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Normal sex development
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Determination of Sex

X[

_/\‘ XX = female
Sperm |
e

Female child

é
\ / « XX — Female
« XY — Male

- « Sex chromosome
division
- Blastocyst
(Hiort, 2017)

XY = male

www.whhealth.weebly.com

Male child
Xy

www.uptodate.com
Graphic 76396

( |
)
/
\\ 4
Y,

Fertilized egg
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Determination of Sex —the Y
chromosome

« SRY gene
Sex-determining « Signals sex-neutral tissue to develop into
== region Y (SRY) a pair Of testes

— - . ‘ gene

* If SRY gene is missing or does not work

Y Sekido & Lovell-Badge, 2008
X X X Wisniewski et al, 2012

female male

?
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SRY gene location

FISH
Fluorescence in situ
hybridization

Cytogenetic technique

Can detect genetic
abnormalities

Sample viewed under

Fluorescence Microscopy
Bishop, 2010

www.biologyreader.com

North East Thames
Regional Genetics Service

Full Karyotype

 Blood cultures are grown and
harvested to yield metaphase
cells which are analysed using
light microscopy.

? Possibl_e sex chromosome
abnormality

» Atargeted 30 cell score for the
sex chromosomes is performed

* Not a full karyotype

LSBU
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Embryology — first 2 weeks

« Gastrulation
- Blastocyst . Day 14

- Implantation
Reestablished ——¢ Eaiea s Level of cross section
uterine mucosa o
: (@ Endometrium —
Reestablished ® 5
i 0
uterine mucosa o Endadarti
. . Epiblast
Endometrium g Mesoderm Primitive
0 streak
@
Hypoblast - . Amniotic;cayity ) Cells differentiate at the primitive streak
(e Amniotic & and migrate to form a middle mesodermal
(e cavity 0 layer, as well as displace most of the
(o TraphBIESt s hypoblast cells to form an endodermal layer.
e The ectoderm forms from the epiblast.
\G
Trophoblast —~
\@
“B

Webster & DeWreede, 2016
Tro P hoblast www.teachmeanatomy.info

Dividing into LSBU

layers
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Embryology — 3 — 6 weeks

A EARLY INDIFFERENT STAGE

Genital
fold

Genital
swelling

STAGE

“

B LATE INDIFFERENT l

Genital _—~
tubercle

C MALE
DEVELOPMENT

—— Fused labioscrotal —

"~ Perineum

) — Scrotum

- urogenital folds —_

~ Urethral -

~Anus—

— Urethral orifice

— Body of penis
— Scrotum

\ commissure

_— Cloacal

D -4 membrane

D FEMALE
DEVELOPMENT
Glans

Fused

groove

swellings

Glans penis
Glans clitoridis —
Urethral groove
Labium minus — |

Labium majus —

Posterior labial
commissure

Anus —

Prepuce
Mons pubis —

Clitoris —

Urethral orifice — |

Vestibule of
the vagina

Hymen

Posterior labial

Scrotal raphé (line of fusion
of labioscrotal swellings)

* Development of the external
genitalia

e Cloacal membrane

Urogenital

Genital tubercle membrane

Umbilical cord /

/., Cloacal
\ /' | ) membrane

A )9'(‘

Y N ¢

M/

\ , Genital swelling .‘/ Anal membrane
3 weeks
4 weeks 4
Dt li Yamada, 2003
weeks ~

www.doctorlib.info
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Embryology — 6 — 7 weeks

Paramesonephric
Mesonephric (Mllerian) duct

(Wolffian) duct

Mullerik

tubercle

Ductus
deferens

Urogenital
sinus

Uterus

Epididymal Uterine tube

Prostatic
utricle

Efferent | | Urethra ’ —i Ovary
tubules

Male Female

Mullerian duct
FEMALE

- Paramesonephric duct

Mesonephric duct
MALE
- Wolffian duct

, Biason-Lauber, 2009

Hutson, 2012
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Genitalia development — 7-8 weeks

- Presence of XY chromosome
- Triggers activation of SRY

a Bipotential gonad gene
) Goneds o s o - Initiates development of a
\j | \ ulienan guc teS t|S
Wolffian duct .
- Primary sex chords develop
into Sertoli cells
Male hormones: - Anti-Mullerian hormone
-MIS No male
- Testosterone hormones ( AM H )
- Insi3 .
- Leads to regression of the
Mullerian duct
b Male gonad ¢ Female gonad .
Eoiddymis G - Leydig cells  produce
~  Testes ) testosterone
J | - Stimulate Wolffian duct to
ooy form  epididymis,  vas
deferens and seminal
Vas deferens vesicles

EST 1892
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Sexual differentiation

« Wolffian Ducts
* Regress in the female

* Mullerian Ducts
- Initially present in both sexes

- Regress under the influence of
AMH

www. https://www.invitra.com/en/uterine-malformations/uterus/-

www.
https.//www.amboss.com/us/knowledge/Development _of the r
eproductive_system

1 2 3

Gonads Primordial ovaries Fallopian A5 S~
vesicle
g /\ ifbes N Fjaculatory
- duct
J Prost.
Fused
- Urethra
L Miullerian

Mdallerian duct Ductus

ducts defer

ot Epidid

Duct Duct Septal e
formation fusion resorption Paramesonephric (Muellerian) duct Mesonephric (Wolffian) duct Gonad !



https://www.invitra.com/en/uterine-malformations/uterus/-

Gonadal development

« Gonads * Primordial germ cells (PGC)
* Intermediate mesoderm
« Mesodermal epithelium * Precursors for gametes

« Germcells « Migrate from the embryo's yolk sac to the

genital ridge

- Here, they are incorporated
into the primary sex cords

- Fingerlike projections that have
formed over the previous week

https://www.jaypeedigital.com/eReader/chapter/9789386261205/ch 1#

LSBU

Q2

https://en.wikipedia.org/wiki/Primordial
_germ_cell_migration
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The Testis

Testis development Medullar |
y cords
- SRY gene Medulla
After arrival of PGC (Erﬁf;dymif] oot
- Sex determination occurs Reteirc]aesii:c =
(Cool & Capel, 2009) Germ cells
SRY Cortex

- Interacts with DNA Webster & DeWreede, 2016

* Leydig cell development
* Rete Testis

» Seminiferous tubules
Webster & De Wreede, 2016

LSBU
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The Testis

« Androgens
« AMH

« Androgen insensitivity
syndrome

Makela et al, 2019

i Differential selective Androgen action

Groin

e { _<> NN

Non-endocrine Endocrine

Time from early embryogenesis to birth

https.//www.health.harvard.edu/a_to z/undescended- .
testicle-a-to-z Hiort, 2013

LSBU
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The Ovary

« Genetic influence « Oocyte maturation
e \WTN4 Telfer & Anderson 2019

(Vainio et al, 1999)

. @ N RN
ne ° > i P; . \)
[ W k 6 f d I > * o®) Entry into meiosis and meiotic arrest " . /
ee Ol gonada ca@ v @), '
[® % %® U breakdown >y ™ ) S 22N
development - 09 (g®— (®H>(*>(®>(?»— .. @
, V(@ v y > \
N Leptotene  Zygotene Pachytene Diplotene N\ )~
PGCs o @ 1 -9 N
; \ \d o
migrate ‘o S Y \ /
N C C =
Oogonia proliferate and Primordial follicle
germ cell nests form formation
In vivo
Oocyte O P — >
Growth 19-30um 40-80pm @
Primordial Primary Preantral Early antral Mid antral

Mesonephros
Mesonephric duct

Paramesonephric duct

Gonadal ridge

Metanephros

—
(92,
0
| e




Hormones

Steroid

Androgens
hormones g

Testostero

o Oestrogen

EST 1892
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Hormones overview

DHT
Dihydrotestosterone

Androgens

Vs«\mg@ -

Zhu & McGinley, 2009

httos://www.hormones-
australia.orqg.au/the-endocrine-
system/adrenal gland/

Testosterone
Steroid formed from
cholesterol in the

Leydig cells

AMH
* Anti-Mullerian Hormone
* Produced by Sertoli cells
« Secreted into Wolffian ducts
» Secreted into Mullerian ducts
* Trigger regression in the male

INSL3
 INSulin Like Hormone
* Produced by Sertoli cells
« Stimulates growth of genito-inguinal

ligament

Testosterone dependent
| Dihydrotestosterone dependent

Prostate Prostate



https://www.hormones-australia.org.au/the-endocrine-system/adrenal_gland/
https://www.hormones-australia.org.au/the-endocrine-system/adrenal_gland/
https://www.hormones-australia.org.au/the-endocrine-system/adrenal_gland/

HCG

- Human Chorionic Gonadotrophin

Serum levels of foetal testosterone
mirror HCG, suggesting that the
placenta has an important role in the
early vyears of male sexual
development

Key masculinising effects during
second half of gestation

« Growth of penis and scrotum, and
testicular descent

- Babies with congenital
hypopituitarism and _
anencephaly have micropenis,
hypoplastic scrotum and
cryptorchidism

Hormones overview

* Oestrogen
e Ovaries
* Placenta

'hypothalamus |

§ GnRH

T de—e— anterior pituitary

4 '
\ a
) FSH l

endometrium
of uterus

Blood levels of FSH
u-ilcvon
b 1 1 —_

1
FsH §
growth of follicle
B e

Ei ’Tloo:lovobof

midcycle peak of
LH (triggers ovulation)

lu-c;

i | L.H

progesterone,
estrogen

:
estrogen

mﬂuono

]

days

FOLLIC

- m—
‘ estrogen

| DRI

1

MENSTRUAL CYCLE

5 t
progesterone,

L
‘ estrogen

£ Ea -
A 28

-
LUTEAL PHASE OF
MENSTRUAL CYCLE

ULAR PHASE OF




Adrenal steroid pathway

StAR

N

I Cholesterol |

p-hydroxysteroid
dehydrogenase ¢

| Progesterone |

21-hydroxylase +

| Doc |

11B-hydroxylase +

| Corticosterone |

Aldosterone
synthase ¢

| Aldosterone |

Yeoh, 2019; Turcu & Auchus, Endocrinol Metab Clin North Am, 2015

1-hydroxylase &

| 11-Deoxycortisol |

‘ Glucocorticoid

17a-hydroxylase/
17,20 lyase

=

Androgens |

EST 1892
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Capsule

Zona glomerulosa

Zona fasciculata

Zonareticularis

Medulla

Mineralocorticoids

Glucocorticoids

Androgens

Catecholamines




Formation of internal structures

https://iheartguts.com/

Make small amounts of testosterone and AMH
Foetal testes
Make lots of both hormones

The presence or absence of these hormones
influences

the development of the internal sex ducts:

Found in boy and girl foetuses, but disappear in
boys when the testes make AMH (Mullerian
Inhibiting Hormone)

Forerunners of the uterus, cervix, fallopian tubes
and upper portion of the vagina

Wolffian ducts

- Found in all foetuses but disappear in girls as
they have no testes to produce testosterone

- Forerunners of vas deferens,

epididymides,prostate gland

- and seminal vesicles

EST 1892




Differences in sex development
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What is a DSD?

« Congenital conditions in which development of
chromosomal, gonadal or anatomic sex is atypical

 True genital ambiguity
*1in 5000/ 1 in 4500 births

* Genital anomalies
1 in 300 births




Revised nomenclature:
Chicago Consensus 2006

Previous Revised

Intersex Disorders of sex
development (DSDs)

Male pseudohermaphrodite

Undervirilization of an XY male 46,XY DSD

Undermasculinization of an XY male

Female pseudohermaphrodite

Overvirilization of an XX female 46, XX DSD

Masculinization of an XX female

True hermaphrodite Ovotesticular DSD

XX male or XX sex reversal 46,XX testicular DSD

XY sex reversal 46,XY complete gonadal
dysgenesis

EST 1892
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Classification of DSD

« 46,XY DSD (under virilised genetic male) « Sex chromosome DSD
- Disorders of testicular development (variable)
- Ovotesticular DSD * Turner syndrome
- Disorders of androgen synthesis / action * Klinefelter syndrome
- Complete Androgen Insensitivity * Mixed gonadal dysgenesis
Syndrome
* Others

* Hypospadias
» 46,XX DSD (over virilised genetic female)

- Disorders of ovarian development ; ?
 Ovotesticular DSD
r o060 o
* Androgen excess

» Congenital Adrenal Hyperplasia

EST 1892




XX and XY chromosomes

- XX — genotypic female male female

XY — genotypic male 39 o 3} ﬁ} 555 {8 }37;5 }{}! LR

- Half of sperm cells carry the X )
chromosome, and half carry the Y -

chromosome 00 8 % 0 g K w% KA AN AR
6 6

- The SRY gene present on the Y 7 3 B 10 7 8 9 10
chgﬁmosc]gme W||II act as a signal for the
athway for maleness } L
P Y Starts off virilization 08 AF b a0 da 8R &% A0 OF da
112 13 14 15 112 13 14 15

Can also have a chromosomal
arrangement that is contrary to WOXE wm M x

phenotypic sex B8 BH A% BB ¥

- XX males 6 17 18 19 20 6 17 18 19 20
- XY females
Abnormal number of sex Ak ks, PRI
chromosomes may be 21 2 XY 21 22 XX
present
DSD

EST 1892

LSBU




Clinical Examination

* - Thorough general
physical examination

* - Any dysmorphic features

« - Syndromes associated with
DSD

- - Signs of systemic illness
* - Metabolic problems

» Genital examination
 Urethral opening position

 Palpable gonads outside
inguinal canal / Labio-scrotal
folds

* Usually be testes
» Anogenital distance
» Degree of rugosity

« Pigmentation of labio / scrotal
tissue

* Virilisation

EST 1892
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Clinical Rating Scales

B External Masculinisation Score C
External Masculinisation Scale 3| N Norm
Score Of < 7 iS Considered .....................................................................
2 Distal

ambiguous

Virilisation of XX individudals
(Prader)

1

ol

Mid Ing Ing 1

Abd Abd 0.5

N Y Prox Abs Abs 0
Labioscrotal Micro  Urethral Right Left
Fusion Phallus' Meatus Gonad Gonad

Normal 2 I I

©» ® ©®

N ¥ N Vv WV N

\«ﬁ/

Normal &

\,ﬁ\/ ~flv

&

()

EST 189}




Clinical Rating Scales

* Androgen Insensitivity « Hypospadias classification
(Quigley)

0900

Glanular .
Distal

Subcoronal

Distsd Panie .
Mid

Midshaft

== Proximal Panile

Prox

LSBU




46 XY DSD - Presentation

» Absence of secondary sexual characteristics in an adolescent boy
* Hypospadias
« Ambiguous genitalia at birth

* Primary amenorrhea in an adolescent child with a complete female
phenotype

» Variation depends on 2 factors:

Degree in disturbance of androgen production or action
Point at which this disturbance occurs during sex development

» Anatomic presentation can be classified by using clinical rating scales

LSBU

EST 1892




46XY- Androgen Insensitivity Syndrome

« Complete absence of androgen action from the time of early foetal
?gxlelso)pment results in a child with a typical female external phenotype

. %ﬁg{ action of androgens during foetal development causes hypospadias

» Micropenis can occur
 Cryptorchidism

* Mullerian structures may be present or absent
 If AMH not released, then internal structures may remain as female
« Must determine if present as will have a bearing on fertility if raised female

« Gonadal germ cell cancer risk
* Increased in testes with impaired development and presence of Y chromosome

LSBU

» PAIS and raised as male — strict cancer surveillance
« CAIS and raised as female — prophylactic gonadectomy - ? Childhood / Puberty,

EST 1892




https://www.teenvoque.com/story/hanna-gaby-odiele-

explains-how-she-found-out-she-is-intersex

Supermodel comes out as intersex: My body
isn't really male or female, Hanne Gaby Odiele
reveals

Supermodel wants to break the ‘taboo’ surrounding the syndrome of being
born with sex characteristics that aren't entirely male or female



https://www.teenvogue.com/story/hanna-gaby-odiele-explains-how-she-found-out-she-is-intersex
https://www.teenvogue.com/story/hanna-gaby-odiele-explains-how-she-found-out-she-is-intersex

CAIS / PAIS

* PAIS « CAIS

« Showing minimal virilisation of
phallus and genital folds

&t I

» Showing normal female external
genitalia, but visible gonads in the
» More virilised, where the genitalia groin
show unfused labio-scrotal folds, but
pigmentation and wrinkling more
noticeable, with a larger phallus

EST 1892
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46XY - Persistent Mullerian Duct Syndrome

» Mutations in the gene encoding AMH

 Lead to persistence of Mullerian duct organs in a 46XY individual
» Usually present

 Cryptorchidism

» Uterine remnants only apparent on examination, or later inguinal
herniation

.\
Transverse | (| ‘\‘
testicular \
ectopia

N/
Inguinal sac IJJ)

EST 1892
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46XY Gonadal Dysgenesis

 This occurs when there is disruption in
the testicular developmental pathway
toward mature Sertoli and Leydig cells

« Usually leads to:

« Small testes with poor androgen-production
capacity
» Presence of mullerian structures
» Elevated gonadotrophins from puberty
» Primary gonadal failure
* Inadequate early androgen production

leading to bifid scrotum and severe
chordee of phallus




46 XX Presentation

* Ambiguous genitalia

» More than half of all infants born with AG are 46XX
* Due to in utero exposure of androgens
» Source may be adrenal (CAH) or testicular

« Complex congenital malformations

» Cloacal extrophy, or bladder extrophy

» Gradual clitoris enlargements during childhood

* Non classical CAH

* Abnormal developments at puberty

* Primary amenorrhoea
» No breast or pubic hair development (46XX gonadal dysgenesis or steroid

biosynthetic defects) OR

» Normal breast and pubic hair development (Mullerian duct agenesis)
» Normal breast development but little or no pubic hair (CAIS)

EST 1892




46 XX CAH

» Baby will have been exposed
to excess male hormone in-
utero

* The genitalia will look like a

boy’s:
 Labia will fuse to look like a
scrotum
» Clitoris enlarges and looks
like a penis

« Can sometimes be so severe,
sex assignment is difficult

* Need karyotype
* Will still have normal
internal structures

» Surgery may be needed to
correct outer appearance
« CONTROVERSIAL

1

« Exposure to prenatal androgens and
Prader 3 virilisation at birth

« Same baby at age 8 weeks at the time
of genital reconstruction, showing some
regression of virilisation after starting

steroid treatment
« Another baby girl with a more
severe form of 210HD,
leading to more
severe virilisation

(Prader V)




46XX Gonadal Dysgenesis

« Mutations in FSH receptor gene has been identified

e ‘Pure’ without features of TS

« Streak gonads are present due to germ

cells not forming properly
» Mostly composed of fibrous tissue

* Characterised by primary amenorrhoea with or without
secondary sexual characteristics




46XX Mullerian Duct Agenesis

Vaginal agenesis usually associated with an absent
uterus and fallopian tubes but with normal ovarian
development

Mayer—Rokitansky—Kuster—-Hauser syndrome

Presence of ovaries

/

Absence of the uterus,
tubes and vagina

Normal uterus MRKH syndrome




46 XX Testicular DSD

* 1in every 20,000 males with testes has a 46XX
karyotype
« Translocation of SRY to the tip of one of the X

chromosomes has occurred
* Phenotypical similarities between 46XX men and

those with Klinefelter Syndrome
46XX men shorter

e
Y Y
o
@
X X* C
[9))]
L

Father of XX male XX* male




Sex Chromosome DSD

46 XX Ovo-testicular DSD
Klinefelter Syndrome

Turner Syndrome

45X [ 46 XY




46 XX Ovo-Testicular DSD

 Specific type of gonadal dysgenesis
» Presence of ovarian follicles and seminiferous tubules in the gonads

* Distribution in the gonads vary

» 89% of ovotestes, ovarian and testicular elements are evenly
distributed

- Testicular tissue undergoes atresia at a faster rate than
ovarian tissue

* Phenotype varies
« Often testis on right and ovary on left

 Paternity never reported
« Gonad most likely to function will be the ovary

» Gonadal cancer risk in 46 XX ovo-testicular DSD is low risk
« May be fertile oocytes
« Spermatogenesis absent

—
(92,
0
| e



Klinefelter syndrome 47XXY

» Affects sexual development
» Testes don't fully develop
» Oligospermic
» Lower levels of
testosterone
 Taller than average
« Many men only discover

this when they seek help

Tall stature

Frontal baldness

Slightly feminized
absent

physique
Mildly impaired I1Q
(15 points less
than average)

Tendency to lose
chest hairs

Poor beard growth

Breast development
(in 30% of cases)

Osteoporosis

Female-type
pubic hair
pattern

Small testes

for infertility

9 10

17 18

Klinefelter Syndrome

12

13

IRIRIRIRT H@
19 20 21 22

14 15 16

XXY




« Only affects girls

» Affects growth and sexual development
» Qvaries aren’t developed properly
* In TS the second sex chromosome is
either:

« Completely absent (45,X)
(Monosomy X

* Partially absent
« Forms an isochromosome 1iszq),

ossessing a long arm duplication
gnd beinggdevoi of a shoFr)t arm (p)(iq)

* In a ring formation (rX):

* Is devoid of the homeobox
ene, SHOX (short stature
omeobox)

 Any of these variations of the second
sex chromosome may occur with or
without cell line mosaicism

» Missing the X in only some of the
cells

* May have fewer symptoms

Turner syndrome

14

Completely absent
(45,X)

Partially absent

Forms an
isochromosome
(isoXq)

Ring formation (rX)

Deletion of SHOX gene
prior to the junction
between Xp22.2 and Xp22.3



https://embryology.med.unsw.edu.au/embryology/index.php/2011_Group_Project_1
https://embryology.med.unsw.edu.au/embryology/index.php/2011_Group_Project_1
https://embryology.med.unsw.edu.au/embryology/index.php/2011_Group_Project_1
https://embryology.med.unsw.edu.au/embryology/index.php/2011_Group_Project_1

45X/46XY DSD

» Wide range of phenotypes
* 95% - normal male
« SS and dysgenetic testes

* Female phenotype
» Features of TS (where karyotype has Y

- Right gonad has a reasonable _ Chromosome) ,
testis which has descended * Mixed gonadal dysgenesis
into a hemi-scrotum « Asymmetrical appearance
* Left side gonad was intra- * 75% have a uterus
abdpmlna §treak gonad . SSin 84%
 Vaginal cavity present « GH therapy
* Raised a boy, gonads left insitu  « Abnormalities of urinary tract and CVS
 Re-presented in adolescence may be present
with a tumour arising from the * Similiar to those of TS

streak gonad

EST 1892
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CNS role
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Clinical Nurse Specialist roles

Clinical
Nurse Research
Specialist

Patient
advocate

Collaborator

EST 1892
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CNS advocate role — at diagnosis

» Ensure referring team has parents * How is the baby feeding

admission leaflet - Breast pump, bottles, quiet area available
« Liaising with the MDT * Bottle feeding — enough milk

 From the referring team and also » Ensure parents bring
the team being referred to « Phone chargers, nappies, wipes, books

* Is the baby well / hospitalised etc, lists of questions

» Are they r_eqtuiring transport / nurse « Maternity notes, child health care notes,
es%:_ortt/ will that nurse stay with referral letters
patien . Ki

* Liaising with the various members Money for parking :
of MDT to arrange ward visit » Can they speak English

« Liaising with Biochemistry / « Arrange interpreter, prepare translated
Ultrasound / Photography information

* Liaising with the ward

« Ensure GnRH, Synacthen and HCG
in stock on ward 1f need be

« Liaising with the parents!

* Prepare information packs for P 7 S\
parents T Y, el

« DSD families leaflet e R
+ Cortisol deficiency booklets \
* CAH information X
* CNS contact details ¥a




CNS advocate role - ongoing

Key liaison and support for family

Involvement in support groups /
support group days

Be knowledgeable in specific

condition and long term

implications

* Prepared for discussions on puberty and
. adolescence and beyond

Liaise with adult DSD /
gynaecology teams

Patient and family empowerment

Belirve C re .
_ COMPOSSiONsg,, . PETSON

treatment nvironment

nurses-care

insight education ~communication deusmn.s

“respect

family & jobn\IT° ln able
pl‘O(CSSthw lseamhnl ng

vocate=

Ilm 1l ""‘“‘“‘ ® foundstion hf“ihh
actions
work '

nmke

ahility beSt

m&maéu

hohsuc
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Famlly Support - dsdfamilies

« dsdfamilies.org
« UK based support group

* Information and support
resource for families with
children, teens and young

adults with a DSD

 Links to other support groups
throughout the UK

« CAH, TS, Hypospadias,
Klinefelter, AlS

e Links to international DSD
support groups

EST 1892




v Many girls have.. e o
o tHO podies are exactly the same Some boys have.. el eg/}/s /791,
| | Leoe, oth, S,
dsdfamilies.or el o,
way?
| | '.......--' indi{{efent Lot W
¥ is differer™ " "o 279 othe,
. 1‘/079

Lnea 2o —=
« Advice | by §
 How to talk to ! {&C i? 3;
others FALY ° @
+ How to talk with £
teenagers

DILATION TEAM fi CLOSE FRIEND

 Dilatation g%\’_ @

OTHERS %@uw W0 OO PUATES
@ UBRCAT 5

THE PROCESS
GENTLE SORP WASH CLOTH

| J
for Talking




Story of Sex Development

Story of Sex
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GOSH DSD diagnosis statistics -
2015

53 new referrals over one year

Averaging 6 a month
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DSD referral areas
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DSD ages of referral at GOSH
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>10 yrs

* Infants

« Usually present with atypical
genitalia

 Adolescents

 Atypical sexual development
* Micropenis
* Cryptorchidism
» Referrals from other centres
* Previous hypospadias surgeries
« Familial atypical genitalia
« CAIS
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GOSH DSD data over 21 years N= 657

No diagnosis, 54

Adrenarche, 2 Penoscrotal Hypospadias, 115

Enlarged testes, 2
Panhypopituitarism, 2

Buried penis, 2 Other, 38

17 a hydroxylase Chordee, 2
deficiency CAH, 2 Cryptorchldlsm 2
N Testlcular torsion, 3_,—
Testicular
DSD, 3 Turner's +Y, 4 MRKH, 4__—7

3B HSD,4

Vanishing Testes Syndrome, 4
True hermaphroditism, 4

Klinefelter's, 5 &

Ambiguous genitalia, 5

11 B HSD CAH, 5
SF1 mutation, 7

46,XX CAH, 85
WT1, 12
Ovotesticular DSD, 12
17 BHSD, 15
Gonadal dysgenesis, 17
Cloacal variant, 18 Mosaicism, 39

5 a reductase deficiency, 20

Undescended testes / HH, 38
Partial Gonadal Dysgenesis, 22

Mi is, 24 i
icropenis, Cliteromegaly, 32

PAIS, 23

CAIS, 31

EST 14




- SCDSD11.2%

- 46,XY DSD 61.1%

- 46,XX DSD 27.7%

- Most children (80.1%) presented as neonates, usually with atypical
genitalia, adrenal insufficiency, undescended testes or hernias

Journal of the Endocrine Society, 2022, 7, 1-12 -‘
https://doi.org/10.1210/jendso/bvac165 -Y
Advance access publication 28 October 2022 I Ja

ini ; OXFORD
Clinical Research Article ENDOCRINE
SOCIETY

A Single-Center, Observational Study of 607 Children and
Young People Presenting With Differences of Sex
Development (DSD)

Elim Man,’?2® Imran Mushtaq,*® Angela Barnicoat,’ Polly Carmichael,®’ Claire R. Hughes,?>2®
Kate Davies,?°©® Helen Aitkenhead,’®® Rakesh Amin,?® Charles R. Buchanan,’'®

Abraham Cherian,* Nikola J. Costa,'® Sarah M. Creighton,'? Patrick G. Duffy, Emma Hewson,®
Peter C. Hindmarsh,?"3® Louisa C. Monzani,® Catherine J. Peters,?® Philip G. Ransley,*

Naima Smeulders,*® Helen A. Spoudeas,’?® Dan Wood,*'*'°® leuan A. Hughes,*®

Harshini Katugampola,?® Caroline E. Brain,?© Mehul T. Dattani,’?"®

and John C. Achermann’?"®
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SOUth Africa (Ganie et al, 2016)
7

« 416 children * Lack of biochemistry tests

* 46 XY - 57.5%  Lack of advanced molecular techniques
« Androgen synthesis action (WES)

* Ovotesticular DSD - Likely to alter classification of their

« Single most common cohort
diagnosis amongst black
African patients with « WES
. 46 XX 3§r§}b'9“°“3 genitalia « Can detect mutation s in known
e DSD genes
- CAH
« MSC-9.5%
« TS-2/3
b Late presentathn DE GRUYTER ] Pediatr Endocrinol Metab 2016; aop

Yasmeen Ganie*, Colleen Aldous, Yusentha Balakrishna and Rinus Wiersma

Disorders of sex development in children in
KwaZulu-Natal Durban South Africa: 20-year
experience in a tertiary centre




S year retrospective
study of PE clinic
156 DSD patients

.« 46 XX - 44%

. CAH Qe
© 46XY-29% 1L B

« AIS AR NS/

DE GRUYTER DO0I10.1515/jpem-2011-0467 === | Pediatr Endocr Met 2012; 25(11-12): 1065-1072

Mohamed Ahmed Abdullah*, Umsalama Saeed, Asjjad Abass, Karib Lubna, Arabi Weam,
Abdelbassit S. Ali and Imad F. Elmwla

Disorders of sex development among Sudanese
children: 5-year experience of a pediatric
endocrinology clinic

= Sudan (s etsi 2012

» 60% referred to specialized clinics

« Some families refuse
* Finance
« Stigma
« Some left without action
 Aetilogy spiritual
* Not treated by Western medicine
» 70% deliveries at home
* Midwives and young Drs not trained

« Sex assignment

» Guesswork

* Has to be done before naming ceremony
* No later than 2 weeks
« SSIS

« Sudan Scientific Intersex Society
* MDT only in Khartoum

* Investigations
 Costly ($300 per patient)
« Unavailable

 Early surgery opted for
» Culture
* Religious directives

EST 1892
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F | n I dain d (Kohva et al, 2018)

« 550 patients 2004 — 2014
46 XY — 54%

" ) E nd oC ri ne E Kohva et al. DSDs: timing of diagnosis and 7:4 595-603
e« MSC-37% Y CONNECTIONS management

° 46 XX _ 9% RESEARCH
. Disorders of sex development: timing of
MOSt common diagnosis and management in a single large

 Bilateral cryptorchidism tertiary center
° KI i n efe Ite r E Kohva'?, P J Miettinen’, S Taskinen'?, M Hero', A Tarkkanen'? and T Raivio'?

'Children’s Hospital, Pediatric Research Center, University of Helsinki and Helsinki University Hospital, Helsinki, Finland
Faculty of Medicine, Department of Physiology, University of Helsinki, Helsinki, Finland

° TS (C h i I d h ea Ith Ca re CI i n i C) JDepartment of Pediatric Surgery, Children's Hospital, University of Helsinki and Helsinki University Hospital, Helsinki, Finland
* Mean age of diagnosis 4 years
» Decceleration of growth

[ ] Fi n n iS h g rOWth d ata ? mm Turner syndrome (n=98) Klinefelter syndrome (n=68)

* National child measurement .
programme UK — Reception / £
Year 6 3

* Finland — 20 height i,

measurements from post birth 0 e s o S e paa

L~ < S I ]

§ U uJ) 4 -A J ! e!, diagnosed per age group. Data obtained from
~ ~ 1 ! !
1 2 ears H dotdddddL utpatient clinics of a single
a " . tertiary center between 2004 and 2014 whose
Age at diagnosis, years age at diagnosis was available.




Conclusion

- Understanding of sex development

- Understanding of DSD

- COMPLEX

- Treatment
- Management

- Advocate




References

Biason-Lauber, A. (2010). Control of sex development. Best Pract Res Clin Endocrinol Metab,
24(2), 163-186. doi:10.1016/j.beem.2009.12.002

Bishop, R. (2010). Applications of fluorescence in situ hybridization (FISH) in detecting genetic
aberrations of medical significance. Bioscience Horizons, 3(1), 85 - 95.

Cool, J., & Capel, B. (2009). Mixed signals: development of the testis. Semin Reprod Med,
27(1), 5-13. doi:10.1055/s-0028-1108005

Cunha, G. R., Robboy, S. J., Kurita, T., Isaacson, D., Shen, J., Cao, M., & Baskin, L. S. (2018).
Development of the human female reproductive tract. Differentiation, 103, 46-65.
doi:10.1016/j.diff.2018.09.001

Davies, K. (2019). Disorders of Sex Development. In S. Llahana, C. Follin, C. Yedinak, A.
Grossman, K. Davies, & M. F. Keil (Eds.), Advanced Practice in Endocrinology Nursing (Vol. 1,
pp. 39 - 61). Switzerland: Springer.

Grimaldi, C., & Raz, E. (2020). Germ cell migration-Evolutionary issues and current
understanding. Semin Cell Dev Biol, 100, 152-159. do0i:10.1016/j.semcdb.2019.11.015

Hiort, O. (2013). The differential role of androgens in early human sex development. BMC
Medicine 11(152), 1 - 7.

Hiort, O. (2017). Normal and Variant Sex Development. In M. Legato (Ed.), Principles of
Gender Specific Medicine (3rd ed., pp. 1 - 16): Elsevier.

Hutson, J. M. (2012). Embryology of the human genital tract. In J. M. Hutson, G. L;\J\arﬁBU
S. R. Grover (Eds.), Disorders of Sex Development: An integrated approach to mah

(1st ed.). Australia: Springer.



References

Makela, J. A., Koskenniemi, J. J., Virtanen, H. E., & Toppari, J. (2019). Testis Development.
Endocr Rev, 40(4), 857-905. doi:10.1210/er.2018-00140

Sekido, R., & Lovell-Badge, R. (2009). Sex determination and SRY: down to a wink and a
nudge? Trends Genet, 25(1), 19-29. doi:10.1016/j.tig.2008.10.008

Turcu, A. F., & Auchus, R. J. (2015). Adrenal steroidogenesis and congenital adrenal
hyperplasia. Endocrinol Metab Clin North Am, 44(2), 275-296. doi:10.1016/j.ecl.2015.02.002

Telfer, E & Anderson, R (2019) The existence and {)otential of germline stem cells in the adult
mammalian ovary Climacteric doi=10.1080/13697137.2018.1543264

Vainio, S., Heikkila, M., Kispert, A., Chin, N., & McMahon, A. P. 81999). Female development in
mammals is regulated by Wnt-4 signalling. Nature, 397, 405 - 409.

\é\llebﬁter,"S., & de Wreede, R. (2016). Embryology at a glance (2nd ed.). Oxford: Wiley
ackwell.

Wisniewski, A. B., Chernausek, S. D., & Kropp, B. P. (2012). Disorders of Sex Development: A
guide for parents and physicians. Maryland, USA: Johns Hopkins University Press.

Yamada, G., Satoh, Y., Baskin, L. S., & Cunha, G. R. (2003). Cellular and molecular
mechanisms of development of the external genitalia. Differentiation, 71(8), 445-460.
doi:10.1046/j.1432-0436.2003.7108001.x

Yeoh, P. (2019). Anatomy and Physiology of the Adrenal Gland. In S. Llahana, C. Follin, C.
Yedinak, A. Grossman, K. Davies, & M. Keil (Eds.), Advanced Practice in Endocrinology
Nursing (1st ed., Vol. 1, pp. 645 - 655). Cham: Springer.

Zhu, YS & McGinley, J (2009) Disorders in male sexual differentiation: Molecular genetics,
gender identity and cognition. In Rubin, RT & Pfaff, DW (Eds) Hormone / Behavior Relations of

Clinical Importance. Academic Press. LSBU

EST 1892


https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13697137.2018.1543264

Thank you

Kate.davies@lsbu.ac.uk

.

@LSBU_Prescribe

@lsbu_prescribe

mmn \@

+IDE] "¢ Non Medical Prescribing at
* m London South Bank University

——— Kate

FOLLOWING

South Bank
University

LSBU Prescribing Team
@LSBU_Prescribe Follows you

The official twitter account for the LSBU prescribing team (part of @LSBU_HSC)

© London, England & Isbu.ac.uk/study/study-at... Joined December 2020



mailto:Kate.davies@lsbu.ac.uk

