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Testicular germ cell tumors are the most frequent malignant tumors in young Caucasian males, with increasing incidence.
The actual model of tumorigenesis is based on the theory that a block in maturation of fetal germ cells lead to formation
of the intratubular germ cell neoplasia unclassified. Early fetal germ cells and undifferentiated germ cell tumors express
pluripotency markers such as the transcription factor NANOG. It has been demonstrated that epigenetic modifications,
such as promoter DNA methylation, are able to silence gene expression in normal and cancer cells. Here we show that
OCT3/4-SOX2 mediated expression of NANOG can be silenced by methylation of promoter CpG-sites. We found that
global methylation of DNA decreased from fetal spermatogonia to mature sperm. In contrast, CpGs in the NANOG
promoter were found hypomethylated in spermatogonia and hypermethylated in sperm. This selective repression might
reflect the cells need to suppress pluripotency in order to prevent malignant transformation. Finally, methylation of CpGs
in the NANOG promoter in germ cell tumors and derived cell lines correlated to differentiation state.

Introduction

Methylation of cytosine residues within the genomic sequence
of CpG islands and/or promoter regions is known to result in
regulation of transcriptional activity during embryogenesis and
differentiation. This epigenetic modification is crucial for devel-
opmental processes, including genomic imprinting and silenc-
ing of promoters within the human genome.! CpGs are overall
underrepresented in the mammalian genome, while short CpG-
rich regions with a CpG-density of >60%, called CpG islands,
are found in promoter regions of almost 50% of all genes. These
regions are usually hypomethylated in normal cells, with the
exception of imprinted genes, the latter in a parent-dependent
pattern.!

NANOG is a key regulator of self-renewal and maintenance
of pluripotency in undifferentiated embryonic stem cells.??
NANOG is expressed in the inner cell mass (ICM) of the blas-
tocyst, as well as the epiblast at post implantation stage and is
detectable in germ cells, seminoma, embryonal carcinoma and
carcinoma in situ (CIS), also referred to as Intratubular Germ
Cell Neoplasia Unclassified (IGCNU).?>5 NANOG expression
is not detectable in the adult testis or in differentiated somatic
cells.® The protein contains a DNA-binding domain, which is
important for transcriptional regulation of developmental key
processes in combination with other proteins like OCT3/4 and
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SOX2. Mitsui and Chambers demonstrated that overexpression
of NANOG enables embryonic stem cells (ESCs) to keep up
self-renewing abilities independent of the LIF/STAT-pathway.*
Deletion of NANOG triggers ESCs to differentiate into parietal/
visceral endoderm, revealing its role in the second embryonic
differentiation event.”® These data underline NANOG’s impor-
tant role in maintenance of pluripotency and in suppression of
differentiation.

During mammalian embryogenesis primordial germ cells
(PGCs) are specified by BMP-signals (BMP4/BMP8b).” These
cells migrate along the hindgut to the genital ridges, which
develop to the gonads. During their migration PGCs express
pluripotency markers, like NANOG and OCT3/4. At the geni-
tal ridges PGCs differentiate into fetal spermatogonia, which
settle down at the basal membranes of the seminiferous tubules
and maturate into sperm during spermatogenesis. Expression of
NANOG and OCT3/4 becomes downregulated upon transition
to fetal spermatogonia.'’

Germ cell tumors (GCTs) consist of a heterogeneous group,
which is classified into five subtypes according on their differ-
ent biological characteristics and their origin." Malignant semi-
nomatous and non-seminomatous GCTs occur most frequently
in the testicles.”” Seminomas are undifferentiated cells that lack
SOX2, but express SOX17 instead.”® The non-seminomas can
further be divided into subgroups: (1) the undifferentiated,
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Figure 1. Luciferase assay in 2102EP embryonal carcinoma cells. (A) Relative luciferase activity of the NRR (pGL3-NRR), the in vitro methylated NRR
(pGL3-NRR M.Sssl), the NRR with mutated OCT3/4-SOX2 binding site (mOS) and in vitro methylated NRR with mutated OCT3/4-SOX2 binding site (mOS
M.Sssl). Untransfected (2102EP u) and “empty” vector transfected cells (pGL3basic) served as controls. (B) NRR methylation level in JKT-1 cells before
(untreated) and after treatment with 10 wM 5-aza-2"-deoxycytidine (5-aza). Filled circles indicate methylated CpGs, empty circles indicate demethyl-
ated CpGs. (C) RT-PCR analysis of NANOG-expression before (untreated) and after treatment with 5-aza (5-aza).

pluripotent embryonal carcinomas (EC), which are able to differ-
entiate into (2) more differentiated tumors including teratoma,
yolk sac tumor and choriocarcinoma.

Here, we show that human NANOG expression is medi-
ated by a promoter element in the 5' region upstream exon 1
(NANOG regulatory region; NRR) of the NANOG locus and
depending on transactivation by OCT3/4 and SOX2, as well
as on NRR DNA methylation. We demonstrate that a lack of
NANOG expression in fetal spermatogonia is not due to epi-
genetic repression, but rather a result of lack of transcriptional
activators such as OCT3/4 and SOX2. Our findings further sug-
gest that epigenetic silencing of NANOG expression during germ
cell maturation is established at post-spermatogonial state and
is independent of global DNA methylation. We show, that the
methylation profile of the active NRR in GCTs and correspond-
ing cell lines correlates with NANOG expression detected by
qRT-PCR and western blot and with the differentiation state of
the germ cell tumor entity. Hence, the analysis of the NRR DNA
methylation profile may serve as a diagnostic tool for human

GCTs and GCT-derived cell lines.
Results

First, we sought to identify a sequence of the NANOG promoter,
which could be the target of epigenetic modification and might
be involved in regulation of expression. The region upstream
of the transcriptional start site (T'SS) of the human NANOG
gene has been described to contain functional binding sites for
OCT3/4 and SOX2"" at -180 bp and shown to be hypermeth-
ylated in human NT?2 cells during neuronal differentiation.?® It
will be referred to as NANOG regulatory region (NRR; span-
ning bp -306-bp -1, Sup. Fig. 1A). Using PromoterScanl.7
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software (www-bimas.cit.nih.gov/molbio/proscan/) we were able
to verify this region (Sup. Fig. 1B, first yellow box). The element
containing the TATA-box and the transcription start site encodes
for CpG-dinucleotides, which could be the target of epigenetic
modification. A sequence comparison of murine, cow, chimp
and human Nanog/NANOG promoters revealed that the CpG-
dinucleotides are conserved completely in chimp and human
(Sup. Fig. 1B) suggesting that DNA methylation and underlying
mechanisms might be conserved between those closely related
species.

Next, we addressed the question of whether OCT3/4 and
SOX2 are able to transactivate the NRR and if the transactiva-
tion could be silenced by methylation of CpG-sites within this
sequence. Therefore, the NRR was cloned 5' of a luciferase gene
and transfected into the embryonal carcinoma cell line 2102EP,
which expresses both OCT3/4 and SOX2." Luciferase activ-
ity was strongly induced by the NRR compared to the empty
reporter construct (Fig. 1A). Transfection of a NRR harboring
mutated OCT3/4-SOX2 binding sites or transfection of an in
vitro methylated NRR resulted in a significantly reduced lucif-
erase activity (p = 0.002; p = 0.001, respectively). Additionally,
transfection of an in vitro methylated NRR harboring mutated
OCT3/4-SOX2 binding sites resulted in a complete loss of trans-
activation. To further analyze the influence of NRR-methylation
and expression of NANOG, the demethylating drug 5-aza-
2'-deoxycytidine (5-azaC) was used to treat JKT-1 cells, which
show a high level of methylation.! Treatment with 5-azaC led to
a decrease in methylation at the NRR (Fig. 1B) and induction
of NANOG expression (Fig. 1C). These results suggested that
the OCT3/4-SOX2 sites are of central importance for OCT3/4-
SOX2 mediated NANOG transactivation and that this transac-
tivation is silenced by methylation of the five CpGs within the
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Figure 2. (A and B) Immunohistochemical staining of fetal germ cells for c-KIT (A) and MAGE-A4 (B). Arrowheads indicate cells positive for the
respective protein. Stained cells were extracted by laser micro-dissection for DNA isolation and sodium-bisulfite sequencing. Scale bar: 500 pm.

(C-G) NRR DNA-methylation pattern of germ cells at developmental stages indicated. Adult spermatogonia (E) were isolated by laser micro-dissection.
DNA of adult testis tissues (F) was isolated from whole tissue lysates, while sperm DNA was isolated from ejaculates (G). (H) Positive control (M.Sssl
treated DNA from TCam-2 cells). Filled circles indicate methylated CpGs, empty circles indicate demethylated CpGs.

NRR that are in close vicinity to the binding sites of OCT3/4
and SOX2 (Sup. Fig. 1).

Next, we addressed the question whether NANOG expression
correlates to NRR CpG-methylation in human germ cells during
development. NANOG is expressed in fetal gonocytes, becomes
downregulated in fetal spermatogonia’ and is absent in post-
natal gonads.® To analyze the methylation of the NRR during
human male germ cell development, fetal gonocytes (19" week
of gestation) and fetal spermatogonia (24™ week of gestation)
were detected using ¢-KIT and MAGE-A4 immunohistochem-
istry respectively?! and collected by laser-capture-microdissection
(Fig. 2A and B). Interestingly, the NRR is found to be com-
pletely demethylated in fetal gonocytes (Fig. 2C), fetal spermato-
gonia (Fig. 2D) and spermatogonia of adults irrespective of age
(Fig. 2E). The CpGs in human adult testis tissue (Fig. 2F) and
sperm (Fig. 2G) revealed hypermethylation of the NRR. This
suggests that the CpGs of the NRR become hypermethylated
during maturation of spermatogonia to sperm and that lack of
NANOG expression at the fetal spermatogonia and spermato-
gonia stage is not due to methylation-mediated silencing at the
NRR.

Next, we examined the expression of the NANOG transac-
tivators OCT3/4 and SOX2 in fetal gonocytes (week 19 of ges-
tation) and fetal spermatogonia (week 24 of gestation). In fetal
germ cells at week 19 of gestation only OCT3/4, but not SOX2
could be detected (Fig. 3A and C). In fetal spermatogonia (24"
week of gestation) neither OCT3/4 nor SOX2 expression were
detected (Fig. 3B and D). So, NANOG expression in fetal gono-
cytes might be transactivated by OCT3/4 and SOX17, which
compensates for the lack of SOX2.® In fetal spermatogonia
the lack of NANOG expression can be explained by the lack of
expression of its transactivators OCT3/4 and SOX2.
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In order to compare global DNA methylation to methylation
of CpGs at the NRR immunohistochemical staining of testis tis-
sues from patients of age 2-29 years was performed. DNA of
spermatogonia was found globally hypermethylated (Fig. 4A, red
arrows) while DNA of round spermatids was hypomethylated
(Fig. 4C and D, black arrowheads). This result is in contrast to
the specific demethylation of the CpGs at the NRR in spermato-
gonia (compare to Fig. 2C) and the hypermethylation in sperm
(Fig. 2E). So, the specific NRR DNA methylation profiles of
spermatogonia and sperm did not follow the status of the global
DNA methylation.

Next, we determined the methylation of CpGs in the
NRR and the expression of NANOG in various GCTs. In
seminomas and ECs, both being positive for NANOG pro-
tein, the CpGs of the NRR were hypomethylated (Fig. 5A
and B).*?? Teratomas, yolk sac tumors and choriocarcinomas
representing NANOG-negative GCTs showed strong meth-
ylation of the NRR (Fig. 5C-E).®*> Mixed non-seminomas,
containing undifferentiated and differentiated elements dis-
played moderate levels of CpG-methylation at the NRR
(Fig. 5F).

In order to compare the methylation levels of the CpGs in the
NRR during germ cell development and in GCTs, average levels
were calculated (Fig. 5G). Here, the levels of CpG-methylation
in the NRR of seminomas and embryonal carcinomas were com-
parable to fetal germ cells. This finding again strengthens the
idea that GCTs arise from early fetal germ cells or fetal spermato-
gonia."??% All other germ cell tumor entities display 40—-80% of
methylated CpGs at the NRR, most likely reflecting the various
states of somatic differentiation of these tumors.

Next, we analyzed the methylation of CpGs in the NRR in
various GCT-derived cell lines. The seminoma-like cell line
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Figure 3. Immunohistochemical staining of testis sections at week 19 (A and C) and 24 (B and D) of gesta-
tion for OCT3/4 (A and B) and SOX2 (C and D). Arrows indicate cells positive for OCT3/4. Scale bar: 50 um.
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Figure 4. Immunohistochemical staining detecting global DNA-methylation in

D) Spermatids and sperm of donors age 22 and 29 show global hypomethylation
(arrowheads). Scale-bars: A and B: 200 pum; C and D: 50 pm.

www.landesbioscience.com Epigenetics

TCam-2 and the embryonal carci-
noma cell lines 2102EP, TERAI,
TERA2 and NT2 displayed hypo-
methylation of the CpGs in the
NRR, while two cell lines (833KE
and NCCIT) displayed hypermeth-
ylation (Fig. 6A). These results sug-
gest that the methylation level of
the CpGs in the NRR in GCT-cell
lines remained unaltered in TCam-
2, 2102EP, TERA1, TERA2 and
NT2 during in vitro culture since
they are identical to the methyla-
tion profile of the CpGs in the NRR
of the GCT entities from which
they originated. Of note, the CpGs
in the NRR of 833KE, NCCIT
and JKT-1 cells were found hyper-
methylated, suggesting that the
methylation pattern had changed
during adaptation of the cells to
culture or during prolonged cul-
ture time. Alternatively, the data
for JKT-1, together with experi-
ments from us and others, further
indicate that JKT-1 does not (or no
longer) display seminoma-like char-
acteristics.”?* To address the ques-

tion whether NANOG expression

correlates to methylation of the CpGs in the NRR
in GCTs and derived cell lines, we performed qRT-
PCR analysis. NANOG expression levels were high
in seminomas and embryonal carcinomas, while low
and absent in teratomas, yolk sac tumors, chorio-
carcinomas and mixed non-seminomas (Fig. 6B),
indicating that methylation of the CpGs in the NRR
correlates with NANOG expression in germ cell

¥ ; 5r XN | 6 yrobo_ans s ’” “ L Cell lines displaying a hypomethylated promoter
B e mcomet et = region such as TERAI, TERA2, 2102EP, NT2,

4 00 SO g A WY . T TCam-2 (Fig. 6A) showed NANOG expression.
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Discussion

In this study we convincingly show that a distinct

different testis samples using 5-mC antibody. (A) Red arrows point at spermatogonia promoter element (NRR; bp —306—bp -1) that har-
of a testis from 2-year-old patient being positive for 5 mC antibody. (B) Testis section bors five CpG—dinucleotides is rcgulated by meth-
of a 6-year-old patient shows global hypermethylation of spermatogonia, too. (C and ylation and contributes to regulation of NANOG

expression in human germ cells and germ cell

117



tumors. Using a phylogenetic
footprint, we demonstrate that
location and number of CpG-
dinucleotides are conserved only
in humans and chimps, while the
OCT3/4-SOX2 binding sites are
detected in all species analyzed.
This indicates, that the epigenetic
modulation of OCT3/4-SOX2
driven  NANOG expression by
these five CpG-sequences might
have evolved in the primate clade
exclusively. In this context it is of
interest that no SOX2 is expressed
atany development stage of human
germ cells, while this is found in
those of murine species.” Here, we
show that the NRR is able to drive
luciferase expression in human
cells positive for OCT3/4 and
SOX2. The expression was mark-
edly reduced after in vitro meth-
ylation of the NRR. However, in
mice, other CpG islands within
the Nanog promoter are subject to
methylation resulting in epigen-
etic regulation of Nanog expres-
sion. There, the Nanog promoter
is differentially methylated when
murine ES cells are compared to
trophoblast stem cells?® fibroblasts
or cells from adult brain.?” Using
luciferase assays it was shown
that the transcriptional activity
of a proximal element correlates
inversely to the level of its meth-
ylation.”® Further, in mice it has
been shown that the Oct3/4-
Sox2 binding sites are functional
as demonstrated by ChIP experi-
ments. There, RNAi mediated
knock-down of Oct3/4 and Sox2
expression led to a reduction in
Nanog expression.” These data
indicate that in humans DNA

methylation of the five NRR CpGs is able to induce epigeneti-
cally silencing of NANOG expression and suggest that the region
proximal to the transcriptional start site at the NANOG pro-
moter is subject to epigenetic regulation in many species.

Next, we found that the NRR is hypomethylated in human
fetal (c-KIT*) gonocytes where NANOG has been reported to
be highly expressed.” Around week 24 of gestation transition of
fetal gonocytes (c-KIT*) to fetal spermatogonia (MAGE-A4*)
MAGE-A4 positive cells display a hypomethyl-
ation of the NRR but lack NANOG expression. Since SOX2
is not expressed in MAGE-A4 positive germ cells of fetal

occurs.?!
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Figure 5. Graphical illustration of the NRR DNA-methylation pattern in indicated GCT samples (A-F). Filled
circles indicate methylated CpGs, empty circles indicate demethylated CpGs. (G) Diagram of relative NRR
methylation levels of germ cells and GCTs.

human gonads" and OCT3/4 expression is absent in c-KIT-,
MAGE-A4* fetal spermatogonia'® it is likely that NANOG
downregulation in fetal spermatogonia is a consequence of
a lack of transactivation via OCT3/4-SOX2 with no need of
epigenetic silencing. Hypermethylation of the NRR can be
observed in human sperm DNA and in cells from adult tes-
ticular tissue, suggesting that the epigenetic silencing marks at
the NRR are established during maturation from spermatogo-
nia to sperm. In summary, the NANOG expression correlates
to NRR methylation in fetal germ cells, adult testis tissue and
mature sperm. In spermatogonia NRR remains hypomethylated
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Figure 6. (A) NRR-methylation analysis of GCT cell lines. Filled circles indicate methylated CpGs, empty circles indicate demethylated CpGs. (B) qRT-
PCR anaylsis of NANOG expression in GCT and control tissues (red colored samples in Fig. 3A) and corresponding cell lines. (C) RT-PCR and (D) western
blot of cell lines indicated detecting expression and protein level of NANOG.

but NANOG is not expressed due to lack of OCT3/4-SOX2
expression. It is known that seminomas and ¢-KIT positive
germ cells lack SOX2. Here, SOX17 might compensate for a
lack of SOX2 expression transactivating NANOG in combina-
tion with OCT3/4."

Interestingly, global DNA methylation level analysis revealed
hypermethylation of spermatogonia and hypomethylation of
spermatids and sperm. A study on the overall methylation pattern
of normal and malignant germ cells, detected using immunohis-
tochemistry was recently published.*® Using the same antibody,
a hypomethylated pattern was found in male prenatal germ cells,
which was gradually changed into a hypermethylated pattern
during maturation into spermatogonia. This is in line with the
observations presented here. Interestingly, indeed, the overall
pattern of methylation, as found in the physiological germ cells is
retained in the tumors derived from them. A global genome-wide
promoter analysis of DNA methylation in mouse ES cells, embry-
onic germ (EG) cells, sperm, trophoblast stem cells and primary
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embryonic fibroblasts showed that the majority of the promoters
found hypomethylated in ES and EG cells were also hypometh-
ylated in sperm. In contrast, the NANOG promoter was highly
methylated in sperm and hypomethylated in ES and EG cells.?!
These results in murine cells support the results reported here
using human tissue. So, NRR-hypermethylation in sperm and
in adult testes might be a way to epigenetically repress NANOG
expression in order to control the pluripotency program and to
prevent germ cell malignancies.

We demonstrate that GCTs and derived cell lines displaying
a hypomethylated NRR express NANOG, while hypermethyl-
ated samples show no or very weak NANOG expression. Global
demethylation resulted in an increase in NANOG expression,
while NRR-specific methylation led to a significant repression of
the NRR-activity.

Of note, two cell lines 833KE and NCCIT show a mod-
est methylation of the NRR element but the level of NANOG
expression is comparable to 2102EP cells, which display complete
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absence of methylation at the NRR. Either other promoter ele-
ments might override the repressive function of methylated
CpGs within the NRR of 833KE and NCCIT cells or the level
of OCT3/4 and SOX2 protein in 2102EP cells is low, allowing
for moderate expression of NANOG only. This and other stud-
ies will help in further understanding the complex interrelation
between epigenetic and genetic regulation of gene expression.

Materials and Methods

Sample handling and characterization. The GCT samples
were collected in the southwestern part of The Netherlands.
Representative parts of the tumor were snap frozen in liquid
nitrogen, or were fixed in 4% phosphate-buffered formalin for
paraffin embedding. Diagnosis was carried out according to the
World Health Organization classification.”® We analyzed semi-
noma tissues (n = 6), embryonal carcinoma tissues (n = 5), yolk
sac tumor tissues (n = 4), choriocarcinoma tissues (n = 2), tera-
toma tissues (n = 5) and mixed non-seminoma tissues (n = 4).

Cell culture. TCam-2 cells were grown in RPMI supple-
mented with 10% fetal calf serum (FCS), 1% penicillin/strepto-
mycin, 200 mM glutamine. 2102EP and NCCIT" cells (obtained
from Dr. F. Honecker, Hamburg University Medical Center,
Department of Oncology/Haematology, Hamburg, Germany)
were grown in Dulbecco’s modified Eagle’s medium:F12 medium
(1:1) supplemented with 10% FCS, 1% penicillin/streptomycin,
200 mM glutamine. TERA-2 was grown in McCoy Medium
plus 10% FCS, 1% penicillin/streptomycin, 200 mM glutamine.
The cells were grown at 37°C and under 5% CO,. JKT-1 cells,'®
(obtained from Dr. Michiko Fukuda, The Burnham Institute,
La Jolla, CA) were grown in minimal essential medium (MEM)
plus 10% FCS, 1% penicillin/streptomycin, 200 mM glutamine.

Micro-dissection of fetal germ cells. Testicular samples for
micro-dissection were fixed in Bouin’s solution and embedded
in paraffin. Sections of 6 um were mounted on membrane slides
(P.A.L.M. Microlaser Technologies, Bernried, Germany) which
were pretreated with poly-L-lysine and UV. All following steps
were performed under sterile conditions and at room tempera-
ture. After de-paraffinization, slides were washed in washing
buffer (0.1 M Tris, 0.1 M NaCl, pH 7.4) and pre-incubated in
5% bovine serum albumin (BSA) in washing buffer followed by
immunohistochemical detection of MAGE-A4 1:100 (Spagnoli,
Basel, Switzerland) or c-KIT 1:100 (A4502, DAKO, Hamburg,
Germany) as described later. Slides were used for laser micro-
dissection followed by laser pressure catapulting (LPC) with the
MicroBeam system (P.A.L.M. Microlaser Technologies) to iso-
late c-KIT*/MAGE-A4* fetal germ cells. We analyzed fetal germ
cells (n = 3), fetal spermatogonia (n = 2) and spermatogonia of 5,
6, 9 and 33 year old patients (each n = 1).

DNA isolation. DNA of freeze-dried tissue and micro-dis-
sected from paraffin-embedded biopsies was isolated from germ
cell tumors, normal testis tissue, fetal germ cells and germ cell
tumor cell lines. DNA was isolated by adding 350 .l lysis-buffer
(50 mM TRIs-HCI, pH 8; 100 mM EDTA; 100 mM NaCl; 1%
SDS) and 40 pl Proteinase K (10 mg/ml) to the cell pellet. The
cells were digested overnight at 55°C. The next day 150 .l NaCl
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(5 M) was added and cells were shaken for 5 min, followed by a
centrifugation step (13,000 rpm) for 10 min. Supernatant was
transferred to 500 pl isopropanol and centrifuged for 10 min
at 13,000 rpm at 4°C. Precipitated DNA was washed twice with
500 pl 80% ethanol and air-dried. DNA was resolved in 200 .l
water for 1 h at 55°C. Concentration and 260/280 nm, 260/230
nm purity ratios were determined by NanoDrop (Peglab,
Erlangen, Germany).

Protein isolation. Proteins were isolated from TCam-2 cells,
2102EP cells and normal adult testis tissue by RIPA buffer 50 mM
TRIS-HCI pH 8, 150 mM NaCl, 1% NP-40, 0.5% sodium
deoxycholate, 0.1% SDS + 1 tablet of protease inhibitor cock-
tail (Roche, Mannheim, Germany). The lysates were incubated
for 30 min at 4°C, followed by a 20 min centrifugation step at
12,000 g, 4°C. The supernatant was used for western blot analy-
sis. The protein concentration was determined by BCA Protein
Assay Kit (Pierce, Rockford, IL).

5-Aza-2"-deoxycytidine treatment of JKT-1 cells. JKT-1 cells
were grown in MEM medium supplemented with 10% fetal calf
serum (FCS), 1% penicillin/streptomycin, 200 mM glutamine
and 200 pM 5-Aza-2'-deoxycytine (Sigma Aldrich, Taufkirchen,
Germany) for 24 h, afterwards protein and RNA was isolated as
described.

Western blot. For protein analysis, we used the Mini-
PROTEAN Electrophoresis Cell and Mini Trans-Blot system
(BioRad, Munich, Germany). Protein was prepared by stan-
dard protocols and electrophoresed at 30 mA for 90 min. Gels
were blotted onto a polyvinylidene fluoride membrane in a
BioRad blotting chamber overnight at 30 V at 4°C according
to published protocols. After the membrane had been blocked
in PBSTM (phosphate-buffered saline, 0.1% v/v Tween 20, 5%
low fat milk powder), it was incubated in primary antibodies
raised against NANOG (N-17, sc-30331, 1:400, Santa Cruz)
and B-actin (1:10,000) in PBSTM for 3 h at room temperature,
followed by secondary antibodies (anti-rabbit-horseradish per-
oxidase [HRP], anti-mouse-HRP; all from DAKO, Hamburg,
Germany) diluted 1:2,000. Finally, the membrane was incubated
in 1 ml PierceSuper Signal West Pico chemiluminescent sub-
strate (Perbio, Bonn, Germany) and the signal was detected by
using Kodak X-Ray film (Kodak, Germany).

RT-PCR. RNA of analyzed cell lines and tissues was extracted
by TRIzol (Sigma, Germany) according to manufacturer’s
instructions. RNA quality was measured by NanoDrop (PeqLab,
Erlangen, Germany). Firststrand synthesis was performed
according to Invitrogen’s Super Script III manual (Invitrogen,
Karlsruhe, Germany). 500 ng of total RNA were used for each
first-strand synthesis. PCR was carried out at 95°C for 2 min,
followed by 25 cycles of 94°C for 45 s, 58°C for 45 s and 72°C for
45 s. The following forward (F) and reverse (R) primers were
used: NANOG RT F, 5-GAT TTG TGG GCC TGA AGA
AA-3', NANOG RT R 5-CAA AGG CAA ACA ACC CAC
TT-3', OCT3/4 RT F 5-CGA AAG AGA AAG CGA ACC
AG-3', OCT3/4 RT R 5-GCC GGT TAC AGA ACC ACA
CT-3', SOX2 RT F 5-ATG CAC CGC TAC GAC GTG A-3,
SOX2 RTR5-CTT TTG CAC CCC TCC CAT T-3.
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Sodium bisulfite conversion and PCR. To determine the
methylation level of the different cell types, 500 ng DNA of each
sample were treated with sodium bisulfite to convert all unmeth-
ylated cytosine-residues to uracil. The procedure was performed
after the published protocol of the EpiTect Bisulfite Kit (Qiagen,
Hilden, Germany). During PCR amplification the generated
uracil-residues are converted to thymidine. Methylated cytosine-
residues within a CpG-dinucleotide are left unaffected. 150 ng
sodium-bisulfite treated DNA was used for each PCR reaction.
PCR was carried out at 95°C for 2 min, followed by 40 cycles
of 94°C for 45 s, 54°C for 45 s and 72°C for 45 s. The follow-
ing primers, designed to recognize sodium bisulfite-treated DNA
were used: NANOGPI1BISF: 5-TTA TAT TTT TGA TTT
AAA AGT TGG AAA-3', NANOGPIBISR: 5“TAA CAT AAA
ACA ACC AAC TCA ATC C-3', OCT3/4PBISF 5-ATT TGT
TTT TTG GGT AGT TAA AGG T-3', OCT3/4PBISR 5'-CCA
ACT ATC TTC ATC TTA TAA CAT CC-3".

Cloning and sequencing. PCR products were ligated into
pCR2.1 vector following the instructions of the TA-cloning Kit
(Invitrogen, Karlsbad, Germany). The molecular ratio was 3:1
(insert:vector). A restriction digest was performed to check the
isolated plasmids for the correct inserts. 1 pg Plasmid-DNA was
digested with EcoR1 (1 U/pl) for 2 h. The reaction was stopped
at 65°C for 20 min. The results were evaluated by agarose-gele-
lectrophoresis. The expected fragment for the NRR is about 375
bp in size (360 bp NANOG promoter region +~15 bp pCR2.1
backbone fragments). Plasmids were sequenced by Entelechon
GmbH (Regensburg, Germany). For each tumor entity 27 dif-
ferent samples were analyzed. Each sample was sequenced sixfold.
1 pg genomic TCam-2 DNA was treated for 4 h with M.Sssl
methylase (4 U/pl, NEB) as positive control following manufac-
turers protocol. The NRR fragment used in the luciferase assays
was amplified by PCR (primers included KpnI and Nhel recogni-
tion sites), ligated into pGL3basic vector (Promega, Mannheim,
Germany) after Kpnl/Nhel (NEB, Frankfurt, Germany) restric-
tion and purification by T4 Ligase (NEB, Frankfurt, Germany).

Quantitative RT-PCR. High-quality total RNA was
extracted from patient-derived germ cell tumor samples and
cell-lines using an RNAqueous-4PCR kit (Ambion/Applied
Biosystems, Nieuwerkerk a/d IJssel, the Netherlands) accord-
ing to the manufacturer’s instructions. Samples were treated
with DNase and checked for residual DNA contamination by
PCR. Quantitative PCR was performed using the 7900HT Fast
Real-Time PCR System (Applied Biosystems). For the detec-
tion of NANOG expression, the following primer-set was used:
NANOG-F: 5-CGG AGA CTG TCT CTC CTC TTC C-3'
and NANOG-R: 5-GGT AGG TGC TGA GGC CTT CTG
C-3'. Quantitative values were obtained from the Ct. NANOG
mRNA was quantified relative to HPRT [NANOG mRNA
Value — 2(mean Ct HPRT - Ct NANOG )] .

Immunohistochemical staining of fetal germ cells. Testes
were dissected, fixed in 4% phosphate-buffered formalin for 2
days at room temperature and processed in paraffin. Dewaxed,
4 pm thick tissue sections were microwave pretreated (3 x

5 min, 600W) in Tris-EDTA buffer (10 mmol/l tris base,

www.landesbioscience.com

1 mmol/l EDTA solution, 0.05% Tween 20, pH 8.0). Primary
antibodies were used in the dilutions given to detect the fol-
lowing proteins: MAGE-A4 1:100 (generous gift of Dr. G.
Spagnoli, University of Basel, Basel, Switzerland), c-KIT 1:100
(A4502, DAKO, Hamburg, Germany), OCT3/4 1:200 (c-10,
Santa Cruz, Heidelberg, Germany), 5-Methyl-Cytidine 1:200
(ab10805, Abcam, Cambridge, UK) and SOX2 1:200 (245610,
R&D Systems, Wiesbaden, Germany). Immunohistochemistry
was performed using the Dako EnVision-AEC Kit according to
manufacturer’s protocol (Dako, Hamburg, Germany). Briefly,
endogenous peroxidase was blocked for 5 min in 0.03% hydro-
gen peroxide (diluted in distilled water). Sections washed in Tris-
buffered saline (0.05 mol/l Tris and 0.85% NaCl, pH 7.6) were
incubated with primary antibodies overnight at 4°C. Thereafter,
a horseradish peroxidase (HRP)-labeled polymer conjugated
with a secondary antibody was applied (Dako EnVision-AEC
Kit). The staining was visualized with 3-amino-9-ethyl-carba-
zole and counterstained with hematoxylin. Negative controls
were performed using buffer instead of the primary antibody.
Additional negative controls were performed by incubation with
pre-immune serum from each animal species (rabbit, mouse,
goat) instead of a primary antibody. All controls resulted in com-
plete absence of an immunohistochemical signal.

Luciferase assay. pGL3basic vector (Promega, Mannheim,
Germany) containing the luciferase gene under control of the
NRR was transfected in 4 x 104, 2102EP cells at a ratio of 5:2 (.l
transfection reagent: g DNA). FuGeneHD (Roche, Germany)
was used as transfection reagent. Additionally a pGL3basic-
NRR construct methylated by M.Sssl and empty pGL3 vector
was transfected. Furthermore, a pGL3basic-NRR with mutated
OCT3/4-SOX2 binding sites (original OCT3/4-SOX2 binding
sites: CTT TTG CAT TAC AAT G; mutated OCT3/4-SOX2
binding sites: CTT TCA AAT TAA CCT G) and a pGL3basic-
NRR construct with mutated OCT3/4-SOX2 bindings sites
methylated by M.SssI was transfected. Untreated 2102EP cells
were used as additional controls. 48 h later, cells were lysed for
5 min in 100 pl Ix lysis buffer (5x: 125 mM Tris pH 7.8, 10 mM
EDTA, 100 mM DTT, 50% glycerol, 5% TritonX-100). After
centrifugation (5, 14,000 rpm, 4°C) 10 wl of the supernatant
were transferred to a 96-well plate. Luciferase activity was mea-
sured one second after addition of the luciferase-assay buffer (20
mM tricine, 1.07 mM (MgCO,), 4Mg(OH),*5H,0, 2.67 mM
MgSO,, 0.1 mM EDTA, 33.3 mM DTT, 270 uM Coenzyme A,
530 .M ATP, 470 wM Luciferin) by a luminometer. Values were
normalized against individual protein levels, measured by BCA
assay (BCA Protein Assay KIT, Pierce, Rockford, IL).
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