
Abstract. Testicular germ cell tumors (GCT) are the most
frequent malignancy in young adults and arise from
intratubular germ cell neoplasia undetermined (IGCNU, also
referred to as carcinoma in situ, CIS). To determine the
transcriptional programs involved in the transition from
normal germ cells to GCT, and to further elucidate genetic
differences between seminomas and non-seminomatous GCT
the global expression profile of 12 neoplastic and 3 normal
testicular tissues were investigated by whole genome cDNA
microarrays. Transcriptional differences between seminomas
and embryonal carcinomas were determined and gene
signatures characterizing histological subtypes of GCT were
identified. The most significant difference between seminomas
and embryonal carcinomas was the expression of
spermatogenesis-associated genes (PRAME, MAGEA4,
SPAG1, HPX) in seminomas and regulatory genes DNMT3B
and SOX2 as well as small molecular weight keratins KRT8,
KRT18 in embryonal carcinomas. The expression of several
selected genes (CK18, MAGE-A4, SOX2, DNMT3B, CD30,
KIT) was studied by immunohistochemistry or reverse
transcriptase-polymerase chain reaction (RT-PCR) in a large
collective of GCT. In summary, our data identified tumor type-
specific gene signatures of GCT and provided new insights into

genetic pathways driving the transition to seminomas and
embryonal carcinomas from their respective precursor lesions.

The incidence of testicular germ cell tumors (GCT) is
steadily increasing all over the world (6-11 per 100,000) (1,
2). In general, GCT is suggested to be a part of the testicular
dysgenesis syndrome, which includes cryptorchidism and
testicular atrophy (3). First described by Skakkebaek in 1972,
intratubular germ cell neoplasia undetermined, also referred
to as carcinoma in situ or testicular intratubular neoplasia
(IGCNU, CIS, TIN) is the common precursor lesion of all
GCT except spermatocytic seminoma (4, 5). The current
hypothesis of IGCNU development is that delayed or
compromised maturation of fetal germ epithelia leads to the
persistence of totipotent undifferentiated germ cells which
undergo malignant transformation at some later stage,
probably during puberty (6). The precise nature of the
molecular events underlying this transformation and further
progression into either seminomas or non-seminomas
remains largely unknown. Furthermore, the relationship of
seminomas and non-seminomas is still a matter of debate
and it has been hypothesized that IGCNU as well as
seminomas may give rise to non-seminomatous tumors (7).
The concept of pluripotency of IGCNU and embryonal
carcinomas has been substantiated by recent gene expression
studies that showed similarity to embryonic stem cells (ES),
which also explains the histological variety of overt non-
seminomatous GCT (8, 9). To elucidate molecular
differences between seminomas and non-seminomas and
between different subtypes of GCT we explored and
compared transcriptional profiles of seminomas and
embryonal carcinomas by cDNA microarrays covering the
entire human transcriptome. The gene expression of several
genes detected by microarray analysis was studied by
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immunohistochemistry and reverse transcriptase-polymerase
chain reaction (RT-PCR).

Materials and Methods

Testicular tissues. All fresh testicular tissue samples used for
microarray analysis were obtained immediately after orchiectomy.
The use of the tissue for scientific purposes was approved by the
institutional Regional Committee for Ethics. From patients with
overt germ cell tumors, tumor samples and, if possible,
macroscopically normal testicular tissue were excised, snap-frozen
and stored at –80ÆC for RNA-extraction. Several adjacent samples
were routinely fixed over-night in 4% phosphate buffered formalin at
room temperature and processed in paraffin wax. H&E and
immunohistochemical staining with placental alkaline phosphatase
(PLAP) antibody were performed on all frozen and paraffin-
embedded tissue samples. All the tumors were classified according to
the WHO classification of tumors based on their histology and the
size of tumor or IGCNU was determined. Altogether, 29 frozen
individual testicular tissues were used for microarray studies and RT-
PCR, and 66 paraffin-embedded tissues for immunohistochemistry
(see below).

Tissue array preparation from testicular tissues. Tissue arrays were
constructed from formalin-fixed, paraffin embedded tissue using a
Tissue Arrayer (Beecher Instruments, Silver Springs, MD, USA)
by obtaining single 1.2 mm cores from each paraffin block and their
placement in predrilled slots of the recipient block as previously
described (10). The array included 132 testicular tissue cores from
66 individuals. Among them 10 normal testis, 6 IGCNU, 30
seminomas and 20 embryonal carcinomas. Immunohistochemistry
for the proteins KIT, MAGE-A4, CK18 and CD30 was performed
on the tissue arrays.

RNA preparation. Prior to RNA extraction, serial sections were
taken to ensure sample purity and the amount of target tissue
estimated in the first and last section by standard H&E stain. The
total RNA was extracted from normal testis (n=5), IGCNU
(n=11), seminomas (n=5), embryonal carcinomas (n=3),
teratomas (n=2) and teratocarcinomas (n=3). The RNA was
extracted with Trizol (Invitrogen, Karlsruhe, Germany) or RNeasy
Extraction Kit according to the manufacturer’s protocol (Qiagen,
Hilden, Germany). The RNA quality was assessed with a Agilent
Bioanalyzer 2000 (Agilent Technologies, Palo Alto, CA, USA) and
only samples with a RNA integrity (RIN) value >8 were used for
further analysis. 

Whole genome gene expression array analysis. Applied Biosystems
Human Genome Survey Arrays (Weiterstadt, Germany) were used
to analyze the transcriptional profiles of the different entities. The
Human Genome Survey Microarray V2.0 contains 32,878 60-mer
oligonucleotide probes representing a set of 29,098 individual genes
and more than 1,000 control probes. Sequences used for microarray
probe design were from the curated transcripts from the Celera
Genomics Human Genome Database (http://www.celera.com),
RefSeq transcripts that had been structurally curated from the
LocusLink public database (http://ncbi.nlm.nih.gov/RefSeq/), high-
quality cDNA sequences from the Mammalian Gene Collection
(MGC) (http://mgc.nci.nih.gov/) and transcripts that were validated
at Applied Biosystems. Annotation of all the probes is available via

http://www.pantherdb.org/. The 60-mer probes were synthesized
using standard phosphoramidite chemistry and solid-phase synthesis
and quality controlled by mass spectrometry. The probes were
covalently bound to a nylon-derivatised substrate carried on a glass
slide. Internal control probes were co-spotted at every feature (11).
Probe preparation, hybridization, image generation and analysis
were done according to the manufacturer’s guidelines for the
AB1700 Microarray system. Briefly, digoxigenin-11-uridine-5’-
triphosphate (Roche Diagnostics, Mannheim, Germany) labeled
cRNA was generated and linearly amplified from 2 Ìg of total RNA
using rt-IVT- Kit v 2.0 (Applied Biosystems). Array hybridization
and chemiluminescence detection were performed using an Applied
Biosystems Chemiluminescence Detection Kit. Briefly, 16 Ìg of
digoxigenin-labeled cRNA were fragmented into 100-400 bp
fragments by incubation in fragmentation buffer at 60ÆC for 30 min
and hybridized to a pre-hybridized microarray in a 1.5 ml volume at
55ÆC for 16 h together with an internal control target, a 24-mer
oligonucleotide labeled with a fluorescent dye. After several
washing steps, chemiluminescent visualization was achieved by
incubating the microarray with an anti-digoxigenin alkaline
phosphatase conjugate (Roche Diagnostics). Per array, a total of 8
images including 2 chemiluminescent images at 5 sec and 25 sec
exposures for gene expression analysis, 2 fluorescent images for
feature localization and spot normalization were created.
Autogridding, basic quality control, feature extraction, background
correction and spot and spatial normalization were performed with
the Applied Biosystems 1700 Chemiluminescent Microarray
Analyzer according to the manufacturer’s instructions. Based on our
experience and published data (12), extremely small variation
between technical replicates on the AB1700 platform and in the
light of limited resources one array per sample was hybridized and
biological rather than technical replicates performed. 

Bioinformatic data processing and analysis. All probe sets flagged as
bad spots by the AB1700 software (FLAG >5000) were removed
and samples with more than 50% missing values were excluded
from analysis. Remaining missing values were replaced with average
signals from replicate arrays within the same subgroup. The data
were normalized by quantile normalization and transformed to log2
scale, using Bioconducter (http://www.bioconductor.org/docs/faq/)
R software and the AB1700 Data Analysis script (Yongming
Andrew Sun, Applied Biosystems).

Real-time PCR. Real-time QPCR was performed on cDNA
synthesized from 1 Ìg of RNA using nonamer primers and an
Omniscript Synthesis Kit (Qiagen). The intron-spanning primer
pairs were designed by Applied Biosystems (assay ID
Hs00171876_m1 for DNMT3B and Hs00415716_m1 for SOX2).
The QPCR was performed using 5 Ìl PCR supermix from ABgene
(Abgene, Hamburg, Germany) on the AB7900 Detection System.
The primers were added to the reaction mixture at a final
concentration of 200 nm. Thermal cycle parameters were: 50ÆC for
2 minutes, 95ÆC for 10 minutes, 40 cycles of 95ÆC for 15 seconds,
and 60ÆC for 1 minute. All reactions were performed in duplicate
with ‚-actin as an internal control.

Immunohistochemistry. For immunohistochemistry on paraffin-
embedded tissue, dewaxed, 4-Ìm thick tissue sections were
microwave-pretreated in citrate-buffer. Primary antibodies to the
following proteins were used: MAGE-A4 (mouse monoclonal
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antibody, a gift from Professor Spagnoli, Institute for Surgical
Research, Department of Surgery, Basel, Switzerland; dilution
1:100), KIT (rabbit polyclonal antibody A4502, DAKO, Hamburg,
Germany; dilution1:100), CK18 (mouse monoclonal antibody
DC10, DAKO; dilution 1:10) and CD30 (mouse monoclonal
antibody Ber-H2, DAKO, dilution 1:10). Immunohistochemistry
was performed using the DAKO EnVision-AEC Kit and the
manufacturer’s protocol as previously described (10). Briefly,
endogenous peroxidase was blocked for 5 min in 0.03% H2O2
(diluted in distilled water). Sections were washed in tris-buffered
saline (TBS; 0.05 M tris and 0.85% NaCl, pH 7.6) and incubated
with primary antibodies overnight at 4ÆC. Thereafter, a horseradish
peroxidase-labeled polymer conjugated with a secondary antibody
was applied (DAKO EnVision-AEC KIT). 

Results

The relationship between expression profiles of the
individual samples from each histological subtype was
confirmed by principle component analysis (data not shown).

Analysis of gene expression in embryonal carcinomas and
seminomas. The transcription profiles of 4 seminomas and 3
embryonal carcinomas were compared. All 7 tumors had a
single unique pattern of differentiation (either pure
seminomas or pure embryonal carcinomas). Altogether, 36
genes differentially up-regulated in seminomas and 108 genes
differentially expressed in embryonal carcinomas (significance
analysis of microarrays (SAM); Delta value=0.95; fold change
(FC)>2; false discovery rate (FDR)=4.2%) were identified.
A subset of the differentially expressed genes is shown in
Figure 1 (the complete data set is available upon request). 

By analysis of genes differentially expressed in embryonal
carcinomas, we found that 42/108 (38%) encoded for
proteins involved in cell adhesion and cytoskeletal structure
(for example cytokeratin 8 and 18). Furthermore, in
accordance with previous gene expression studies, HMG-
related transcription factor SOX2 and de novo DNA
methyltransferase DNMT3B were also up-regulated in
embryonal carcinomas (13, 14). The known marker of
embryonal carcinoma CD30 (15) was also selectively
expressed in this histological GCT subtype. Verification of
genes found to be differentially expressed in seminomas and
embryonal carcinomas by whole genome microarrays was
conducted at the protein level by immunohistochemistry
(CD30, CK18, KIT, MAGE-A4) (Figure 2) and quantitative
RT-PCR (detection of SOX2- and DNMT3B-mRNA,
Figure 3). In perfect correlation with the array data, the
expression of KIT and cancer-testis antigen MAGE-A4 was
confirmed in the seminoma samples, but not in the
embryonal carcinomas (Figure 2 A, B). CK18 and CD30
expression was seen in the embryonal carcinomas only
(Figure 2 C, D). In agreement with microarray data, the
highest copy number of SOX2 and DNMT3B mRNAs was
detected in embryonal carcinoma samples (Figure 3).

The seminomas expressed receptor tyrosine kinase KIT
and several spermatogenesis-associated genes including
PRAME and KLHL10. Twenty nine genes expressed
differentially in seminomas were spermatogenesis-related
(including cancer-testis antigen MAGE-A4, Figure 4).
Interestingly, all of these genes were expressed in at least
one seminoma, but not in any of the embryonal carcinomas. 

Subtype specific gene expression in GCT. In order to identify
entity-specific gene signatures, the data was analyzed for
differentially expressed genes within each of the histological
subgroups (IGCNU, seminoma, embryonal carcinoma and
teratoma) compared to the rest of the samples using
separate SAM analyses. For each group delta values were
chosen to detect 100 significantly up-regulated genes (a
complete set of genes is available upon request), immune
response specific genes and unannotated probe sets were
removed. Representative groups of 20 up-regulated genes
within each subgroup are shown in Figure 5. 

Discussion

Germ cell tumors are classified into to the main histological
subtypes of seminomas and non-seminomas. According to
the current understanding of GCT, IGCNU either
reprogram to an intratubular embryonal carcinoma and later
to an invasive non-seminoma, or gradually develop through
intratubular seminoma to a seminoma (6). An alternative
pathway of non-seminoma development has been suggested
via reprogramming of seminomas (16). In fact, at least 10%
of GCT occur as mixed tumors, composed of seminomatous
and non-seminomatous differentiation (17). Furthermore,
anaplastic seminoma has been recognized as an intermediate
stage between classical seminomas and embryonal
carcinomas (15, 18, 19). It has recently been shown, that
embryonal carcinoma reveals a similar genetic signature to
ES cells and expresses genes operating during normal
development (20). Interestingly, the precursor lesion
IGCNU expresses a similar significant portion of genes
found in ES cells (8, 21). These findings raise the question
of the degree of immaturity of these lesions of IGCNU,
seminoma and nonseminoma, and the processes acting in
reprogramming of IGCNU and seminomas. 

To further elucidate the differences in the genetic signature
between seminomas and embryonal carcinomas, we
performed a SAM analysis to extract genes with a >3-fold
higher expression value in embryonal carcinomas than in
seminomas and vice versa. The 144 resulting genes serve as a
molecular signature for differentiation of these histological
subtypes from a common neoplastic germ cell. Interestingly,
among the genes expressed in embryonal carcinomas, 38%
(42/108) encode for proteins involved in cell adhesion and
structure (for example early differentiation markers
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cytokeratin 8 and 18) (Figure 1). Immunohistochemical
examination detected this cytokeratin CK18 only in the
embryonal component of mixed GCT and in pure embryonal
carcinoma, but not in classical seminomas (Figure 2). The
identification of an embryonal carcinoma might be challenging
in a GCT with a predominant seminomatous component, but
it is essential for the therapeutic strategy and prognosis. Thus,
CK18 may serve as a new distinctive immunohistochemical
marker of embryonal carcinomas in mixed GCT. 

In previous studies, we and others have shown that a
significant portion of genes highly up-regulated in IGCNU,
seminomas and embryonal carcinomas are known stemness
genes recognized previously in ES cells, including the
master regulators of pluripotency OCT3/4, NANOG and
SOX2 (8, 9, 14, 20, 22). Here, we further confirmed these
previous findings and showed that at the transcriptional
level, one of the major regulators of pluripotency, gene
SOX2 and de novo methytransferase DNMT3B are
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Figure 1. Comparison of gene signatures discriminatory for embryonal carcinomas and seminomas. Differentially up-regulated genes in seminomas (n=34)
and embryonal carcinomas (n=108) were detected by SAM analysis. A subset of differentially expressed genes is shown (full data set are available upon request).
The expression data are presented as a heat map showing fold change over the mean expression of all tissue samples for improved visualization. Genes marked
in gray (KIT, KRT18, TNFRSF8 (CD30)) were further validated by immunohistochemistry (Figure 2) or qRT-PCR (SOX2 and DNMT3B, Figure 3). 
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Figure 2. Immunohistochemical verification of genes discriminatory for seminomas and embryonal carcinomas. Representative staining of KIT (A) and
MAGE-A4 (B) in seminomas (main picture) and embryonal carcinomas (inset); CK18 (C) and TNFRSF8 (CD30) (D) in embryonal carcinoma (main
picture) and seminomas (inset). Summary of all verified staining in seminomas (S), embryonal carcinomas (E), normal germ cells (N) and IGCNU is
shown in E as a Table. S: seminoma, E: embryonal carcinoma, FC: fold change.



differentially upregulated in embryonal carcinomas (Figure
3). Activation of de novo methyltransferase DNMT3B might
cause epigenetic differences found in seminomas and non-
seminomas (23). SOX2 is a known essential factor tfor
maintaining the pluripotent phenotype in ES cell and is a
partner of POU5F1 (OCT3/4) in regulating several ES cells
specific genes (24). In vitro experiments with ES cell nuclear
extracts have demonstrated that POU5F1 and SOX2
interact specifically and bind to a composite regulatory
element. Activation of this element maintains POU5F1 and

SOX2 expression in pluripotent cells (25). Thus, SOX2-
POU5F1-interaction may work as a reprogramming or
driving factor that leads to dedifferentiation of a common
undifferentiated neoplastic germ cell to an embryonal
carcinoma. 

In contrast to embryonal carcinomas, seminomas
expressed KIT and several spermatogenesis-associated genes
(i.e. PRAME, KELCH, MAGE-A4 and DAXL, Figures 1
and 4). Using gene ontology data and panther family
information altogether 29 genes associated with different
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Figure 3. Verification of DNMT3B and SOX2 genes by qRT-PCR. Quantification of DNMT3B and SOX2 RNA numbers in normal testicular tissue,
IGCNU and histological subtypes of GCT. Gene expression levels were determined using the 2-¢¢Ct method and are expressed relative to the ‚-actin
transcript, by selecting normal testis as the reference sample. N: normal testis (n=5); I: IGCNU (n=11); S: seminoma (n=5); E: embryonal carcinoma
(n=3); T: teratoma/mixed embryonal carcinoma and teratoma (n=5). Bars show the standard deviation. In accordance with the microarray analysis, the
highest levels of both gene transcripts were found in embryonal carcinomas.



stages of normal spermatogenesis we identified in at least
one of the four examined seminomas. These observations,
together with the immunohistochemical detection of
MAGE-A4 in seminomas as shown in the present study,
suggest that deregulation of genes operating in normal
spermatogenesis is a common finding in seminomas. This
deregulation might be caused by the receptor tyrosine kinase
KIT, a postulated key factor in maintaining the germ cell-
like character of seminomas (26). 

In addition, by analysis of IGCNU, seminomas, embryonal
carcinomas and teratomas, a pool of genes characterizing
each of the histological subgroups (Figure 5) was extracted.
Together with data from other recently performed studies
(20, 27) these sets of genes may serve as a referential dataset
for molecular studies and as diagnostic markers.

In summary, by analyzing the tumor-type specific
transcriptome of seminomas and embryonal carcinomas genes
which might determine the differentiation of IGCNU to major
types of GCT were identified. The seminomas resembled a
spermatogonial-like phenotype by conserved expression of
spermatogenesis-associated genes, while embryonal carcinomas
were characterized by up-regulation of cytokeratins and cell-
adhesion-molecules. The regulator gene of pluripotency SOX2

and de novo methytransferase DNMT3B are candidate genes
for the establishment of an embryonal carcinoma with
pluripotent capacity. Our results may serve as a new tool for
functional analysis of GCT and could be used as a reference
for molecularly assisted diagnosis. 

Acknowledgements 

The technical assistance of B. Reddeman, S. Steiner, C. Esch, W.
Jeske, U. Römerscheid-Fuss and Gerrit Klemm is gratefully
acknowledged. This study was supported from a BONFOR and
Deutsche Krebshilfe research grant to K.B.

References 

1 McKiernan JM, Goluboff ET, Liberson GL, Golden R et al:
Rising risk of testicular cancer by birth cohort in the United
States from 1973 to 1995. J Urol 162: 361-363, 1999.

2 Adami HO, Bergstrom R, Mohner M, Zatonski W et al:
Testicular cancer in nine northern European countries. J
Cancer 59: 33-38, 1994.

3 Skakkebaek NE, Holm M, Hoei-Hansen C, Jorgensen N et al:
Association between testicular dysgenesis syndrome (TDS) and
testicular neoplasia: evidence from 20 adult patients with signs of
maldevelopment of the testis. Apmis 111: 1-9; discussion 9-11, 2003.

Biermann et al: Transcriptional Profile of Germ Cell Tumors

365

Figure 4. Spermatogenesis-associated genes in seminomas and embryonal carcinomas. Hierarchical clustering of spermatogenesis related genes shows
preferential up-regulation of these genes in seminomas but not in embryonal carcinomas. S: seminoma; E: embryonal carcinoma.



CANCER GENOMICS & PROTEOMICS 4: 359-368 (2007)

366

Figure 5. Histological subtype specific gene expression. Representative up-regulated genes (20) within each histological subgroup derived from individual
SAM analyses. The expression data are presented as a heat map showing fold change over the mean expression of all tissue samples for improved
visualization. N: normal testis; I: IGCNU; S: seminoma; E: embryonal carcinoma; T: teratoma/teratocarcinoma.



4 Skakkebaek NE: Possible carcinoma-in-situ of the testis. Lancet
2: 516-517, 1972.

5 Skakkebaek NE: Carcinoma in situ of the testis: frequency and
relationship to invasive germ cell tumours in infertile men.
Histopathology 2: 157-170, 1978.

6 Oosterhuis JW and Looijenga LH: Testicular germ-cell tumours
in a broader perspective. Nat Rev Cancer 5: 210-222, 2005.

7 Looijenga LH and Oosterhuis JW: Pathogenesis of testicular
germ cell tumours. Rev Reprod 4: 90-100, 1999. 

8 Almstrup K, Hoei-Hansen CE, Wirkner U, Blake J et al:
Embryonic stem cell-like features of testicular carcinoma in situ
revealed by genome-wide gene expression profiling. Cancer Res
64: 4736-4743, 2004.

9 Sperger JM, Chen X, Draper JS, Antosiewicz JE et al: Gene
expression patterns in human embryonic stem cells and human
pluripotent germ cell tumors. Proc Natl Acad Sci USA 100:
13350-13355, 2003.

10 Pauls K, Schorle H, Jeske W, Brehm R et al: Spatial expression
of germ cell markers during maturation of human fetal male
gonads: an immunohistochemical study. Hum Reprod 21: 397-
404, 2006.

11 Stefano GB, Burrill JD, Labur S, Blake J et al: Regulation of
various genes in human leukocytes acutely exposed to
morphine: expression microarray analysis. Med Sci Monit 11:
35-42, 2005.

12 Walker SJ, Wang Y, Grant KA, Chan F et al: Long versus short
oligonucleotide microarrays for the study of gene expression in
nonhuman primates. J Neurosci Methods 152: 179-189, 2006.

13 Almstrup K, Hoei-Hansen CE, Nielsen JE, Wirkner U et al:
Genome-wide gene expression profiling of testicular carcinoma
in situ progression into overt tumours. Br J Cancer 92: 1934-
1941, 2005.

14 Korkola JE, Houldsworth J, Chadalavada RS, Olshen AB et al:
Down-regulation of stem cell genes, including those in a 200-kb
gene cluster at 12p13.31, is associated with in vivo differentiation
of human male germ cell tumors. Cancer Res 66: 820-827, 2006.

15 Hittmair A, Rogatsch H, Hobisch A, Mikuz G et al: CD30
expression in seminoma. Hum Pathol 27: 1166-1171, 1996.

16 Oosterhuis JW and Looijenga LH: Current views on the
pathogenesis of testicular germ cell tumours and perspectives
for future research: highlights of the 5th Copenhagen
Workshop on Carcinoma in situ and Cancer of the Testis.
Apmis 111: 280-289, 2003.

17 Mostofi FK and Sesterhenn IA: Pathology of germ cell tumors
of testes. Prog Clin Biol Res 203: 1-34, 1985.

18 Grigor KM: A new classification of germ cell tumours of the
testis. Eur Urol 23: 93-100; discussion 101-103, 1993.

19 Bobba VS, Mittal BB, Hoover SV and Kepka A: Classical and
anaplastic seminoma: difference in survival. Radiology 167: 849-
852, 1988.

20 Skotheim RI, Lind GE, Monni O, Nesland JM et al:
Differentiation of human embryonal carcinomas in vitro and in
vivo reveals expression profiles relevant to normal development.
Cancer Res 65: 5588-5598, 2005.

21 Almstrup K, Ottesen AM, Sonne SB, Hoei-Hansen CE et al:
Genomic and gene expression signature of the pre-testicular
carcinoma in situ. Cell Tissue Res 322: 159-165, 2005.

22 Biermann K, Heukamp LC, Steger K, Zhou H et al: Gene
Expression Profiling Identifies New Biological Markers of
Neoplastic Germ Cells, Anticancer Res, in press.

23 Zhang C, Kawakami T, Okada Y and Okamoto K: Distinctive
epigenetic phenotype of cancer testis antigen genes
seminomatous and nonseminomatous testicular germ-cell
tumors. Genes Chromosomes Cancer 43: 104-112, 2005.

24 Rodda DJ, Chew JL, Lim LH, Loh YH et al: Transcriptional
regulation of nanog by OCT4 and SOX2. J Biol Chem 280:
24731-24737, 2005.

25 Chew JL, Loh YH, Zhang W, Chen X et al: Reciprocal
transcriptional regulation of Pou5f1 and Sox2 via the Oct4/Sox2
complex in embryonic stem cells. Mol Cell Biol 25: 6031-6046,
2005.

26 Kemmer K, Corless CL, Fletcher JA, McGreevey L et al: KIT
mutations are common in testicular seminomas. Am J Pathol
164: 305-313, 2004.

27 Juric D, Sale S, Hromas RA, Yu R et al: Gene expression
profiling differentiates germ cell tumors from other cancers and
defines subtype-specific signatures. Proc Natl Acad Sci USA
102: 17763-17768, 2005.

Received June 14, 2007
Revised August 9, 2007

Accepted August 17, 2007

Biermann et al: Transcriptional Profile of Germ Cell Tumors

367



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


