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Background: Considerable progress has been made  
on genetic mechanisms involved in disorders of sex 
development and on tumor formation in dysgenetic 
gonads. Clinical and psychological outcome of patients 
are, as far as evaluated, unsatisfactory at present. 
Guidelines are emerging in order to optimize long-term 
outcome in the future. 

Data sources: The information obtained in this review 
is based on recent original publications and on the 
experience of our multidisciplinary clinical and research 
group.

Results: This review offers an update on our knowledge 
concerning gene mutations involving in disorders of 
sex development, on the renewed nomenclature and 
classification system, and on the mechanisms of tumor 
development in patients. 

Conclusions: The consensus meeting on disorders 
of sex development has renewed our interest in clinical 
studies and long-term outcome of patients. Psychological 
research emphasizes the importance to consider male 
gender identity wherever possible in cases of severe 
undervirilization. Patient advocacy groups demand a 
more conservative approach regarding gonadectomy. 
Medical doctors, scientists and governmental instances 
are increasingly interested in the set-up of international 

research collaborations. As a consequence, it is expected 
that new guidelines for the optimal care of patients will be 
proposed in the coming years.
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Introduction

Disorders of sex development (DSD) is 
regarded as an umbrella term, referring to 
a group of congenital conditions in which 

the development of the chromosomal, gonadal or 
anatomical sex has been atypical.[1,2] DSD has replaced 
the formerly used term "intersex".

DSD represents a markedly heterogeneous group 
of conditions. On one hand, identical genetic defects 
may result in various clinical presentations; on the 
other hand, a similar phenotype may be the end point 
of different genetic pathways. A detailed insight in the 
stepwise normal process of sex development and the 
different genes involved is essential to understand the 
mechanisms eventually leading to DSD.

Specific subgroups of DSD patients are prone to 
the development of a germ cell tumor (GCT). Their 
individual risk profile can be estimated by combining 
knowledge on the specific gonadal differentiation 
patterns present in patients, and detailed histological 
and genetic diagnostic investigations. 

The process of normal sex development
The embryonic precursors of the gonads and genital 
structures are bipotential, in other words, they have 
the potential to differentiate either into the male or 
female direction, depending on the correct and timely 
expression of specific genes. In mammals, male sex 
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differentiation is initiated by the expression of SRY, 
leading to a cascade of genetic expression mechanisms, 
and finally resulting in the full masculinization of 
internal and external genital structures. In case SRY 
is not (or not correctly) activated, the primitive genital 
structures have an intrinsic tendency to differentiate 
into the female direction.[3] In summary, the genetic 
sex (the presence or absence of the Y chromosome) 
determines the gonadal sex (differentiation of the 
bipotential gonad into the testis or ovary). The 
fetal testis produces hormones (testosterone (T) 
and anti-Müllerian hormone (AMH)), resulting in 
masculinization of the internal and external genital 
strucutres (male phenotypic sex). In the absence of 
(sufficient action of) these hormones, the phenotypic 
sex of the individual will be female.[3,4]

Gonadal sex: formation of the bipotential gonad, 
gonadal differentiation and the origin of gonadal 
dysgenesis
The bipotential gonad develops from the urogenital 
ridge in close association with the future kidney and 
adrenal. In humans, several genes related to this 
process have been identified, namely WT1, SF1 and 
DAX1. A mutation in one of these genes does not 
only result in gonadal dysgenesis (GD), but is often 
associated with specific pathology of the kidney 
(Danys-Drash syndrome, Frasier syndrome, WAGR 
syndrome in case of WT1 mutation) or the adrenal 
(congenital adrenal hypoplasia in case of SF1 or DAX1 
mutation) (Tables 1, 2).

Initially, the undifferentiated gonad does not contain 
any germ cells; they are set apart in the the yolk sac, 

Table 1. Overview of genes involved in the formation of the bipotential gonad and the process of gonadal differentiation[1-8]

Condition Gene Uterus Adrenal pathology Frequently associated characteristics
46, XY DSD with GD
  WAGR, Danys-Drash, Frasier WT1 +/- - Proteïnuria, Wilms' tumor, renal abnormalities
  Steroidogenic factor 1 (SF1) NR5A1 +/- +/- +/- Partial hypogonadotropic hypogonadism 

Mutation can also lead to an isolated androgen biosynthesis
  defect or PAIS-like condition

  Xp21 duplication DAX1 +/- - Duplication: incomplete testis differentiation 
Mutation/deletion: congenital adrenal hypoplasia 

  SRY SRY +/- - -
  SOX9 SOX9 +/- - Campomelic dysplasia
  Desert hedgehog DHH + - +/- Minifascicular neuropathy
  X-linked lissencephaly ARX - - Lissencephaly, epilepsy
  9p24.3 deletion DMRT1 +/- - Mental retardation
  SIDDT syndrome TSPYL1 - - Sudden infant death
  Xq13.3 deletion ATRX - - α-thalassemia, mental retardation
  1q35 duplication WNT4 +/- - WNT4 deletion in 46,XX: hyperandrogenism, Mayer-

  Rokitanski
46, XX DSD with GD
  SRY translocation SRY +/- - -
  SOX9 duplication SOX9 +/- - -
  Palmo-plantar hyperkeratosis RSPO1 +/- - Palmar and plantar hyperkeratosis, squammous cell carcinoma
DSD: disorder of sex development; GD: gonadal dysgenesis; WAGR: Wilms' tumor aniridia genitourinary anomalies mental retardation; PAIS: 
partial androgen insensitivity syndrome.  

Table 2. New classification of DSD[1,2]

Sex chromosomal DSD 46, XY DSD 46, XX DSD 
45, X (Turner syndrome and variants) 
47, XXY (Klinefelter syndrome and variants)
45, X/46, XY and variants
46, XX/46, XY and variants

Gonadal (testicular) dysgenesis
  1. complete GD
  2. partial GD
  3. gonadal regression ovotesticular DSD

Gonadal (ovarian) dysgenesis
  1. ovotesticular DSD
  2. testicular DSD 
  3. GD

Disorder of androgen biosynthesis or action
  1. Disorder of androgen biosynthesis 
  2. Defective androgen action
  3. LH receptor defect
  4. Defective action of AMH or AMH receptor

Androgen excess
  1. Fetal level (e.g. CAH)
  2. Feto-placental level (e.g. Aromatase deficiency)
  3. Maternal level (e.g. maternal ovarian or adrenal tumor)

Others
  (cloacal extrophy, severe hypospadias,…)

Others
   (cloacal extrophy, vaginal atresia, severe epispadias,…)

DSD: disorder of sex development; GD: gonadal dysgenesis; CAH: congenital adrenal hyperplasia; AMH: anti Müllerian hormone.
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from which they migrate and disseminate over both 
gonads during the fourth and fifth weeks of pregnancy.[9] 

During the sixth week, SRY, and immediately 
thereafter also SOX9 are expressed in the presence 
of a Y chromosome, under the influence of specific 
regulatory genes (SF1 and WT1 among others).[3] The 
activated SRY-SOX9 tandem is at the top of a cascade of 
genetic reactions, controlling the gradual differentiation 
of the gonad, first into a primitive testis with sex cords 
(primitive organization of germ cells and polarized 
Sertoli cells, characterized by SOX9 activation), then 
into a more mature testis with seminiferous tubules.[10] 
A rigorous time schedule, a continuous balance between 
activating and inhibiting mechanisms, and a correct 
dosage of gene products are essential in this process: due 
to the cascade effect, a minor aberration can have major 
consequences for testis development.[3-5] 

For a long time it was believed that the absence of 
SRY automatically leads to full ovarian differentiation, 
characterized by the initiation of meiosis of the germ 
cells and the organization of germ cells and granulosa 
cells into primordial follicles. However, at present, a 
number of genes essential to this process have been 
identified, such as WNT4, FOXL2 and RSPO1[3,4,11] 
so the process of ovarian differentiation is no longer 
considered as the default pathway. The finding of streak 
gonads and primitive sex cords instead of ovarian 
follicles in 46, XY (SRY negative) females is in line 
with this hypothesis (personal observations). 

Recently, a mouse model was proposed in which the 
decision towards testicular or ovarian differentiation 
depends on the balance between two opposing signals: 
in the bipotential gonad, FGF9 and WNT4 are equally 
expressed. SOX9 induces upregulation of FGF9, which 
leads to an imbalance between FGF9 and WNT4, and 
thus testis formation is initiated. In the absence of 
SOX9 (in the XX gonad), WNT4 is upregulated and 
ovarian differentiation is initiated.[12] Whether this 
model is correct and applicable to the human gonad 
remains to be elucidated.

Phenotypic sex: hormonal disturbances at the 
origin of under- and overvirilization syndromes
In the absence of testicular hormones, Müllerian 
structures differentiate into tubae uterinae, uterus and 
the upper part of the vagina. From the urogenital sinus, 
the lower vagina, the clitoris and the labiae minorae are 
formed. 

Hormonal production by the primitive testis is 
initiated in early pregnancy: from the ninth week of 
pregnancy onwards, Sertoli cells produce AMH, leading 
to regression of the Müllerian ducts.[10,13] Inhibin B, 
another Sertoli cell product, is important for germ cell-
Sertoli cell interaction.[14] Shortly thereafter, Leydig 

cells start their hormonal production: insulin-like factor 
3 (INSL3) is involved in the transabdominal phase of 
testicular descent,[15] while T leads to masculinization 
of internal and external genital structures: the Wolffian 
ducts develop into epididymis, vas deferens and 
seminal vesicles, and the urogenital sinus differentiates 
into the prostate, scrotum and penis with the meatus 
urethrae on top of it. In contrast to the internal genital 
structures, the urogenital sinus is not sensitive to T 
itself, but to its metabolite dihydrotestosterone (DHT), 
which is formed locally under the influence of the 
enzyme 5α-reductase.[4]

At present, one gene is known to be involved in 
Müllerian duct development in humans: a mutation in 
the WNT4 gene has been associated with the Mayer-
Rokitanski syndrome (congenital absence of tubae, 
uterus and upper part of the vagina), in association 
with hyperandrogenism.[16] In mice, the involvement of 
several other genes has been described.[13] 

Androgen synthesis takes several steps (Fig. 1). A 
defect in the production (Smith-Lemli-Opitz syndrome) 
or transport (steroidogenic acute regulatory protein 
(StAR) deficiency) of its precursor cholesterol results in 
severe undervirilization (besides other characteristics), 
as well as a mutation in the gene encoding the LH/
HCG receptor (Leydig cell hypoplasia).

Mutations are described in every single gene 

Fig. 1. Schematic overview of androgen biosynthesis in the testis. 
Androgen biosynthesis is a stepwise process, starting from cholesterol. 
In the Smith-Lemli-Opitz syndrome, the last step in cholesterol 
synthesis (the formation of cholesterol from 7-dehydrocholesterol) 
is disturbed. A defect in the transport of cholesterol is caused by the 
absence of its transportation protein (steroidogenic acute regulatory 
protein (StAR) deficiency). Testosteron biosynthesis is initiated 
after LH stimulation, which binds to the Leydig cell via its LH/HCG 
receptor. Several enzymes are involved in androgen biosynthesis 
(cholesterol side chain cleavage, 17α-hydroxylase, 3β hydroxysteroid 
dehydrogenase type II, 17β hydroxysteroid dehydrogenase type III) 
as well as the P450 oxidoreductase, a necessary cofactor for the P450 
enzyme complex. Testosteron is converted into dihydrotestosteron at 
the target cell via the enzyme 5α-reductase. Both hormones act through 
binding to the androgen receptor.
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involved in androgen biosynthesis (P450scc, P450c17, 
3βHSDII, 17βHSDIII, 5α-reductase), and in the gene 
encoding the enzyme P450 oxidoreductase (POR), 
functioning as an indispensable cofactor for the P450 
enzyme complex.[17,18] At birth, the resulting phenotype 
for all of these conditions is highly variable from 
normal female to pronounced genital ambiguity. Two 
conditions, namely 17β-hydroxysteroid dehydrogenase 
(17β-HSD) deficiency and 5α-reductase deficiency, 
are characterized by pronounced virilization during 
puberty, presumably due to the activation of iso-
enzymes that are inactive during fetal life. In all cases 
of 46, XY undervirilization, the uterus is absent due to 
the preserved action of AMH (the defect only concerns 
T synthesis or its bioactivity). 

The androgen insensitivity syndrome (AIS) is 
characterized by partial (partial AIS, PAIS) or no 
androgen action (complete AIC, CAIS) at all, in spite 
of a normal or elevated T production. This is due to 
a mutation in the androgen receptor and results in an 
unambiguously female phenotype with abdominal, 
inguinal or labial testicles in CAIS, whereas in PAIS, 
a variety of clinical phenotypes is possible, depending 
on the degree of residual androgen activity.[19,20] The 
gene encoding the androgen receptor is located on Xq 
containing 8 exons. In all of them, several mutations 
have been demonstrated, and genotype-phenotype 
variation has been described within the same families 
affected by PAIS.[21] Female carriers have no symptoms 
but can pass the gene defect to their offspring. 

During fetal life, virilization can occur due to 
excessive androgen production by the female fetus 
itself, by the mother, or by the placenta, causing the 
development of a (micro) penis, labial fusion and 
insufficient outgrowth of the vesicovaginal septum, 
which leads to the presence of a urogenital sinus, 
mostly in a hypospadic position. Excessive fetal 
androgen production is mostly due to mutations in 
genes encoding enzymes involved in steroidogenesis 
(P450c21, P450c11β), and results in congenital 
adrenal hyperplasia (CAH).[17] Increased androgens 
are produced by the placenta in the rare case of 
fetoplacental aromatase deficiency, which is due 
to a defect in the P450aro gene, responsible for the 
conversion of T into estradiol at the fetal and the 
placental level. This defect causes increased androgen 
levels and virilization in both the fetus and its 
mother.[17] In 46, XX DSD overvirilized patients, the 
internal genital structures are always female (including 
the presence of a uterus): functional ovaries are present, 
and there is no AMH production, allowing normal 
development of the Müllerian structures, whereas the 
Wolffian ducts disappear since they are only sensitive 
to the paracrine action of T (thus, Wolffian structures 

do not develop under the influence of increased T levels 
from adrenal origin). The different genes involved in 
the development of undervirilization or overvirilization 
are summarized in Table 3.

 
Classification of DSD
Several classification systems have been developed in 
the past to offer a comprehensive overview of DSD.[4,24] 
However, none of them has managed to summarize the 
different forms of DSD in an unambiguous way. This 
was in part due to the existing nomenclature designating 
the various disorders: terms such as "intersex", "male 
or female pseudohermaphroditism", "hermaphrodite", 
"dysgenetic male pseudohermaphroditism" are not 
specific, confusing and are experienced as stigmatizing 
and pejorative by several patients. In October 2005, an 
international consensus meeting was organized with 
regard to DSD, bringing together mainly specialists 
from the European, American and Australian 
continents. One of the major topics at this conference 
was a revision of the existing nomenclature, which 
had to become more neutral and less confusing and 
which preferably had to refer to the genetic background 
of DSD. This resulted in the proposal of a new 
classification system, as presented in Table 2.[1,2]

This new terminology was initially strongly 
criticized, mainly by Arabic and African specialists: 
suffering from a "disorder" while not being really 
ill is not accepted in certain cultures, especially if 
the words "sex" or "sex development" are involved. 
Moreover, this classification has some additional 
limitations: The emphasis on the patient's karyotype 
may be irrelevant to patients, as well as from a 
clinical point of view. The proposed terminology 
does not refer to any of the functional or pathological 
characteristics of the dysgenetic gonad, nor does it 
group patients characterized by the same clinical 
phenotype. Therefore it is not considered a useful tool 
in daily clinical practice. At present, however, this new 
terminology and classification is maintained and seems 
to be increasingly accepted all over the world. Presently 
it is considered as a living document, avoiding the 
problems from the past and opening perspectives for 
amelioration. An overview of the revised nomenclature 
with regard to DSD is presented in Table 4.

Gonadal phenotypes in DSD and their risk 
for the development of germ cell tumors
In 46, XX overvirilization syndromes, the gonad 
is always differentiated as an ovary, the source of 
androgens being the mother, the placenta or the fetal 
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adrenals. 46, XY GD and sex chromosomal GD are 
characterized by extreme heterogeneity with regard to 
gonadal differentiation patterns. Our research results 
indicate that the earlier the gonadal developmental 
program is interrupted by a specific genetic defect, 
the less the gonad is able to differentiate into a testis 
or an ovary. The resulting gonadal histology is thus 
located somewhere on a gradual continuum with on 
the one end the well-differentiated testicle and on the 
other the normally differentiated ovary, depending 
on the underlying genetic defect (Fig. 2).[25,26] On 
this continuum, some distinct basic patterns can be 
clearly recognized: normal testis (eventually with 
maturation delay of germ cells), dysgenetic testis, 

Table 3. Overview of genes involved in 46, XY DSD and undervirilization or 46, XX DSD and overvirilization[4,5,7,18,22,23]

Condition Gene Adrenal
  pathology

Diagnostic features Frequently associated clinical
  characteristics 

46, XY DSD with GD

  Smith-Lemli-Opitz DHCR7 +/- 7 dehydrocholesterol↑ Trigonal face, microcephaly, syndactily
  of 2nd and 3rd toes, mental retardation,
  multiple organ abnormalities

  Leydig cell hypoplasia LHGCR - LH↑, response after hCG
  stimulation↓

-

  Congenital lipoid adrenal
    hyperplasia

STAR + Disturbed biosynthesis of
  all steroid hormones 

Adrenal hyperplasia, pubertal delay
  (46,XY), anovulation (46,XX)

  Cholesterol (P450) scc
    deficiency

CYP11A1 + Disturbed biosynthesis of all
  steroid hormones 

Pubertal delay

  3β HSD type II def HSD3B2 + ∆5:∆4 ratio↑, +/- MC insufficiency↑ Pubertal delay
  17α-hydroxylase/17,20 lyase def CYP17 + Pregnenolone↑, progesterone,

  11-deoxycorticosterone↑
17 OH-steroids↓, LH↑

Hypertension, pubertal delay

  P450 oxidoreductase def POR + Features of 21-hydroxylase def,
  17α-hydroxylase/17, 20 lyase def

+/- Antley Bixler craniosynostosis

  17β HSD type III HSD17B3 - T: androstenedion ratio <0.6 Partiial virilization during puberty
  5α reductase type II def SRD5A2 - T: DHT ratio

  (>20 after hCG stimulation)↑
Partial virilization during puberty

  AIS AR - T and LH/FSH (variable)↑, AMH↑ Virilization depending on residual
  receptor activity

46, XX DSD with androgen excess

  3β HSD type II def HSD3B2 + ACTH↑, ∆5:∆4 ratio +/-
  MC insufficiency↑

Mild virilizaton due to ↑conversion
  of DHEA

  21-hydroxylase def CYP21A2 + ACTH↑,17-OHP +/- MC
  insufficiency↑

-

  11 β-hydroxylase def CYP11B1 + ACTH↑, 11-deoxycorticosterone↑,
  11-deoxycortisol↑

Hypertension, normotensive or mild
  salt loosing at young age 

  P450 oxidoreductase def POR + Features of 21-hydroxylase def,
  17α-hydroxylase/ 17, 20 lyase def

+/- Antley Bixler craniosynostosis

  Aromatase def CYP19 - Androstendion↑, T↑, FSH/LH↑,
  oestrogens↓

Maternal virilization during pregnancy,
  absent breast development, delayed bone
  age, PCOS

  Glucocorticoid resistance GRα - ACTH↑, 17-OHP↑, cortisol↑, MC↑,
  androgens↑, absent dexamethasone
  suppression

Hypertension

Ssc: side chain cleavage; HSD: hydroxy steroid dehydrogenase; def: deficiency; MC: mineralocorticoïd; T: testosteron; DHT: dihydrotestosteron; 
OHP: hydroxyprogesteron; PCOS: polycystic ovary syndrome.

Table 4. Overview of the revised English nomenclature with regard to 
DSD[1,2]

Old terminology New terminology
Intersex Disorder of sex development

  (DSD)
Male pseudohermaphrodite 46, XY DSD
  Undervirilisation of an XY male
  Undermasculinization of an XY male
Female pseudohermaphrodite 46, XX DSD
  Overvirilisation of an XX female
  Masculinization of an XX female
True hermaphrodite Ovotesticular DSD
XX male or XX sex reversal 46, XX testicular DSD
XY sex reversal 46, XY complete gonadal

  dysgenesis
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primitive sex cords containing germ cells, streak 
fibrous tissue (without germ cells) with remnants 
of testicular or ovarian differentiation, as indicated 
by respectively SOX9 or FOXL2 positive areas, 
undifferentiated gonadal tissue, which has basically 
the same characteristics as streak tissue but which, 
importantly, contains isolated germ cells, and normal 
ovary (Fig. 3). Moreover, any combination of these 
patterns can be found within the same or the opposite 
gonad of the same patient. Thus other possibly micro 
environmental influences, e.g., the reach of a threshold, 
initiating a cascade of coupled reactions, may play 
a role, besides the genetic defect in a given patient. 
In 46, XY undervirilization syndromes, the gonad 
is differentiated as a testis, in which germ cells are 

usually delayed in their normal maturation process due 
to suboptimal support by the Sertoli cells. These germ 
cells usually survive for some years, but are prone to 
apoptosis, so that in most postpubertal gonads, the 
testis tubules are completely devoid of germ cells 
unless a tumor has emerged.[25,27-29]

It is well known that germ cell tumors, specifically 
the non-invasive precursors carcinoma in situ 
(CIS) and gonadoblastoma (GB), and their invasive 
counterparts seminoma/dysgerminoma and non-
seminoma, occur with increased frequency in patients 
with DSD and Y chromosomal material in their 
karyotype.[30-32] 46, XX overvirilized patients have 
no increased risk. Epidemiological data indicate that 
not the Y chromosome itself determines this risk, 
but the presence of a specific region on Y, called 
the "gonadoblastoma susceptibility region on the Y 
chromosome" (GBY region).[33-35] This hypothesis is 
supported by recent histological and molecular genetic 
research data, pointing at one strong candidate gene 
within this GBY region, the testis specific protein Y- 
encoded (TSPY).[36-39] TSPY is located on Yp, close to 
the centromeric region, some additional copies have 
also been identified on the proximal part of Yq, and 
thus this gene is situated, genetically spoken, very far 
from SRY, which is located on the distal part of Yp. 

Immunohistochemical research has demonstrated 

Fig. 3. A: Area with normal testis differentiation. The testis tubules contain germ cells (arrows). Patient karyotype: 45, X, inv(5) (q22q33.2); 
46, X i(Y9), inv(5) (q22q33.2) (HE, original magnification × 200). B: Area with markedly dysgenetic testis tubules. The testis tubules contain 
germ cells (arrows). Same patient as A (HE, original magnification × 200). C: Area with undifferentiated gonadal tissue. Germ cells (arrows) 
line up with Sertoli/granulosa cells to form cord-like structures that are not differentiated into testis tubules, nor do they form ovarian follicular 
structures. Patient karyotype: 45, X/46, XY (HE, original magnification × 200). D: Testis tubules devoid of germ cells in a background of ovarian 
stroma. Patient karyotype 45, X/46, XY (HE, original magnification × 400). E: Area with streak gonadal tissue. Same patient as D. (HE, original 
magnification × 200). F: Ovarian differentiation pattern, showing germ cells enclosed in primordial follicles. Patient karyotype: 46, XX/47, XXY. 
(HE, original magnification × 200). G: Combination of various gonadal differentiation patterns within a limited area: A: testicular tissue; B: testis 
differentiation in a background of ovarian stroma; C: undifferentiated gonadal tissue; D: gonadoblastoma. Patient karyotype: 45, X/46, XY (HE, 
original magnification × 100).

E F GD

A CB

Fig. 2. The gonadal differentiation patterns that can be found in 
patients with gonadal dysgenesis do not appear strictly separated but 
may constitute a continuum, more or less differentiated into the male or 
female direction (modified from[26]).
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that germ cells residing in a suboptimal environment, 
as seen in patients with GD or undervirilization 
syndromes, are characterized by a process of delayed 
maturation. Germ cells delayed in their maturation 
express OCT3/4 (alternatively called POU5F1), as 
malignant germ cells do. OCT3/4 is a transcription 
factor which is typically expressed in fetal, 
undifferentiated germ cells, but this expression is lost 
around or shortly after birth, thus, normally, postnatal 
germ cells do not express OCT3/4 any more. Germ cells 
in CIS and GB are strikingly positive for OCT3/4, this 
in combination with a very strong TSPY expression.[25, 

28,40-42] The physiological role of OCT3/4 is most likely 
related to the survival of germ cells.[43] Moreover, 
oncogenic activity of OCT3/4 has been demonstrated in 
vitro in tumor cell lines derived from mice embryonic 
germ cells. The exact function of TSPY remains 
unknown, but it is believed to play a role in the mitotic 
proliferation of germ cells.[44] It is hypothesized that the 
observed combination of prolonged OCT3/4 expression 
and increased TSPY expression in the germ cells of 
DSD patients, is of pathogenetic relevance for the 
development of GCT in these patients.[27] At present, 
this hypothesis is further examined.[39]

The invasive seminoma (of the testis) and 
dysgerminoma (of the ovary) and non-seminoma 
represent the end stage invasive tumors arising 
from their non-invasive counterparts CIS and GB. 
Chromosomal characterization and expression analysis 
demonstrate that seminoma and dysgerminoma are 
indeed the same tumors.[45] CIS is only found in well 
differentiated testicular tissue, containing seminiferous 
tubules, whereas GB is found in undifferentiated 
gonadal tissue or in gonadal tissue characterized by 

only rudimentary testis differentiation (in which sex 
cords are found instead of seminiferous tubules).[25,27] 
The degree of gonadal differentiation is not only 
indicative of the type of precursor lesion (CIS or GB), 
but also determines the tumor risk: germ cell tumors 

Fig. 4. Hypothesis for the development of CIS and GB in patients 
with DSD.[25] Model for the development of undifferentiated gonadal 
tissue, gonadoblastoma and carcinoma in situ in the dysgenetic gonad: 
Upper part: In the early embryo, germ cells migrate to the bipotential 
gonads and intermingle with pre-Sertoli/granulosa cells. Middle part: 
from the right to the left: After SRY expression during the 6th week of 
pregnany, pre-Sertoli cells and germ cells organize within primitive sex 
cords. These differentiate into seminiferous tubules under the influence 
of genes downstream of SRY. Specific pathological conditions cause 
a delay in normal germ cell development, leading to an increased risk 
for the development of carcinoma in situ. Lower part: In case SRY 
and/or the downstream cascade is not correctly activated due to a 
mutation in a gene involved in sex development, the gonad remains 
undifferentiated, or primitive sex cords do not develop further into 
seminiferous tubules. Since the activation of specific genes, necessary 
for proper ovarian differentiation also lacks, the gonad remains highly 
undifferentiated. Surviving germ cells within this gonad are at high risk 
for gonadoblastoma formation.

Genital ridge
Germ cell
Sertoli/granulosa cell
UGT
SC

CIS
GB

12th wk: Meiosis: 
Female

Gonadal dysgenesis

Maturation
  delay

6th wk: SRY: Male 

Fig. 5. OCT3/4 and TSPY expression in carcinoma in situ, gonadoblastoma and delayed maturation of germ cells. A: Delayed maturation versus 
malignant changes of germ cells in the testis: Germ cells (red staining, VASA) are normally located on the basal membrane in the postnatal 
testis, but in this testis, they are seen on the basal membrane as well as in the center of the tubules. OCT3/4 positive germ cells are normally only 
encountered in the fetal testis and are then located in the center of the tubules. In this testis, some germ cells have still not lost OCT3/4 expression (blue 
staining), they are located in the center of the tubules (arrows). Thus, these cells are delayed in their maturation, since they remain OCT3/4 positive 
until long after fetal life. However, some OCT3/4 positive germ cells are located on the basal membrane (arrow heads). Thus, these cells remain 
OCT3/4 positive after they made contact with the basal membrane and have to be considered as premalignant. It is to be expected that carcinoma in 
situ (and later an invasive tumor) would have developed later if gonadectomy had not been performed (OCT3/4-VASA double staining, original 
magnification × 400). B: OCT3/4 and TSPY co-expression in gonadoblastoma: Germ cells within the gonadoblastoma lesion express OCT3/4 (red) 
as well as TSPY (blue) (OCT3/4-TSPY double staining, original magnification × 200). C: OCT3/4 and TSPY co-expression in carcinoma in situ: 
Germ cells within carcinoma in situ express OCT3/4 (red) as well as TSPY (blue) (OCT3/4-TSPY double staining, original magnification × 200).
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arise mainly in highly undifferentiated gonadal tissue. 
This explains why an ovotestis (characterized by the 
presence of well-differentiated testicular tubules and 
ovarian follicles in the same individual) has a low 
risk for the development of GCT as compared to other 
forms of DSD (Fig. 4).[46]

Immunohistochemical techniques are used to study 
the degree of gonadal differentiation, as described 
above, but are also essential to perform a detailed 
study of the germ cells. Their number and degree of 
maturation are established, afterwards it is examined if 
their degree of maturation corresponds to their location 
within the seminiferous tubule (Fig. 5). This technique 
allows to differentiate between gonadal maturation 
delay on one hand and early CIS or GB on the other, 
which is otherwise not possible.[28] Consecutively, an 
estimation of the patient's risk for the development of 
an invasive GCT can be made according to the model 
as proposed in Fig. 6.[27] At present, this flowchart is 
based on a limited number of studies and relatively 
small patient series. However, if it turns out to be 
clinically useful, one could use this flowchart in the 
future to predict tumor risk in a specific patient on the 

Table 5. Overview: incidence of GCT in DSD patients[27] 

Risk Condition Risk (%) Proposed management Number of studies Number of patients
High GD (Y+), intra-abd 15-35 Gonadectomy 12 >350

PAIS, non-scrotal 15 Gonadectomy   3     80
Frasier syndrome (Y+) 60 Gonadectomy   1     15
Danys-Drash (Y+) 40 Gonadectomy   1       5

Intermediate Turner (Y+) 12 Gonadectomy 11     43
17β-HSD 28 Strict follow-up; biopsy?   2       7

Low CAIS   0.8 Biopsy / in case of CIS: irradiation or gonadectomy   3   120
Ovotesticular DSD 3 Removal of testicular tissue if possible in case of female GID   3   426
Turner (Y-) 1 None 11   557

Unknown 5α reductase deficiency 0 Unknown   1       3
Leydig cel hypoplasia 0 Unknown   1       2
GD (Y+), scrotal ? Biopsy; in case of CIS: irradiation?   0       0
PAIS, scrotal gonads ? Biopsy, in case of CIS: irradiation?   0       0

GD: gonadal dysgenesis; intra-abd: intra-abdominal gonads; PAIS: partial androgen insensitivity syndrome; CAIS: complete androgen 
insensitivity syndrome; CIS: carcinoma in situ; GID: gender identity.

Fig. 6. Flowchart to estimate the risk for germ cell tumors in DSD 
patients.[27] The risk for the development of germ cell tumors is related 
to the degree and pattern of differentiation of the gonad. *: no risk in the 
absence of germ cells or in the absence of the TSPY gene in PBL and/or 
gonadal tissue.

Undervirilization* Overvirilization Gonadal dysgenesis*

Morphology

Histology

Outcome High risk No ↑ risk

 Ovaries OvariesUGT(Dysgenetic) 
testes

Abdominal, inguinal, 
scrotal testes

Low risk High risk

Maturation 
delay

Pre-neoplastic 
changes

basis of a gonadal biopsy. A limitation to this is the fact 
that one small biopsy in a young child is not necessarily 
representative for the whole gonad,[47] especially in the 
case of DSD. 

The exact risk for the development of germ cell 
tumors in DSD patients is presently under debate. 
In older series, the incidence may vary between 5% 
and 75%. This is on one hand due to insufficient 
diagnostic tools to differentiate CIS from maturation 
delay, leading to important overdiagnosis of CIS, 
and on the other hand due to misclassification of 
clinical syndromes, based on the older, confusing 
nomenclature.[27,28] However, a recent review of the 
literature reveals some interesting data as described 
below:[27]

In cases of undervirilization, the mean incidence 
is estimated at 2.3%. However, according to the 
underlying diagnosis, there are important differences. 
In CAIS, the risk is extremely low, and since this is 
the most frequently encountered diagnosis, the mean 
incidence of undervirilization syndromes remains low. 
The risk is markedly higher in other diagnosis such as 
PAIS and 17β-HSD deficiency, but at present there are 
insufficient data to show a correct incidence of these 
rare syndromes (Table 5). 

In the various undervirilization syndromes, the 
gonads are always well differentiated testes; therefore, 
only CIS occurs in this patient population, and GB is 
never encountered.

It is hypothesized that exposure to androgens 
during and after puberty stimulates the development of 
GCT in male DSD patients. However, the underlying 
mechanism remains to be elucidated (Germ cells do not 
express the androgen receptor; possibly, a Sertoli cell 
mediated mechanism is involved). 

In patients with GD, the mean risk is estimated 
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at 12%. GB is mostly derived from undifferentiated 
gonadal tissue or primitive sex cords. However, CIS can 
also be encountered if some testicular differentiation is 
found within the gonad.[25] 

In undervirilization the risk in GD is probably 
dependent on the underlying diagnosis, but the 
scarce data do not allow an estimation of the risk per 
diagnostic category or per gene defect (Table 5). 

GB and invasive tumors in patients with GD 
occur at a considerably younger age than CIS does in 
patients with undervirilization syndromes. This finding 
indicates that pubertal hormones probably play a minor 
or no role at all in this context, since most GB is found 
before the beginning of puberty. Moreover, very few or 
no hormonal production takes place in undifferentiated 
gonadal tissue.

Conclusion
In recent years, considerable progress has been made in 
our knowledge and management of DSD. 

In the first place, a number of hitherto unknown 
genes involved in gonadal differentiation have been 
described (e.g., SF1, DAX1, RSPO1). Molecular genetic 
research becomes increasingly available, allowing a 
straightforward diagnosis more frequently.

Secondly, extensive research has been done on 
the development of GCT in DSD patients. This opens 
perspectives to estimate tumor risk in the individual 
patient according to the result of a gonadal biopsy, 
provided that the biopsy is analyzed in a specialized 
reference center, which led, in our center at least, 
to a more conservative approach with regard to 
gonadectomy in a number of cases. An important 
limitation to the application of this technique on a wide 
scale is the fact that a gonadal biopsy in a small child 
with DSD is probably insufficiently representative for 
the whole gonad. 

Finally, the 2005 international consensus meeting 
has led to a new nomenclature and certainly also to an 
increased attention for the psychological problems of 
DSD patients. A renewed interest to cooperate in large 
scale international research protocols is noticed, and the 
problems of DSD patients have now been recognized by a 
number of European governmental organizations, leading 
to new funding possibilities for research on this topic. 

As a consequence, it is expected that in the near 
future, this will lead to considerable changes in the 
management of patients with DSD, for example, an 
increased emphasis on a multidisciplinary approach 
of DSD patients, a more frequent choice for the male 
gender, even in cases of severe undervirilization, 
a more conservative approach with regard to 
gonadectomy (e.g., in CAIS and ovotesticular DSD), 

and an attempt to maximize fertility chances in some 
patients by the application of new cryopreservation 
techniques at a very young age. 
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