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Summary. Hermaphroditism is a more general term for the discrepancy between the phenotype
and the genotype of sex development than sexual ambiguity, which refers mainly to external genitalia
anomalies. Hermaphroditism is studied on an historical and pathogenetical perspective. Short
embryological summaries are integrated. The defects of sexual differentiation due to a hormonal
deficiency are first studied: androgen insensitivity, steroid 5 alpha-reductase 2 deficiency, defects of
testosterone synthesis, persistent mullerian ducts syndrome. Sexual determinism deficiencies come
after: Turner syndrome, XX males, pure gonadal dysgenesis, and true hermaphroditism, mixed
gonadal dysgenesis, Drash and Frasier syndrome. Tumors of dysgenetic gonads followed. Mixed
tumors developed in dysgenetic gonads are gonadoblastoma and dysgerminoma. Sex cord tumors are
androgen insensitivity associated tumors, Leydig cells tumors and adrenal cell inclusion tumors. New
perspectives open by sex reversion genes are open.
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INTRODUCTION

Hermaphroditism is a general term covering all the discrepancies between the
phenotype and the genotype of the sexual apparatus. This type of pathology is well
known since antiquity and can be found in painting, sculpture and novels. It is
frequently observed at birth and a sexual ambiguity may be the cause of trouble for
sex declaration. Antenatal diagnosis introduced new problems such as pregnancy
medical interruption. In some other cases the diagnosis is delayed until puberty
with primary amenorrhea. Historically the understanding of these cases improved
with medical endocrinology first and later on with molecular biology
developments. New concepts and new tools are still under development [1, 2].

SEXUAL DIFFERENTIATION

Historically, the freemartins observations of two puppies of different sex
sharing the same placenta and developing sexual ambiguity at birth led to the
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discovery of sex hormones. Testosterone and dehydrotestosterone were first
isolated. Later on the antimullerian hormone was discovered. It is well known that
at an early stage of embryology before the gonad differentiation, wolfian and
miillerian structures are present. The testis induces male differentiation by
testosterone stimulation of the Wolfian duct and AMH cause Mullerian duct
regression. The reverse happened in case of ovary differentiation of the gonad
(Figure 1).

SEXUAL DIFFERENTIATION PATHOLOGY

Complete androgen insensitivity syndrome was first isolated and
understood (past feminizing testis) [4, 5, 6, 7]. Androgen receptor gene is located
on chromosome X short arm (HUMARA) and gives a cytoplasmic protein first.
The androgen fixation site has less affinity for testosterone than for
dehydrotestosterone, which results from testosterone transformation due to steroid
5 alpha reductase 2 in the peripheral genital organs. After DHT fixation the
androgen receptor migrates into the cell nuclei and gets attached to DNA through
two zinc finger structures (Figure 2).

There is also a site for androgen receptor dimerisation on the protein. In case
of complete deficiency of the androgen receptor, the phenotype is female with no
pilosity at puberty and a primary amenorrhea leading to the 46XY karyotype
discovery as well as to the absence of uterus on X-rays or ultrasounds. There are
two testes frequently in the abdominal wall in the middle in front of pubis. The
testis has a leiomyoma outside of the albuginea, which is a good marker of the
disease. Sometimes an early diagnosis is made after birth by the discovery of a
testis in an inguinal hernia under repair (Figure 3).

When testes are removed later on they are frequently sausage shaped with
multiples nodules inside, corresponding to some variety of Sertoli adenoma with a
spindle cell stroma between the tubules deprived of germ cells (Figure 4). The
stroma becomes preponderant while aging. Prophylactic gonadectomy is
recommended even if the cancer risk is low around 1% because the gonads are of
no use.

The earlier gonadoblastoma detected is around 7 years, and some clinicians
recommend a gonadectomy only after puberty. Familial forms of the disease are
well known and preponderant, however sporadic cases due to neomutations
represent 10% of cases.

Mutations involved more frequently the DNA binding site, but they can be
found also in the steroid-binding site. Mutations are always present in cases of
complete androgen receptor deficiency. The uterus absence is explained by AMH
secretion by the Sertoli cells of the testis, which induces the miillerian duct
regression. The female external genitalia are due to the complete defect of local
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androgen receptor. The role played by androgen cofactors is still under study.
There are animal models of the disease.

Male pseudohermaphroditism is always 46XY and has to be split into
defects of androgen peripheral activity (partial androgen receptor deficiency,
steroid 5 alpha reductase type 2 deficiency) and defects of testis synthesis of
testosterone.

The sexual ambiguity observed is more or less important and there is no good
correlation with the related deficiency. There is a prater grading system of the
genitalia abnormalities. In some difficult cases two different enzymes deficiency
may coexist, each one inherited from one of the parents.

The clinical aspect of androgen receptor partial deficiency and of steroid 5
alpha reductase 2 is very close [8]. Genitalia are ambiguous with a prominent
clitoris and no scrotal folds fusion on the midline surrounding a central orifice.

There is a vaginal pouch opened on the posterior urethra seen on
urethrography. The vaginal upper part is missing as well as the uterus. Testis is
present. For partial androgen receptor deficiency the testis anomalies are the same
as for complete androgen receptor insufficiency.

In case of steroid 5 alpha reductase type 2 deficiencies there are no nodular
formations and tumors are exceptional. The pattern observed later in life is a Sertoli
cell only one. In case of partial androgen receptor deficiency mutations are rarely
found. However in some familial cases a same mutation can give either a complete
or a partial defect in the same fraters.

For steroid 5 alpha reductase type 2 mutations are present at different sites of
the enzyme which are more or less specific from one country suggesting strongly a
founder effect. For the last case there is a mammary development at puberty and a
sexual behavior reversal. It is considered to be due to the steroid 5 alpha reductase
type 1 liver activity apparition at this age.

Treatment varies according to the surrounding and the cultural background.
Testosterone synthesis deficiencies in the testis mitochondria are revealed by a
sexual ambiguity in 46XY patients. The testis appears normal but Leydig cells are
absent or with clarified cytoplasm.

The immunohistochemical detection of the different P450 molecules
associated to the enzymes of testosterone synthesis show that Leydig cells are
present but look like fibroblasts.

In consequence the so-called Leydig cell agenesis is most of the time due to
an enzyme deficiency. The same pattern happened in case of combined enzyme
deficiency or of LH receptor deficiency.

Persistent miillerian duct syndrome is another endocrine deficiency where
a 46 XY male has a bilateral intra-abdominal transposition of the testis and a
persistent uterus with an upper vaginal pouch opened in the urethra. The discovery
is surgical and the surgical problem is that the deferents are embedded in the uterus
wall [10].



44 F. Jaubert et al.

SEXUAL DETERMINISM

The regular somatic karyotype obtained from blood lymphocytes shows
regularly that females are 46XX and males 46XY. For a while peoples advanced
that sex determination was based on blood group substances expression on the cells
of the HY type. This hypothesis was completely dropped out after molecular
biology development. It appears that there is a TDF region (testis determining
factor) on the short arm of chromosome Y.

SRY is the gene found in the TDF region, which is responsible of male
determinism. SRY is a small gene with one exon and HMG box allowing its
fixation to DNA. Its transgenic insertion in XX mice induces 30% of male
development. The SRY protein can be detected immunohistochemicaly in the testis
during development and in maldevelopped gonads [11, 12, 13, 14]. The SRY gene
is in fact part of a cascade of events involving upstream genes like WT1 and SF1
and downstream genes like AMH.

SEXUAL DETERMINISM PATHOLOGY

Turner syndrome, XX males, pure gonadal dysgenesis, true
hermaphroditism, mixed gonadal dysgenesis Drash and Frasier syndrome are
illustrations of abnormal sex determinism. Turner syndrome, even it is not a
hermaphroditism, has to be studied for a better understanding. It is linked to 45XO
karyotype, giving a short stature, a web neck and primary amenorrhea. Antenatal
diagnosis is evocated by a median neck hygroma.

Pregnancy interruptions showed that the ovaries contained initially an
insufficient number of primary follicles and that they were disappearing around
birth. This primary follicle senescence is the cause of the amenorrhea. Gonads
remain as fibrous streak all the life long in these people.

But Turner-like syndromes with a XX, XO karyotype turned out to have a Y
fragment as shown by FISH (Fluorescent /n Sifu Hybridizations). Such cases have
a risk of 15% of developing a malignant germinal tumor such as a gonadoblastoma
or a dysgerminoma. That is the reason why a clinical survey and gonad removal is
recommended [15].

XX males have a short stature also and two testes in normal position. In a
minority of cases the SRY gene is present and translocated to X chromosome short
arm or less frequently to an autosome. When SRY is on the X chromosome there is
a family transmission with a normal father having the abnormal chromosome. The
children are either XX males or true hermaphrodites [16, 17, 18].

Pure gonadal dysgenesis has a complete female phenotype, with uterus and
vagina [16, 19]. Diagnosis is most of the time done at puberty because of primary
amenorrhea. Streak gonads are found bilaterally and the karyotype is 46 XY.
Streak gonads are remnants of maldevelopped gonads whatever their origin. In



Hermaphroditism pathology 45

many cases some primary tubules can be found as well as a rete testis. When all
these elements are missing there is generally a SRY mutation (Figure 5).

However, SRY mutations explain only 10% of cases. The underlying
mechanism remains unknown for the others. Dysgenetic gonads with Y
chromosome are at risk of developing a germ cell tumor in 30% of cases:
gonadoblastoma, dysgerminoma and have to be removed.

True hermaphroditism is frequently revealed by a sexual ambiguity or a
clitoromegaly. Its definition is the presence in the same person of two types of
gonad differentiation: ovary and testis. Karyotype varies from 46XX to 46XX, XY
but the existence of 46XY cases is controversial because the differential is mixed
gonadal dysgenesis [20]. Most frequently the gonad is an ovotestis. Ovary develops
at one pole and sends an extension around the testis part. The testis albuginea is
abnormal and may contain some primary follicles and the tubules are irregularly
arranged (Figure 6).

Germ cells are present in the tubules but there is no connection with the
epidydimus. The ovary is rich in primary follicles. Frozen sections are of help for
guiding the surgeon in a partial gonadectomy adapted to the elevate sex chosen in
order to have a function. When an ovary is present there is always a homolateral
hemiuterus. Female sex choice is resulting in normal puberty and fertility. By
contrast the male sex choice is giving a spontaneous puberty but infertility and in a
few cases mensual swelling of the scrotum due to the maturation of residual
follicles. Altering hermaphroditism with an ovary on one side and a testis on the
other are uncommon, less than 10%. The SRY gene can be found by molecular
biology in only 10% of 46 XX true hermaphroditism [13, 21].

However, in very rare cases the mosaicism is not constitutional but limited to
the gonad. The tubule differentiation is not depending on the presence of XY cells
and even in mosaicism part of the Sertoli cells are XX. This fact is demonstrated in
mice as well as in humans. The underlying mechanism remains unknown. Tumor
frequency is estimated around 1% in such cases however there is no series
published correlating the presence of Y material and tumors. There are some
familial forms and animal models in mice and pigs. The genes involved are not
identified at present.

Mixed gonadal dysgenesis associates a testis and a streak gonad. Most of the
cases are clear cut and altering [22, 23, 24, 25]. The karyotype is either 46XY or
46XY, XO. The Y chromosome loss is due to its instability due to DAZ gene
deletion on the long arm. The testis on one side is dysgenetic with well-developed
tubules in the middle and rarefaction of the tubules at the periphery. Some tubules
may also be embedded in the albuginea (Figure 7).

The streak gonad is controlateral with only fibrous tissue composed of
interlacing spindle cells. It can be confused with an ovary stroma. In rare
compound cases one pole of the testis has the streak pattern while the other has a
streak pattern with sometimes some primary sex cord remnants. It has to be
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differentiated from an ovotestis because there are no follicles inside. The sex of
rearing is always male. Germ cell tumor risk is estimated to be around 30%. The
genes involved in the disease are still unknown and DMRT1 gene is a good
candidate.

Drash syndrome associates a male pseudohermaphroditism to a proteinuria
due to glomerulosclerosis and a nephroblastoma [26, 27]. A WT1 mutation is the
cause of this rare syndrome and involves most of the time the third zinc finger digit
of the protein allowing its DNA fixation. In fact complete Drash syndrome is a rare
entity at the crossroad of three circles on a Venn diagram, which is conceptual but
has no statistical value.

Most of the time the diagnosis of Drash is made on two components only.
Gonad anomalies observed during Wilms tumor surgery may be suggestive of the
syndrome as well as a proteinuria due to glomerulosclerosis. Testis anomalies are
covering a spectrum from normal to dysgenetic. Female cases were diagnosed by
molecular biology and ovaries were considered first as normal until precocious
menopause suggests that there is accelerated ovary senescence in such cases. The
role of WT1 in follicle maintenance remains too precise.

Frasier syndrome is another rare syndrome frequently revealed by a primary
amenorrhea. The karyotype is 46 XY and there are two streak gonads [27, 28, 29].
Sometimes females followed for renal insufficiency due to glomerulosclerosis have
amenorrhea at puberty leading to a 46XY karyotype discovery and the Frasier
syndrome diagnosis. Associated tumors are gonadoblastoma, Wilms tumor and
conjunctive tumors. WT1 exons are normal; however there is an intronic mutation
involving the KTS site and leading to an alternative splicing source of a defective
polymerization of WTI1 protein. In consequence there is a spectrum of
abnormalities linked to WT1 mutations leading to gonad anomalies, tumors and
glomerulosclerosis.

DYSGENETIC GONADS TUMORS

Usually tumors of the gonads are subdivided into germ cells derived; mixed
germ cells and sex cord elements derived and sex cord elements only derived. Only
the two latter ones are found in dysgenetic gonads.

MIXED GERM CELL AND SEX CORD CELLS TUMORS OF DYSGENETIC GONADS

Dysgenetic gonads such as streak gonads from Turner-like syndrome 46XO,
XY, mixed gonadal dysgenesis (association of streak and dysplastic testis), pure
gonadal dysgenesis 46 XY (bilateral streak), 46XX, 46 XY hermaphroditism and
androgen insensitivity syndrome are at risk of developing a sequence:
gonadoblastoma, dysgerminoma.
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The risk is linked to chromosome Y material presence in a dysgenetic gonad.
The gene responsible is thought to be TSPY [30], on the short arm of chromosome
Y, which is nearby SRY but differs from it. The risk evaluation is 15% for Turner-
like syndromes XO, XX, it is 30% for pure gonadal dysgenesis XY but is not
calculated for the other cases: true hermaphroditism, androgen insensitivity where
gonadoblastoma may happened (1%). There is no such risk reported for steroid
synthesis enzyme deficiencies.

A gonadoblastoma is a premalignant germ cell tumor equivalent to ITGCN
but developed in a dysgenetic gonad. It is composed of round nest of premalignant
germ cells surrounded by Sertoli or Leydig cells. They are MIC-2 positive. The
nest is surrounded by a continuous basement membrane.

Some foci of basement membrane like material are present inside as small
round proteinaceous concretions and calcifications are frequent. Only the presence
of malignant germ cells inside allows the diagnosis of gonadoblastoma. The usual
marker of malignant germ cells are PLAP and Ckit [32, 33], which are
physiological expressed during development and can remain positive until 2 years
post natal [34, 35].

When a few malignant germ cells are spilling over outside of the epithelial
nests it is an early dysgerminoma (Figure 8). For such cases surgery only is
sufficient, there is no other therapy indicated. However in some cases the tumors
are ruptured during coeliosurgery and are considered as spilled over in the
peritoneum and chemotherapy is given.

Dysgerminoma in dysgenetic gonads is most of the time a voluminous tumor
revealed by a complication. It is composed of a diffuse proliferation of germ cells
like in a seminoma.

Multinucleated giant cells may be present as well as a lymphoid and or an
epithelioid stroma. The important point is to have a sufficient sampling of the
tumor to be able to find a few remaining nests of gonadoblastoma inside the tumor
(Figure 9).

The treatment is that of a malignant tumor. There are no reports of other
malignant components such as yolk sac tumor or choriocarcinoma like in adult
testis. The link between the two previous situations gonadoblastoma and
dysgerminoma is the common background, dysgenetic gonad and malignant germ
cell and the evolution from one stage to the other is supported by the existence of
intermediary forms like early dysgerminoma or the presence of gonadoblastoma
remnants found in dysgerminoma.

Dysgenetic testis developed an intratubular germ cell neoplasia variant, which
can mimic gonadoblastoma when the continuity with the tubules is lost. The
prognosis is good and surgery is sufficient. If the gonads are removed later the
problem is that of a seminoma with associated ITGCN foci.

Gonadoblastoma like structures can be found in testis and ovary of fetuses
and of neonates.
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— Most of the time, atretic structures composed only of Sertoli or follicular
cells arranged in a nest with hyalines bodies inside are confused with
gonadoblastoma but there are no germ cells [36, 37].

— Gonadoblastoma-like structures can be found in the testis of trisomy 18, but
it is at the end of non-coiled maldevelopped tubules.

— Gonadoblastoma-like structures is frequent in young girl’s ovary with germ
cells inside and the immunohistochemical markers are of no value sometimes
according to the age. Serial sections may find an ovogonia in the middle and there
are no complications at follow-up with any treatment (Figure 10).

SEX CORD TUMORS OF DYSGENETIC GONADS
Androgen insensitivity syndrome (AIS)

Paratesticular smooth muscle cells leiomyoma is a good marker of androgen
insensivity syndrome. It is present at birth when a testis is found in an inguinal
hernia in a young girl for example. Its origin is discussed and a mullerian duct
remnant is favored.

Sertoli cell adenoma or hamartoma (because the tubules are non coalescent
and there is an interstitial spindle cell stroma which increases with age) developed
in androgen insensitivity syndrome (Figure 4). They are not present at birth and
appear after 7 years only and growth until puberty. The testis is sausage shaped
with inside nodules. There is a disconnection from the epidydimus and a fallopian
tube structures can be found in 10% of cases. The underlying mechanism is
unknown, but it is sometimes linked to an AMH hypersecretion, which can be
correlated with the enhanced AMH blood level.

Leydig cell hyperplasia sometimes called adenoma is an ill limited focus of
Leydig cells with some remaining tubules inside. It may be linked to AIS or be
completely independent and associated to precocious puberty. Only a few cases of
precocious puberty are due to an activating mutation of the LHR (receptor) of
Leydig cells [38].

In the other cases, no mechanism of hypersecretion is found and the removal
of the foci is going to cure the disease. By contrast, in other cases a testis mass
happened to be composed of Leydig cells only with a pseudocapsule and there is
no clinical singe of secretion. Leydig cells tumors of childhood are always benign.
The surrounding testis is not reported as dysgenetic. They can be found in
Klinefelter syndrome and happened in cryptorchid testis.

Endocrine cell adenoma of the testis in 21-hydroxylase deficiency are
happening also around puberty, they are multinodular and contain some remaining
tubules. They develop mainly in patients who are not following the substitutive
treatment, however they can develop even when the treatment is taken regularly
[39] and are painful. They are composed of a proliferation of large endocrine cells,
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which differ from the Leydig cells. Their adrenal origin from adrenal cell
inclusions is supported by the fact that they have the 11-alpha-hydroxylase enzyme
and are synthesizing cortisol.

Adrenal gland remnants are commonly found in the spermatic cord or
nearby the testis. They are considered as ectopic remnants, which followed the
testis migration and are not linked to any other malformation. They have an
organoid multilayered pattern reminiscent of the adrenal gland.

NEW DEVELOPMENTS

Sexual reversion genes are a new group of genes introducing new ways of
thinking about sex determinism. Sox 9 was the first one and gave sex reversion in
46XY campomelic nanism. Dax on X short arm is giving sex reversal when in
double dose or invalidated on a 46XY background [40]. DMRT1, which regulates
the temperature sexual induction in crocodile, is also present in humans and can
give partial anomalies of testis development [41].

As consequence SRY can be considered as a sexual reversion gene when
translocated on a 46XX background: (translocation on X chromosome or
transgenesis in animals). New gene mutations are appearings: WT1 exon 2
mutations are mimicking androgen receptor complete deficiency and SF1
anomalies [42] are giving testis dysgenesis. New concets and schemes have to be
found.
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Figure 1 — Schematic drawing of urogenital crest,
Wolf and Muller canal evolution according to the
type of sex differentiation. Testosterones stimulate
the wolfian duct development in males and the
AMH induce the mullerian duct regression.
By contrast in female development the missing
testosterone induce Wolf canal regression
and the mullerian duct can develops
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Figure 3 — Schematic comparative drawing
of normal male development and of its
deficiency in partial androgen insensitivity
and steroid 5 alpha reductase type 2
deficiencies
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Figure 2 — Testosterone is produced by testis
Leydig cells. The androgen receptor of the
target tissue has more affinity for
dehydrotestosterone obtained locally by the
action of the steroid 5 alpha reductase type 2
than for testosterone itself. Thereafter the
androgen receptor migrates to the nucleus
to act on DNA and induce various steps of
sex differentiations
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Figure 4 — Two transversal section of complete androgen insensitivity testis at puberty
are showing nodules inside the testis. The nodules are less visible on
HES stained tissue than after AMH immunodetection (x5)

Figure 5 — Streak gonad of a case of pure gonadal dysgenesis 46XY with
SRY mutation showing only fibrous tissue remnants (HES, x20)



Figure 6 — Peripheral portion of an ovotestis at the junction between ovary
and testis showing the surrounding expansion of primary follicles in the
albuginea and the ill organized testis tubules (HES, x20)

Figure 7 — Dysgenetic testis of an altering variety of mixed gonadal dysgenesis
showing the rarefaction of the tubules under the albuginea in the more
severely involved part (HES, x20)
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Figure 8 — Gonadoblastoma developed in a streak gonad. The nodules are composed of
malignant germ cells surrounded by Sertoli or follicular cells on HES. The PLAP

immunochemical stain outlines the malignant germ cells and their spillover
in the nearby tissue. Early dysgerminoma on a gonadoblastoma (x40)
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Figure 9 — Dysgerminoma composed of Figure 10 — Young female ovary with remaining
disseminated malignant germ cells foci of abnormal development of the sex cords
with a lymphoid stroma. A focus where serial sections allowed finding an
of gonadoblastoma is present ovogonia. It is a mimic of gonadoblastoma

at the periphery (HES, x40) (HES, x20)





