining intensity: 111, very strong; 11, strong; 1, weak; 2, negative.
a Frozen.
b Sporadically weakly positive cells.
c We applied AP and c-KIT routinely on all collected seminomas, and so far no negative cases have been identified (more than 50 tested).
d Number of cases studied is shown in parentheses.
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seminoma and spermatocytic seminoma were posi-
tive for XPA (Fig. 4, E and F, arrowheads). None of the
spermatocytic seminomas were positive for c-KIT in
our investigation (data not shown), in contrast to
earlier findings by others (Kraggerud et al, 1999).

mRNA Analysis of SCP1, SSX3, and XPA

To verify the data obtained by immunohistochemistry,
we performed a semiquantitative reverse
transcription-polymerase chain reaction (RT-PCR)
analysis for all three genes, using HPRT as a control
gene. Although the antibodies against SSX recognize
the SSX 2, 3, and 4 subtypes, we only investigated
expression of SSX3, as was done before (Dos Santos
et al, 2000). As a positive control, testicular paren-
chyma containing normal spermatogenesis was used.
This sample was immunohistochemically positive for
all three targets (see above). A moderate level of
expression was observed in normal testicular paren-
chyma for the corresponding genes (Fig. 5, Normal
testis). The increase in the intensity of the bands
indicates that the aliquots are taken during the linear
range of amplification within the specific experiment.
In agreement with immunohistochemistry, no mRNA

or a low level of mRNA of the genes SCP1 and SSX
(indicated by the arrow) was found in seminomas,
whereas all spermatocytic seminomas showed a
higher level of expression (Fig. 5, upper and middle
panels). In contrast, expression of XPA was found in
both seminomas and spermatocytic seminomas (Fig.
5, lower panel). This is likely due to the characteristi-
cally greater number of infiltrating lymphocytes in
seminoma compared with spermatocytic seminoma
(Mostofi and Sesterhenn, 1998), although post-
translational modification cannot be ruled out.

Discussion

To shed more light on the origin of spermatocytic
seminomas, we investigated the presence of proteins
and the corresponding mRNAs of three genes show-
ing positivity at specific stages of normal germ cell
development. These include SCP1, a protein involved
in the pairing of homologous chromosomes, which is
present in the meiotic prophase of both rodent and
human spermatocytes (Meuwissen et al, 1992;
Pousette et al, 1997; Sage et al, 1999; Schmekel et al,
1996). Our immunohistochemical results demon-
strated that the protein is indeed present in primary

Figure 3.
Representative examples of the staining patterns in a testis sample after 17 weeks of intra-uterine development. Shown are (A) SSX; (B) placental/germ cell alkaline
phosphatase; (C) c-KIT; and (D) double staining for SSX and c-KIT. Note the high number of germ cells positive for c-KIT and the lesser numbers for SSX and
placental/germ cell alkaline phosphatase. The double-staining analysis demonstrated that c-KIT–positive germ cells can be positive (arrow) or negative for SSX
(vertical arrowhead). In addition, germ cells positive for SSX only are also present (horizontal arrowhead).

Origin of Spermatocytic Seminomas

Laboratory Investigation • July 2001 • Volume 81 • Number 7 923



and pachytene spermatocytes. In addition, the re-
cently reported antibody E3AS, recognizing the SSX
proteins 2–4, mainly stains spermatogonia and, more
weakly, primary spermatocytes (Dos Santos et al,
2000, and this paper). We demonstrated that the SSX
protein is already present in germ cells from the 17th
week of intrauterine development onward. Although
some of these germ cells were also positive for c-KIT

(the stem cell factor receptor), others were negative. It
would be of interest to determine from which stage
onward SSX is positive in germ cells, although the
samples required for such an analysis were not avail-
able. We serendipitously found that a specific anti-
body against XPA protein stains pachytene spermato-
cytes. No positivity was identified in earlier stages of
germ cell development. XPA is involved in nucleotide

Figure 4.
Representative examples of the immunohistochemical detection in seminoma and spermatocytic seminoma, respectively, of SCP1 (A and B), SSX (C and D), and XPA
(E and F). The analyses for SCP1 are done on frozen tissue and for SSX and XPA on formalin-fixed, paraffin-embedded tissue. Note the positivity for all three markers
in spermatocytic seminoma, and their negativity in seminoma. C, SSX positivity is observed in a spermatogonial cell (arrow) and not in the seminoma and carcinoma
in situ cells. Infiltrating lymphocytes can be positive for XPA as indicated by arrowheads in E and F.
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excision repair (Wood, 1999), and although our finding
of the specific positivity of this protein during spermat-
ogenesis is novel and of interest, XPA does not seem
to be crucial for normal male germ cell development,
because XPA-knockout mice are fertile (de Vries and
van Steeg, 1996). In conclusion, immunohistochemis-
try using antibodies against SCP1, SSX, and XPA can
distinguish various stages of human spermatogenesis:
SCP1 and XPA for primary and pachytene spermato-
cytes and SSX for germ cells at different stages of
maturation.

In contrast to seminoma and carcinoma in situ, all
spermatocytic seminomas are homogeneously posi-
tive for the three proteins tested, which was supported
by expression analysis. Although seminoma and car-
cinoma in situ are consistently positive for c-KIT and
placental/germ cell alkaline phosphatase (Rajpert-De
Meyts and Skakkebæk, 1994; Roelofs et al, 1999), the
spermatocytic seminomas are overall negative (Dek-
ker et al, 1992 and this paper). The positivity of
spermatocytic seminoma for SCP1 and SSX can, in
our view, not simply be explained because they be-
long to the group of so-called cancer/testis antigens.
This is indicated by the fact that all spermatocytic
seminomas are positive, whereas, in general, only a
minority of cancers are positive for this kind of antigen
(Tureci et al, 1998). In contrast, the limited number of
cells found to be positive for SSX in three seminomas
might be related to this phenomenon. We conclude
therefore, that spermatocytic seminoma originates
from the nonmalignant counterpart during spermato-
genesis, which is positive for all these markers, ie, a
cell in the primary-pachytene spermatocyte stage of
development. This would fit with the finding that the

tumor cells of spermatocytic seminoma go through
the first steps of meiosis (Eble, 1994; Romanenko and
Persidskii, 1983; Rosai et al, 1969; Walter, 1980). The
data obtained from genomic analyses, revealing dip-
loid, tetraploid, and aneuploid nuclei (Kraggerud et al,
1999; Kysela and Matoska, 1991; Looijenga et al,
1994; Rosenberg et al, 1998; Takahashi, 1993; Taler-
man et al, 1984), and from morphology, showing
small, intermediate, and large cells (Eble, 1994; Ro-
manenko and Persidskii, 1983; Rosai et al, 1969;
Talerman, 1980), might be the consequence of this
process. Based on our data, it cannot, however, be
excluded that the initiating event in the pathogenesis
of spermatocytic seminoma affects an embryonic
germ cell. This could be a cell positive for SSX and
negative for c-KIT and placental/germ cell alkaline
phosphatase, a cell type that we demonstrated ap-
pears in the testis during intrauterine development.
Alternatively, this initiating event could affect a cell
positive for all these markers, a cell that has lost c-KIT
and most of the placental/germ cell alkaline phospha-
tase during further maturation toward a primary-
pachytene spermatocyte. As part of this maturation
process, XPA will become positive. This latter possi-
bility would explain the existence of bilateral sper-
matocytic seminoma (Burke and Mostofi, 1993) with a
very similar chromosomal constitution (Rosenberg et
al, 1998).

The results presently support the generally ac-
cepted view that TGCTs, ie, seminomas and nonsemi-
nomas, originate from an earlier stage of germ cell
development than spermatocytic seminoma, most
likely an embryonic germ cell, leading to carcinoma in
situ. In fact, this most likely affects a cell positive for

Figure 5.
Results of the semiquantitative reverse transcription-polymerase chain reaction (RT-PCR) analysis of the expression levels of SCP1 (upper panel), SSX3 (middle
panel), and XPA (lower panel) (arrows), compared with HPRT (arrowheads). Note a consistently lower level of expression of SCP1 and SSX in the seminomas (1–4)
compared with the spermatocytic seminomas (1–4), and a similar level for XPA. Note that, in the case of analysis of expression levels of SSX3 in spermatocytic
seminomas, 24 and 28 amplification cycles, instead of 28 and 32, were performed.
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c-KIT and placental/germ cell alkaline phosphatase
and negative for SSX, as can be found in the embry-
onic testis. Interestingly, the putative nonmalignant
counterpart of carcinoma in situ has been suggested
to be present around the 9th to 10th week of intra-
uterine development (Jørgensen et al, 1995), which
would be in accordance with our present findings. This
is also in agreement with epidemiological data (Adami
et al, 1994), immunohistochemical findings (Cum-
mings et al, 1994; Heidenreich et al, 1998; Hittmair et
al, 1996; Rajpert-De Meyts and Skakkebæk, 1994;
Roelofs et al, 1999), and expression analysis of human
endogenous retrovirus K (HERV-K)-specific tran-
scripts (Herbst et al, 1999; Roelofs et al, 1998). These
markers are overall negative in normal spermatogen-
esis and spermatocytic seminomas, and positive in
TGCTs. The monoclonal antibody KI-A10 and telom-
erase activity are not informative in this context, be-
cause these are positive in normal spermatogenesis,
seminoma, and spermatocytic seminoma (Delgado et
al, 1999; Rudolph et al, 1999).

In conclusion, our immunohistochemical and ex-
pression data suggest that spermatocytic seminoma
originates from a cell capable, at least, of maturating
to a stage of the primary-pachytene spermatocyte.
This study allows, for the first time, a conclusion about
the origin of spermatocytic seminoma based on pos-
itive observations. Immunohistochemistry, using the
antibodies against SCP1 (only applicable on frozen
material), SSX, and XPA (also applicable on formalin-
fixed, paraffin-embedded material), is a positive
marker distinguishing seminoma from spermatocytic
seminoma. So far, the antibodies used in the differen-
tial diagnosis of spermatocytic seminoma demon-
strated absence of antigens in spermatocytic semi-
noma compared with other entities.

Materials and Methods

Samples

The freshly obtained tumor specimens included in this
study, ie, 6 seminomas and 4 spermatocytic semino-
mas, were collected in close collaboration with urolo-
gists and pathologists in the southwestern part of the
Netherlands. All tumors were obtained before chemo-
therapy and/or irradiation. Directly after surgical re-
moval, representative parts of the tumor and adjacent
normal tissue (when available) were snap frozen and
other pieces were fixed overnight in 10% buffered
formalin and embedded in paraffin. The tumors were
diagnosed according to the World Health Organization
(WHO) classification for testicular tumors (Mostofi and
Sesterhenn, 1998). Identification of carcinoma in situ
and seminoma was aided by a direct enzyme-
histochemical detection of alkaline phosphatase ac-
tivity on representative frozen tissue sections, as re-
ported before (Mosselman et al, 1996). In addition,
formalin-fixed, paraffin-embedded samples of 25
seminomas, of which 12 contained carcinoma in situ
and 13 spermatocytic seminomas from our tissue
archive, were used. Twelve testis samples represent-

ing various developmental stages (17, 19, 21, 23, 24,
28, 35, 37, 38, and 40 weeks) were obtained after
autopsy had been performed for reasons unrelated to
testis development. These samples were also fixed in
formalin and paraffin-embedded. In addition, snap-
frozen samples of two gonads, one after 36 weeks of
intrauterine development and another that was 7
months post partum, were included.

Immunohistochemistry

Frozen tissue sections of 5-mm thickness were pre-
treated with acetone and PBS/BSA 1%. Antiserum A2
(Meuwissen et al, 1992) against SCP1 (a gift from Dr.
C. Heyting, Agricultural University, Wageningen, The
Netherlands) was used in a dilution of 1:300 for 60
minutes at room temperature. Detection was done
with the avidin-biotin-HRP complex (DAKO A/S,
Glostrup, Denmark) using the Vector NovaRED sub-
strate kit (Vector Laboratories, Burlingame, California).
Sections were lightly counterstained with hematoxylin.

The paraffin-embedded tissue sections of 3-mm
thickness were mounted on 3-aminopropyl-
triethoxysilane (APES)-coated slides and dried at
50° C overnight. They were pretreated with a modified
heat-induced, antigen-retrieval method (Shi et al,
1991), using 10 mM citrate buffer, pH 6.0. Incubation
with the primary antibody was done for 60 minutes at
room temperature. Detection was performed using the
avidin-biotin-alkaline phosphatase complex (DAKO
A/S) with New fuchsin (Sigma, St. Louis, Missouri) as
chromogen. Sections were lightly counterstained with
hematoxylin. Positive (testicular parenchyma contain-
ing normal spermatogenesis) and negative (excluding
the first antibody) controls were included in each
experiment. The antibody XPA Ab-1 Clone 12F5
(Clone 12F5; NeoMarkers, Union City, California) was
used in a dilution 1:50, and the antibody SSX (a gift
from Dr. A. Geurts van Kessel, Department of Human
Genetics, University Hospital, Nijmegen, The Nether-
lands) was used undiluted. Double staining using the
antibodies against c-KIT and SSX was performed as
follows. The pretreatment was done as described,
after which the primary antibodies were incubated
sequentially. The binding of the c-KIT antibody was
visualized using avidin-biotin-alkaline phosphatase
complex with Fast blue BB (Sigma) as chromogen.
Detection of the SSX-specific antibody was done
using the peroxidase-anti-peroxidase method with
3-amino-9-ethyl-carbazole (AEC) (Sigma) as chromo-
gen. The XP12RO cells used are XP12RO clones 2 and
3, which contain only the expression vector
pcDNA3.1, and clones 1 and 4, which contain the
same expression vector, including the XPA-cDNA. The
cells were provided by Dr. J. Masters (Institute for
Urology, University College, London, United Kingdom)
and Dr. R. Wood (Imperial Research Cancer Fund,
Clare Hall Laboratories, South Mimms, United King-
dom). In addition, HeLa cells were used. They were
cultured in vitro under standard conditions, and after
trypsinization and fixation in formalin, they were
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paraffin-embedded and handled as described for the
tissue sections (see above).

Western Blotting

Protein extracts were prepared by lysing 5 3 106 cells
on ice in 40 ml of buffer containing 50 mM Tris-HCl, pH
7.5; 250 mM NaCl; 1 mM EDTA; 0.1% Triton-3100 or
1% Triton for XPC; 2 mg/ml aprotinin; 2 mg/ml leupep-
tin; 1 mg/ml pepstatin; and 97 mg/ml phenylmethylsul-
fonyl fluoride (PMSF). After a 30-minute incubation,
the cells were centrifuged at 180 3g for 20 minutes at
40° C. The supernatant was recovered and protein
content determined by the Bradford method. For
immunoblotting, 40-mg protein extracts were sepa-
rated on SDS 10% polyacrylamide gels. Proteins were
transferred to Immobilon P (Millipore Corporation,
Bedford, Massachusetts) membranes. For detection
of XPA protein, the primary rabbit polyclonal antibody
CJ1, raised against recombinant human XPA protein
(CJ Jones, unpublished data) was used in a 1/10,000
dilution. This is the same antibody used for the immu-
nohistochemical studies. The membranes were incu-
bated with the primary antibody for 1 hour, followed by
incubation for 1 hour with a 1/25,000 dilution of
peroxidase-labeled anti-rabbit IgG (Sigma, St. Louis,
Missouri). Bands were revealed with an ECL chemilu-
minescence kit (Amersham, Arlington Heights, Illinois).

Polymerase Chain Reaction

Total cellular RNA was isolated from 10–15 tissue sections,
20-mm thick, of the snap-frozen tissue samples, ie, four
seminomas and four spermatocytic seminomas, using
Trizol (Life Technologies, Breda, the Netherlands) as de-
scribed earlier (Roelofs et al, 1999). The first and last tissue
sections (5-mm thick) were stained with hematoxylin and
eosin to confirm a percentage of tumor cells of more than
80% in the samples. All samples were pretreated with
RNase free DNase for 30 minutes at 37° C, and cDNA
synthesis was performed as described before (Roelofs et
al, 1999). Amplification was done on the equivalent of 125
ng of total RNA. The following primer sets were used: SCP1
5'-GTACAGCAGAAGCAAGCAACTGAATG-3' and 5'-
GAAGGAACTGCTTTAGAATCCAATTTCC-3' (Tanneal 5
58° C, resulting in a product of 564 bp); for XPA 5'-CCTT-
GTATAAGTAATACTTCAG-3' and 5'-CGTGGAGACAG-
AAATCGTC-3' (Tanneal 5 58° C, resulting in a product of
340 bp); for SSX3 5'-ATGCCCAAGAAGCCA-GCAG-3'
and 5'-AGCCATGCCCATGTTCGTG-3' (Tanneal 5 60° C,
resulting in a product of 307 bp).

Amplification was done in a volume of 50 ml (50 mM

KCl; 10 mM Tris, pH 9.0; 0.1% Triton X-100; 1.5 mM

MgCl2; 0.25 mM dATP, dTTP, dCTG, dGTP; 1U Taq
Polymerase (Promega, Madison, Wisconsin); and 1 mM

of each primer. For the seminomas, an aliquot of 25 ml
was taken after 28 amplification cycles, after which an
additional four cycles were run. In contrast, this was
done because of saturation for the spermatocytic
seminomas after 24 amplification cycles in case of
SSX3. An identical approach was done for the house-
keeping gene HPRT (primers 5'-CGTGGGGTCCTT-

TTCACCAGCAAG-3' and 5'-AATTATGGACAGGACT-
G-AACGTC-3' resulting in a product of 387 bp). This
experiment was done on the same microtiter plate and
under identical conditions. For each sample, 2.5 ml of
each amplification product was mixed and loaded on
a 1.5% agarose gel for separation.
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