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GONADAL
AND GENITAL
EMBRYOGENESIS




TIMETABLE OF HUMAN PRENATAL DEVELOPMENT
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INNER CELL MASS TROPHOBLAST
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TIMETABLE OF HUMAN PRENATAL DEVELOPMENT
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End of the 8th week




Mesoderm differentiation




Mesoderm differentiation
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Pronephros (4th week)
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Mesonephros (4-5th weeks) = interim kidney

Glomeruli

Mesonephric
tubules

Wolff duct
(mesonephric
duct)

CoRPS DE WOLFF




Degenerating
Pronephros Q

Pronephros

)

Degenerating

e Memnephrm
Nephric Duct e

- Mesonephros

Nephrogenic Cord—,

Mesonephros

Nephrogenic Cord

\ Metanephric

Mesenchyme L

Ureteric Bud—
Cloaca

Mephric Duct

Copyright © LifeMap Sciences, Inc. - Discovery.lifemapsc.com



Metanephros (5-8th weeks) = permanent kidney
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Gonadal differentiation




Migration of the primordial germ cells into the
mesonephros (5th week)




Indifferent gonads (5th week)
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Development of testes (7th week)
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Tunica

Albuginea

ABP: Androgen Binding Protein
MIS: Mullerian inhibiting substance




Development of testes (7th week)

Ind'fferent Gonad TeStIS 1_ Primary sex cords

> seminifereous tubules
2. Rete > rete testis

3. Mesonephric tubules

> efferent ductules

4. Wolff/Mesonephric duct
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> vas deferens (b)

> seminal vesicle (c)
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duct: degenerates (MIS)




Development of ovaries (10th week)
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Development of ovaries (10th week)
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> Fallopian tubes(a)
> uterus (b)
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duct: degenerates




Unaitterentiated (8 woeks)




External Genitalia
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BIOLOGY OF GENITAL
DIFFERENTIATION




Mesoderme

WT1, SF-1
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Substance Binding
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Mesoderme

\ WT1, SF-1
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The Y chromosome
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The Y chromosome

region present in XX males

region deleted in XY females
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Mesoderme

WT1, SF-1
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DSD: DISORDERS OF
SEXUAL DEVELOPMENT



DEFINITIONS:

- GENETIC SEX: XX or XY
- GONADAL SEX: Ovaries or testes

- PHENOTYPICAL SEX: Male or female external genitalia




Sex chromosome DSD
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1. Sex chromosome DSD
1.1. Ovotesticular DSD
1.2. 45,X and Turner variants
1.3. 47,XXY and Klinefelter variants
1.4. 45,X/46,XY mixed gonadal dysgenesis (MGD)




46,XY DSD

46,XY DSD with
gonadal dysgenesis
(« Female XY »)

46,XY DSD with sexual
differenciation abnormality

(« Male

pseudohermaphrodism »)

Sex chromosome DSD

— T

Xy XX 46,XX DSD
46,XX DSD with
; S gonadal dysgenesis
(« Male XX »)
Testes | | Ovaries
46,XX DSD with fetal
androgen excess
Z < (« Female
pseudohermaphrodism »)
Male Female
external external
genitalia | | genitalia




1. Sex chromosome DSD
1.1. Ovotesticular DSD
1.2. 45,X and Turner variants
1.3. 47,XXY and Klinefelter variants
1.4. 45,X/46,XY mixed gonadal dysgenesis (MGD)

2. 46,XY DSD

2.1. 46,XY DSD with gonadal dysgenesis
2.2. 46,XY DSD with sexual differenciation abnormality

3. 46, XX DSD

3.1. 46,XX DSD with gonadal dysgenesis
3.2. 46,XX DSD with fetal androgen excess




Sex chromosome DSD




Sex chromosome DSD

/ \
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1. Ovotesticular DSD
(= true hermaphrodism)

Presence of both ovarian and testicular tissues

( 1 ovary/1 testis, 2 ovotestes, 1 ovotestis/1ovary or 1 testis)

- 46,XX/46,XY chimerism (30%)

- 46,XX (60%)

- 46, XY (10%)
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2. 45,X and Turner variants

Karyotype From a Female With Turner syndrome (45,X)
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>999% : spontaneous abortion

Incidence at birth: 1/4000 - 1/5000




Short stature

Characteristic
facial features
Low hairline :
- Fold of skin
/ Constriction
Shiedd-shaped —r \ \‘ of aonta
thorax et ‘ Poor breast
Widely spaced — L r[ development
nipples 2 —
Shortened v e e
deaformi
metacarpal IV __ SN~ Y
S, I
Small @ . \/ ~ Rudimentary
finger nalis X OvVaries
o Gonadal streak
(underdeveloped
Jo— gonadal
‘5 . I} structures)
Brown spots (nevi) —I— :
\ ,‘| . .' \ No menstruation
l|| - I ' ’l'
|' IY %l
P RN
ij—)‘ \"g’}>

- Delayed sexual maturation (R/ estrogene), amenorrhea, infertility
» Short stature (R/growth hormone)

« Pterygium colli, widely spaced nipples, cubitus valgus

- Cardiac malformation, hands and feet lymphedema

 Renal malformation

* No intellectual disability







Turner Syndrome and variants
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=45 X : 50%

» 46, X, i(Xq): 15%

= 45 X/46,XX mosaic: 15%

= 45,X/46,X,i(Xqg) mosaic: about 5%

= other X abnormalities (ringX,...): about 10%




Turner Syndrome (variant)
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Turner Syndrome (variant)
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The X chromosome

Barr body

|| |i -
Xi

Expresses
maternal alleles

pat
X X &
X inactivation
> e
Xi

Expresses
paternal alleles

Random X chromosome inactivation early in female development
by X inactivating center (XIST/XIC) in Xq13.2 (DNA méthylation,
macroH2A histone modifications, ...)

® Not Random if abnormal X chromosome (Skewed X-inactivation)




The X chromosome

Subject to Escape from
inactivation inactivation
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At least 15% of genes escape to X inactivation and are expressed from
both active and inactive X chromosomes
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Particular case:

Small ring X chromosome

\J

Loss of the XIST locus
No X inactivation
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Genes overexpression
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Intellectual disability




Rem: 47, XXX (trisomy X)
- Incidence 1/1000 female births

- Normal phenotype (above average stature)

- No infertility

- No intellectual disability but 70% learning problems

- Abnormal behavior?

Rem: 43, X XXX or 49, XXXXX

- More severe phenotype, intellectual disability




3. 47, XXY and Klinefelter variants
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47, XXY

Maternal or paternal meiosis non disjunction

Incidence: 1/1000 male live births




fVvaaw

Frontal baldness
absent

w.
Tendency to %\ Poor beard
grow fewer ~ growth
chest hairs

Narrow

Breast shoulders

development

Female-type
pubic hair

pattern \

Wide hips

— Small
esticular
size

Long legs

- Tall, long legs

« Narrow shoulders
« Gynecomastia (risk breast cancer X20 - X50)

- Hypogonadism, small genitalia, decreased muscle tone (R/androgenes)
« Infertility by seminiferous tubes hyalinosis (R/ ICSI)

* No intellectual disability (but sometimes learning difficulties and poor

psychosocial adjustment)




- Hyalinized seminiferous tubules (—)

- Nodules of Leidig cells (*)




Klinefelter Syndrome (variants)
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Figure 1: Karyogram showing the 49 XXXXY karyotype.

= 47, XXY : >80%
= Mosaic kayotype (46,XY/47,XXY): 15%

" 48, XXYY | More severe phenotype
= 48, XXXY — (defective sexual development,
= 49 XXXXY dysmorphism, intellectual disability)

—




Rem: 47 XYY condition

- Incidence 1/1000 male births
- Normal phenotype (tall stature)

- No infertility

- No intellectal disability (50% language delay)

- Attention deficit? Hyperactivity? Impulsiveness?




4. 45,X/46,XY mixed gonadal
dysgenesis (MGD)

wide range of abnormalities:

streak gonads, female phenotype and Turner syndrome

- ambiguous genitalia due to MGD (a streak gonad and a
dysgenetic testis or two dysgenetic testes or
undifferentiated gonadal tissue)

- ovotesticular DSD

- testes with almost normal histological features and

normal male external genitalia




46,XY DSD
46,XX DSD

(Sex reversal and
pseudohermaphroditism)







1. 46, XY DSD with gonadal
dysgenesis
-46,XY

- gonadal dysgenesis
- female external genitalia (or ambiguous)




46,XY DSD

46,XY DSD with
gonadal dysgenesis
(« Female XY »)

XY XX
Testes Ovaries
Male Female
external external
genitalia | | genitalia




Mesoderme

WT1, SF-1
(+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)
TDF/SRY (chr Y)
SOX9 (chr 17)

(+GATA4, F0G2,...) (SF1, RSPO1, WNT4, pcatenin, FOXL2)
P Indifferent
Gonad
DAX1 SOX9
Testis (chr X) Ovary
Leidig cells Sertoli cells Muller ducts Wolff ducts
H SF1 SO);% \ differenciation regression
v (+SF1, GATA4, SOX8)
Testosterone Miillerian Inhibiting Androgen
Substance Binding
$ (MIS) Protein (ABP)
Wolff ducts differenciation
- ductus epididymis ,
- ductus deferent Uterine tubes
Muller duct s .
> seminal vesicles regression Spermatogenesis Uter_us
Vagina

5areduct%se

Dihydrotestosterone

Prostate gland
External genitalia
(scrotum, penis)




» SRY Deletion or Mutation (Swyer)
» SOX9 Mutation

» SF1 mutation

» WT1 mutation

» DAX1 Duplication

» WNT4 Duplication




Mesoderme

WT1, SF-1
TDE/SRY (chr Y) (+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)
SOX9 (chr 17)
(+GATA4, FOG2;"..) (SF1, RSPO1, WNT4, Bcatenin, FOXL2)
P Indifferent
\ Gonad [
DAX1 SOX9
Testis (chr X) Ovary
Leidig cells Sertoli cells Muller ducts Wolff ducts
H SF1 SO);% \ differenciation regression
v | (+SF1, GATA4, SOX8)
Testosterone Miillerian Inhibiting Androgen
Substance Binding
$ (MIS) Protein (ABP)
Wolff ducts differenciation
- ductus epididymis ,
- ductus deferent

Uterine tubes
Uterus
Vagina

Muller duct s

. Spermatogenesis
regression

- seminal vesicles

5areduct%se

Dihydrotestosterone

Prostate gland
External genitalia
(scrotum, penis)




46, XY and SRY deletion or mutation

Pure Gonadal (46,XY) Dysgenesis — An
XY Female
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SRY = TDF
(testis-determining factor)

If genetic recombination
outside the pseudoautosomic
region (incidence 1/20000):

- XX male (with the SRY gene
on a X chromosome)

- XY female (without the
SRY gene on the Y
chromosome)
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Swyer syndrome: complete gonadal dysgenesis



https://www.degruyter.com/view/j/jpem.2015.28.issue-1-2/jpem-2014-0071/jpem-2014-0071.xml

Mesoderme

WT1, SF-1
(+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)
TDF/SRY (chr Y)

SOX9 (e (SF1, RSPO1, WNT4, fcatenin, FOXL2)
(*GAIA4TOG2,--) (ndifferent
\ Gonad
DAX1 SOX9
Testis (chr X) Ovary
Leidig cells Sertoli cells Muller ducts Wolff ducts
H SF1 SO);% \ differenciation regression
v | (+SF1, GATA4, SOX8)
Testosterone Miillerian Inhibiting Androgen
Substance Binding
$ (MIS) Protein (ABP)
Wolff ducts differenciation
- ductus epididymis ,
- ductus deferent

Uterine tubes
Uterus
Vagina

Muller duct s

. Spermatogenesis
regression

- seminal vesicles

5areduct%se

Dihydrotestosterone

=
Prostate gland

External genitalia @
(scrotum, penis) _{ IPG




46, XY and SOX9 mutation

Female XY W|th campomellc dysplasia

« 46,XY
» Gonadal dysgenesis

 Female external
phenotype

« Campomelic
dysplasia




Mesoderme /

| WT1, SF-1
TDF/SRY (chr Y) (+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)
SOX9 (chr 17)
(+GATA4, F ,...) (SF1, RSPO1, WNT4, pcatenin, FOXL2)
P Indifferent
Gonad
DAX1 SOX9
Testis (chr X) Ovary
Leidig cells Sertoli cells Muller ducts Wolff ducts
LH. SF1 SO);% \ differenciation regression
v | (+SF1, GATA4, SOX8)
estosterone Mullerian Inhibiting Androgen
Substance Binding
$ (MIS) Protein (ABP)
Wolff ducts differenciation
- ductus epididymis ,
- ductus deferent

Uterine tubes
Uterus
Vagina

Muller duct s

. Spermatogenesis
regression

- seminal vesicles

5areduct%se

Dihydrotestosterone

Prostate gland
External genitalia
(scrotum, penis)




SF1 (NR5AT1) gene mutation
46,XY and SF1 mutation: /%

- gonadal dysgenesis

\, /
~ /
e S

- female or ambiguous external genitalia
- inconstant uterus

- adrenal insufficiency

Rem : 46,XX and SF1 mutation :

- Ovarian insufficiency
(primary amenorrhea or premature ovarian failure)
- female external genitalia, uterus

- adrenal insufficiency
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WT1 gene mutation

46,XY and WT1 mutation:

- gonadal dysgenesis

- female or ambiguous external genitalia
- inconstant uterus

- risk of Wilms tumor, nephropathy, aniridia

(Denys-Drash, Frasier and WAGR syndromes)

Rem: 46,XX and WT1 mutation :

-risk of Wilms tumor, nephropathy




Mesoderme

WT1, SF-1
(+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)

(sF1, rspo1, WNT4 dup .

TDF/SRY (chr Y)
SOX9 (chr 17)

(+GATA4, EOCG?,...) _ Bcatenin, FOXL2)
P Indifferent
Gonad
— DAX1 dup
/estl\ (chr X) O\/fry
Leidig cells Sertoli cells Muller ducts Wolff ducts
H SF1 SO);% \ differenciation regression
v | (+SF1, GATA4, SOX8)
Testosterone Miillerian Inhibiting Androgen
Substance Binding
$ (MIS) Protein (ABP)
Wolff ducts differenciation
- ductus epididymis ,
- ductus deferent

Uterine tubes
Uterus
Vagina

Muller duct s

. Spermatogenesis
regression

- seminal vesicles

5areduct%se

Dihydrotestosterone

Prostate gland
External genitalia
(scrotum, penis)




Rem: XY gonadal agenesis

= embryonic testicular regression syndrome

Sertoli cell Leydig cell
activity activity Testosterone

L

Testis descent
Male external External
genital differentiation genital growth
/
Wolffian duct differentiation
Germ cell Maberian duct
migration regression
< - >
4 5 & 7 8 E 10 11 12 13 14 15 40

Gestation (weeks)

Variable phenotype, depending of the gestational age at
testicular regression




2. 46.XY DSD with sexual differenciation

abnormality (Male Pseudohermaphrodism)
46 XY

- Testes
- Female external genitalia (or ambiguous)




46,XY DSD XY XX

Testes Ovaries

46,XY DSD with sexual
differenciation abnormality
(« Male —

pseudohermaphrodism »)

Male Female
external external
genitalia | | genitalia




Mesoderme

WT1, SF-1
(+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)
TDF/SRY (chr Y)
SOX9 (chr 17)

(+GATA4, F0G2,...) (SF1, RSPO1, WNT4, pcatenin, FOXL2)
P Indifferent
Gonad
DAX1 SOX9
Testis (chr X) Ovary
Leidig cells Sertoli cells Muller ducts Wolff ducts
H SF1 SO);% \ differenciation regression
v (+SF1, GATA4, SOX8)
Testosterone Miillerian Inhibiting Androgen
Substance Binding
$ (MIS) Protein (ABP)
Wolff ducts differenciation
- ductus epididymis ,
- ductus deferent Uterine tubes
Muller duct s .
> seminal vesicles regression Spermatogenesis Uter_us
Vagina

5areduct%se

Dihydrotestosterone

Prostate gland
External genitalia
(scrotum, penis)




»Androgen insensitivity syndrome

(Mutation of the androgen receptor)

> Testosterone deficiency

(Mutation of the LH receptor, Smith Lemli Opitz syndrome,...)

>»Di-OH-testosterone deficiency

(Mutation of the 5-a-reductase gene)




Mesoderme

WT1, SF-1
(+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)
TDF/SRY (chr Y)
SOX9 (chr 17)

(+GATA4, F ,...) (SF1, RSPO1, WNT4, pcatenin, FOXL2)
P Indifferent
Gonad
DAX1 SOX9
Testis (chr X) Ovary
Leidig cells Sertoli cells Muller ducts Wolff ducts

iff L .
LH, SF1 SO);% \ differenciation regression
(+SF1, GATA4, SOX8)

Tesﬁ iione Mdallerian Inhibiting Androgen

Substance Binding
$ (MIS) Protein (ABP)
Wolff ducts differenciation
- ductus epididymis , l
- vas deferens

Uterine tubes
Uterus
Vagina

Muller duct s

. Spermatogenesis
regression

- seminal vesicles

5areduct%se

Dihydrotestosterone

Prostate gland
External genitalia
(scrotum, penis)




Androgen insensitivity syndrome

. 46,XY
 Testes

 Female
external
phenotype
(blind
vagina)




46,XX
Unaffected carrier

®@ O © ®

46,XY 46,XX 46,XX 46,XY 46,XY

affected Unaffected carrier affected

AR gene, located on the X chromosome




Testosterone deficiency

(resistance to LH hormone)

¢ 46,XY
 Testes

* Female external
phenotype (blind
vagina)




Testosterone deficiency

(Smith Lemli Opitz syndrome)

« 46, XY
e Testes

 Female external phenotype




Dasmolase 17w Hydroxedase C-17 Liyasa

Cho ol = Pregnenalone 170H-Fregnenolone — Dehydroepiandrosterone
0 Hydromestaroio IMHET SMHET
defcfogenase (2 HS0)

Progesterone 170H-Progesterone Androstenedione
2 T-Hydroxylase 2 T-Hydroxylase Feripheral tissues
Deowycaticosterone 11-Deowycartisol Testosterone
T1-0 Hyelromelase T1-0 Hyclromelase
Coricosterone orisol
1&-Hyoroxsiass
180H-Coricosterone
15-Cliciasa

Aldosterone
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Mesoderme

WT1, SF-1
(+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)
TDF/SRY (chr Y)
SOX9 (chr 17)

(+GATA4, F0G2,...) (SF1, RSPO1, WNT4, pcatenin, FOXL2)
P Indifferent
Gonad
DAX1 SOX9
Testis (chr X) Ovary
Leidig cells Sertoli cells Muller ducts Wolff ducts
H SF1 SO);% \ differenciation regression
v (+SF1, GATA4, SOX8)
Testosterone Miillerian Inhibiting Androgen
Substance Binding
$ (MIS) Protein (ABP)
Wolff ducts differenciation
- ductus epididymis ,
- ductus deferent Uterine tubes
Muller duct s .
> seminal vesicles regression Spermatogenesis Uter_us
Vagina

S5areductase
Dihydr osterone
Prostate gland

External genitalia
(scrotum, penis)




50 Reductase deficiency

« 46,XY
e Testes

* Presence of ductus
epididymitis, vas
deferens, seminal
vesicles

 Female external
phenotype
(ambiguous)

Possibility of spontaneous improvement at puberty




Rem: MIS deficiency> persistance of Mullerian residues

« Male external genitalia
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Mesoderme

WT1, SF-1
(+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)
TDF/SRY (chr Y)
SOX9 (chr 17)

(+GATA4, F ,...) (SF1, RSPO1, WNT4, pcatenin, FOXL2)
P Indifferent
Gonad
DAX1 SOX9
Testis (chr X) Ovary
Leidig cells Sertoli cells Muller ducts Wolff ducts

H SF1 SO);% \ differenciation regression
| (+SF1, GATA4, SOX8)

Testosterone

Mulleriag@Inhibiting Androgen
S nce Binding
. (MIS) Protein (ABP)

Wolff ducts differenciation l

- ductus epididymis ,
- ductus deferent
- seminal vesicles

Uterine tubes
Uterus
Vagina

Muller duct s

. Spermatogenesis
regression

5areduct%se

Dihydrotestosterone

Prostate gland
External genitalia
(scrotum, penis)




3. 46,XX DSD with gonadal
dysgenesis (Male XX)

-46,XX
- Gonadal dysgenesis

- Male external genitalia (or ambiguous)




XY XX 46,XX DSD

46,XX DSD with
gonadal dysgenesis
(« Male XX »)

%

Testes Ovaries

Male Female
external external
genitalia | | genitalia




Mesoderme

WT1, SF-1
(+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)
TDF/SRY (chr Y)
SOX9 (chr 17)

(+GATA4, F0G2,...) (SF1, RSPO1, WNT4, pcatenin, FOXL2)
P Indifferent
Gonad
DAX1 SOX9
Testis (chr X) Ovary
Leidig cells Sertoli cells Muller ducts Wolff ducts
- SO);% \ differenciation regression
v (+SF1, GATA4, SOX8)
Testosterone Miillerian Inhibiting Androgen
Substance Binding
$ (MIS) Protein (ABP)
Wolff ducts differenciation
- ductus epididymis ,
- ductus deferent Uterine tubes
Muller duct s .
> seminal vesicles regression Spermatogenesis Uter_us
Vagina

5areduct%se

Dihydrotestosterone

Prostate gland
External genitalia
(scrotum, penis)




» SRY Translocation on the X chromosome

» SOX9 Duplication




Normal
meiosis |
exchange

X | Y
Pseudoautosomal region
A

SRY ? Region with rare

TDF Z crossing over SRY — TDF
(testis-determining factor)

Strictly Yq
sex_—linked
gt . L .
ﬁ If genetic recombination outside
L the pseudoautosomic region
* (incidence 1/20000):
i

- XX male (with the SRY
gene on a X chromosome)

<
b

- XY female (without the SRY
gene on the Y chromosome)

Xe—7 I

XY
female

3
o
®




Mesoderme

WT1, SF-1
(+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)
TDF/SRY (chr Y)

SOX9 d u pl on (SF1, RSPO1, WNT4, pcatenin, FOXL2)
(*GAIA4FOG2,--) [ |ndifferent
\ Gonad
DAX1 SOX9
Testis (chr X) Ovary
Leidig cells Sertoli cells Muller ducts Wolff ducts
<F1 SO);% \ differenciation regression
v (+SF1, GATA4, SOX8)
Testosterone Miillerian Inhibiting Androgen
Substance Binding
$ (MIS) Protein (ABP)
Wolff ducts differenciation
- ductus epididymis ,
- ductus deferent

Uterine tubes
Uterus
Vagina

Muller duct s

. Spermatogenesis
regression

- seminal vesicles

5areduct%se

Dihydrotestosterone

Prostate gland
External genitalia
(scrotum, penis)




4. 46, XX DSD with fetal androgen excess
(Female Pseudohermaphrodism)

-46,XX

- Ovaries

- Male external genitalia (or ambiguous)




XY XX 46,XX DSD

Testes Ovaries

46,XX DSD with fetal
androgen excess
< (« Female
pseudohermaphrodism »)

Male Female
external external
genitalia | | genitalia




Mesoderme

WT1, SF-1
(+ LHX9, LIM1, EMX2,NR5A1, PBX1, CBX2,...)
TDF/SRY (chr Y)
SOX9 (chr 17)

(+GATA4, F0G2,...) (SF1, RSPO1, WNT4, pcatenin, FOXL2)
P Indifferent
Gonad
DAX1 SOX9
Testis (chr X) Ovary
Leidig cells Sertoli cells Muller ducts Wolff ducts
- SO);% \ differenciation regression
v (+SF1, GATA4, SOX8)
Testosterone Miillerian Inhibiting Androgen
Substance Binding
$ (MIS) Protein (ABP)
Wolff ducts differenciation
- ductus epididymis ,
- ductus deferent Uterine tubes
Muller duct s .
> seminal vesicles regression Spermatogenesis Uter_us
Vagina

5areduct%se

Dihydrotestosterone

Prostate gland
External genitalia
(scrotum, penis)




» Early exposition to androgens

= Congenital adrenal hyperplasia

= Maternal adrenal tumor

= Placental tumor

= Exogenous maternal androgene treatment

= Aromatase deficiency (androgens > estrogens)
= Etc...




Congenital adrenal hyperplasia

(21-hydroxylase deficiency)

Dasmolase 17 Hydrossiase C-17 Lifase
Chalesteral ==——— Prednenolone 170H-Pregnenolone — Dehyldroepiandrosteraone
i Hyedromyesterolid MHE0D FHE0
defiydrogenase (2EHS0)

Progestergne
27 oxyiase

Deoxycaricosterone
T1-0 Hylromlase

Coricosterone
18- Hydromsiase

180H-Coricosterone
T8 Oxicizse

Aldosterone

17/0H-Progesterone
2T-Hy e

11-Deoxycarisal
T1-0 Hyoiroelase

Caorisal

Andristenedione
\Peripheral tissues

Testnsternnem
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Congenital adrenal hyperplasia

(21-hydroxylase deficiency)

¢ 46,XX
 Qvaries

« Male external
phenotype
(ambiguous)







Aromatase deficiency
il (androgenes*Estrogenes)W

¢ 46,XX
 Qvaries

« Male external
phenotype
(ambiguous)
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Etiology Genotype |Gonades External genitalia | Other symptoms
Sex chromosome chimerism XX/XY |46,XX/46,XY | Ovotestis Variable (female >
DSD (true (30%) ambiguous > male)

hermaphrodism) |or

or 46,XX (60%)

Mosaic sry-/sry+ |or

or 46, XY (10%)
2
Turner 45,X Ovarian dysgenesis Female Short stature, webbed
Variants: neck, cubitus valgus,
46,X,i(XQq) cardiac malformation,
46,X,rX infertility
mosaics
Klinefelter 47 XXY Testicular dysgenesis Male Tall stature,
Variants: (seminiferous cords hypogonadism,
48, XXYY hyalinosis) gynecomastia,
48, XXXY infertility
49 XXXXY With variants:
mosaics intellectual disability
Mosaic XY/X 46,XY/45,X | Mixed gonadal Variable (female >

dysgenesis

ambiguous > male)




Etiology Genotype |Gonades External genitalia | Other symptoms
46,XY DSD with SRY mut or del 46,XY Gonadal dysgenesis Female
gonadal dysgenesis [Swyer) _ _ ,
(Female XY) SOX9 mutation 46,XY Gonadal dysgenesis Ambiguous > Female Skeletal dysplasia
SF1 Mutation 46,XY Gonadal dysgenesis Ambiguous > Female +/- adrenal
(+/- utérus) insufficiency
rem: 46,XX Ovarian insufficiency Female +/- adrenal
insufficiency
WT1 Mutation 46,XY Gonadal dysgenesis Ambiguous > Female Renal insufficiency
(+/- utérus) and Wilms tumor
(Denys-Drash)
Glomerular
néphropathy (Frasier)
Wilms tumor, aniridia,
mental retardation
(WAGR)
rem: 46,XX Ovarian insufficiency? | Female idem
DAX1 duplication |46,XY Gonadal dysgenesis Ambiguous > Female
46,XY DSD with Sa-réductase 46,XY Testes Ambiguous
sexual deficiency (improvement at
differenciation (diOHtestosterone puberty)
b lit deficiency)
clelnioliiiistily7 LH receptor 46,XY Testes Female (blind vagina) or
(Male pseudo- mutation ambiguous if partial
hermaphrodism)  |(testostérone deficiency
deficiency)
Androgen 46,XY Testes Female (blind vagina) or
receptor mutation ambiguous if partial
(androgen insensitivity
insensitivity

syndrome)




Etiology Genotype |Gonades External genitalia | Other symptoms
46,XX DSD with SRY translocation [46,XX Gonadal dysgenesis Ambiguous > Male
gonadal dysgenesis [on the X chrom. _ _
(Male XX) SOX9 Duplication |46,XX Gonadal dysgenesis Ambiguous > Male
46,XX DSD with Early exposition [46,XX Ovaries Ambiguous

fetal androgen
excess (Female
pseudo-
hermaphrodism)

to androgenes
(congenital
adrenal
hyperplasia,
maternal adrenal
or placental
tumor, exogenous
androgene
treatment,
aromatase
deficiency)




Etiology Genotype | Gonades External genitalia [ Other symptoms
Others Trisomy X 47 XXX Normal ovaries Normal female Normal phenotype
(above average stature)
No infertility
No intellectual
disability but 70%
learning problems
Abnormal behavior?
Tetrasomy X 48, XXXX Normal ovaries Normal female Intellectual disability
Pentasomy X 49, XX XXX Normal ovaries Normal female Intellectual disability
XYY condition 47, XYY Normal testes Normal male Normal phenotype
(tall stature)
No infertility
No intellectual
disability but 50%
speech delay
Attention deficit?
Hyperactivity?
MIS deficiency 46,XY Normal testes Normal male No infertility
BUT persistance of No intellectual
mullerian residues disability
(uterus, upper vagina)
Interstital Y 46,XY Normal testes Normal male Infertility
deletion including BUT non obstructive
AZFa, AZFb or azoospermia (or severe
AZFc oligospermia)
XY gonadal 46,XY Embryonic testicular Female > ambiguous > | Infertility

agenesis

regression

male




3& XY Yo

mujer hombre egoista
X.
ninfémana alcohodlico xmen
narcoléptico cursi bromista
X.
maradona lady gaga disléxico

0

chuck norris muletilla forever alone




-
W
'y ROE o,
b & - -
. . - -
L —— ot A8 ;
—— A e it e
/ v v
N - -
-~ -
o -
IO

L
! ) M
~y 4 e
% - 4 s s
- - : ¥
- — T g 5 - :
- -
T - - ”
% T o e
> ) ‘ fl"‘.
-imm % m -




