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Abstract

“Differences of Sexual Development (DSD),” individuals with rearranged Y chromosome breaks 

in their 46,XY cells are reported with male and female gender phenotypes and differences in germ 

cell tumour (GCT) risk. This raised the question of whether male or female gender and GCT 

risk depends on the site of the break and/or rearrangement of the individual’s Y chromosome. 
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In this paper, we report molecular mapping of the breakpoint on the aberrant Y chromosome 

of 22 DSD individuals with a 45,X/46,XY karyotype reared with a different gender. Their Y 

chromosome breaks are found at different sites on the long and short Y arms. Our data indicate 

that gender rearing is, neither dependent on the site of Y breakage, nor on the amount of 45,X0 

cells in the individuals’ leukocytes. Most prominent are secondary rearrangements of the Y 

chromosome breaks forming di-centric Y-structures (“dic-Y”). Duplications of the short Y arm 

and the proximal part of the long Y arm are the results. A putative GCT risk has been analysed 

with immunohistochemical experiments on some dysgenetic gonadal tissue sections. With specific 

antibodies for OCT3/4 expression, we marked the pluripotent germ cell fraction being potential 

tumour precursor cells. With specific antibodies for DDX3Y, TSPY, and UTY we analyzed their 

putative Gonadoblastoma Y (GBY) tumour susceptibility function in the same specimen. We 

conclude GBY expression is only diagnostic for GCT development in the aberrant germ cells of 

these DSD individuals when strong OCT3/4 expression has marked their pluripotency.
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45X/46XY mosaic DSD; Germ cell tumour risk; OCT3/4 expression GBY expression; di-centric 
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Introduction

The development of male and female gonad cells is controlled by the constitution of the sex 

chromosomes (X and Y) in the surrounding somatic cells. Testicles are formed in the case 

of a 46,XY karyotype, and ovaries in case of a 46,XX karyotype in these cells. Both sexual 

phenotypes represent a stable developmental condition (Capel 2017).

In mice, large-scale transcriptome analyses performed for the gonads’ cells during early 

development reveal that only a few genes with sexually dimorphic expression rates are active 

at the beginning of the gonadal sex determination pathway (Nef et al. 2005; Stévant et al. 

2018). Surprisingly, many of these genes are located on the X and on the Y chromosome.

The putatively genetic nosology of dysgenetic early gonad formation was first reported more 

than 60 years ago with the detection of sex chromosome anomalies in men with Klinefelter 

syndrome (47,XXY; Jacobs and Strong 1959) and in women with Turner syndrome (45,X0; 

Ford et al. 1959). Sex chromosome mosaics (45,X/46,XX/46,XY) are diagnosed first in the 

leukocytes of children born with intersexual phenotypes: hypospadias in males and clitoris 

hypertrophy in females (Sohval 1964; Pfeiffer et al. 1968).

After complete sequence analyses of the human X (Ross et al. 2005) and Y chromosome 

(Skaletsky et al. 2003), 18 functional homologous X-Y gene pairs have been found along 

the short and long arms of both sex chromosomes (Figure 1). Three of these Y genes, 

DDX3Y, TSPY, and UTY, are located in a genomic Y region in the proximal part of the 

short and long Y arm designated as “Gonadoblastoma Y-linked (GBY)” germ cell tumor 

susceptibility region (Page 1987). It suggests that they are involved in the development of 

germ cell tumours (GCTs) occurring in the aberrant germ cells of the dysgenetic gonads of 

individuals with “Differences of Sexual Development” (DSD) and with a Y chromosome in 
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their karyotype (Honecker et al. 2004; Cools et al. 2006; 2011; Vogt et al. 2019, 2021). The 

pre-malignant cellular phenotypes are coined “Gonadoblastoma” (GB) cells, when they are 

surrounded by granulosa cells (Verp and Simpson 1987), respectively, “Germ Cell Neoplasia 

In Situ” (GCNIS) cells when they are surrounded by Sertoli Cells (Hersmus et al. 2008). 

Both cell types are pluripotent because they are also marked by OCT3/4 expression (Cheng 

et al. 2007).

In human male germ cells, the same Y genes, DDX3Y, TSPY, UTY, are involved in 

controlling the proliferation rate of early fetal and adult spermatogonia (Honecker et al. 

2004; Lau et al. 2011; Gueler et al. 2012; Vogt et al. 2021). These germ cells have left their 

state of pluripotency; accordingly, OCT3/4 expression is absent.

“Sex chromosome DSD” individuals with mosaic 45,X/46,XY cells in their leukocyte 

karyotypes are reared with distinct gender phenotypes. However, only in individuals with 

pronounced female sexual ambiguity, a high tumor risk is reported for this “DSD” subgroup 

(Gravholt et al. 2000; Cools et al. 2006; Lindhardt Johansen et al. 2012). The clinical 

decision process for the sexual rearing of these individuals after birth is, therefore, a major 

issue of genetic counseling in children’s hospitals.

Most variable is the risk of gonadal tumor development (5–48%) when the Y chromosome 

in the “Sex chromosome DSD,” 46,XY karyotypes are broken, respectively, rearranged 

(Coyle et al. 2016). We, therefore, wanted to explore whether the location of the breakpoint 

on the Y chromosome of these individuals might have some impact on the clinical decision 

of gender rearing, respectively, on the putative tumor risk of the aberrant germ cells in 

their dysgenetic gonads. For this purpose, we mapped the Y chromosome breakpoints of 

22 individuals reared with different gender phenotypes and explored a putative GCT risk 

in their dysgenetic gonads by immunohistochemical expression analyses with (i) specific 

OCT3/4 antibodies marking the fraction of pluripotent germ cells and (ii) with specific 

antibodies for the Y encoded proteins, DDX3Y, TSPY, and UTY, located in the GBY called 

“germ cell tumor susceptibility region” on the same gonadal tissue sections.

Results

Molecular mapping of Y chromosome break sites in “sex chromosome DSD” individuals 
with mosaic 45,X/46,XY karyotypes

We collected genomic DNA samples of 22 “Sex chromosome DSD” individuals with male 

(11 individuals) and female (11 individuals) gender (Supplementary Table S1) diagnosed 

with a 45,X/46,XY mosaic karyotype and where the Y chromosome was found to be 

broken, and/or rearranged by cytogenetic analyses. We note that GBY3 and GBY11 

were reared with female gender although their gonads are clinically described with small 

immature testis tubules (hypotrophy) and GBY102 was reared with male gender although 

the clinical description of his external genitalia contained the term “clitoris hypertrophy” 

(Supplementary Table S1).

Molecular deletion analyses on their Y chromosomes were performed with 4 PCR multiplex 

assays containing Y gene STS markers for 16 Y genes located in Yp11 and Yq11, 
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respectively (Vogt and Bender 2012). These included the sex determination SRY gene and 

the 3 Y genes of the putative GBY tumour susceptibility region, DDX3Y, TSPY, and UTY, 
respectively. We also analyzed the presence of the Y centromere region by a specific PCR 

assay (for more details see: Material & Methods chapter)

We found that the Y chromosome of these DSD individuals was broken and/or arranged at 

distinct sites on the short and long Y arm (Figure 2). Individuals with male gender displayed 

mainly a break in Yq11; distal to the GBY region and near or in the proximal AZFb interval 

(Figure 2: GBY18, GBY44, GBY56, GBY74, GBY89, GBY118). Three DNA samples 

(GBY78, GBY102; GBY154) were identified with deletion of the GBY candidate genes in 

the AZFa interval in proximal Yq11 and two DNA samples (GBY2, GBY137) displayed 

their Y breakpoints in or distal to the AZFc interval in the distal part of the long Y arm 

(Figure 2).

Breakpoint sites on the Y chromosome of the 11 DSD individuals with female gender were 

more spread. SRY deletions in Yp11 with distinct distal Y extensions were found in four 

of them: GBY135 and GBY163 were broken in the TSPY gene cluster in proximal Yp11.1; 

Y deletion of GBY39 included the complete short Y arm; deletion of the complete GBY 
region in proximal Yp11 and Yq11 was found on the Y chromosome of GBY33 (Figure 

2). Notably, eight DSD individuals with female gender contained a Y chromosome in their 

leukocytes with the presence of the SRY gene and the complete short Y arm, i.e., including 

completely the male sex-determining region: GBY96 displayed a break on the long Y arm in 

Yq11 distal to GBY and the GBY3, GBY11 female individuals displayed Yq11 breakpoints 

similar as six individuals with male gender, i.e., in the proximal AZFb interval (Figure 2). 

Five individuals with female gender displayed a break in the distal Yq11 region of AZFb 

(GBY2; GBY109; GBY114), respectively, a break in distal AZFc (GBY40; GBY120).

Immunohistochemical analyses for putative germ cell tumour risks in gonadal tissue 
sections of “sex chromosome DSD” individuals with Y chromosome breaks

Seven of the 22 DSD individuals with Y chromosome breakage analyzed in this study 

were gonadectomized before puberty (GBY3; GBY18; GBY74, GBY89, GBY96; GBY102, 

GBY137), and five (GBY11; GBY40; GBY109; GBY154; GBY163) after puberty. Some of 

them agreed by written consent to also use some tissue sections from their gonadal biopsies 

for analysis of a putative tumour risk of their aberrant germ cells.

We usually analyzed at least 10 distinct gonadal tissue sections from each specimen and 

performed on these immunohistochemical expression analyses in two steps as suggested 

recently (Vogt et al. 2019). First, we analysed OCT3/4 expression to mark their fraction 

of pluripotent germ cells and secondly, we analysed the 3 GBY candidate proteins 

DDX3Y, TSPY, and UTY, with specific antisera for their expression levels in the visible 

pre-malignant GB/GCNIS cells (for more details see Materials & Methods section).

The analyzed prepubertal samples with male gender, GBY74, GBY89, GBY102 and 

GBY137, contained only a low number of germ cells in their testicular tubules as expected. 

In serial sections of the dysgenetic gonads of GBY74, GBY89, GBY102, and GBY137, 

we found significant OCT3/4 expression only in the samples of GBY74 and GBY89, no 
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expression in the GBY102 sample and expression in only single cells was found in the 

GBY137 left testis tissue sections (Figure 3). These left GBY137 testis tubules already had 

been diagnosed with a Juvenile Granulosa Cell Tumour (JGCT) after birth. This is a benign 

neoplasm accounting for 1–5% of all prepubertal testis tumors (Kao et al. 2015) and might 

explain the low OCT3/4 expression level. Unfortunately, tissue sections of the right testis 

could not yet analyzed because they were not available.

In order to evaluate -comparatively- the expression levels of the GBY candidate proteins, 

DDX3Y, TSPY, UTY, in one sample with strong OCT3/4 against one sample with an 

absence of OCT3/4 expression, we performed immunohistochemical analysis of their 

expression profiles in the dysgenetic gonads of GBY74 and GBY102, respectively (Figure 

4). Only GBY74 contains the 3 GBY candidate genes on his Y chromosome, whereas 

GBY102 contains only the TSPY gene cluster in Yp11 (Figure 2). Significant expression of 

all three GBY candidate proteins was only found in the aberrant germ cells of GBY74, 

whereas GBY102, with an absence of OCT3/4 expression, displayed only low TSPY 

expression. These data confirm the specificity of the three GBY antisera because the 

expression of DDX3Y and UTY was found to be absent as expected due to the absence 

of these Y genes on his di-centric Y chromosome (Figure 2).

Only low OCT3/4 expression was also found in the postnatal (1 month) germ cells of 

GBY137 (Figure 3) along with significantly the expression of all three GBY candidate 

proteins (Figure 5). Most of these germ cells display a Germ Cell Neoplasia in Situ (GCNIS) 

phenotype with large cytoplasm areals. GCNIS cells are described as pre-malignant male 

germ cells surrounded by Sertoli cells (Hersmus et al.2008). The presence of Sertoli cells is 

shown by strong expression of the Anti-Muellerian-Hormone (AMH), a specific marker for 

immature Sertoli cells (Aksglaede et al. 2010), on the same gonadal tissue sections (Figure 

5D). It confirms that these tissue sections indeed also contain JGCT typed somatic tumour 

cells; they originate from immature Sertoli cells (Kao et al. 2015).

Similar immunohistochemical experiments with serial gonadal tissue sections of the 

postpubertal samples of GBY40 and GBY109 demonstrate the predominant presence of 

Gonadoblastoma (GB) cells in the dysgenetic gonads of GBY40. Strong expression of 

OCT3/4 and of the three GBY candidate proteins, DDX3Y, TSPY, UTY is shown in 

the aberrant germ cells of the serial gonadal tissue sections (Figure 6). Obviously, the 

streak gonads of GBY40 still contain some germ cell nests in the undifferentiated gonadal 

tissue (“UGT”) areals, described first by Cools et al. (2006). GBY109 did not display 

any gonadoblastoma histology in her aberrant germ cells and also no streak gonads but 

ovarian atrophy without follicles (Supplementary Table S1). Accordingly, neither significant 

OCT3/4 expression nor of any of the three GBY candidate proteins could be observed in 

serial sections of her dysgenetic gonads (data not shown).
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Discussion

Sexual gender rearing of “sex chromosome DSD” individuals with Y chromosome breaks 
in mosaic 45,X/46,XY karyotypes does not depend on Y break site

In human, the 45,X/46,XY karyotype can be associated with Turner syndrome (TS), 

with mixed gonadal dysgenesis (MGD), earlier also called male pseudohermaphroditism 

(MPH) and with apparently a normal male phenotype, although infertile (Simpson 1978). 

Today, these patient groups are summarized under an umbrella coined: “Differences of 
Sexual Development” (DSD) individuals (Hughes et al. 2006). In the subgroup of “Sex 
chromosome DSD” individuals with rearrangements or break events on the Y chromosome, 

sexual gender assignment in the clinic after birth is challenging (Vidal et al. 2010). Current 

guidelines, therefore, propose child’s/adolescent’s sex assignment first when she/he is able 

to express autonomously her/his perception of gender identity (Weidler et al. 2019).

In this paper, we report that molecular mapping of the break sites on the Y chromosomes 

of 22 “Sex chromosome DSD” individuals does not reveal any gender-specific break site 

region. Remarkably, eight DSD individuals reared with female gender contained a Y 

chromosome with the male sex-determining SRY gene and the complete short Y arm. 

The most prominent example was GBY40 with a di-centric Y chromosome structure 

harboring two copies of the male determining SRY gene and all AZF-Y genes functional for 

spermatogenesis (Vogt et al. 2008; Krausz and Casamonti 2017).

Dicentric Y chromosome (dic-Y) structures with two Y centromeres and two complements 

of the short Y arm are indeed most prominent in the karyotypes of “Sex chromosome DSD” 

individuals (Yang and Hao 2019). Accordingly, 13 dic-Y samples were found in the 22 

individuals analyzed in this study (Supplementary Table S1).

Induction of the first Y chromosome breakage and fusion event in these individuals 

occurred most likely already early during embryonic development. Two daughter mosaic 

cell lines, one with 47,Xdic-Y, and one with 45,X0 karyotype are the consequence. If two 

active Y centromeres are present in the dicentric Y structure they are mitotically unstable. 

Consequently, they break again, thereby extending the first Y deletion and increasing the 

amount of 45,X0 cells in the gonads (Patsalis et al. 2005).

Accordingly, comparative cytogenetic analyses of lymphocytes, fibroblasts and gonadal 

tissue biopsies isolated from monozygotic twin (MZT) samples discordant for sex phenotype 

revealed that the percentage of 45,X0 and 46,XY cells can be significantly different in each 

cell/tissue analyzed (Costa et al. 1998).

However, routinely collecting a gonadal tissue sample of the DSD individuals is not allowed 

in the outpatient clinic. Medical and ethical guidelines permit experimental use of human 

tissues biopsies only after the diagnosis of a significant pathology like the indication of 

tumour cells. Moreover, culturing of metaphase chromosomes in gonad cells required for 

karyotyping is not possible for technical reasons. If a fresh and unfixed gonadal tissue 

biopsy can be requested from the patient, marking the chromosomes required appropriate 
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FISH (Fluorescent In Situ Hybridisation) assays with specific fluorescent chromosome 

markers in the interphase nuclei of the gonadal tissue sections (Mazen et al. 2018).

Molecular Y chromosomal breakpoint mapping with genomic DNA samples extracted from 

fresh gonadal tissue aliquots is however only possible when all cell types in the gonad 

(i.e., Sertoli cells, Leydig cells, interstitial cells and germ cells) will have the same Y 

chromosomal deletion event.

From our patient collection, GBY40 consented to gonadectomy in the clinic because of 

the high tumour risk already detected during her clinical routine diagnostics schedule. 

Accordingly, the gonadal chromosomes of GBY40 were analyzed by FISH with a Y 

specific centromere probe (DYZ3). 15% dic-Y cells and 85% X0 cells could be identified 

(data not shown). In leukocytes, the same mosaic sex chromosome composition was rather 

different reporting 90% dic-Y cells (Supplementary Table S1). Obviously, these data point 

to an inherent weakness of the routine clinical analysis using only blood cells for DSD-

XY chromosome diagnostics. GBY40 gonadal chromosome composition can explain the 

patient’s external female genitalia much better than her leukocyte karyotype.

Putative tumour development in the germ cells of dysgenetic gonads of “sex chromosome 
DSD” individuals with Y chromosome breaks is marked by OCT3/4 expression

Significant risk for tumour development in the aberrant germ cells of DSD individuals with 

a Y chromosome in their karyotype was found first by Scully (1970). It is generally rather 

variable (Verp and Simpson 1987). In patients with DSD and Turner syndrome features, it 

can range between 4 and 60% (Gravholt et al. 2000). Recently, we observed that risk for 

tumour cells in dysgenetic gonads can be revealed best by immunohistochemical analysis 

with OCT3/4 specific antibodies on appropriate gonadal tissue sections; the presence of 

OCT3/4 expression in the germ cells marks their pluripotency, a putative prerequisite for 

further tumour development (Vogt et al. 2019). If present, further support can be gained 

by strong expression of the recently identified GBY candidate proteins, DDX3Y, TSPY 

and UTY, if their karyotype includes a Y chromosome with the GBY tumour susceptibility 

region (Lau et al. 2011; Vogt et al. 2019; 2021). The data reported in this paper, therefore, 

indicates a significant tumour risk in the aberrant germ cells of GBY74, but not of GBY102 

with only low TSPY expression (Figures 3 and 4).

However, we have to keep in mind that DDX3Y, TSPY and UTY proteins are also expressed 

in the male germline in early spermatogonia during their fetal and adult proliferation phase 

(TSPY: Honecker et al. 2004; Lau et al. 2011; DDX3Y: Gueler et al. 2012; UTY: Vogt et al. 

2021). It is therefore challenging to judge any active tumour susceptibility function of the 

same Y genes in the aberrant germ cells of the dysgenetic gonads of DSD-XY individuals 

only by the intensity of their immunohistochemical staining patterns. An example presented 

in this paper is GBY137 with low OCT3/4 expression but significantly expressing the 3 

GBY candidate proteins (Figure 5). Since most of these germ cells displayed a Germ Cell 

Neoplasia in Situ (GCNIS) the phenotype of these germ cells are pre-malignant (Hersmus et 

al. 2008).
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In the testis tubules of normal male germ cells, the GBY associated Y genes start their 

expression after the fetal gonocytes have lost their state of pluripotency (Lau et al. 2011; 

Gueler et al. 2012; Vogt et al. 2021). Consequently, we proposed that their GBY tumor 

susceptibility function must be associated with the presence of OCT3/4 expression in the 

same germ cells marking those germ cells as pluripotent (Vogt et al. 2019). However, we do 

not yet know about possible exceptions from this rule as suggested here from our GBY137 

data.

Strong support for our current view of the reliability of our diagnostic schedule to assess 

putative germ cell tumor risk in the aberrant germ cells of DSD individuals with a Y 

chromosome in their karyotype (Vogt et al. 2019; 2021) as exemplified in this paper by 

the data of GBY40. Predominantly, pre-malignant gonadoblastoma (GB) cells were found 

in the complete dysgenetic gonad, presenting the strong expression of OCT3/4 and all 3 

GBY candidate proteins (Figure 6). These data indicate a strong risk for the subsequent 

development of dysgerminoma tumor cells in accord with Verp and Simpson (1987).

Material & methods

“Sex chromosome DSD” 45,X/46,XY patient group selection for blood and tissue sampling

Blood samples of 22 DSD patients from the subgroup of “Sex chromosome DSD” 

individuals with a mosaic 45,X/46,XY karyotype in their leukocytes containing rearranged 

Y chromosomes with chromosome breaks were routinely collected in the outpatient clinic 

of the children and women hospital, University of Heidelberg, respectively. Gonadal tissue 

sampling was performed from patients who agreed to gonadectomy because of increased 

germ cell tumour risk. Their clinical data are listed with their external and internal gonad 

pathology in Supplementary Table S1 and subdivided into a prepubertal age group: 0–13 

years, and post-puberal age group: 14–35 years, respectively.

Blood and tissue samples were collected only after written patient consent for DNA 

extractions and for diagnostic immunohistochemical experiments according to the 

“Declaration of Helsinki”. The study was approved by the local ethical committee of the 

University of Heidelberg (approval code: S-406/2015). Fresh gonadal biopsies isolated 

during surgical treatment in the paediatric surgical department or in the university women’s 

hospital were fixed in buffered formaldehyde or with Bouin’s fixative solution. Pathologic 

assessment of gonadal histology was performed using current terminology (Ulbright and 

Young 2014).

Molecular PCR assays for mapping centromere and breakpoints on the human Y 
chromosome of the 22 “sex chromosome DSD” individuals

“Sex chromosome DSD” mosaic 45,X/46,XY patients were first selected for putative broken 

or rearranged Y chromosomes by cytogenetic routine analyses. Low amounts of 46,XY cells 

in 45,X0 Turner samples were analyzed for presence or absence of the Y centromere region 

by a sensitive PCR assay described in detail by Knauer-Fischer et al. (2015). Diagnostic 

analyses of the putative Y chromosome breakpoint regions on the Y chromosome of the 22 

patient samples were performed by a PCR multiplex assay with a panel of Y gene-specific 
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sequence-tagged sites (STS) from 16 Y genes as described by Vogt and Bender (2012). 

These Y genes are located in the euchromatic region of the short and long Y arm (Yp11-

Yq11) including all Y genes of the GBY region overlapping with the AZFa genes in 

proximal Yq11 and the AZFb and AZFc interval, respectively. For experimental details and 

set up of the PCR multiplex format, see Vogt and Bender (2012).

Immunohistochemical analyses of “sex chromosome DSD” gonadal serial tissue sections

Immunohistochemical experiments with specific antibodies for protein expression of the 

GBY candidate genes DDX3Y, TSPY and UTY were performed with serial sections of 

the paraffin-embedded gonadal tissue specimen. In parallel, we analyzed protein expression 

of the pluripotent germ cell marker OCT3/4 on the same tissue sections to identify the 

pluripotent germ cell fraction. We used 4–5μm sections from tissue samples fixed in 

buffered formaldehyde, or in Bouin’s fixative and subsequently embedded in paraffin. All 

paraffin-embedded fixed tissue sections were first dewaxed, then rehydrated in decreasing 

concentrations of ethanol. Immunohistochemistry staining was carried out as described 

by Gueler et al. (2012). In short: antigen retrieval was achieved by incubating the slides 

overnight with 0.2 M boric acid, pH 7 at 60 °C, respectively, with 10 mM Citrat buffer pH6 

(AMH) in a microwave. After washing in permeabilization buffer (0.1 M Tris, 0.1 M NaCl, 

0.1% Triton X-100; pH 7.4), endogenous peroxidase was quenched by incubation in 3% v/v 

hydrogen peroxide in methanol for 10 min at room temperature. Sections were incubated 

overnight at 4 °C with the polyclonal antisera, DBY-10, TSPY, and UTY-1, the origin of 

which has been described recently (Vogt et al. 2019; 2021); using the following dilutions: 

DBY-10 (1:500), TSPY (1:3000), UTY-1 (1:60). The presence of pluripotent gonocytes 

in the same dysgenetic gonad tissue samples was analyzed with a monoclonal OCT3/4 

antiserum (Santa Cruz; sc-5279; 1:300 v/v) marking the OCT4A protein variant expressed 

only in still pluripotent fetal germ cells (Cheng et al. 2007). For staining AMH expression in 

JGCT cells (GBY137) we used the polyclonal antibodies: sc-6886 (AMH: 1:400 v/v) from 

Santa Cruz. A secondary biotinylated goat-anti-rabbit antibody (TSPY), goat-anti-mouse 

antibody (DDX3Y; OCT3/4) was applied followed by an avidin-biotin complex (Vector 

Laboratories, Burlingame, CA, USA or Zymed, San Francisco, CA, USA). Finally, slides 

were stained with DAB (3,3’-diamino-benzidine tetra-hydrochloride), respectively AEC 

(aminoethyl carbazole) counterstained with Mayer’s hematoxylin and mounted in Immuno-

Mount.
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Figure 1. Schematic view on GIEMSA staining pattern of human X and Y chromosomes to 
present location of the 18 X-Y functional homologous genes identified by genomic sequence 
analysis of the human sex chromosomes.
Colour code of the Y genes on the short Y arm (blue colour), in AZFa in proximal 

Yq11 (pink colour), between the AZFa and AZFb interval (brownish colour) and in AZFb 

(orange colour) should help to distinguish their distinct locations on the X chromosome. 

The sex-determining gene SRY is marked with bold letters. The coloured stripes on the 

Y chromosome scheme should indicate X-Y homology blocks from putatively distinct 

evolutionary strata.
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Figure 2. Molecular Y chromosome breakpoint mapping on the Y chromosome of 22 “Sex 
chromosome DSD” individuals with rearranged Y structure in a karyotype.
Each DSD individual is listed with a specific GBY number code and her/his gender decided 

for rearing at birth in the clinic (♀: female rearing; ♂: male rearing) in the first two columns 

at the left of this table. The Y genes analyzed for presence (“+”) or absence (“−”) in Yp11 

and Yq11 are listed along the first line of this table. Their colour code point to their location 

in AZFa (marked blue), in AZFb (marked red) and in AZFc (marked violet), respectively. 

The putative GBY germ cell tumour susceptibility region is highlighted by a yellow box 

including also the Y centromere. Two samples, GBY135, GBY163 are broken in the cluster 

of the repetitive TSPY genes in proximal Yp11 (here marked + p(artial). For further details 

see the main text.
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Figure 3. Immunohistochemical OCT3/4 expression analyses in dysgenetic gonads of prepubertal 
“Sex chromosome DSD” male patients:
GBY74 (A), GBY89 (B), GBY102 (C), and GBY137 (D), respectively. Significant OCT3/4 

expression was only found in GBY74 and GBY89. GBY102 does not indicate any OCT3/4 

staining, whereas only single germ cells of GBY137 displayed visible OCT3/4 expression. 

Scale bar lengths given under D corresponds to 100 μm.
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Figure 4. Immunohistochemical expression analyses of GBY candidates, DDX3Y, TSPY, and 
UTY in dysgenetic gonads of GBY74 and GBY102.
Comparison of immunohistochemical staining pattern for DDX3Y (A), TSPY (B), UTY 

(C) in serial tissue sections of GBY74 with positive OCT3/4 staining pattern (left) and of 

GBY102 with the absence of OCT3/4 staining pattern (right). Since the Y chromosome of 

GBY102 is deleted for the GBY candidate genes, DDX3Y and UTY (see Figure 2), only 

TSPY expression is found in some of the aberrant prepubertal germ cells of GBY102. For 

further discussion see the main text. Scale bar lengths given in A and B corresponds to 100 

μm; in C to 50 μm, respectively.
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Figure 5. Immunohistochemical diagnostic of a prepubertal testicular tissue section of GBY137 
diagnosed in the clinic with Juvenile Granulosa Cell Tumor (JGCT) cells in his left testis at birth 
(Table S1).
The significant staining pattern of the 3 GBY candidate proteins, DDX3Y (A), TSPY (B), 

and UTY (C) is observed in the aberrant germ cells of which many display a Germ Cell 

Neoplasia in Situ (GCNIS) phenotype. (D): Staining serial tissue sections with AMH (Anti 

Muellerian Hormone) antibodies marking specifically only immature Sertoli cells confirmed 

the origin of JGCT cells from immature Sertoli cells. For further discussion see the main 

text. Scale bars in A correspond to 50 μm; in B-D to 100 μm, respectively.
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Figure 6. Immunohistochemical analyses of the aberrant germ cells with Gonadoblastoma (GB) 
in GBY40 gonadal tissue sections with female sexual phenotype.
Strong expression of OCT3/4 (A) and of all three GBY candidate proteins, DDX3Y (B), 

TSPY (C), UTY (D) confirms the pre-malignant morphology of the patient aberrant germ 

cell nests present in the so-called “Undifferentiated Gonadal Tissue” (“UGT”) regions of the 

streak gonads as first described by Cools et al. (2006). Scale bars correspond to 50 μm.
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