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Cancer testis antigens are encoded by germ line-associated genes that are present in normal germ cells of testis

and ovary but not in differentiated tissues. Their expression in various human cancer types has been interpreted as

‘re-expression’ or as intratumoral progenitor cell signature. Cancer testis antigen expression patterns have not yet

been studied in germ cell tumorigenesis with specific emphasis on intratubular germ cell neoplasia unclassified as

a precursor lesion for testicular germ cell tumors. Immunohistochemistry was used to study MAGEA3, MAGEA4,

MAGEC1, GAGE1 and CTAG1B expression in 325 primary testicular germ cell tumors, including 94 mixed germ cell

tumors. Seminomatous and non-seminomatous components were separately arranged and evaluated on tissue

microarrays. Spermatogonia in the normal testis were positive, whereas intratubular germ cell neoplasia

unclassified was negative for all five CT antigens. Cancer testis antigen expression was only found in 3%

(CTAG1B), 10% (GAGE1, MAGEA4), 33% (MAGEA3) and 40% (MAGEC1) of classic seminoma but not in non-

seminomatous testicular germ cell tumors. In contrast, all spermatocytic seminomas were positive for cancer

testis antigens. These data are consistent with a different cell origin in spermatocytic seminoma compared with

classic seminoma and support a progression model with loss of cancer testis antigens in early tumorigenesis of

testicular germ cell tumors and later re-expression in a subset of seminomas.
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Testicular germ cell tumors are the most common
solid neoplasm among men in the third and fourth
decade of life.1 They are divided into seminomas
and non-seminomatous germ cell tumors with a
wide spectrum of histological types, which are
either undifferentiated (embryonal carcinoma) or
differentiated. The differentiated non-semino-
matous testicular germ cell tumors may show some
degree of embryonic (teratoma) or extra embryonic
pattern (yolk sac tumor, choriocarcinoma).2 Despite
the broad range of histological types, they originate
from one common precursor lesion known as
intratubular germ cell neoplasia unclassified—with
the exception of spermatocytic seminoma, which is

not associated with intratubular germ cell neoplasia
unclassified.3,4 It is regularly found in testicular
tissue adjacent to testicular germ cell tumors.5,6 It is
important because patients with intratubular germ
cell neoplasia unclassified have a 50% risk of
developing an invasive germ cell tumor within 5
years without treatment.2,7 Furthermore, intratu-
bular germ cell neoplasia unclassified is frequently
encountered in patients with an increased risk to
develop a testicular germ cell tumor, eg gonadal
dysgenesis,8 a previous testicular germ cell tumor9

or cryptorchidism.10,11 POU5F1,12 PLAP13 and
KIT14 are immunohistochemical markers for the
identification of intratubular germ cell neoplasia
unclassified.

Cancer testis antigens are usually expressed in
normal germ line tissues, such as placenta, ovary
and testis. They are the product of germ line-
associated genes in those tissues, but they can be
found in various human cancers, too.15–17 More than
100 cancer testis genes have been described so far,
using different methods, including Serological
Analysis of Recombinant Expression libraries.17 In
general, there are two types of cancer testis genes:
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those that are encoded on the X chromosome (cancer
testis-X antigens) and those that are not (non-X
cancer testis antigens).17 However, their function
remains largely unknown, although cancer testis
antigens are supposed to have a role in normal tissue
development and tumorigenesis of various cancers.
Recently, it has been shown that MAGEA cancer
testis antigens inhibit the function of p53 by
blocking its interaction with chromatin.18 In
several cancer types, eg multiple myeloma, bladder
cancer, non-small cell lung cancer, hepatocellular
carcinoma, breast, colorectal and pancreatic ductal
adenocarcinoma, the high expression of cancer
testis-X genes is associated with poor differen-
tiation grade, progressive disease and worse
prognosis.19–22

There are only limited studies on cancer testis
antigen expression in testicular germ cell tumors.
MAGEA1, MAGEA2, MAGEA3 and MAGEA4
mRNA expression has been analyzed in 32 testicu-
lar germ cell tumors and was found in 68–82%
of seminomas, mixed germ cell tumors with
seminomatous components and some mixed non-
seminomatous germ cell tumors.23 Cheville et al24

studied 43 germ cell tumors and described
MAGEA1 and MAGEA3 protein expression only
in 17–42% of seminomas but not in non-semino-
matous tumors. In another study, MAGEC2 mRNA
expression was detected in four of five seminomas
by RT-PCR.25 On protein level, Aubry et al26

investigated the expression of MAGEA4 in 27
germ cell tumors (17 seminomas and 10 non-
seminomas). About one-third of the seminomas
were negative. Consequently, we analyzed the
expression of MAGEA4, MAGEC1, GAGE1 and
CTAG1B with emphasis on testicular germ cell
tumor development.

Materials and methods

Patients

Three hundred and twenty-five patients with testi-
cular germ cell tumors were retrieved from the files
of the Institute of Surgical Pathology of the Uni-
versity Hospital Zurich, Switzerland from 1990 to
2003 and were recently reported.27 According to the
2004 WHO Classification,28 the tumors were
classified by an experienced uropathologist (AB).
The series included 94 mixed germ cell tumors (49
with and 45 without a seminomatous component), 4
spermatocytic seminomas, 207 classic seminomas,
19 pure embryonal carcinomas and 1 pure mature
teratoma. Following components were seen in the
94 cases of mixed germ cell tumors: seminoma,
embryonal carcinoma, yolk sac tumor, choriocar-
cinoma and teratoma.

Intratubular germ cell neoplasia unclassified
was included from 20 patients with testicular
germ cell tumors. Intratubular germ cell neoplasia

unclassified was identified morphologically on
hematoxylin and eosin-stained histological section
and was confirmed by immunohistochemical stain-
ings for KIT, POU5F1 and placental alkaline phos-
phatase.

The project has been approved by the local ethics
committee (ref. number StV 25-2008).

Tissue Microarray

A tissue microarray was constructed as described
before.27 In summary, the tissue microarray contai-
ned testicular tumor components of 254 seminomas,
89 embryonal carcinomas, 51 yolk sac tumors, 54
teratomas, 10 choriocarcinomas and 4 spermatocytic
seminomas. Additionally, we included intratubular
germ cell neoplasia unclassified and non-tumor
testicular tissue from 20 tumor patients. Thereby
our tissue microarray comprised 1030 tumor tissue
cores. During processing, 9 cases (18 tissue cores)
were lost. For the evaluation of the immunostaining,
we considered 462 different histological tumor
components, 20 intratubular germ cell neoplasia un-
classified and 20 non-neoplastic testicular tissues.

Histology and Immunohistochemistry

Three-micron thick sections of tissue microarray
blocks of formalin-fixed, paraffin-embedded tissues
were mounted on glass slides (SuperFrost Plus;
Menzel, Braunschweig, Germany), deparaffinized,
rehydrated and stained with hematoxylin and eosin
using standard histological techniques. We investi-
gated the cancer testis antigens MAGEA3, MAGEA4,
MAGEC1, GAGE1 and CTAG1B. MAGEA3 was
detected using the recombinant reverse chimeric
antibody 21B4rc (CT Atlantic, dilution 1:500),
MAGEA4 by a rabbit monoclonal antibody (Lifespan
Biosciences, dilution 1:50) and MAGEC1, GAGE1
and CTAG1B by mouse monoclonal antibodies
(MAGEC1 antibody from DAKO, dilution 1:80;
GAGE1 antibody from BD Biosciences, dilution
1:2000; CTAG1B antibody from ZYMED Labora-
tories, dilution 1:10). The immunohistochemical
stainings were performed with the Ventana Bench-
mark automated staining system (Ventana Medical
Systems, Tucson, AZ) using Ventana UltraView DAB
reagents. All primary antibodies were diluted in
Ventana diluent. Slides were counterstained with
hematoxylin, dehydrated and mounted. An experi-
enced surgical pathologist (PKB) evaluated all tissue
microarray spots. Samples were dichotomized into
positive vs negative. The threshold for positivity
was defined at 5% of cells positive for the marker, as
previously described.15 The expression patterns
were separately analyzed for each tumor compo-
nent, pre-neoplastic lesion and non-neoplastic
tissue (Table 1).

To verify our results from four spermatocytic
seminomas, additional cases of spermatocytic semi-
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nomas were retrieved from the Institute of Pathology
Lucerne and the Institute of Pathology, Zurich
(Stadtspital Triemli), Switzerland and the Institute

of Pathology, Karlsruhe, Germany. Twelve cases of
spermatocytic seminomas were identified and in-
cluded in our study. Large sections of these tumors

Figure 1 Comparison of morphology (hematoxylin and eosin staining) and expression of cancer testis antigens in non-neoplastic testicular
tissue (normal), intratubular germ cell neoplasia unclassified type, examples of positive classic seminomas and spermatocytic seminomas.
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were stained for POU5F1, MAGEA3, MAGEA4,
MAGEC1, GAGE1 and CTAG1B as described above.

Results

MAGEA3 Antigen Expression

Immunohistochemical expression of MAGEA3 was
only nuclear. There was a moderate-to-strong
expression intensity. Stromal cells, Sertoli cells
and Leydig cells were negative in all cases. In non-
neoplastic germ cells, MAGEA3 displayed a nuclear
expression. The staining was very strong in sperma-
togonia, moderate in spermatocytes and negative in
spermatids and sperms. Likewise, MAGEA3 expres-
sion was lost in all cases of intratubular germ cell
neoplasia unclassified. In seminomas, MAGEA3
was identified in 83 of 254 cases (33%) with a
heterogenous moderate nuclear staining pattern,
wheras all four spermatocytic seminomas showed
a diffuse and strong nuclear expression, similar to
that in spermatogonia. Three of 51 yolk sac tumors
showed a moderate expression of MAGEA3. Chor-
iocarcinomas, embryonal carcinomas and teratomas
were all negative for MAGEA3. Syncytiotrophoblas-
tic giant cells stained always negative (Figure 1).

MAGEA4 Antigen Expression

The immunohistochemical staining for MAGEA4
was cytoplasmic and nuclear. There was a moderate-
to-strong expression intensity. Stromal cells, Sertoli
cells and Leydig cells were negative in all cases. In
non-neoplastic germ cells, MAGEA4 showed a
consistent and very strong expression in spermato-
gonia, whereas spermatocytes, spermatids and
sperms were negative. All cases of intratubular germ
cell neoplasia unclassified were negative. In semi-
nomas, MAGEA4 was identified in 26 of 254 cases
(10%) with a moderate to strong cytoplasmic and
nuclear expression. The spermatocytic seminomas
showed a moderate-to-strong MAGEA4 immunos-
taining. Yolk sac tumors, choriocarcinomas, embry-
onal carcinomas and teratomas were all negative for
MAGEA4. Syncytiotrophoblastic giant cells were
always negative (Figure 1).

MAGEC1 Antigen Expression

Immunohistochemical expression of MAGEC1 was
only cytoplasmic and showed a moderate to strong
intensity. In stromal cells, Sertoli cells and Leydig
cells, the MAGEC1 staining was negative. In non-
neoplastic germ cells, MAGEC1 showed a consistent
and strong cytoplasmic expression in spermatogonia
and decreased in spermatocytes, spermatids and
sperms, which showed a moderate staining. In
intratubular germ cell neoplasia unclassified, the
expression of MAGEC1 was reduced or totally lost
compared with non-neoplastic testicular tissue. In
seminomas, MAGEC1 was identified in 102 of 254
cases (40%) with a heterogenous staining pattern
and weak-to-moderate staining intensity. All sper-
matocytic seminomas showed a diffuse moderate-to-
strong MAGEC1 immunostaining, similar to that in
normal germ cells. Yolk sac tumors, choriocarcino-
mas, embryonal carcinomas and teratomas were all
negative for MAGEC1. Syncytiotrophoblastic giant
cells stained always negative (Figure 1).

GAGE1 Antigen Expression

GAGE1 showed a mainly nuclear expression with a
strong intensity. Stromal cells, Sertoli cells and
Leydig cells were negative. In non-neoplastic germ
cells, GAGE1 displayed a consistent and strong
nuclear and cytoplasmic expression in non-neoplas-
tic testicular tissue. The staining was very strong in
spermatogonia and spermatocytes and strong-to-
moderate in spermatids and sperms. GAGE1 expres-
sion was lost in all cases (100%) of intratubular
germ cell neoplasia unclassified. In seminomas,
GAGE1 was identified in 25 of 254 cases (10%).
All four spermatocytic seminomas showed a diffuse
strong GAGE1 immunostaining but with a cytoplas-
mic pattern in contrast to the nuclear expression in
spermatogonia. Yolk sac tumors, choriocarcinomas,
embryonal carcinomas, teratomas and syncytiotro-
phoblastic giant cells were negative (Figure 1).

CTAG1B Antigen Expression

Immunohistochemical expression of CTAG1B was
cytoplasmic and showed a moderate to weak signal.

Table 1 Cancer testis antigen expression in non-neoplastic and neoplastic testicular tissues

Histology No. of cases CTAG1B GAGE1 MAGEA3 MAGEA4 MAGEC1

Classic seminoma 254 8 (3%) 25 (10%) 83 (33%) 26 (10%) 102 (40%)
Spermatocytic seminoma 4 4 (100%) 4 (100%) 4 (100%) 4 (100%) 4 (100%)
Embryonal carcinoma 89 Negative Negative Negative Negative Negative
Yolk sac tumor 51 Negative negative 3 (6%) Negative Negative
Teratoma 54 Negative Negative Negative Negative Negative
Choriocarcinoma 10 Negative Negative Negative Negative Negative
Intratubular germ cell neoplasia
unclassified type

20 Negative Negative Negative Negative Negative

Germ cells 20 20 (100%) 20 (100%) 20 (100%) 20 (100%) 20 (100%)
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Stromal cells, Sertoli cells and Leydig cells were
negative. In non-neoplastic germ cells, CTAG1B
displayed a sometimes heterogenous cytoplasmic
expression. The staining was moderate in sperma-
togonia and spermatocytes and negative in sperma-
tids and sperms. CTAG1B was not expressed in
intratubular germ cell neoplasia unclassified. In
seminomas, CTAG1B was identified in 8 of 254
cases (3%). All four spermatocytic seminomas
showed a moderate CTAG1B immunostaining. Yolk
sac tumors, choriocarcinomas, embryonal carcino-
mas, teratomas and syncytiotrophoblastic giant cells
were negative for CTAG1B (Figure 1).

Cancer Testis Antigen and POU5F1 Expression in
Additional Cases of Spermatocytic Seminomas

Large sections of 12 spermatocytic seminomas were
stained for POU5F1, MAGEA3, MAGEA4, MAGEC1,
GAGE1 and CTAG1B. The results confirmed the
findings of the tissue microarray analysis: All
spermatocytic seminomas showed a predominantly
strong expression of cancer testis antigens with the
exception of CTAG1B, which showed a weak-to-
moderate staining. All spermatocytic seminomas
were negative for POU5F1 (Table 2).

Discussion

We report on cancer testis antigen expression
patterns in testicular germ cell tumors and their
precursor lesion intratubular germ cell neoplasia
unclassified. MAGEA3, MAGEA4, MAGEC1,
GAGE1 and CTAG1B are absent in all intratubular
germ cell neoplasia unclassified, whereas 4–40% of
classic seminomas and all spermatocytic seminomas
were positive. The tissue microarray approach may
underestimate the real prevalence, because cancer
testis antigen expression is characterized by intra-
tumoral heterogeneity.29 According to the current
hypothesis that classic seminomas originate from
intratubular germ cell neoplasia unclassified, our
results suggest re-expression of cancer testis anti-
gens in classic seminomas.

Expression of cancer testis antigens is restricted
to germ cells in the normal testis.30 Cancer
testis antigens are usually highly expressed
during the early phases of spermatogenesis, espe-
cially in spermatogonia and primary spermato-
cytes, but not in spermatids.17 Therefore, it
seems likely that cancer testis antigens repress
the expression of genes, which are necessary for
cell differentiation.

On the other hand, our findings indicate that the
early loss of cancer testis antigen expression in
intratubular germ cell neoplasia unclassified might
be associated with malignant transformation and
tumor progression in germ cell tumorigenesis con-
cerning almost all non-seminomatous germ cell
tumors and more than half of classic seminomas.
Interestingly, a subset of classic seminomas was
positive for cancer testis antigens. It is known that
cancer testis antigens can also be re-expressed in
malignant tumors, whereas the expression of cancer
testis antigens varies in different tumor types and is
associated with higher grade and advanced stage
tumors, eg in prostate cancer,31 melanoma32 or
hepatocellular carcinoma.19

The functional and mechanistic implications of
cancer testis antigen re-expression in some semi-
nomas are unclear. Previous studies indicate that
MAGEA1 can act as transcriptional repressor of
genes required for differentiation.33 MAGE genes
encode multifunctional regulator molecules that
exert a range of effects. Transfection of cells with
MAGEA2 or MAGEA6 genes confers a proliferative
advantage and could make an important contri-
bution to tumorigenesis.34

In contrast to the early loss of cancer testis
antigens in tumorigenesis of seminomatous and
non-seminomatous germ cell tumors, all spermato-
cytic seminomas showed a strong expression of
cancer testis antigens. Therefore, our data support
the common hypothesis of a different cell origin
concerning spermatocytic seminoma and classic
seminoma.1,35 Although intratubular germ cell
neoplasia unclassified is considered to be derived
from developmentally arrested gonocytes,2,36–38

there is some controversy about the progenitor

Table 2 Cancer testis antigen and POU5F1 expression in 12 cases of spermatocytic seminomas

Case number Age POU5F1 CTAG1B GAGE1 MAGEA3 MAGEA4 MAGEC1

1 27 Negative Positive Positive Positive Positive Positive
2 46 Negative Positive Positive Positive Positive Positive
3 81 Negative Positive Positive Positive Positive Positive
4 36 Negative Positive Positive Positive Positive Positive
5 35 Negative Positive Positive Positive Positive Positive
6 36 Negative Positive Positive Positive Positive Positive
7 62 Negative Positive Positive Positive Positive Positive
8 45 Negative Positive Positive Positive Positive Positive
9 88 Negative Positive Positive Positive Positive Positive
10 71 Negative Positive Positive Positive Positive Positive
11 39 Negative Positive Positive Positive Positive Positive
12 44 Negative Positive Positive Positive Positive Positive
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cell in spermatocytic seminoma.39 Previous studies
suspected primary spermatocytes40 or spermato-
gonia35,41 as progenitor cells. In our study, we
found a strong expression of cancer testis antigens
in spermatogonia and in spermatocytic seminoma,
which is consistent with an origin of spermatocytic
seminoma from spermatogonia, too.

Spermatocytic seminoma is an uncommon testi-
cular germ cell tumor accounting for only 1–2% of
all testicular tumors and also occurs in older men.42

It is important to distinguish spermatocytic semi-
noma from classic seminoma, because spermato-
cytic seminoma almost never metastasizes (except if
there is a sarcomatous component).43,44 Patients
usually do not benefit from an adjuvant therapy after
orchiectomy. Typically, there is no intratubular germ
cell neoplasia unclassified neighboring spermato-
cytic seminoma.39 Spermatocytic seminomas are
largely negative for most immunohistochemical
germ cell tumor markers, including PLAP,
TNFRSF8 (CD30), POU5F1, SOX2, SOX17 and
many others. Expression of KIT depends on the
antibody used.27,45 Rajpert-De Meyts et al35 already
demonstrated that spermatocytic seminoma expre-
sses the cancer testis antigen MAGEA4.

We have previously analyzed MAGEC2 protein
expression in testicular germ cell tumors and in
hepatocellular carcinoma19 as well as in prostate
cancer31 and malignant melanoma.32 MAGEC2 has a
different expression pattern compared with other
cancer testis antigens used in this study. MAGEC2
protein showed exclusively a nuclear expression
pattern with frequent expression in seminomas,
spermatocytic seminomas and intratubular germ
cell neoplasia unclassified. It was also absent in
embryonal carcinoma. This is consistent with the
observation by Zhuang et al,46 who have shown that
MAGEC2 protein expression is restricted to the
nucleus and not to the cytoplasm. In contrast,
MAGEC1 protein expression was found only in the
cytoplasm. It was lost in intratubular germ cell
neoplasia unclassified and only 40% of classic
seminoma were positive for MAGEC1. This
different expression pattern is interesting, because
these two cancer testis antigens show a very similar
sequence at the C-terminal region, which contains
the MAGE homologous sequence.32,47 Immunohisto-
chemical studies have shown MAGEA1 protein
expression in the nucleus and cytoplasm of sperma-
togonia and primary spermatocytes.30 Also, GAGE1
and CTAG1B immunoreactivity is both nuclear and
cytoplasmic, whereas MAGEC1 immunoreactivity is
only cytoplasmic without nuclear expression.20,48

In conclusion, we found an early loss of cancer
testis antigen expression (MAGEA3, MAGEA4,
MAGEC1, GAGE1 and CTAG1B) in intratubular
germ cell neoplasia and a re-expression in a subset
of classic seminomas in contrast to spermatocytic
seminomas, which were strongly positive for the
cancer testis antigens mentioned above. We provide
evidence that there are different phenotypic patterns

of tumorigenesis in classic and spermatocytic
seminomas.
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