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Abstract

Disorders of Sex Development (DSD)-patients are patients with congenital conditions in which the
development of chromosomal, gonadal or anatomical sex is atypical. Specific subgroups of patients
with DSD have a higher risk to develop a malignant germ cell tumor (GCT). In genome wide
association studies (GWAS)-studies it has been found that 17 single nucleotide polymorphisms
(SNPs) are associated with testicular germ cell tumors (TGCT). These SNPs are all located in or near
genes that influence embryogenesis, sex - , germ cell development and survival as well as DNA
damage response. This study investigated the possible presence of a link between these SNPs and
DSD-patients who developed a (T}GCT. This might lead to a more accurate prediction of tumor risk
per patient. To answer the question, a cohort of 154 DSD patients was studied for all 17 SNPs using
specific Tagman genotyping assays. For 16 SNPs the odds ratio (OR) was known from the GWAS
studies. The OR for the 17t SNP was determined, using a TGCT group and a control group, resulting
in an OR of 2.26. Using all 17 ORs a relative risk (RR) per DSD patient was calculated. To distinguish
a difference between DSD-patients who did or did not develop a GCT statistical analysis was
performed, showing a significant difference between the groups, although the groups overlapped. To
analyze the distribution of the individual genotypes, the chi-square test was performed per SNP.
This showed that there were several SNPs with an inverse distribution of the risk alleles when
compared with the GWAS results. Excluding these SNPs from the RR analysis, increased significance
was reached, although an overlap between the groups remained. A subset of DSD patients diagnosed
with AIS were analyzed as a separate group, showing a significant difference between the non-
affected and affected patients, although again overlap between the affected and non-affected groups
was observed. By excluding four SNPS showing an inverse correlation when genotype distribution
was compared with the GWAS studies, the separation between the two groups, and significance
increased, resulting in absence of overlap. In conclusion, although analysis of the RR in DSD patients
with and without a GCT shows a significant difference, the clinical relevance is debatable based on
overlap between the groups. However, the same analysis in a sub-cohort of AIS patients shows a
significant difference, after excluding four less relevant SNPs, there was a clear separation between
the non-affected and affected groups. These 13 SNPs could be an additional risk-factor in the clinic.
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Samenvatting

Disorders of Sex Development (DSD)-patiénten zijn patiénten met een congenitale conditie waarbij
de chromosomale, gonadale of de anatomische geslachtsontwikkeling atypisch is. Bepaalde groepen
patiénten gediagnostiseerd met DSD hebben een verhoogd risico op het ontwikkelen van een
kwaadaardige kiemceltumor (KCT). In Genome Wide Association Studies (GWAS)-studies zijn 17
single nucleotide polymorfisme (SNP) gevonden die geassocieerd worden met een kwaadaardige
testiculaire kiemceltumor (TKCT). Deze SNPs liggen in of nabij genen die invloed hebben op de
embryogenese, geslachtsontwikkeling, kiemcelontwikkeling en overleving als ook een rol spelen in
DNA herstel. In dit onderzoek wordt bestudeerd of er een link is tussen de gevonden SNPs en DSD-
patiénten wie een (T)KCT hebben ontwikkeld bestudeerd. Dit kan resulteren in een nauwkeurigere
risicobepaling voor het ontwikkelen van een KCT. Om deze link te vinden wordt er in een cohort van
DSD-patiénten de genotypen van deze SNPs bepaald met behulp van genotyping-assays van Life
Technologies. Van 16 van de 17 SNPs is de odds ratio (OR) al bepaald in de GWAS- studies. Voor de
17¢ SNP wordt de OR bepaald door een groep met TKCT te vergelijken met een groep gezonde
mannen. Dit resulteert in een OR van 2.26. Met behulp van de 17 ORs wordt een Relative Risk (RR)
per patiént berekend in de DSD-groep. Per SNP werd de chi-kwadraat test uitgevoerd om te
analyseren of er een verschil is in de verdeling van de genotypes. Hieruit blijkt dat een aantal SNPs
een inverse verdeling lieten zien in de verdeling van de risico-allelen wanneer dit wordt vergeleken
met de gepubliceerde GWAS resultaten. Wanneer deze SNPs worden geéxcludeerd in de RR analyse
is er sprake van een meer significant verschil. Ondanks een stijgende significantie overlappen de
groepen nog steeds. Verder is er gekeken naar een subpopulatie in de DSD populatie, de AIS
patiénten. Deze groep is apart geanalyseerd en laat een significant verschil zien tussen de niet
aangedane en de aangedane patiénten maar ook hier is er sprake van overlap tussen de groepen,
Wanneer SNPs die een inverse correlatie, in vergelijking met de GWAS resultaten, laten zien worden
geéxcludeerd in de RR analyse stijgt de significantie. Daarnaast wordt er ook een betere scheiding
gevonden tussen de groepen. Dit alles houdt in dat de analyse van de RR in DSD patiénten met en
zonder KCT een significant verschil laat zien, echter is het te betwisten of er sprake is van klinische
relevantie omdat de groepen elkaar overlappen. Wanneer dezelfde analyse wordt uitgevoerd op een
subgroep met AIS patiénten is er geen sprake van een significant verschil maar na het excluderen
van vier SNPs, ontstaat er een goede scheiding tussen de niet aangedane en de aangedane patiénten.
Deze 13 SNPs zouden een extra risicofactor kunnen zijn in de kliniek.
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Introduction

Background Literature

Normal gonadal development

Early during embryogenesis the bi-potential gonad develops under the influence of amongst others
WT1, DMRT1, GATA4 and FGF9 (1). At this point in embryogenesis, sex cannot be phenotypically
determined. During embryogenesis both the Miillerian and Wolffian ducts initially develop. In weeks
6-8 the bi-potential gonad will develop either into a testis or an ovary. When the Y-chromosome is
present, a testis will develop under the influence of SRY, SOX9 and FGF9 (2). If the Y-chromosome is
absent the bi-potential gonad will, under influence of WNT4, FOXL2 and RSPO1, develop into an
ovary (2). When a testis develops, the Leydig cells start producing testosterone (T) and insulin-like
factor 3 (INSL3). These factors will maintain the Wolffian ducts. Besides T and INSL3, Sertoli cells
produce anti-Miillerian hormone (AMH), which will lead to regression of the Miillerian ducts. When
an ovary is formed T and AMH will not be produced, leading to regression of the Wolffian duct,
whilst the Miillerian duct persists and will develop further. The Miillerian ducts will give rise to the
female internal genitalia, the Wolffian ducts will form the male internal genitalia. A schematic
overview of male and female development is given in Figure 1.

WT1. DMRT1, GATA4, FGF9 G.4
(weeks)
indifferent bi-potential
gonad
sry, soxe, L./ \XX WNT4, FOXL2,
Fe / RSPO1
68

Leydincells  Senal celis thecs cells  granulnsa cells

T.INSLA AMH
l absence of T and AMH

| Woitfian ducis | | [ anmmreitics: | [ommrtin | [ Mittonanducts | 9.10

/ \

—— ba-reductase
epididymis, vas Fallopian lube,
deferens. seminal uterus. upper
vesicle vagina
DHT
urogenital sinus, urogenital smus.
external genitalia external genitaka
male female 14

Figure 1: Schematic overview of male and female development. Male development: Under influence of
SRY, located on the Y-chromosome, and SOX9 and FGF9 a testis will be formed. Leydig cells present in
the testis will produce T and INSL3, and Sertoli cells will produce AMH. This maintains the Wolffian
ducts and induces regression of the Mitllerian ducts respectively. Female development: Under influence
of WNT4, FOXL2 and RSPO1 the ovary will be formed. Because of the absence of T and AMH the
Wolffian duct will regress and the Miillerian duct persists (3).
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Germ cells

After a sperm cell fertilizes the ovum, these cells combine to form the zygote, which after one and a
half days will start dividing. After two to three days this clump of cells is called a blastocyst. In the
epiblast of the blastocyst the primordial germ cells (PGCs) form. The PGCs are the precursor cells of
the gametes (ova and sperm as found at adult life). After approximately three weeks the PGCs will
migrate through the hindgut, to the bi-potential gonads. Normally PGCs which do not reach the
gonad will go into apoptosis. Stem cell factor, officially named KIT ligand (KITLG) and its receptor
play an important role in the migration, proliferation and the survival of PGCs during migration and
development into gametes (4). When the PGCs reach the bi-potential gonad they are called
gonocytes. Depending on the presence or absence of the Y-chromosome the gonads will develop into
testes or ovaries, respectively (see above). If a testis is formed the gonocytes will differentiate into
pre-spermatogonia. When an ovary forms, the gonocytes will eventually differentiate into primary
oocyte. A secondary oocyte will differentiate every month from puberty till menopause.
Spermatogenesis (differentiation of a spermatogonium into spermatozoa) will start during puberty
under influence of T.

Precursor lesions and invasive germ cell tumors

There are in total five different types of GCTs, but in this thesis only the type II GCTs will be
discussed, as these are relevant in the context of DSD. A malignant type Il germ cell tumor (GCT)
arises from a PGC/gonocyte that does not properly mature, does not go into apoptosis and preserves
its intrinsic pluripotent characteristics. The majority of GCTs will develop in the gonads. The tumor
displays characteristics which PGCs/gonocytes have and would normally lose upon their
differentiation into pre-spermatogonia. Although they still can be present in the first year after birth
(2). To investigate the maturation/malignant state of the PGCs/gonocytes the markers OCT3/4,
KITLG and TSPY can be used. 0CT3/4 and KITLG are embryonic markers, and normally expression
of these markers is lost in the germ cells during the first year after birth. When expression of these
markers is still present after the first year, it is an indication that the PGCs/gonocytes are
arrested/delayed in their maturation, and might be at risk to develop into a GCT precursor.
Expression of TSPY normally rises when PGCs/gonocytes differentiate towards pre-spermatognia,
and stays present in spermatogonia after the first year of birth. The precursor lesion of a GCT is the
so-called germ cell neoplasia in situ (GCNIS). GCNIS can progress into the invasive components
seminoma (SE) or non-seminoma (NS). Sometimes both tumor types occur in one gonad. The term
NS is used for embryonal-carcinoma (EC), and its differentiated components teratoma, yolk-sac
tumor and choriocarcinoma. An overview is given in Figure 2 (5). Type Il GCTs can also develop out
of the precursor lesion gonadoblastoma (GB). A GB develops mostly into dysgerminoma. SE and
dysgerminoma are indistinguishable from each other on DNA, mRNA, miRNA and marker expression
(2). Both precursor lesions express the same embryonal markers (0CT3/4, C-KIT, KITLG and TSPY)
(2). In DSD patients both GB and GCNIS can occur, depending on the degree of testicularization. See
also DSD and germ cell tumors (below).

Page| 11



ITGCNU

Terattara Yeik-sar (umour - Chenocarcooma

A ﬂ': i

[ AN
o
Invasive TGCTs

Figure 2: Developmental stages of GCT type I The precursor lesion GCNIS (here referred as
intratubular germ cell neoplasia unclassified (ITGCNU) can develop into intratubular seminoma (1TSE)
and become invasive or into a intratubular non-seminoma (ITNS) and become an invasive embryonal
carcinoma. Embryonal carcinoma can differentiate into teratoma, yolk-sac tumor or choriocarcinoma.

(5)

GCTs are relatively rare, they make up 1% of the solid tumors in Caucasian men (6). However
testicular germ cell tumors (TGCT) comprise 60% of all malignant tumors diagnosed in Caucasian
men in the age of 20 to 40 years. In Europe every year around 12.000 patients will be diagnesed with
a TGCT, and the incidence is still rising. In 2014 around 800 patients were diagnosed in the
Netherlands. GCTs are, in most cases, well treatabie by surgical removal of the tumor after which
chemo- and/or radiotherapy can be given. However these treatments can lead to infertility,
cardiovascular diseases, secondary tumors and cognitive impairment. The 5-year survival rate has
been upwards of 92% since 1989 (7).

In genome-wide associaticn studies {(GWAS) (8, 9, 10, 11, 12) single nucleotide pclymorphisms
(SNPs) related to TGCT have been found, These SNPs occur more often in patients with a TGCT then
in men without a TGCT. In this study the 17 different SNPs, found in the GWAS, are determined on
DSD patients. In the future it might be possible to predict tumor risk in DSD patients based on the
presence of these SNPs.

All 17 SNPs are located in or near genes that influence embryogenesis, sex -, germ cell development
and survival as well as DNA damage response. For 16 out of the 17 SNPs an odds ratio (OR) has been
determined. The OR represents the odds that an outcome will occur given a particular exposure,
compared to the odds of the outcome occurring in the absence of the exposure (13). In this study the
outcome is developing or not developing a precursor lesion/invasive tumor. If the OR is higher than
1, it is more likely to develop the disease if this patient scored positive for the risk factor. In this case,
if a patient has a specific SNP he is more likely to develop a TGCT. The 17t SNP is located in the
functional TP53-binding site of KITLG and influences transcription (9). The ability of TP53 to
regulate transcription is crucial for tumor suppression, as TP53 conserves DNA stability by
preventing the accumulation of possibly damaging mutations in the genome (14). This might
indicate that polymorphisms in this binding site could influence cancer (9) but no OR has been
determined.

Disorders of sex development (DSD)

There are various forms of disorders of sex development (DSD). DSD are defined as congenital
conditions in which development of chromosomal, gonadal or anatomical sex is atypical. DSD can
manifest itself in various forms: cryptorchidism (undescended testis), a male genotype with a female
phenotype and vice versa, and ambiguous genitalia, a condition where an infant’s external genitalia
do not appear to be obviously male or female. The new DSD classification, in use since 2006, is based
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on the chromosomal constitution, and consists of three main groups, namely: 46XY-DSD, 46XX-DSD
and sex chromosome-DSD, an overview is given in Appendix 1. In this overview terms like intersex,
pseudohermafroditism, hermaphroditism which were confusing for caregivers and confronting for
patients were abolished (15).

DSD and germ cell tumors

Despite the low prevalence of type II GCTs in the whole population, in specific forms of DSD the
occurrence is high (2). Risk factors for developing a type II GCT in DSD are: gonadal dysgenesis and
presence of (a part of) the Y-chromosome, harboring the so called GonadoBlastoma on the Y (GBY)
region, with TSPY being the candidate gene in this region (16). Some forms of DSD do not have an
increased GCT risk, for instance when the Y-chromosome is absent or there are no PGC/gonocytes
present, e.g. 45X DSD (Turner syndrome)(3). Depending on the differentiation of the gonad, the
precursor lesion GCNIS or GB can develop (see also above), and they can even occur in one gonad.
The supporting Sertoli cells in GCNIS express SOX9. When testis formation (testicularization) of the
gonad is not complete also a GB, even next to GCNIS, can occur with predominantly granulosa cells as
supportive cells, indicated by expression of FOXL2. As described earlier both precursor lesions can
develop into an invasive GCT. Figure 3 shows the embryogenesis and pathogenesis of DSD. The set of
SNPs associated with TGCT discussed above could be an additional risk factor for developing a GCT
in patients with DSD. This study is focused on finding a relation between these SNPs and DSD
patients at risk of developing a type II GCT.

46,X% DSD, 46.XY DSD
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Figure 3: Embryogenesis and pathagenesis of DSD, on the left and right side normal female and male
development is depicted and in between the various forms of DS ure shown. If testicularization is not
complete, and the required parameters are present there is an eievaied risk to develop a precursor
lesion (either GCHIS or GB) and subsequently an invasive tumor. (2)
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Aim of this study

The aim of this study is to get better insight in GCT risk in patients with DSD. To achieve this a
defined set of 17 SNPs known to be associated with TGCT risk is investigated in a group of DSD
patients with and without a GCT and/or precursor lesion. It is known that a subset of DSD patients
have an increased risk to develop a GCT (17), and analysis of these SNPs, in addition to the other
known risk factors (see Figure 3), might be an addition in (early) detection of GCT risk, possibly
leading to a more personalized treatment. If patients have a low risk an orchidectomy is not needed
and less screening might be necessary. If patients have a high risk, preventive measures such as
orchidectomy can be taken, as this is the current treatment.

The hypothesis is that analysis of these 17 SNPs in DSD patients, can possibly distinguish between
patients who will and who will not develop a TGCT.

Experimental design

The setup of this study is as follows: In this study 191 DSD patients are included, 28 patients were
diagnosed with a form of 46,XX-DSD, and 163 patients had a form of 46,XY-DSD, patients with a
chromosomal DSD were excluded. In the group of patients the genotype of the 17 SNPs shown to be
associated with a higher TGCT risk will be determined. DNA from the patients is isolated from
peripheral blood (pBL) or, when this is not available, from formalin fixated paraffin embedded
(FFPE) or frozen tissue.

For 16 out of the 17 SNPs the OR has been determined in the GWAS studies, the RR these OR infer
will be calculated using the method described by Kratz et al. (3). In brief: if a patient is homozygous
for the non-risk allele of a SNP the OR will be multiplied with zero, is a patient heterozygous, the OR
will be multiplied with one and if the patient is homozygous, the OR will be multiplied with two. This
will be done for all 16 SNPs and the total sum of these multiplied ORs determines the RR.
Determining the genotypes will be done using Tagman SNP genotyping assays from Life
technologies.

For the SNP present in a TP53 binding site in KITLG an OR has not yet been determined. To do so the
genotype of this SNP will be assessed in a group 698 men with a TGCT versus a group without a
TGCT (control group). In this case the data for the control group comes from the 1000 genomes
project (18). When determined the OR will be included in the RR calculations.

For statistics IBM SPSS statistics 21 is used. The Independent t-test, chi-square test and the OR is
determined with SPSS.
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Background techniques

DNA isolation with phenol/chloroform

DNA isolation using phenol/chloroform is based on the
principle of polarity. The different phases originate because of
the density-differences between water and phenol/chloroform.
Phenol/chloroform is an apolar liquid while water is polar.
DNA is polar and is soluble in water, in contrast to proteins,
which are or will become apolair while shaking in this water
and phenol/chloroform solution. After centrifugation DNA will
be in the upper phase and the proteins and cell debris will be
in the phenol/chloroform-phase (19, 20) . This process is

shown in Figure 4.

Genotyping-SNP assays

TagMan® 5'-nuclease assay chemistry
provides a fast and simple way to get SNP
genotyping results. Each  predesigned
TagMan® SNP Genotyping Assay includes two
allele-specific TagMan® MGB (minor groove
binder (21)) probes containing distinct
fluorescent dyes (VIC and FAM, both having
different emission wavelengths) and a
Polymerase chain reaction (PCR) primer pair
to detect specific SNP targets. These TagMan®
probe and primer sets (assays) uniquely align
with the genome to provide unmatched
specificity for the allele of interest (22). The
advantage of using MGB probes is that they
stabilize the hybridized probe and raises the
melting temperature. This results in a short
probe (23). In Figure 5 the technical process
during this real time PCR is shown. If the
probe binds to the DNA the fluorescent label
(reporter, VIC/FAM) is near the non-
fluorescent quencher which ensures that light
cannot be emitted. During polymerization the
reporter will be cleaved, resulting in a large
enough distance between reporter and
quencher so the report can emit light.
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Figure 4: DNA isolation using
phenol/chloreforin to separate
the DNA from the proteins and

cell debris.(20)
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Material and methods

Patient Cohort

In this study 191 DSD patients are included. 28 patients have 46,XX-DSD and 163 have 46,XY-DSD.
These patients have different forms of DSD, see Appendix 1 for the subgroups in DSD. Chromosomal
DSD variants were excluded in this study, this because the chromosomal changes most likely are the
leading cause of the DSD.

DNA Isolation

Depending on the type of patient material available different DNA isolation protocols are used.
Isolation of DNA from FFPE material was initially performed according to protocol 1, but the DNA
isolated yielded sub-optimal results in the genotyping assays. Therefore the isolation protocol has
been optimized from (25), see protocol 2. The different steps to determine this optimal isolation
protocol are described in attachment 3. Isolation of pBL is performed with protocol 3, frozen tissue
is performed using protocol 4.

Protocol 1 DNA isolation, FFPE tissue

In short, FFPE material will first be deparaffinized using xylene, then the tissue is lysed overnight at
52°C using a lysisbuffer with (10 mM Tris.Cl, 100mM NaCl, 5mM EDTA, 1% SDS, 1mM CaCl;) and
proteinase K (10 mg/ml). The next day a phenol/chloroform step is performed, and the DNA is
precipitated. The DNA will be dissolved in T10E1 (10 mM Tris.Cl. 1 mM EDTA). Work protocol is
attached in appendix 2.

Protocol 2 DNA isolation, FFPE tissue

Briefly, FFPE material will first be deparaffinized using xyiene, then the tissue is iysed using a
universal buffer (barbital, citric acid, KHzPOj, boric acid, all 28.6 mM and pH 10) for 30 min at 100
°C, cooled down to 52 °C and proteinase K is added. The samples will be lysed overnight at 52°C. The
next day a phenol/chloroform step is performed. After this DNA will be precipitated, and the DNA
will be dissolved in T1oE1. Work protocol is attached in appendix 2.

Protocol 3 DNA isolation, pBI

To summarize, from total anticoagulated blood white blood cells will be isolated, using ammonium
or bicarbonate to break down erythrocytes. After centrifugation the pellet containing white blood
cells can be dissolved in nucleus-lysis buffer (Tris 1.21g; NaCl 23.4g; EDTA 0.74gin 1 L H20, pH 8.2).
Sodium dodecyl sulfate (SDS) denatures all present proteins. By adding protease the denatured
proteins will break down. Using saturated NaCl the protein compounds will be precipitated and
removed with centrifugation. From this supernatant the DNA will be precipitated with ethanol. The
DNA will be dissolved in T10E1. Work protocol is attached in appendix 2.

Protocol 4 DNA isolation, Frozen tissue

In short, from frozen tissue DNA will be extracted with use of the DNeasy kit (Qiagen, Venlo). This kit
is designed for rapid purification of total DNA. The DNeasy membrane combines the binding
properties of a silica-based membrane. DNA adsorbs to the DNeasy membrane in the presence of
high concentrations of chaotropic salt, which remove water from hydrated molecules in solution.
Buffer conditions in DNeasy Blood & Tissue procedures are designed to enable specific adsorption of
DNA to the silica membrane and optimal removal of contaminants and enzyme inhibitors (26). Work
protocol is attached in appendix 2.
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Genotyping-SNP assays

All Tagman genotyping-SNP assays are designed and manufactured by Life technologies (Bleiswijk,
the Netherlands) and have been validated. The SNPs used in this study are shown in appendix 5.

For these assays TaqgMan® Universal PCR Master Mix, no AmpErase® UNG (ThermoFisher
Scientific, Bleiswijk, the Netherlands) was used, to which dH20 and the genotyping SNP assays
(ThermoFisher Scientific) will be added.

The mastermix will be pipetted in a 96-wells plate using 13 pl per well, then per well 2 pl DNA
sample is added, with a concentration of 25 ng/pl.

For each SNP assay three positive controls are added: one heterozygote, one homozygote non-risk
allele, one homozygote risk allele and one negative control. As an example, in Figure 6 the
amplification curves for all controls of one genotyping assay are shown. For every plate the
threshold is set on 0.02 arbitrarily. Below this threshold a sample cannot be interpreted.
Determining the genotype for a patient is done by comparing with the positive controls, this is done
by the software package, but all amplification curves are checked to prevent software mistakes. If
the no template control comes above the set threshold none of the assayed samples can be
interpreted
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Figure 6: the jour controls used for genotyping SNP assays, A: no template control, B: homazygous
control for allele A, C: B: homozygous control for allele B, D: heterozygous

After pipetting a plate, the plate will be run on a AB 7500 Fast Real-Time PCR machine
{ThermoFisher Scientific) according to the following program: 60.0°C for 1 min, 95.0°C for 10 min,
45 times: 95.0°C for 15 sec and 60.0°C for 1 min. following with 1 min 60.0°C.

The work protocol can be found in attachment 4
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0Odds ratio

For SNP rs4590952 no OR had been determined. This is determined using a group of men with a
TGCT versus a control group without a TGCT. For all the men with a TGCT the genotype for this SNP
is determined using the work protocol: genotyping-SNP assay in appendix 4. With these results the
ORis calculated, using publicly available reference data from the 1000 genomes database.

Before it is possible to calculate a OR, the allele frequency is needed. Below in Table 1 an example is
shown. Nine patients have the genotype AA, 15 patients with AG and 13 with GG. The allele
frequency is then A: 33 (44.6%) and G: 41 (55.4%)

Table 1: Example, allele frequency

No of A G

patients allele allele
AA genotype 9 18 0
AG genotype 15 15 15
GG genotype 13 0 26
Total alleles 33 41

To calculate the OR a two-by-two frequency table is used. The outcome status is positive for patients
with a TGCT and negative for the control group without a TGCT. The exposure status is positive for
the risk allele G and negative for the A allele. In Table 2 below, a scheme is shown to calculate the OR.
(13)

Tuble 2: how to calculate a OR (13)

Qutcome Status

+ =
Exposure status + a b
- c d

With the data in Table 2 the following formula is used: OR = %
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Statistics SPSS

In the overview below {Figure 7) a flowchart is shown, depicting which statistical test is needed for
different kind of data. This flowchart can only be used for hypothesis tests.

Flow charts indicating appropriate technigues in different circumstances™

Numerical data i Categorical data
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Figure 7: statistical analysis flowchart {27)

In this thesis the independent t-test and the Chi-square test are used for statistical analysis. Below
these tests will be discussed in more detail.

Independcnt t-test

The t-test can ouly be used when numerical data is available and the variable is normally distributed
in the groups. (27) This test is used when analyzing the RR or the OR per SNP. In this thesis the
cohorts are divided into two groups, one without a GCT and the other group with a GCT or a
precursor lesion. Because there a two different groups the independent t-test is chosen to do
statistical analysis.

If these two groups can be compared, the Levene’s test is performed in SPSS, When the outcome is
not significant (P>0.05), the two groups are comparable (upper row, equal variances assumed).
When there is a significant difference (P<0.05) between these groups, this data is included in the t-
test and a different p-value is calculated {lower row, equal variances not assumed). An example of
the SPSS output data is shown in Table 3. (28)

Table 3: exumple of the duca goined with SPSS using the independent t-test

Levene's Test for
Equality of Variances t-test for Equality of Means
Sig. (2- Mean Std. Error 95% Cl

F Sig. t df tailed) Difference Difference Lower | Upper
Equal variances 2,62 6760 4,8333

,002 ,963 130 ,010 2,75470 1,05068
assumed 2 7 4
Equal variances not 2,59 44,34 ,6150

,013 2,75470 1,06189 4,89432

assumed 4 9 8
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Chi-square test

This test is used when comparing categorical data, for example number of patients in two or more
categories. Using this test with two groups, the following conditions need to be met: if any expected
counts are less than 5, the Fischer exact test will be used (27, 29, 30). A p-value is given in SPSS.

When comparing more than 2 groups using the Chi-square test, a maximum 20% of the cells is
allowed to have a count less than 5 (31). Because the Chi-square is mostly performed comparing >2
groups an example of this is shown below.

All measurements are divided per category and per category a total is calculated, see Table 4.

Table 4: measured values divided in categories.

Measured values (M) No precursor/invasive | precursor/invasive | Total
tumor present tumor present
Homozygous non-risk allele | 31 20 51
Heterozygous 25 28 53
Homozygous risk allele 23 34 57
total 79 82 161

With these totals the expected values are calculated by multiplying the totals per category and
dividing them by the total number of measurements. See Table 5

Table 5: expected values based on the measured values shown in Table 4

Expected values (E) No precursor/invasive | precursor/invasive | Total
tumor present tumor present
Homozygous non-risk allele | (51x79)/161 =25 26 51
Heterozygous 26 27 53
Homozygous risk allele 28 29 57
total 79 82 161

In Table 5 none of the expected values are below 5, and the Chi-squared can be used in this case.
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Results

Patient Cohort

This cohort started with 191 DSD patients (Dutch, Belgian and Czech patients), 19 were excluded
because not enough material was available (absent or biopsy material). During the study for 18 not
all 17 genotyping-SNP assays could be determined. This resulted in a total of 154 patients, see
overview below, Figure 8. All (clinically) relevant patient information can be found in appendix 7.

Of these 191 samples, 134 samples were isolated from FFPE material, two from frozen tissues and
55 from pBl samples. One of the 18 samples which were incomplete due to technical issues was
isolated from pBl, the rest was FFPE material.

191 Patients

- 28 46XX
- 163 46XY
19 patients excluded
(biopsy or no material available) |
- 4 46XX %
- 15 46XY '
172 patients
- 24 46XX
- 148 46XY
18 patients incomplete
due to technical issues
2 46XX
- 16 46XY
154 patients
- 22 46XX
- 132 46XY

Figure 8: overview of patient cohort

This DSD-cohort is divided in two groups; a total cohort and a subgroup of DSD patients diagnosed
with androgen insensitivity syndrome (AIS), the AIS cohort. For both cohorts, statistical analyses are
performed.

As a first step the OR for SNP rs4590952 had to be determined, as this was needed for further
statistical analysis of the RR. Hereafter the results of the genotype-SNP assays are shown, followed
by the statistical analyses for the total and AIS cohort.
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rs4590952; OR and allele frequencies in SE and NS

OR rs4590952

As there was no OR known for the SNP found in the p53 binding site of KITLG, rs4590952, which is
needed for further analysis of the RR, this had to be determined. To this end, a group of 698
Caucasian patients with a TGCT were selected, from which 15 patients were excluded because of a
lack of material. The remaining cases were analyzed using the specific Tagman genotyping assay. For
644 patients a genotype could be determined, the results are shown in Table 6. For 39 patients SNP
could not be determined due to technical issues. For a control group data from the 1000 genomes
project, phase 3 EUR (European) male population was used (summarized in Table 7), this because
the TGCT population analyzed was predominantly of European descent.

Tuble 6: genotypes TGCT group

Total AA AG GG
Patients 644 - 7 113 524 |
Percentage | 100 1.1 17.5 81.4

| Total AA AG GG
Patients 237 14 66 o _157
Percentage | 100 5.9 27.8 66.2

Based on these results the allele frequency for rs4590952 was calculated. In the TGCT group the
allele frequency of the G allele is 90.1% and the frequency of the A allele is 9.9%. In the control-
group the allele frequency for the G allele is 80.2% and for the A allele 19.8%. In attachment 6 the
raw data of the allele frequencies is shown.

With this raw data SPSS calculates the OR, the 2x2 table to calculate the OR is shown in attachment 6.
Rs4590952 has an OR of 2.26, 95% CI(1.69-3.02). This OR is included in the results of the DSD
cohorts (total and AlS) shown below

Allele frequencies in SE and NS

To see if there is a significance difference in allele frequency for rs4590952 between SE and NS. The
TGCT group of 644 patients is divided into these two groups. In total, 382 patients have a SE, 255
patients have a NS, and 36 patients have a combined tumor (CT), meaning that both SE and NS is
present. Following the WHO classification of 2004 (32), when a tumor has a NS component,
independent of a SE component, the lesion is classified as a NS. Therefore, the analysis is done by
including the CT in the NS group and secondly excluding them entirely.
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In this case the data is categorical, so the Chi-square test is used. The p-value of the Chi-square test is
0.144 (2-sided). Raw data is shown in appendix 6. In Table 8 the allele frequencies for NS and SE is

shown, CT are included as NS.

Tabhle 8: Allele frequencies NS and SE, CT included as NS

allele
A G
TGCT NS 10% 90%
SE 7.9% 92.1%

Because no significance was reached the CT are excluded in this analysis. In Table 9 the allele
frequencies of SE and NS are shown, CT are excluded. The p-value of the Chi-square test is 0.792 (2-
sided). Raw data is shown in appendix 6. So in both analyses there is no significant difference in
allele frequencies between SE and NS.

Table 9: Allele frequencies NS and SE, CT excluded

allele
A G
TGCT NS 7.5% 92.5%
SE 7.9% 92.1%
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Genotyping assays

In total on 172 patients the genotypes for the 17 SNPs were analyzed using the Tagman genotyping
assays. A significant number of genotyping-SNP assays did not give interpretable results. The DNA
used had been isolated with protocol 1, which yielded DNA with a sub-optimal quality, being (highly)
degraded. To increase the quality of the DNA, protocol 2 was developed, which resulted in enhanced
genotyping results, more samples gave interpretable results of the genotyping-SNP assays. However,
still eight genotyping assays showed amplification problems, most likely due to the size of the
amplicon (200bp or larger) in relation to the size of the isolated DNA. For these a custom made assay
was ordered from Life Technologies (Bleiswijk, The Netherlands) with a maximum product length of
150 bp. This resulted in more amplifiable fragments. To further optimize the assays the amount of
added DNA was reduced from 25 ng/ul, to 12.5 ng/ul and even further diluted to 6 ng/pl, thereby
reducing the amount of inhibitors in the assay. With the help of these optimizing-steps it was
possible to determine all 17 SNPs in 154 patients. The results of the genotyping assays is shown in
attachment 8.

RR analysis of the total DSD cohort

The total DSD population consists of 154 patients, this population is divided in two groups. The first
is the non-affected group (n=123), this includes DSD-patients without a precursor lesion (GCNIS) or
an invasive tumor. The second is the affected group (n=31), being DSD-patients with GCNIS or an
invasive tumor present. This population is analyzed using the RR of 17 SNPs. In Table 10 a p-value
of 0.766 is shown for the Levene’s test. This indicates for a normal distribution and the independent
t-test can be performed. The t-test results in a p-value of 0.039. This means there is a significant
difference between the groups affected and non-affected patients in this DSD-population.

Table 10: RR analysis, t-test results, groups are divided in affected (n=123) ond non-affected (n=31).

Levena's Testfor
Equality of Variances I-testfor Eguality of Means
Zig (2~ | Mean | Ste. Ermor 85% ol
F Sig. t df tailed) |Differznce |Difierence | Lower | Upoer
lRR GRiT Equaliannces 017 eos| 2083 152 038| 210828 101204 10887 410783
SNP assumed
Equal vasiances not} aeo| 5 anmas .
Sesumed 1,998 44,069 0821 210833 1,05547 01871| 423541

A boxplot of this cohort is shown in Figure 9, this boxplots represents the distribution of the RR
between the two groups., Overlap between the groups is present.

50,00

40,007

T

RR of 17 SNP

10,00

007

Affected
Figure 9: boxplot, RR of 17 SNPs, total cohort n=154 divided in affected and non-affected
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Because 46-XX DSD patients seldom develop a TGCT, they are excluded for further analyses (n=22).
This results in a total 46-XY DSD (n=132) pepulation which is divided in two groups as before in a
non-affected (n=102), and an affected group (n=30). Analyzing the RR on all 17 SNPS showed that
there was a significant difference (p=0.014) between the non-affected and the affected group,
although there was considerable overlap between the two groups, Table 11 and Figure 10 (green
boxplot). Significance rises when excluding 46XX-DSD patients overlap between affected and non-
affected is still present.

Per SNP the Chi-square test is performed, to investigate if individual SNPs differ significantly
between the groups. All data of the Chi-square test is shown in appendix 9. The SNP rs210138
(nearby BAK1) shows a significant difference (p=0.011) but the distribution between the groups is
inverse in comparison with the GWAS-studies; in the affected population the homozygous non-risk
allele is more prevalent. To reach a higher significance and a better separation between the two
groups this SNP is excluded from the RR analysis, see below.

Excluding rs210138 resulted in a higher significance (p=0.002) Table 11 and Figure 10 (blue
boxplot). Analyzing all the Chi-square test results, three more SNPs showed an inverse distribution
between the two groups: rs4699052, rs2736100 and rs7040024. Excluding all four SNPs (also taking
rs210138 into account) increased significant difference further (p=0.001), Table 11 and Figure 10
(red boxplot). As the significance in all three groups for the Levene’s test are above 0.05 equal
variances are assumed.

Table 11: t-test results, groups are divided in affected and non-affected.

Levene's Test for
Equality of Variances t-tesl for Equality of Means
Sig. (2- | Mean |Std Eror % a |
F Sig. 1 af tailed) |Difference | Difierence | Lower Upper t
RRof 17 Equal variances !
FSNPS agsuamed 204 B52 2,495 136 [014] 256506 1,02768 53192 450820] !
k S8 Faenges ot 2374 a4t08| 022 256508 38801) 474211}
gmmm :ggfm"ames 240 625 =311 130 002| 313508| 1ooez| 1.144d0| 512571 |
Equal variances not
assumed 2,949 43,913 005{ 3,13506| 1,06302 90255| 5.27756) E
RR without Equal variances m.-. i
4 SNPs assumed 067 796 3,625 130 001 330767 03831 1.45132| 516401 i
Equal variances not
ol 3471 46340 so1| 830767 efzez| 1.ssge| 62841 |
i
.00 S0 000~
4000 40001 _I_ 4000 o
Z & T
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= - | =
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Figure 10: boxplots, RR for affected and non-affected patients. Green boxplots show the sum of 17 SNP
resulting in a RR. The blue boxplots show the sum of 16 SNP were the SNP rs210138 (BAK1) is excluded.
Outliers are present (dots). In the red boxplots the 4 SNPs are excluded which divide the two groups
{affected and non-affected) poorly. Outliers are present (dots).
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RR risk analysis in the AIS cohort

The AIS cohort includes 53 46-XY DSD patients, of which seven have a GCNIS. As done for the total
cohort, per SNP genotype the Chi-square test was performed, All data is shown in Appendix 10.

When performing the Chi-square test, the results show that more than 20% of the expected values
have a value below 5, so the test cannot be used. Instead the distribution of the genotypes within the
two groups has been analyzed.

Analyzing the RR on all 17 SNPS showed that there was a significant difference (p=0.023) between
the non-affected and the affected group, Table 12 and Figure 11 (green boxplot). As in the total
46XY-group, BAK1 (rs210138) shows an inverse distribution between the groups. This SNP is
excluded from the RR analysis. Excluding rs210138 resulted a significance difference between the
groups {p=0.015) Table 12 and Figure 11 (blue boxplot). Analyzing all the Chi-square test results,
three more SNPs showed an inverse distribution between the two groups: rs4888262, rs1508959
and rs4590952. Excluding all four SNPs (also taking rs210138 into account) increased significant
difference further (p=0.000), Table 12 and Figure 11 (red boxplot). As the significance in all three
groups for the Levene’s test are above 0.05 equal variances are assumed.

Table 12: i-resi vesults, groups are divided in affected and non-affected.

Laveng's Testi
Equality of Variances t-test for Equaiity of Means
Sig. (2- Mean Sid. Error 95% €l
£ 3ig i i tafled) |Diffarence |Difference} LOWer Upper
RRA  Equslvanances 1774 asa| 2344 51 023 s97082| 212087]  71320] 9.22804
SNPs assumed
Equal variances not 1703|6786 34| 497082 291838| -1.97456( 11,91580|
assumed
R Equalvaniances 2,811 sl 2528 51 015 521311| 206498 106749| 935872
without assumed
BAK1  Equal variances not 1730| 6,660 29| 521311 301204 -1.98566! 1241187
assumed
RR Eqgual variances |
S Sah G dman 2,426 26| 5103 51 000l 734702 141488 450504 1018710
SNPs  Equalvariances not 3835 6824 no7| 724702 101601 279258 1190148
assumed
€050 205204 30 501
40 09+ 4009+ <0007
& 30,00 E 30,69 % 3000
% s -
i L L1 L
o - E
& 2000 @ 20007 g 20,00+ -L
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I N e e I
na P2y "~ yae no yes
Affected Affected Alfected

Figure 11: hoxplots, RE for aftected and non-affected patienis. Green boxplols show the sum of 17 SNP
resulting in a RR. Quilicrs are present (dots). The blue hoxplots show the sum of 16 SNP were the SNP
ps210138 (BAKI) is exciuded Outliors arve present [dotsy. In the red boxplots the 4 SNPs are excluded

t
which divide the two groups [afjected and non-affected} poorly.
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Summary t-test
In Table 13 a summary of the t-test is given, Per t-test there is shown which SNP is excluded.

Table 13: Overview of the SNPs and statistical analysis. An overview is given per cohort, For cach
performed t-test is shown which SNP is included (v) and which SNPs are excluded (x) in the RR.

All SNPs t-test, total cohort t-test, AIS cohort
SNP ID Nearby gene 17SNPs -BAK1 -4SNPs | 17SNPs -BAK1 -4 SNPs
1 rs2900333 ATF7IP v v v v
2 rs4624820 SPRY 4 v v v v v v
3 rs210138 BAK 1 v X X v X X
4 rs4699052 CENPE v v X v v v
5 rs17021463 HPGDS v v v v v v
6 rs4888262 RFWD3 v v v v v X
7 rs7221274 PPM1E v v v v v v
8 rs9905704 TEX 14 v v v v ' v
9 rs12699477 MAD1L1 v v v v v v
10 rs4657482 UCK2 \' v v v v v
11 rs2736100 TERT v ' X v v v
12 rs4635969 TERT/CLPTM1L v v v v v v
13  rs7040024 DMRT1 v v X v v v
14 rs755383 DMRT1 v v V' v \ v
15 rs995030 KITLG v v v v v v
16  rs1508595 KITLG v v v v v X
17  rs4590952 KITLG P53 v v v v v X
Rs210138

This SNP shows an inverse distribution between the affected and non-affected groups . According to
the GWAS study (8, 10) the nucleotide G is the risk-allele to develop a TGCT. The nucleotide A is the
non-risk allele. In this study homozygous AA means no risk-alleles, heterozygous AG contains one
risk-allele and patients homozygous for GG have two risk-alleles present,

In the total 46XY-DSD population 60% have no risk-alleles present, dividing per group the
percentages are: affected 83.3% and in the non-affected group 51.0% are homozygous for the A
allele. This means that in contrast to the results found in the GWAS the majority has the non-risk
alleles. The distribution is shown in Table 14. Comparing the total DSD population with the EUR
population the allele frequencies are similar. DSD population A:76.5% G: 23.5% vs the EUR
population A:82% G:18% (33).

Table 14: distribution of amount of rvisk-alleles hetween affected and non-affected patient of SNP
rs210138. in the total 46XY-cohort

Affected
Genotype no yes Total
rs210138 AA 55 25 80
AG 37 5 42
GG 10 0 10
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In the AIS population 62.3% have no risk-alleles. Per group the percentages are: affected 85.7% and
in the non-affected group 58.7% are homozygous for the G allele. This distribution is shown in Table
15. Comparing the total AIS population with the EUR population the allele frequencies are similar.
AlS population A:75.5% G: 24.5% vs the EUR population A:82% G:18% (33).

Table 15 distribution of amount of risk-alleles between affected and non-affected patient of SNP
rs210138, in the AlS-cohort

Affected
Risk-allele no yes Total
rs210138 0 27 33
1 13 14
2 6 6
Total 46 53
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Discussion

The aim of this study is to get better insight in GCT risk in patients with DSD. The hypothesis is that
analysis of 17 SNPs, found in GWAS studies to be associated with TGCT, in DSD patients, can possibly
distinguish between patients who will and who will not develop a GCT. To do so the RR has to be
determined using the OR for all 17 SNPs. As the OR of rs4590952 was not known, this is determined
first. After this the RR analysis in the DSD- and AlIS-populations is discussed.

rs4590952, KITLG p53 RE SNP

The SNP rs4590952 in KITLG which has been found in a p53 response element, is according to
Zeron-Medina in linkage disequilibrium (LD) with another SNP found near KITLG, rs995030 (9) .
Rs995030 has an OR of 2.38 (risk allele G) and is in high LD with rs1508595 according to Kratz (10),
another SNP in KITLG, which has an OR of 2.56 (risk allele G) (8). The obtained OR in this study for
rs4590952 is 2.26 (risk allele G). This OR is not completely in line with the results found for the
other two KITLG SNPs. All three investigated SNPS are in LD with each other according to the
literature. This OR of 2.26 is in line with the ORs of 2.38 and 2.56.

The G allele has an increased frequency in the Caucasian compared (80%) to the African population
(24%). Looking at the allele frequency for rs4590952 in the Caucasian male population the
frequency of the G allele is 82% (9). The G-allele frequency in the TGCT cohort is 90% an increase of
8% in comparison with the control group. This means that in the affected population the risk-allele
is more present. Which influences, according to the literature (9) cancer risk. This can be correlated
to the high OR of rs4590952. Because this SNP is in the functional p53-binding site, this can
influences the regulation of transcription of the KITLG gene. The ability of p53 to regulate
transcription is essential for tumor suppression. To see if this SNP within the TGCT cohort separated
SE from NS, the allele frequency was calculated in both, This was done using the chi-square test
giving p-values of 0.14 (with CT) and 0.79 (without CT), so no significant differences were found.
This indicates that the genotypes between SE-patients and NS-patients do not differ for this specific
SNP. So no separation can be based on genotyping of rs4590952.

With the OR determined, statistical analysis for all 17 SNPs could be performed on the DSD patients.
Statistical analysis on the total cohort

At first the independent t-test was performed using the RR of 17 SNP on the total cohort of 154
patients with 46XX-DSD and 46XY-DSD. These patients are divided in two groups, with and without
precursor lesion/invasive tumor. There was a significant difference between these groups (p-value
of 0.039). Although a significant difference is found, the 22 46XX-DSD patients are excluded in
further analysis because 46XX-DSD patients seldom develop a GCT.

The t-test was performed using the RR in the total cohort of 132 46-XY DSD patients to see if
patients with (n=102) and without precursor lesion/invasive tumor (n=30) could be distinguished.
Using all 17 SNPs, this resulted in a significant difference between the two groups (p-value of 0.014).
However, there is still an overlap between the two groups as shown in the boxplots (Figure 10].
Because of the overlap these SNPs have no clinical relevance in predicting tumor risk.

The SNP nearby BAK1 (rs210138) showed an inverse correlation (Table 14) compared to the GWAS
studies, as Chung et al. and Kratz et al. find the presence of the G-allele as a risk factor for TGCT. In
the DSD-population analyzed here the A-allele is more present, In patients with a TGCT the
frequency of the A allele is 91.7%. This difference might be explained because of the difference
between DSD-patients with a GCT and men with a TGCT. In the DSD-population, during
embryogenesis no complete testicularization is reached. Whereas patients with a TGCT, which are
used in the GWAS-studies, no underlying problems in sex differentiation is present. This might be
reflected in the genotypes of rs210138.
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Excluding the SNP nearby BAK1 (rs210138) from the RR, the significance increases (p-value of
0.002), but again here there still is overlap between the groups. Excluding three more SNP;
rs4699052, rs2736100 and rs7040024 (near CENPE, TERT and DMRT1 respectively), which showed
a negative effect separating the two groups, the p-value drops down to 0.001. Although again there is
an improved significant difference, the groups still overlap each other. This means that a SNP based
screening as performed here cannot be used in clinical decision making. As these four SNP gave
different results than those found in the GWAS studies, we wanted to see if the supposed associated
genes fall in one or more specific pathways. This could give insight in the development of GCT in DSD
compared to TGCT development in men without DSD. Looking at the 4 SNPs which are excluded in
the RR, the genes CENPE, TERT, DMRT1 and BAK1 are on different chromosomes, protein function
differs and none of the proteins are in the same pathway.

Statistical analysis of the AIS patient cohort

The t-test was also performed in the AIS cohort of 53 patients, to see if patients with (n=7) and
without precursor lesion (n=46) could be distinguished. Using all 17 SNPs for RR analysis results in a
p-value of 0.023. Excluding the SNP nearby BAK1, significance rises, with a p-value of 0.015. But the
boxplots overlap. Excluding three more SNP; rs4888262, rs1508959 and rs4590952 (near RFWD3,
KITLG and KITLG respectively), which show a negative effect on distinguishing these groups, the p-
value drops down to 0.000. With this significance, looking at the boxplots the boxes itself don't
overlap any more. But there is overlap with the whiskers. The RR analysis of the 13 SNPs could be an
additional risk-parameter for developing a GCT.

Within this cohort all affected patients have a precursor lesion and none of the affected patients have
an invasive GCT. Until recently the gonads in complete-AIS (CAIS) patients were removed in
adolescence or directly at birth. These patients have female external genitals. Nowadays a more
conservative approach is taken in which in many CAIS patients the gonads are retained until early
adulthood. This to take advantage of endogenous hormone secretion in which excess androgens
through aromatization are transformed in estrogens resulting in breast development, growth spurt
and a build-up of bone mass. Around fifteen percent of these patients refuse subsequent
orchidectomy (34). This leads to a lack of data regarding long-term TGCT risk in AIS patients. More
factors might contribute to the low GCT risk in AIS patients. The testes have developed normally, and
germ cells undergo apoptosis in early life. Partial-AlS (PAIS) patients are raised male. Phenotypically
they have developed more male external genitals but are not completely male. An orchidectomy is
avoided in these patients because during puberty T is needed to develop secondary sex
characteristics.

Looking if the SNPs excluded from the RR calculations could give insight in the pathways which lead
to pre-cursor/GCT development. As less invasive tumors are found in the AIS population there
might be another pathway involved in the development of the precursor lesion, compared with men
who, invariably, develop an invasive TGCT from the precursor GCNIS when left untreated. BAK1 and
KITLG are in the same pathway (35). BAK1 induces apoptosis (36), within this cohort the affected
group shows that they overall do not carry the risk-allele. It could be that in AIS patients the
precursor lesions do not progress into an invasive tumor, because of induced apoptosis by BAK1 as
expected in the normal situation. Having the risk-allele in BAK1 might prevent apoptosis which
could result in survival of malignant germ cells and ultimately development of an invasive tumor.,
KITLG is in this pathway upstream of BAK1 and also regulates cell survival (37). One of the two SNPs
(rs4590952) is in a p53 binding site. The ability of TP53 to regulate transcription is crucial for tumor
suppression as TP53 conserves stability by preventing genome mutations (14). This might indicate
that polymorphisms in this binding site could influence cancer development (9). As RFWD3 has an
interaction with P53 and functions as an DNA damage checkpoint, this might indicate that p53
functions normally as a tumor suppressor gene. Taken together, analysis of this pathway leads to the
hypothesis that although a precursor lesion can develop, having the non-risk-alleles for these four
SNPs prohibits the development of an invasive tumor.
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Conclusion

In both groups analyzed, total and AIS, for the SNPs shown to be associated with TGCT development,
there is a statistical significant difference between the affected and non-affected groups. In the total
group of 46-XY DSD patients, no clinical relevance is found, as the groups overlap.

Within the group of AIS patients, when four SNPs are excluded in the RR analysis, this results in a
significant difference (p=0.000) between the non-affected and affected groups. The boxplots show a
clear separation between patient groups. This RR analysis could be an additional risk-factor for GCT
development in AIS patients, Because none of the affected patients have an invasive tumor longer
follow-up is needed to gain more information about GCT development in AlS patients. In this study
it is not possible to distinguish affected PAIS and CAIS patients, because only one of the seven
patients is diagnosed with PAIS.

Because of the small number of patients analyzed, 154 patients in the total cohort and 53 patients in
the AIS cohort, the chi-square test per SNP cannot be performed for every SNP, this because the
expected values are below 5 in more than 20% of the expected values. Using larger patient groups a
more robust statistical analysis can be performed and more reliable conclusions can be drawn.
Looking at the AIS group it might be interesting to look further into the function of the genes
associated with the four SNPs which do not show the risk-alleles within the affected groups, as this
does not correlate with the results found in the GWAS-studies. This might give a clue why there is a
low TGCT risk within the AIS patients. To investigate this further in mouse models/cell lines first the
non-risk-alleles must be present in a bigger group of AIS patients. As making a solid conclusion
based on the presence of non-risk-alleles in seven patients is not possible.
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Appendices

Appendix 1: overview subgroups DSD

Sex chromosome DSD 46 XY-DSD

46.XX-D5D

A 47.000Y (Klinefeller syndrome and varanis)
B: 45,X (Tumer syndrome and varianis) 1.

A: Disorders of gonadal (testicular) development
Complele or partial gonadal dysgenesis

2. Ovoleslicular DSD
3. Gonadal regression

C: 45.X46,XY (mixed gonadal dysgenesis)
D: 46,X0046,XY (chimerism)

B: Disorders in androgen synthesis or action

1. Disarders of androgen synthesis
a. LH receptor mutations
b. Smith-Lemli-Cpilz syndrome
¢. Steroldogenic acute requlatory protein mulations
d. Cholesteral side-chain cleavage
6. 3 B-hydmxysteroid dehydrogenase 2
{. 17 p-hydroxysteroid dehydrogenase
9. 5a-reductase 2

2. Disorders of androgen action
a. Androgen insensitivity syndrome
b Dnigs and anvimnmenial modulaines

C: Other
1. Syndromic asscciations of male genital development

(e.g. cloacal anomalies, Robinow, Aarskog, Hand-
Foot-Genital, popliteal pterygium)

. Parsistent Milllerian duct syndrome

. Vanishing testis syndrome

Isolated hypospadias

. Congenital hypogonadotropic hypoyotadisnm

Cryptarchidism

. Environmental influsncss

NI AWM

A: Disonders of gonadal (ovarian) development
1. Gonadal dysganesis

2. Ovolesticular DSD
3. Testicular DSD

B: Androgen excess
1. Fetal
. 3 B-hydroxysteroid dehydrogenase 2
b. 21-hydroxylase
c. P450 oxidoreductase
d. 11 p-hydroxylase
&. Glucocorticoid receptor mutations

Y

2. Fetoplacental
8. Aromatase deficiancy
b. Oxidoreductase deficiency

A Matarnal
8. Matemal virilizing turmours {e.g. luteomas)
b. androgsnic drugs

C: Other
1. Syndromic associations (e.g. cloacal
anomalies)

. Mtllerian agenesis/hypoplasia (e.p. MURCS)
. Uterina abnormalities (e.g9. MODYS)

. Vaginal atresis (e.g. KcKusick-Kaufman}

. Labial adhesions

(2 ST

Hughes IA, Houk C, Ahmed SF, Lee P4, Group LG, Group EC. Consensus statement on management of

intersex disorders. Arch Dis Child 2006;91:554-63,
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Appendix 2: DNA isolation protocols

Protocol 1: DNA isolation from formalin fixed paraffin embedded tissue (FFPE)

Solutions

Xylene

Etanol absolute (EtOHaps)

Lysis-buffer (10 mM Tris.Cl, 100 mM NaCl, 5mM EDTA, 1% SDS, 1 mM CaClz)
Proteinase k (prot k) (10 mg/m])

Phenol /Chloroform

Iso-propanol

2M NaAc

Glycogen 20 mg/ml

T10E! (10 mM Tris.Cl, 1 mM EDTA)

Materials

Tubes, eppendorf 1,5 and 2,0 ml
Top-over
Thermal-incubator 55°C

Procedure

First cut 1 slice of 3 pm thickness for a HE-staining

Cut 2-3 slices (depending on the size of the tissue) of 10 um thickness and transfer it to a
clean, sterile 2 ml eppendorf tube

Add 1 mi xylene

Shake for at least 30 min. in top-over

Centrifuge for 5 min. at 14.000 rpm at Rt

Discard supernatant

Repeat xylene-step for another two times

Add 1 ml EtOHaps to the pellet

Mix well (approximately 15 min. in top-over)

Centrifuge for 4 min. at 14.000 rpm at Rt

Discard supernatant

Repeat EtOHans washstep for another two times

Airdry pellet

Add 800 pl lysisbuffer and mix well by vortexing

Add 75 pl protk

Incubate at 52°C at 1200 rpm until tissue is completely lysed; lysis time varies depending on
the type of tissue processed. Lysis should be done overnight in a shaking thermal-incubator.
Add 900 pl phenol/chloroform

Mix for at least 30 min. in top-over

Centrifuge 5 min. at 14.000 rpm at Rt

Pipet upper aqueous phase to a new clean 2,0 ml tube

DNA is precipitated by adding 80 pl 2M NaAc and 600 pl iso-propanol in case of a biopt add
also 1 ul glycogen

Mix well by turning the tube several times

Incubate minimal 1 hour at-20°C

Centrifuge 10 min at 14.000 rpm at 4°C

Discard supernatant

Add 500 ul 70% ethanol and mix well

Centrifuge 3 min at 14.000 rpm at Rt

Discard supernatant
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Airdry pellet

Dissolve pellet in about 30 pl T1°E? (amount depending on pelletsize)

Load 1 ul DNA on a 0.7% TBE-agarose gel for DNA-quality control, and measure
concentration on the Nanodrop 2000

Store DNA at 4°C or at -20°C if stored for a long time
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Protocol 2: DNA isolation from formalin fixed paraffin embedded tissue (FFPE)

Solutions:
e Xylene
e EtOHaps
o Universal buffer (each chemical 28,6M: citrate acid, KH2POs, H3BO3 and diethylbarbituric
acid, pH 10)
e Protk (10 mg/ml)
¢  Phenol/Chloroform
e Iso-propanol
e 2M NaAc
e Glycogen 20 mg/ml (Roche; 901393)
e TWE!{10 mM Tris.Cl, 1 mM EDTA)

Materials:

e Tubes, eppendorf 1,5 and 2,0 ml
s Top-over
¢ Thermal-incubator 55/100°C

Protocol:

- Firstcut 1 slice of 3 um thickness for a HE-staining

- Cut 2-3 slices (depending on the size of the tissue) of 10 um thickness and transferitto a
clean, sterile 2 ml eppendorf tube

- Add 1 mlxylene

- Shake for atleast 30 min. in top-over

- Centrifuge for 5 min. at 14.000 rpm at Rt

- Discard supernatant

- Repeat xylene-step for another two times, vortex after adding xylene

- Add 1 ml EtOHaps to the pellet

- Mix well (approximately 15 min. in top-over)

- Centrifuge for 4 min. at 14.000 rpm at Rt

- Discard supernatant

- Repeat EtOHabs washstep for another two times, vortex after adding EtOHaps

- {Turn heatblock on 100°C and 52°C)

- Airdry pellet

- Add 500 pl universal buffer solution, mix well

- Heatat 100°C using an heatblock for 30 min at 1200 rpm, put special clips on the Eppendorf
tubes to prevent opening as a result of the pressure on the tubes

- Allow the tube to cool for 5 min

- Add 47 ul proteinase k

- Incubate at 52°C at 1200 rpm until tissue is completely lysed; lysis time varies depending on
the type of tissue processed. Lysis should be done overnight in a shaking thermal-incubator.

- Ad 550 ul phenol/chioroform (1:1)

- Mix for at least 30 min. in top-over

- Centrifuge 5 min. at 14,000 rpm at Rt

- Pipet upper aqueous phase to a new clean 2,0 ml tube

- Check volume

- DNA s precipitated by adding 55 pl 2M NaAc (0,1 volume) and 385 pl iso-propanol (0,7
volume) in case of a biopt add also 1 pl glycogen

- Mix well by turning the tube several times
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Incubate minimal 1 hour at-20°C (overnight is also possible)
Centrifuge 10 min at 14.000 rpm at 4°C

Discard supernatant

Add 500 pl 70% ethanol and mix well

Centrifuge 3 min at 14.000 rpm at Rt

Discard supernatant

Airdry pellet

Dissolve pellet in about 30 pul TLOE1 (amount depending on pelletsize)
Load 1 ul DNA on a 0.7% TBE-agarose gel for DNA-quality control, and measure
concentration on he Nanodrop 2000

Store DNA at 4°C or at -20°C if stored for a long time

Page | 40



Protocol 3: DNA isolation from pBl using saturated Na(Cl

Solutions:
e Blood lysis buffer, NH4Cl 165,8 g; KHCO; 22,4 g; EDTA 7,4 g Dissolved in 800 ml H;0, pH
adjusted to 7,4
e PBS

Nucleus Lysis buffer, Tris 1,21g; NaCl 23,4g; EDTA 0,74g. Dissolve in 800 ml Hz0, adjust pH
to 8,2 with concentrated HCl and fill to 1L with Hz0

e Protk, 10 mg/ml

e 20%SDS

e NaCl, 6M

e EtOHabs

e TioE; (10mM Tris.Cl and 1mM EDTA)
Material:

¢ 50 mltubes
o 2ml Eppendorf tubes

Protocol

- 7 ml anticoagulated blood include in 25 ml Blood lysis buffer (BLB) in 50m! tubes, mix well
- 15 onice, ortilllysed o.n. 4 °C

- Centrifuge 12’ 2000 rpm at 14 °C without brake

- Discard carefully the supernatant.

- Wash pellet carefully with PBS and clean the inside of the tube with a tissue.
- Suspend pellet in 5 ml nucleus lysis buffer, mix well

- Add 75 ml prot. k, mix well

- Add 250 pl 20% SDS, mix well

- Incubate on.at 37 °C

- Add 2 mi saturated NaCl

- Shake 15-20

- Centrifuge 15’ 4500 rpm at RT without break

- Pipet upper layer (without foam) into a new 50 ml tube

- Add 12,5 ml EtOHas mix until a precipitate arises

- Bring the DNA-precipitate into a clean 2 m] Eppendorf tube.

- Dissolve DNA in T10E1

- Store DNA at 4°C or at -20°C if stored for a long time
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