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ABSTRACT. Sex assignment in newborns depends on the anatomy of the external genitalia, despite
this stage being the final in embryogenesis. According to the current view, the genital tubercle is the
embryonic precursor of penis and clitoris. It originates from mesenchymal tissue, but mesenchymal
cells are arranged across the embryonal body and do not have specific androgen receptors. The nature
of the signal that initiates early derivation of the indifferent genital tubercle is unknown at present.
The aims of this article are to improve surgical management of intersex disorders and investigate the
development of the genital tubercle. Clinical examination of 114 females with various forms of DSD
revealed ambiguous (bisexual) external genitalia in 73 patients, and 51 of them underwent feminizing
surgery. Intersexuality (ambiguity) in 46,XY patients results from disruptors in the pathways of sex
steroid hormones or receptors; in 46,XX females arises from excessive levels of androgens.
Systematization of intersex disorders distinguishes the karyotype, gonadal morphology, and genital
anatomy to provide a differential diagnosis and guide appropriate surgical management. Modified
feminizing clitoroplasty with preservation of the dorsal and ventral neurovascular bundles to retain
erogenous sensitivity was performed in females with severe virilization (Prader degree III-V). The
outgrowth of the genital tubercle and the fusion of the urethral fold proceed in an ordered fashion; but
in some cases of ambiguity, there was discordance due to different pathways. Speculation about the
derivation of the genital tubercle have discussed with a literature review. The genital tubercle derives
from the following 3 layers: the ectodermal glans of the tubercle, the mesodermal corpora cavernosa
and the endodermal urogenital groove. According to the new hypothesis, during the indifferent
stages, the 5 sacral somites have to recede from their segmentation and disintegrate: the sclerotomes
form the pelvic bones, the fused myotomes follow with their genuine neurotomes and the angiotomes
join to the corpora cavernosa of the genital tubercle. Sexual differentiation of external genitalia is
final in gender embryogenesis, but surprisingly derivation of the indifferent genital tubercle from 5
somites occurs before gonadal and internal organs development.
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INTRODUCTION

Human organogenesis begins in the third
week of gestation when the paraxial mesoderm
organizes into segments, known as somito-
meres (somites). During that period, the 3 germ
layers, consisting of the ectoderm, the meso-
derm, and the endoderm, give rise to a number
of specific tissues and organs.’

The first somites appear in the cephalic region
of the embryo at approximately the 20th day of
development, and their formation proceeds ceph-
alo-caudally at a rate of approximately 3 pairs per
day. At the end of the fifth week, the embryo has
42-44 pairs of somites; these consist of 4 occipital,
8 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 8 to
10 coccygeal pairs.'

Each somitomere consists of mesodermal
cells arranged in concentric whorls around
the center of the unit. Somites give rise to
the following 5 components: the myotome
(segmental muscle component), the sclero-
tome (cartilage and bone component), and
the dermatome (forms the skin of the back).
All of these tissues are supporting tissues of
the body; each myotome and dermatome
retains its own innervation and vasculariza-
tion from its originating segments, and
these form the neurotome and angiotome,
respectively.'-?

The vertebral column and ribs retain seg-
mental structure. They develop from the sclero-
tome compartments of the somites, and they
join in the ventral body wall. Each segment
includes all of the following 5 components: a
vertebra connected to a rib (sclerotome), with
intercostal muscles (myotome) beneath, and its
own nerve (neurotome) and vessels (angio-
tome), covered in skin (dermatome). The first
occipital and the last 5 to 7 coccygeal somites
later disappear, while the remaining somites
form the axial skeleton.'

Initially, the genital system consists of (1)
gonads or primitive sex glands, (2) genital
ducts and (3) indifferent external genitalia. All

three components go through indifferent stages,
after which they develop following male or
female pathways. For a review, see refs. 1-5.

The organogenesis of the external genitalia
proceeds from the third to the 12th weeks of
embryonic development. In the third week of
development, mesenchymal cells originating
around the primitive streak migrate to the cloa-
cal membrane to form a pair of slightly ele-
vated cloacal folds.

Cranially of the cloacal membrane, the folds
unite to form the genital tubercle. Caudally, the
folds are subdivided into urethral (anterior) and
anal (posterior). Meanwhile, another pair of
elevations, the genital swellings, becomes visi-
ble on each side of the urethral folds. These
swellings later form the scrotal buds (in males)
and the labia majora (in females).

The external genitalia in both sexes develop
from the genital tubercle, genital swellings, and
genital folds. At the end of the sixth week, the
genital tubercle is indistinguishable between
male and female.'

The indifferent duct system and external
genitalia develop under the influence of
hormones.

In males, the SRY gene on the Y chromo-
some produces testes-determining factor and
regulates male sexual development. Testoster-
one produced by Leydig cells in the testes stim-
ulates development of the mesonephric ducts
into the vas deferens and epididymis. Dihydro-
testosterone stimulates development of the
male genitalia (virilization), consisting of the
penis, scrotum, and prostate. The genital swel-
lings become the scrotum, and the genital
tubercle elongates to form the penis (phallus)
and the penile urethra, which terminates in the
glans penis. The prostate forms in the walls of
the urogenital sinus. For a review, see refs. 1-5.

In the absence or inactivity of androgens, the
fetus remains in the indifferent stages and
becomes phenotypically female. Estrogens stimu-
late development of the external genitalia in
females. In females, the genital tubercle becomes
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the clitoris, the genital swellings become the labia
majora, and the genital folds become the labia
minora. The genital tubercle elongates slightly
and forms the clitoris, which is larger than that in
the male during the early stages of development.
The urethral fold does not fuse, as in the male
embryo, and develops into the labia minora. Geni-
tal swellings enlarge and form the labia majora.
The urogenital groove is open and forms the ves-
tibulum vaginae. For a review, see refs. 1-6.

Abnormal  androgen  effects  during
embryogenesis may cause persistence on
between developmental stages, which may
result in the fetus clinically presenting as
intersexual (disorders of sex development),
or it could result in the fetus developing and
being assigned female sex at birth. For a
review, see refs. 7-16.

Disorders of sex development (DSD) or
intersexuality (ambiguity) are present in
0.018% (1.8 per 10,000 live births) of new-
borns, and the incidence of 46,XY DSD is esti-
mated at 1 in 20,000 live male births. More
than 90% of 46,XX patients (congenital adrenal
hyperplasia) and 46,XY DSD patients (andro-
gen insensitivity syndrome, testicle dysgenesis)
are assigned as females and require for feminiz-
ing plasty.”®

Feminizing genital surgery is considered in
cases of severe virilization (Prader degree of
III-V) and should be performed with introito-
plasty of the common urogenital sinus. For a
review, see refs. 9-18.

Surgical procedures should be anatomically
based to preserve the innervation of the clitoris,
which possesses erogenous sensation and orgas-
mic function.'’

Management of intersex disorders has
been addressed in clinical guidelines, but
appropriate surgical corrections have not
been established in a standardized fashion
for gynecological practice. For a review, see
refs. 9-14.

MATERIALS AND METHODS

Clinical examination of 114 females with var-
ious forms of DSD (Table 1) revealed ambi-
guous (bisexual) external genitalia in 73 patients.
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In total, 51 females (5 to 25 y of age) with
ambiguous external genitalia (Prader degree
III-V) underwent of feminizing surgery
between 2007 and 2016 in the Federal State
Scientific Center of Obstetrics, Gynecology
and Perinatology in Moscow, Russia (Table 1).

All individuals received an assignment of
female gender after clinical examination,
karyotyping, ultrasonography, MRI, laparos-
copy, studies of gonadal morphology, and
hormonal measurement.

Surgical correction was performed according
to the European Consensus (2006, 2009) and
the UK Guidance (2011) on management of
Disorders of Sexual Development (DSD). For a
review, see refs. 9-14.

Adnexectomy recommended in SRY-posi-
tive female patients with androgen insensitivity
syndrome (AIS); 46,XY gonadal dysgenesis,
and ovotesticular DSD, to prevent the develop-
ment of malignancy in adulthood. Gonadal
biopsy in SRY negative patients allow for veri-
fication of ovarian dysgenesis (45,X/46,XX) or
streak-gonads with X-monosomy and mosai-
cism. Feminizing surgery includes clitorore-
duction and introitoplasty, which are intended
to provide sexual function, retain erogenous
sensitivity and achieve a satisfactory cosmetic
result. For a review, see refs. 9-14.

The investigation of gonadal morphology
among patients with DSD was published in
“Studies of gonadal sex differentiation.”"”

Uterovaginal anomalies were researched in the
“New theory of uterovaginal embryogenesis.”*

The degree of external genitalia virilization
was estimated by Prader classification stages I-
V (Table 2).!>1¢

Clitoreduction was performed for patients
with severe virilization (Prader degrees I1I-V).
For a review, see refs. 9-14.

RESULTS

Differential diagnosis of patients with DSD
involves the investigation of Kkaryotype,
gonadal morphology, internal genital anatomy
and degree of external genital virilization,
which guides surgical treatment.
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TABLE 1. The systematization of 114 females with various disorders of sex development (DSD).

Systematization of Intersex Disorders

Gonadal Internal genital  External genital
Nosology Karyotype = morphology anatomy anatomy Surgical treatment N
Congenital adrenal 46,XX ovary uterus and ambiguous feminizing plasty: 29
hyperplasia vagina genitalia clitororeduction,
introitoplasty
Turner syndrome 45,X fibrous streak PMDS female colpopoesis 7
(45,X) gonad
Turner syndrome 45,X/46,XX ovarian uterus and female laparoscopy 8
(45,X/46,XX) dysgenesis vagina normal gonadal biopsy
Turner syndrome 45,X/46,XY fibrous streak, PMDS ambiguous laparoscopy 5
(45,X/46,XY) testicular genitalia gonadectomy;
dysgenesis, feminizing
ovotestis plasty:
clitororeduction,
introitoplasty;
colpopoesis
46,XY gonadal 46,XY testicular PMDS, ambiguous laparoscopy 19
dysgenesis, dysgenesis hypoplastic genitalia gonadectomy;
incomplete form uterus feminizing
plasty:
clitororeduction,
introitoplasty;
colpopoesis
46,XY gonadal 46,XY testicular uterus and female laparoscopy 12
dysgenesis, complete dysgenesis vagina gonadectomy
form (normal or
hypoplastic)
Androgen insensitivity 46,XY testicles PMDS female laparoscopy 14
syndrome, complete gonadectomy,
form colpopoesis
Androgen insensitivity 46,XY testicles PMDS ambiguous laparoscopy 14
syndrome, incomplete genitalia gonadectomy;
form feminizing
plasty:
clitororeduction,
introitoplasty;
colpopoesis
Ovotesticular DSD 46,XY ovotestis PMDS ambiguous laparoscopy 6
46,XX/46,XY genitalia gonadectomy;
feminizing
plasty:

clitororeduction,
introitoplasty;
colpopoesis

Prader’s classification of ambiguous external
genitalia includes the following (Table 2):

e Prader stage O corresponds to females with
normal external genitalia. This includes
females with 45,X and 45,X/46,XX Turner
syndrome and those with a complete form
of 46,XY gonadal dysgenesis and andro-
gen insensitivity syndromes (AIS) who

present with feminine external genitalia
(Prader stage 0).
o Prader stage I is characterized by a slightly
enlarged clitoris. Prader I may be regarded
as a common condition present in the gen-

eral female population.

e Prader stage II distinguishes a mild degree
of virilization and does not require surgi-
cal correction.
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TABLE 2. Classification of ambiguous external genitalia by Prader stages.
Prader stages Clitoromegally Introitus Operation n
0 stage Female phenotype, normal Normal vestibulum vaginae and 25
clitoris labia minora
| stage Slightly enlarged clitoris Normal vaginal orifice 22
Il stage Mild enlarged cliitoris Slightly reduced vaginal orifice Introitoplasty 16
and posterior labial fusion. The
vagina and urethra open into a
funnel-shaped urogenital sinus.
Il stage Clitoromegaly Incomplete posterior fusion of the Clitororeduction, 31
labia minora. The vagina and introitoplasy
urethra share a single opening
in the urogenital sinus.
IV stage Clitoromegaly appears as Complete posterior fusion of the Clitororeduction, 17
male phallus labia minora. The urogenital introitoplasy
sinus opens near of the base
clitoris.
V stage Male phenotype due to Complete fusion of the labial folds. Clitororeduction, 3
penile transformation The urogenital sinus introitoplasy
(male phallus) transforming to penile urethra,
has single orifice at the glans
penis. The normally formed
scrotum empty.
Total 114

e Prader stage III-V is recognized as ambig-
uous genitalia or intersex DSD. Patients
with ambiguous genitalia (Prader degree
III-V) undergo feminizing genitoplasty
according to the European Consensus
recommendations.

e Prader VI stage indicates a normal male
presentation with typical external genitalia
and normal testes in the scrotum.

First-line surgery is performed for patients
with 46,XY gonadal dysgenesis, testicular fem-
inization syndrome and ovotesticular DSD: lap-
aroscopic adnexectomy to remove the testicular
tissue or rudimentary gonads.

Feminizing surgery of the external genitalia
was performed in 51 cases (Prader degree III-
V), and 3 patients of them had V degree of
masculinization.

Feminizing surgery includes clitororeduction
and introitoplasty, which are intended to retain
erogenous sensitivity and achieve a satisfactory
cosmetic result.

The clitoris is innervated by sensory nerves
that pass within the nervus dorsalis clitoridis
and the nervus pudendalis originating from S2-

S5 segments. Surgical incision of the clitoral
glans and corpora cavernosa may risk damag-
ing the innervation, which disturbs the eroge-
nous sensation essential for orgasm. Problems
related with clitoroplasty are decreased sexual
sensitivity, loss of clitoral tissue, and cosmetic
issues. The surgical procedure of clitororeduc-
tion relies anatomically on the precise incision
of the corpora cavernosa and preservation of
innervation of the glans clitoris.

The modified clitororeduction, as opposed to
clitorectomia, is performed by resection of the
corpora cavernosa and preservation of the glans
clitoridis on the dorsal and ventral neurovascu-
lar bundles (Figs. 1 and 2).

The surgical operation stages proceed as fol-
lows. A semilunar incision is made around the
glans clitoridis at a distance of 5-7 mm. The iso-
lated clitoral shaft (body) is completely separated
before the pubic bone. On the sides of the clitoris
shaft, longitudinally lateral cuts of Buck’s fascia
and the tunica albuginea are made. The corpora
cavernosa is sharply mobilized and separated
from the glans clitoris until bifurcation of the crura
clitoridis, and it is cut off just above of symphysis
(pubic bone). The isolated dorsal and ventral
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FIGURE 1. Congenital adrenal hyperplasia.
Prader stage lll. (A) External genitalia before
operation. Clitoromegaly and sinus urogenitalis
resulted of incomplete posterior labial fusion.
(B) External genitalia after clitororeduction and
introitoplasty.

neurovascular bundle is mobilized and preserved,
and the connection to the glans clitoridis is main-
tained. The glans clitoris on the dorsal neurovas-
cular bundle is connected and sutured with the
cult of the resected corpora cavernosa. The ventral
sheaf is underlined on the vestibulum vaginae.
The capuche is formed above the glans clitoris

Makiyan

and around the pudendal labia minora from prepu-
ceal skin.

In patients with a common urogenital sinus,
was performed the Y-shape introitoplasty.
Briefly, the surgery began with vertical cutting
of the urogenital orificium (opening) down to
the perineum. Then, the internal mucosa was
turned outwards, circumcised along the sides
and sewed edge-to-edge with the skin incision.
The widely shaped vaginal introitus was
formed (Fig. 4A, B).

Postoperative examination showed positive
cosmetic results, feminine-appearing genitalia
and preservation of the erogenous sensibility of
the clitoris, vestibulum vaginae and labia minora.

The second-line surgery consists of the
creation of a neovagina, and this is per-
formed for patients with Turner syndrome,
AIS, incomplete 46,XY gonadal dysgenesis,
and ovotesticular DSD with uterovaginal
aplasia.

Systematization of the clinical features and
anatomy of the external genitalia of female
patients with DSD is presented in Table 1,
including some clinico-anatomical differences
in DSD variants.

The complete diagnosis of patterns of inter-
sex disorders is provided by investigation of
the karyotype, gonadal morphology, internal
genital anatomy (Table 1), with indication of

FIGURE 2. 46,XY gonadal (testicle) dysgenesis, incomplete form. (A) External genital view before
operation. Clitoromegaly (appr. 5-6 sm), corresponds to Prader stage IlI-IV. The vagina introitus
normal corresponds to Prader O (arrow).(B) The stage of clitororeduction: separated glans clitoris
connected with dorsal (N) and ventral (V) neurovascular bundles; corpora cavernosa clitoridis (V).
(C) The external genitalia after clitororeduction by recection of corpora cavernosa, in 3 week after

operation.
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external genital virilization stages by Prader
(Table 2).

The major groups of DSD females described
below in the sequence, as they specified in the
Table 1:

v/ 46,XX karyotype — congenital adrenal
hyperplasia;
v/ X chromosome monosomy in the 3 variants
of Turner syndrome;
v 46,XY karyotype - androgen insensitivity
syndrome and gonadal dysgenesis;
v/ Ovotesticular DSD.

Some clinical cases of ambiguity have pre-
sented as most demonstrative.

Patients with congenital adrenal hyperpla-
sia (CAH) have normal ovaries, uterus and
vagina.

The 6 patients of them had uterovaginal mal-
formations; 4 had septate uterus and underwent
hysteroresection, and 2 had duplicated uterus
and vagina.

The 9 patients with ambiguous external geni-
talia had a clitoris larger than 5-6 cm, and 2
patients had Prader degree V masculinization.

Surgical treatment includes clitororeduction
and introitoplasty.

Clinical case. Patient 1, 18 y aged
(Fig. 1A). External genitalia was ambiguous,
corresponds to Prader stage III. She had con-
genital uterine anomaly: subseptate uterus
with normal vagina.

Hormonal measurement before gonadec-
tomy revealed severe hyperandrogenia: LG —
31.7" (3.0-10.0) Eq/l, FSH - 29" (3.0-8.0) Eq/l,
Prl - 297 (120-500) mEq/1, Cortisol - 625 (200-
500) nml/l, DHEAS — 22.8 (0.9-11.7) meml/l,
E2 — 62 (150-480) nml/1, 17-OHP — 143 (6-16)
nml/l, T 254" (1.0-2.5) nml/1.

Surgical treatment includes clitororeduction
and introitoplasty (Fig. 1B). Hysteroresecto-
scopic metroplasy also performed.

Turner syndrome is characterized by X chro-
mosome monosomy and has 3 distinct forms,
for which surgical treatment differs.

» The classical form (45,X) is characterized
by fibrous streak in the gonads and persis-
tence of Mullerian ducts derivates
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FIGURE 3. 46,XY gonadal (testicle) dysgene-
sis. External genitalia corresponds to Prader
stage V. Micropenis and complete labial fusion
to penile (masculine) urethra.

(PMDS). The external genitalia appear
female (Prader stage 0).

The indicated surgical treatment is creation
of a neovagina (colpopoesis) only.

» Cases of 45,X/46,XX mosaicism are char-
acterized by ovarian dysgenesis and a nor-
mal uterus and vagina. The external
genitalia appear female (Prader stage 0).
Most of these patients ovulate and may be
fertile. Surgery is not required.

» Cases of 45,X/46,XY mosaicism are char-
acterized by a streak gonad or streak
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FIGURE 4. Androgen insensitivity syndrome, incomplete form. (A) External genital view after clito-
roreduction. The urogenital sinus opens near of the base clitoris. (B) The Y-shaped introitoplasty.
The vertical cutting of the urogenital sinus opens the orificium. The internal mucosa was turned out-
wards, and located edge-to-edge with the skin incision before suturing. The widely shaped vaginal

introitus was formed.

testes (or ovotestis). These cases are con-
sidered PMDS. The external genitalia are
ambiguous.

Surgical treatment consists of laparoscopy
and gonadectomy, feminizing genitoplasty
(clitororeduction and introitoplasty), and
colpopoesis.

The 46,XY gonadal (testicle) dysgenesis
may present in one of 2 forms.

»In the complete form, the uterus and
vagina are present, and the external geni-
talia appear female (Prader stage 0).

Surgical treatment consists of laparoscopy

and gonadectomy. These patients may

become pregnant by in vitro fertilization

(IVF) using donor oocytes.

» The incomplete form presented of PMDS
(or uterus and vagina). The external geni-
talia are ambiguous.

Surgical treatment consists of laparoscopy
and gonadectomy, feminizing genitoplasty
(clitororeduction and introitoplasty), and
colpopoesis.

Clinical case. Patient 2, 14 y aged (Fig. 2A).
She has normal shaped uterus and vagina.
Severe clitoromegaly (approximately 5-6 sm),
that corresponds to Prader III-IV stages. Vagi-
nal vestibulum had normal orificium (opening).

Hormonal measurement before gonadectomy:
LG -40.7" (3.0-10.0) Eq/l, FSH - 109" (3.0-8.0)
Eq/1, Prl — 297 (120-500) mEgq/1, Cortisol - 425
(200-500) nmi/l, DHEAS - 6.3 (0.9-11.7) mcml/
1, E2—-273 (150-480) nml/l, 17-OHP — 4.3 (6-16)
nml/L, T-6.5" (1.0-2.5) nml/1.

Surgical treatment: gonadectomy and clito-
reduction was performed.

On the Fig. 2B presented the operation
stage of resection of the corpora cavernosa
with preserving the glans clitoridis con-
nected with dorsal and ventral neurovascular
bundles.
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The external genitalia in 3 week after opera-
tion (Fig. 2C)

Clinical case. Patient 3, 19 y aged. She was
assigned as a male newborn, but in 17 y reas-
signed to female gender. Gonads appear as streak-
testes, located in the abdomen and removed lapa-
roscopically. Uterus and vagina are absent.

Hormonal measurement before gonadectomy
revealed hypergonadotropic hypogonadism, low
level of androgens: LG — 13.8" (3.0-10.0) Eq/l,
FSH - 29.2" (3.0-8.0) Eq/l, Prl — 140 (120-500)
mEq/1, Cortisol - 245 (200-500) nmi/l, DHEAS —
1.6 (0.9-11.7) meml/l, E2 — 65.6* (150-480) nml/
1, 17-OHP - 5.0* (6-16) nml/I, T - 0.37* (1.0-
2.5) nml/L.

External genitalia have male phenotype with
micropenis. Complete fusion of the labial folds
persisted, the urogenital sinus transforming to
the penile urethra, with single orifice at the top
of glans penis. This stage corresponds to Prader
V degree (Fig. 3).

First line surgery performed gonadectomy
and introitoplasty; second line — creation of
neovagina.

Androgen insensitivity syndrome may pres-
ent in one of 2 forms.

» The complete form presented of rudimen-
tal structures of PMDS (Fallopian tubes
and uterine rudiments), and the external
genitalia appear female (Prader stage 0).

Surgical treatment consists of laparos-
copy, gonadectomy, and colpopoesis.

» The incomplete form presented of rudi-
mental structures of PMDS, and the exter-
nal genitalia appear ambiguous.

Surgical treatment consists of laparoscopy,
gonadectomy, feminizing genitoplasty, and
colpopoesis.

Clinical case. Patient 4, 14 y aged. Androgen
insensitivity syndrome, incomplete form. Cor-
responds to Prader stage IV. The clitororeduc-
tion was performed before (Fig. 4A). The
urogenital sinus opens near of the base clitoris.
The Y-shaped introitoplasty realized on the
second line (Fig. 4B).

The key differences between AIS and 46,XY
gonadal dysgenesis are that AIS has only rudi-
mental PMDS, while some patients with
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testicle dysgenesis have a uterus and vagina
and thus may become pregnant (by IVF with
donor oocytes). The external genitalia in both
cases may be female or ambiguous.

Ovotesticular DSD is diagnosed by various
karyotype and has PMDS with ambiguous
external genitalia. Surgical treatment consists
of laparoscopy, gonadectomy, feminizing
genitoplasty, and creation of a neovagina
(colpopoesis).

Ultrasound and MRI investigations revealed
the 10.3% of intersexual patients (especially
those with CAH) had uterovaginal anomalies
that required metroplasty.

Uterovaginal anomalies comparatively with
female genital ducts origination are discussed in
“New theory of uterovaginal embryogenesis.”*

Systematization of DSD by distinguishing
gonadal, internal and external genital mor-
phology should facilitate differential diagno-
sis and the choice of an appropriate surgical
correction.

The validity of the current classification sys-
tems of female genital malformations has been
challenged. The proposed VCUAM (vagina cer-
vix uterus adnex - associated malformations)
classification makes it possible to estimate the
anatomy of pathological uterovaginal malforma-
tions.>"**> The structure of the system used to
reflect oncologic tumors in the TNM classifica-
tion served as the basis for establishing a new
classification of genital malformations.*

We encourage the use of the DSD systematiza-
tion to guide diagnosis and management in gyne-
cological practice. Applying the “karyotype-
gonadal morphology-internal genital anatomy-
external genital virilization stages” facilitates
diagnosis and appropriate surgical management.
This systematization may be extended horizon-
tally to include “reproduction” and ‘“hormonal
treatment,” and it may be continued vertically to
describe new atypical anomalies.

DISCUSSION

Sex assignment in newborns depends on the
anatomy of the external genitalia, despite this
stage being the final stage in embryogenesis.
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Systematization of intersex disorders distin-
guishes the karyotype, gonadal morphology,
and genital anatomy to provide a differential
diagnosis and guide appropriate surgical man-
agement (Table 1).

Patients with CAH, Turner syndrome (45,X/
46,XX) and some of 46,XY gonadal (testicle)
dysgenesis have uterus and vagina (Table 1).

The precise ultrasound (or MRI) investiga-
tions of internal organ’s anatomy important for
intersexual females, because 10.3% of them
had uterovaginal anomalies, required additional
surgical correction.

The estimation of external genital viriliza-
tion degree carried out by Prader stages in all
patients (Table 2). The modified feminizing
clitoroplasty with preservation of the dorsal
and ventral neurovascular bundles to retain
erogenous sensitivity was performed only in
females with severe virilization degree, accord-
ing to Prader stages I1I-V.

The outgrowth of the genital tubercle and the
fusion of the urethral fold proceed in an ordered
fashion.

In presented cases of ambiguity in 46,XY
gonadal (testicle) dysgenesis revealed discor-
dance between virilization degree between
clitoris size and urogenital fusion of labial
fold. For example, Patient 2 (Fig. 2A) has
severe clitoromegaly and normal vaginal
opening; but Patient 3 (Fig. 3) has micrope-
nis (looks like normal clitoris) and complete
labial fusion to penile (masculine) urethra.
These cases demonstrate the deviations of
external organs development pathways, due
to different derivations, influences of growth
factors and receptors.

During feminizing surgery detected some
nuances: the branches of clitoris located deep
inside in the labial folds and surround of vestib-
ulum vaginae.

Androgens and estrogens are typically asso-
ciated with sexual differentiation of the genita-
lia and secondary sex characters.

Alfred Jost’s model of sexual differentiation
considers that in the absence or inactivity of
androgen, the fetus remains in the indifferent
stages and becomes phenotypically female
(independently of karyotype or gonadal
morphology).”
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Androgens (testosterone and dihydrotestos-
terone) and estradiol signal by means of andro-
gen receptors (AR) and estrogen receptors
(ERa and ERDb), respectively. While good prog-
ress has been made in identifying the molecules
involved in the initiation of limb budding, the
initiation of genital outgrowth is not well
understood. An interaction between the endo-
derm and the ectoderm at the cloacal membrane
may be an important step in induction of
budding 56242526

Longstanding dogma is that the sexually
indifferent genital tubercle is masculinized by
androgens and that feminization is a default
state that occurs in the absence of androgen
activity, though recent studies of ER mutants
have falsified this hypothesis.’

Thus, in the absence of ERa activity, female
external genitalia are partially masculinized, sug-
gesting that estrogen is required for inhibition of
clitoral growth in females. This raises the intrigu-
ing possibility that basal levels of androgen in
females can lead to masculinization of the genital
tubercle, and estrogen is required to counter the
influence of androgen.>%2%2

Mutations in the androgen receptor (as in the
testicular feminization or Tfm mutation), by
contrast, cause feminization of the external
genitalia, such that Tfm mutant male genitalia
are indistinguishable from female genitalia.?

Mutations in the gene that encodes Sa-
reductase 2, which converts testosterone to dihy-
drotestosterone, also disrupt masculinization of
the genital tubercle and cause defects ranging
from hypospadias and micropenis to complete
feminization of the external genitalia.>*’

Together, these results suggest that the bal-
ance of androgens to estrogen is a critical factor
in determining sexual differentiation of the
genitalia.

Martin Cohn reported, that surgical manipu-
lations of the genital tubercle identified cell
populations with functions that appear to be
analogous to the apical ectodermal ridge
(AER).

Petiot et al. showed that FgfR2, which is
essential for urethral tube closure, contains an
androgen response element in its promoter, and
antagonism of AR results in down-regulation
of FgfR2 in the urethral plate and prepuce.?
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Intersexuality (ambiguity) in 46,XY patients
results from disruptors in the pathways of sex
steroid hormones and receptors; in 46,XX
females this arises from the effects of excess
androgen. These processes develop differently
but result in the same ambiguity.

Systematic clinical analysis and a literature
review revealed the following questions:

oFrom where does the genital tubercle
originate?

O According to the current view, the indiffer-
ent genital tubercle originates from mes-
enchymal tissue, but mesenchymal cells
are arranged across the embryonal body
and do not have specific androgen
receptors.

0 Why do androgens cause virilization, and
particularly, why does this hormonal
influence promote the outgrowth and
elongation of the genital tubercle?

SPECULATION ABOUT THE
DERIVATION OF THE GENITAL
TUBERCLE

According to the new hypothesis (Fig. 5),
during the indifferent stages, the 5 sacral
somites have to recede from their segmentation
and disintegrate. The sclerotomes fuse to pelvic
bones, which form the arcus, and they join
together end-to-end in the midline of the ven-
tral body with the pubic symphysis.

The 5 fused sacral myotomes with their gen-
uine neurotomes (innervation) and angiotomes
(vascularization), which are covered by derma-
tome growing below along the pubic bones,
fuse together endways on the pubic area. These
conjoined myotomes form the corpora caver-
nosa of the genital tubercle and follow the auto-
nomic neuro-vascular bundles (Fig. 5).

The tops of the myotomes’ ends become the
glans tubercle, which is covered by an ectoder-
mal layer. The glans penis (clitoris) is innervated
by the somatic pudendal nerve (S1-S5). This
nerve passes under the pubis symphysis to travel
just below the Buck fascia to supply sensory
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FIGURE 5. New theory about derivation of
external genitalia (schematic). On the indif-
ferent stages the 5 sacral somites (S1-S5)
have to recede of their segmentation and
desintegrate. The sclerotomes (gray color)
fuse to pelvic bones, which form the arcus,
they conjoin together end-to-end in the mid-
line of ventral body with pubic symphysis.
The fused 5 sacral myotomes (M, red color)
with its genuine neurotomes (blue) and
angiotomes (yellow), covered by dermatome
growing below along of pubic bones and
fuse together endways on pubic area. The
endwise conjoined myotomes form the cor-
pora cavernosa of genital tubercle, follow-
ing with dorsal neuro-vascular bundles
(bold yellow and blue in the ring, labeled
N). The top of myotomes ends become
glans tubercle (G) covered of ectodermal
layer. During sexual differentiation: myo-
tomes are forming the genital swelling
(red), genital tubercle become glans penis
or clitoridis, urogenital fold (green) originat-
ing from cloaca (hindgut) of embryo.
Female pattern or indifferent stage — small
tubercle with opened vestibulum vaginae.
The genital swellings form the labial folds;
the branches of the genital tubercle (cor-
pora cavernosa) surround the urogenital
groove and located deep inside in the geni-
tal swellings. Male pattern — fusion of labial
folds into the urogenital sinus (or penile
urethra) extends along the elongated phal-
lus. The branches of the genital tubercle
(corpora cavernosa) conjoin together.

Derivation of the Genital
Tuberle from Somytes

Sexual differentiation

Indifferent stage
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innervation through dorsal neurovascular bundle.
The neuronal axons terminate superficially on
the glans of the genital tubercle’s surface.

The sensory innervation maintains a seg-
mental pattern that reflects the embryological
origin of each dermatome’s innervation. The
genital neural tract originates from the sacral
vertebral segments.

In the female embryo, the fused myotomes
(analogs of the male corpora cavernosa) sur-
round the vestibulum vaginae, forming the
musculus bulbocavernosus and the ischiocaver-
nosus deep in the genital swellings. Medially,
they join into the glans clitoridis (same as the
glans penis). The glans clitoridis has less sur-
face area (compared to the glans penis), and
thus the neurons are much tougher.

In the male embryo, the genital tubercle
elongates and fuses to form the penis (phallus),
and the genital swellings fuse to become the
scrotum. The urogenital groove is transformed
into the penile urethra, which terminates with
an orificium on the glans penis.

The sclerotomes of 8-10 coccygeal pairs are
reduced, and the myotomes form the pelvic dia-
phragm and striated muscles of the anus.

The genital tubercle derives from all of the
following 3 germ layers:

e The glans of the tubercle (glans penis, clit-
oridis) is covered by ectoderm, which is
derive from the apical ectodermal ridge.

e The corpora cavernosa derives from meso-
dermal somites.

e The urogenital groove originates from the
cloacal endoderm (part of the hindgut),
which forms the urethral plate epithelium.

During the undifferentiated stages, the early
genital tubercle has a superficial affinity to the
limb bud, but there is an important distinction
between the two.

The upper limb buds derive from C3-Thl,
while the lower limb buds derive from L2-S1
somitomeres. Whereas the limb bud is com-
posed of mesoderm covered by surface ecto-
derm, the genital tubercle is derived from all 3
germ layers.

The genital tubercle derives from SI1-S5
somitomeres and receives sensory innervation
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from the pudendal nerve, which provides the
nervus dorsalis of the tubercle (penis and
clitoridis).

The new theory is that the genital tubercle
originates from conjoined genitogenous ribs,
and this is the key difference between this pro-
cess and limb budding.

It is likely that the initiation of derivation of
the genital tubercle during the indifferent stages
depends on growth factors that play a role in
limb development from (5) sacral somitomeres.
Signals for the development of genital somites
derive from the notochord and neuromeres,
which are stimulated by nerve growth factor.
The apical ectodermal ridge (like in limb
growth) exerts an inductive proliferation of the
adjacent tubercle’s mesoderm (corpora caver-
nosa). Androgens stimulate the masculinization
of the indifferent genital tubercle by hypertro-
phy of the corpora cavernosa and through an
inductive influence on the neurotomes with
activation of nerve growth factor.

Patrick Tschopp et al. (2014),*° Anna Her-
rera and Martin Cohn (2014)30 considers, the
paired genital swellings on either side of the
cloacal membrane merge beneath the surface
of ectoderm to form a single genital tubercle
anterior to the cloaca.

I suppose, the genital swellings form the
labial folds on females; they brought at the ven-
tral midline and fuse together into the penile
urethra on male embryo. The branches of the
genital tubercle that derived from 5 fused myo-
tomes (corpora cavernosa) surround the uro-
genital groove and located deep inside in the
genital swellings.

The fusion of the labial folds into the uro-
genital sinus (or the penile urethra in the male
embryo) extends along the elongated phallus.
Typically, the process of elongation (out-
growth) of the genital tubercle and fusion of
the urethral fold are proceeding together (like
Prader stages). These processes may be discor-
dant, as the genital tubercle (ectodermal and
mesodermal) and the urogenital groove (endo-
dermal) originate from different germ layers,
and thus they are stimulated by different path-
ways of growth factors and receptors.

Erogenous sensitivity is perceived through
numerous sensor neurons within the 5 sacral
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somitomeres. The embryonal precursors of
genital erogenous sensation have principal dif-
ferences: the glans clitoridis (penis) has
somatic sensitivity through the nervus dorsalis
clitoridis (penis) from 5 sacral S1-S5 neuro-
tomes; while the corpora cavernosa has auto-
nomic innervation from pudendal nerves, that
provide the erectile function; and the vestibu-
lum (female) vaginae and (male) penile urethra
have visceral innervation originating from the
hindgut. The hymen is a mucous membrane
located between the fused mesonephric ducts
and the urogenital sinus (part of the cloaca),
and it has high sensitivity originating from the
autonomic and visceral nervous systems. The
clitoris, vestibulum vaginae, and hymenal fold
are erotically important organs that contribute
to female erogenous sensation, arousal and
orgasm.”®

Presumably, sexual differentiation of external
genitalia is final in gender embryogenesis, but
surprisingly derivation of the indifferent genital
tubercle from 5 sacral somites occurs before
gonadal and internal organs development.

Speculation about genital organs origin may
be useful for future embryological investigations.
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