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Introduction

e Sex determination
* Embryology

e Genital ducts
 Masculinisation
e Feminisation

e Gonads
* The Testis
* The Ovary

* Hormones

 Patient-focused description
 ‘Story of Sex Development’ www.study.com



Determination of Sex
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e XX —Female
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e Sex chromosome
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Determination of Sex —the Y chromosome

* SRY gene

 Signals sex-neutral tissue to develop into a
Sex-determining pair of testes
== region Y (SRY)
gene
x * If SRY gene is missing or does not work
Sekido & Lovell-Badge, 2008

Wisniewski et al, 2012
X X X

female male ?
https.//amasianv.files.wordpress.com/2012/08/xx-malel.jpeg ®



SRY gene location -

North East Thames
Regional Genetics Service

e FISH
* Fluorescence in situ hybridization
* Cytogenetic technique
* Can detect genetic abnormalities Full Karyotype

* Blood cultures are grown and

harvested to yield metaphase cells

* Sample viewed P”der which are analysed using light
Fluorescence Microscopy microscopy.

e Bishop, 2010 ? possible sex chromosome
. abnormality

* A targeted 30 cell score for the sex
chromosomes is performed

* Not a full karyotype
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Specimen
stained with
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Embryology — first 2 weeks

* Blastocyst * Gastrulation
* Implantation  Day 14
Regstablished — Selonlin Level of cross section
P uterine mucosa 0 '
Reestablished ——— , i
uterine mucosa Q Endometrium ——g
_ o Epiblast Endoderm
Endometrium — s
o Mesoderm | Primitive
(®) -] streak
Hypoblast — o
oo Amniotic ;g : —
‘z.g:‘ i Amniotic cavity Cells differentiate at the primitive streak
(o) cavity X |
(o) and migrate to form a middle mesodermal
(o) layer, as well as displace most of the
E‘ R Ll hypoblast cells to form an endodermal layer.
Trophoblast ‘['. 1‘ The ectoderm forms from the epiblast.
(®
(e)

e Mesoderm

Webster & DeWreede, 2016
www.teachmeanatomy.info




A EARLY INDIFFERENT STAGE
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Embryology — 3 — 6 weeks

* Development of the external
genitalia

 Cloacal membrane

Urogenital
membrane

Genital tubercle
Umbilical cord

\
¥

} membrane
KQ‘”/ ;

u

& Genital swelling |

3 weeks 4 weeks

i

Yamada, 2003
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Embryology — 6 — 7 weeks

Mesonephric @
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Biason-Lauber, 2009
Hutson, 2012




Genitalia development — 7-8 weeks

o 7-8 weeks
. B"’°f°"‘(‘;;;‘c’j';°", * Presence of XY chromosome
(U} Moterian duct  Triggers activation of SRY gene

Wolffian d iti '
lan duct * Initiates development of a testis

* Primary sex chords develop into

Male hormones: Sertoli cells

- MIS No male

B e  Anti-Mullerian hormone (AMH)

* Leads to regression of the
b Male gonad ¢ Female gonad Mullerian duct

Epid ‘ . .

s () Ovaries - * Leydig cells produce testosterone

J i1 e Stimulate Wolffian duct to form
kg i epididymis, vas deferens and

seminal vesicles
. Davies, 2019

Vas deferens



Sexual differentiation

* Mullerian Ducts
* Initially present in both sexes
* Regress under the influence

* Wolffian Ducts
* Regress in the female

WWW.
https://www.amboss.com/us/knowledge/Development _of the repro
ductive_system

of AMH
www. https://www.invitra.com/en/uterine-
malformations/uterus/
Gonads Primordial ovaries Fallopian
tubes
Fused
Milllerian AULENia Uterus
duct
ducts
Duct - Duct - Septal
formation fusion resorption

1 2 3

o Ureter

Bladder

Seminal
vesicle

; Fjaculatory
LN duct
Prostate

Urethra

Ductus
deferens

AL s———+—— Epididymis

o= Testis

X

Paramesonephric (Muellerian) duct Mesonephric (Wolffian) duct Gonad




Gonadal development

* Gonads * Primordial germ cells (PGC)
* Intermediate mesoderm * Precursors for gametes
 Mesodermal epithelium * Migrate from the embryo's yolk sac to the
* Germ cells genital ridge

- Here, they are incorporated
into the primary sex cords

- Fingerlike projections that have
formed over the previous
week

https://en.wikipedia.org/wiki/Primordial_germ_cell_migration https://WWW.jaypeed/g/tal.com/eReader/chapter/9789386261205/52



The Testis

e Testis development

* SRY gene
Medullary cords

Medulla

e After arrival of PGC

 Sex determination occurs
(Cool & Capel, 2009)

Epididymis
(mesonephric duct)
Rete testis

Germ cells

Cortex

 SRY
* |Interacts with DNA

* Leydig cell development

* Rete Testis

e Seminiferous tubules
Webster & De Wreede, 2016



The Testis

* Androgens

* AMH

* Androgen insensitivity syndrome
Makela et al, 2019

Differential selective Androgen action

N\ N
' \‘ .‘ \\ \.‘

Non-endocrine Endocrine

Time from early embryogenesis to birth

Hiort, 2013

https://www.health.harvard.edu/a_to _z/undescended-
testicle-a-to-z



The Ovary

e Genetic influence
* WTN4

* Week 6 of gonadal
development

* https://oncohemakey.com/genetic-bas
gonadal-and-genital-development/

Mesonephros
Mesonephric duct

Paramesonephrnic duct
Gonadal ridge

Metanephros

* Oocyte maturation

(Vainio et al, 1999)

Telfer & Anderson 2019
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Hormones overview

Testosterone dependent
¢ D H T |} Dihydrotestosterone dependent
* Dihydrotestosterone Prostt o
Seminal vesicle
* Androgens Epididymis
0%,

e"“':"a"),'0

X

Urogenital sinus

Testis
Blind vaginal pouch

' AMH

e Anti-Mullerian Hormone
e Produced by Sertoli cells
* Secreted into Wolffian ducts

e Secreted into Mullerian ducts
* Trigger regression in the male

 INSL3

e |INSulin Like Hormone

Zhu & McGinley, 2009

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

* Testosterone
 Steroid formed from cholesterol in the Leydig cells

* Produced by Sertoli cells

e Stimulates growth of genito-inguinal
ligament


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

Hormones overview

https://cradlewise.com/blog/placenta-your-babys-first-organ/

* Oestrogen

e HCG * QOvaries
* Human Chorionic Gonadotrophin Pla,\\ b
* Serum levels of foetal testosterone YT

LH LH (triggers ovulation)

mirror HCG, suggesting that the
placenta has an important role in the
early years of male sexual development

* Key masculinising effects during second
half of gestation

e Growth of penis and scrotum, and
testicular descent

* Babies with congenital hypopituitarism N 0 E: RE $18212Y
and anencephaly have micropenis, cays 4

- —.14——— ——-
FOLLICULAR PHASE OF LUTEAL PHASE OF

hypOpIaStK: Scrotum and Crypto rch|d|sm MENSTRUAL CYCLE MENSTRUAL CYCLE
https.//karenchantek.wordpress.com/2013/10/02/period/



https://cradlewise.com/blog/placenta-your-babys-first-organ/

Adrenal steroid pathway

StAR

N

Cholesterol

Cholesterol side
chain cleavage ¢

17 a-hydroxylase/ 17a-hydroxylase/
17,20 lyase 17,20 lyase
Pregnenolone ———>» | 17-OH-Pregnenolone = DHEA
3B-hydroxysteroid 3B-hydroxysteroid
dehydrogenase ¢ dehydrogenase *
Progesterone ——— > | 17-OH-Progesterone —— > | A’Dione
21-hydroxylase + 21-hydroxylase +
Androgens
Doc 11-Deoxycortisol
11B-hydroxylase * 11B-hydroxylase +
Corticosterone Cortisol
Aldosterone
gynthags + Glucocorticoid
| Aldosterone |

Mineralocorticoid

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



Testis

Vas

Prostate
gland

Urethra

/

Gonad
(future ovary or testis)
Female duct

Male duct

https://iheartguts.com/

v

Y

Ovary —.

Fallopian —
tube

Uterus

Upper part
of vagina

Formation of internal structures

* Foetal ovaries
e Make small amounts of testosterone and AMH

* Foetal testes
e Make lots of both hormones

* The presence or absence of these hormones influences
the development of the internal sex ducts:

* Mullerian 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

e 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

https://www.ucl.ac.uk/~ucbhhks/BlIOL2010/b250-99/mammalsex08.html|



Story of Sex Development
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We start at the beginning... NFORAATION

GONADS +
2 ‘KITS™

Chromosomes we get from our mum and dad <
carry genetic information.

We are most familiar with 46,XX and 46,XY but
other combinations also possible, eg:

-45,X (Turner syndrome)

-47,XXY (Klinefelter’s)

-45,X/46,XY (Mixed gonadal dysgenesis)

Up to 8 weeks of pregnancy, we all develop in a
similar way:

-with gonads that can become testes or ovaries
-with two sets of ‘kit’: the typical female
reproductive organs kit and the typical male
reproductive organs Kkit.

© dsdfamilies 2019



INFORMATION

o~ X 45x [46xY
46XX[46x9  4TXXI

GONADS +
2 "KITS"

At 8 weeks of pregnancy, the process of
‘sonadal development’ begins.

T
O & weeks

Whether the gonads develop as ovaries
or testes will depend on whether baby
has a Y chromosome

(because there’s a gene on the Y called
the SRY gene that ‘instructs’ the gonads
to develop like testes)



INFORMATION

ZoxX 45X 45X /46x9
46XX[46X9  4TXXY

46Xy

GONADS +

2 'KITS”
T

If there is a Y and a SRY gene then
© & weeks

.............................. No y <X > 9+ the gonads begin to develop as
/ testes.

GONADAL
DeveLOPMENT

—» STREAK

TeSTeS or VARIANT UNDeRDeveLoPeD

Lots can happen during this process.

Sometimes testes don’t develop at all
(streak).

And sometimes - for a huge variety of
reasons - they are underdeveloped.

If thereisno,
the gonads will
develop

as ovaries.
This will affect the amount of

hormones they produce further
down the line.



Followi h £ dal The testes produce a first hormone
ollowing the process of gonada called AMH which seeks to ‘get rid’ of

development, let’s look at the the female kit.
next steps: hormone production

INFORMATION

Toxx P e faexy

46Xy
46XX[46X9  4TX<S

When there are typical
quantities of the hormone AMH,
the female reproductive

L smen structures will disappear.

--- .H-o-k—r;z;n;e ------------ TESTES or varanT T5res
PRODUCTION \
"

AMH

GONADS +

\ 7 KITS"
O & weeks

GONADAL
DeveLOPMeNT

If testes are underdeveloped, there
will be less AMH and we may find
uterine-like structures or remnants.

The ovaries don’t produce
any hormones at this stage,
and the typical female
reproductive kit simply

If testes don’t develop (just streak/
undergoes natural growth.

tissue), there will be no AMH and the
typical female kit will simply grow.



0
© 8 weeks

GONADAL
DeVELOPMENT

HORMoNE
PRODUCTION

l

INFORMATION

Toxx K 4sx [46x

46xY
46XX /46Xy GTXXY

GONADS +
2 ‘KITS”

TeSTOSTERONE

The testes also produce another
hormone called Testosterone (T).

e Usually, the testes just
produce T.

OR VARIANT
TesTeS ~ unoerpevglorep

* Sometimes, during the process
of making T, something
happens involving ‘enzymes’
and no or little T is produced

* And, sometimes, if the testes
are underdeveloped, there will
be less production of T.



INFORMATION

76XX 45X 45x f46xY
46XX[46X9  4IXxY

46XY

GONADS +
2 'KITS™

/'A
® 8 weeKs

GONADAL
DeVELOPMENT

—» STREAK

ANT
TESTES Oor VARIANT | serveveLoen

\

AMH

HORMoNE
PRODUCTION

l

~

TeSTOSTERONE

|

SuPer T

/

All genitals start out from similar ‘tissue’.

For genitals to change and grow into a
penis and scrotum, we need a special
hormone called ‘DiHydroTestosterone’
or SuperT.

Usually, T just gets converted (changed)
into SuperT.

Sometimes, something happens to that
conversion involving enzymes and no
SuperT gets made

Other times, because testes are
underdeveloped, there will be less
SuperT than usual.



INFORMATION

76XK X 45x f46xY
46XX[46xy  4TXX9

Before SuperT changes genital
appearance, it needs to go through
the ‘Androgen Receptor Doors’.

GONADS +
2 "KITS”

/r
O & weeks

GONADAL
DeVELOPMENT

restes wwavzsmew [ ¢ Usually those doors are wide
\ open and the SuperT rushes
AMH through.

HORMoNe
PRODUCTION

!

N

TeSTOSTERONE * Sometimes the Androgen
% Receptor Doors are totally shut,
Super T and no SuperT gets through at all.

\

Aeros * And other times, the Androgen

Receptor Doors are partially
open; this can be anything from
almost closed to quite open.



When gonads develop into
ovaries, nothing much else

happens. X

LLOEHES
The reproductive organs De‘éé’tﬁ'i:‘éw
(womb, fallopian tubes and ""J;;:;,;e -------------
upper part of vagina) simply e
grow.
Sometimes, there can be a
problem with the adrenal gland
and this can lead to an CAH
overproduction of androgens
(hormones like Testosterone) in
girls with ovaries. This is a life-
threatening medical condition osueers Vs

called Congenital Adrenal
Hyperplasia.

INFORMATION
Toxx X uexfaexy
46XX[46Xy  4TXxY
GONADS +

2 "KITS"

—» STREAK

OR VARIANT
TesTesS S UNDERDEVeLOPED

\

AMH

N

TeSTOSTERONE

i

SuPerR T

\

ANDROGEN
RECEPTOR

2R CLITORIS
LA"“(’commou CHANNeL
(VAGINA JOINS URETHRA)

RANGE OF GENITAL APPEARANCE

)
«TY P'CAL

SMALLER PENIS
SCROTUM SHAPED DIF
OPENING AT BASE

rereNTLd




O I1-16 weeKs

All vulvas look different and there is a huge
range we can call ‘typical’.

The overproduction of T can make the
clitoris grow larger than usual.

It can also affect the lower development of
the vagina: the vagina can ‘join’ the urethra
to form one ‘exit’ point.

TeSTOSTERONE

\

SuPerR T

\

ANDROGEN
RECEPTOR

Ger CLITORIS
OMMON CHANNEL
(VAGINA JOINS URETHRA)

M RANGE OF GENITAL APPEARANCE

rypich>

SMALLER PENIS
SCROTUM SHAPED DIF
0PENING AT BASE

reReNTLY

© dsdfamilies 2019

All penises look different and there is a huge range we can
call ‘typical’.

If less T has been produced (and if less SuperT has been
produced, if androgen receptor doors were not fully open),
the penis might look smaller than usual and sometimes the
opening can be at the base of the penis, not at the tip.
Sometimes also the scrotum can look different.



INFORMATION

K 45 f46x9

FEXX 4610
46XX[46xY  4TXxd
GONADS +
) 2 "KITS”
@ & weeks
"""""""""""""""" Noy « ¥ = 9+SRY
i
GONADAL
DeveLOPMeNT
l - —» STREAK
o -f'l-f;k-ﬂ;o-h;e -------------- OVARI€S TeSTES or vARANT ] eveionen
PRODUCTION
i \
AMH
N
TeSTOSTERONE
SUPER T
CAH \
ANDROGEN
RECEPTOR
TRReet, e
(VAGINA JOINS URETHRA)
O 11-16 weeks

------------- 9N RANGE OF GENITAL APPEARANCE s
T

SMALLER PENIS Y
SCROTUM SHAPED pIFFereN
OPENING AT BASe

Can you now draw and
tell us YOUR
Story of Sex

Development?
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Story of Sex Development
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Concluding the story..

Development of Wolffian ducts

Migration of germ cells Migration of germ cells

Development of Miillerian ducts

 Summary of embryological development

Differentiation of seminiferous tubules

Regression of Miillerian ducts.

Appearance of Leydig cells
AMH

[Millerian ducts regress)

1st meiotic prophase in oogonia

Masculinizationof external genitalia begins m Wolffian ducts regression
Typical Male Testis as Testosterone
46, XY gonad DA CCE Gasops Fetal testes in the internal inguinal rings

Penile urethra plett

[male e,Eng.w Appearance of first spermatogonia

Appearance of first ovarian follicles

Bipotential gonad

No AMH Max Leydig cells. Testosterone peak 17
{Md llerian ducts develop)
Typical Female Ovary as No Testosterone Regression Leydig cells. Testosterone lower on
46, XX H gonad (Wolffian ducts regress)
e et [24] | "Conatsaton ot he vaaine-
https://www.ogmagazine.org.au/20/4-20/intersex-variations-in-sex-characteristics/ Descent of testes Ef] btk e i

 |[lustration of sexual differentiation
Biason-Lauber, 2009
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