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Anatomy of the reproductive system
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Anatomy of the reproductive system
Gonads

XY: Testes XX: Ovaries
Seminiferous tubules Follicles
Maturating sperm Maturating oocytes
Supporting cell type: Sertoli cells Supporting cell type: Granulosa cells

Steroid producing cell type: Leydig cells ~ Steroid producing cell type: Theca cells
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Anatomy of the reproductive system
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Sex determination

Three factors determine gender phenotype:

1. Genetic sex
- Dependent on sex chromosomes: XX or XY
- Determined at conception

2. Development of the reproductive system (gonads, tracts, genitalia)
- Dependent on gonad development
- Occurs during embryonic development

3. Development of secondary sex characteristics
- Dependent on hormones
- Occurs during puberty
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Embryonic origins of the reproductive system

Trilaminar embryo

Mesoderm

urogenital system

Endoderm
epithelial linings of gastrointestinal and respiratory tracts

Germ cells
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Embryonic origins of the reproductive system

Intermediate Mesoderm
Coelomic Epithelium (Lateral Plate Mesoderm)
Primordial Germ Cells

Week 4 embryo
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Embryonic origins of the reproductive system
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Embryonic origins of the reproductive system
Intermediate Mesoderm
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Embryonic origins of the reproductive system
Intermediate mesoderm
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Embryonic origins of the reproductive system
Coelomic Epithelium

Mesothelium that lines body cavities and organs
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Embryonic origins of the reproductive system
Primordial Germ Cells (PGCs)

Migration of mammalian
primordial germ cells

Embryo
\ .'»\Jlnniotic Cavity

PGCs arise during gastrulation
PGCs are initially set apart in hindgut/yolk sac/allantois
Later the PGCs migrate into the genital ridges through the gut into the genital ridges

https://embryology.med.unsw.edu.au/embryology/images/2/26/Primordial germ cell 002.mp4
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Gonad development

The bipotential embryonic reproductive system
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XY and XX gonads develop from:

Mesonephric mesenchyme

Coelomic epithelium. Bipotential genital ridge
Germ cells

XX and XY reproductive tracts develop from:
Mesonephric (Wolffian) duct
Paramesonephric (Mullerian) duct
Urogenital sinus
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Gonad Development

The bipotential embryonic reproductive system

XY gonad XX gonad
Sertoli cells N S ti d cell L. Granulosa cells
Leydig cells omatic gonad cefis Theca cells

Spermatogonia «+—— Germ cells — Oogonia
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Gonad Development

XY gonad development:
Coelomic epithelial cells proliferate and undergo EMT
Two waves: pre-Sertoli cells first, pre-Leydig cells later

Sertoli cells:

« supporting gonad cell type

« envelop germ cells to form sex/testicular cords (seminiferous tubules)
« produce anti-Mullerian Hormone (AMH)

Fetal Leydig cells:

 steroid-producing cell type: testosterone (masculinization)
 replaced after birth by adult Leydig cells

Wave 1: pre-Sertoli cell EMT Wave 2: pre-Leydig cell EMT
} Leydig cells

Germ cells
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Gonad Development

XX gonad development:
Coelomic epithelial cells proliferate, undergo EMT, and give rise to granulosa cells.
(until after birth!)

Granulosa cells:

« supporting gonad cell type

* generate the ovigerous cords, which envelop germ cells, and fragment into follicles
« produce progesterone

« convert androstenedione (from Theca cells) to estrogen (feminization)

Theca cells:
» derived from mesonephric mesoderm,

 steroid-producing cell type: androstenedione (estrogen precursor)

Gonad
\ Mesonephros
;’J Ovigerous cords




Gonad Development
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Gonad D

ievelopment

Sry, the male sex determining gene

Y chromosome

SRY Ypll.3 sex determining region Y

nature

INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

ume 351 No.6322 9May1991 £2.50

MAKING A MALE MOU

The origin of agriculture in Europe
Circumventing the uncertainty principle

Peter Koopman
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Gonad Development

Sry -> Sox9
Wave of Sry expression Sry is a transcription factor that activates
in pre-Sertoli cells SOX9 expression in Sertoli cells
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Gonad Development

Sry -> Sox9 -> AMH/Testosterone -> Testicular development
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Development of the Reproductive Tract

The bipotential embryonic reproductive system
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Mesonephric mesenchyme
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XX and XY reproductive tracts develop from:
Mesonephric (Wolffian) duct
Paramesonephric (Mullerian) duct
Urogenital sinus




Development of XY Reproductive Tract

Sertoli cells produce anti-Mullerian hormone (AMH): Mullerian duct regression
Leydig cells produce testosterone: Wolffian duct develops into male reproductive tract
and seminal vesicles

AMH (Sertoli cells)
Testosterone (Leydig cells)




Development of XX Reproductive Tract

No testosterone: Mesonephric/Wolffian duct regresses
No AMH: Paramesonephric/Mullerian duct forms female reproductive tract
Bilateral paramesonephric/Mullerian tubes partially fuse to form uterus, cervix and vagina
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Development of the Reproductive Tract
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Development of the reproductive tract
XY Urogenital Sinus

A PARTITIONING OF CLOACA
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Partitioning of the cloaca:
Urorectal septum separates hindgut
from urogenital sinus (continuous with allantois)

XY urogenital sinus:

Bladder and urethra
Prostate (Mullerian duct contribution)

Bulbourethral glands

Wolffian ducts:
Vas deferens ends in urogenital sinus

Mullerian ducts regress
(except for caudally: prostate gland)




Development of the XX Reproductive Tract

XX Urogenital sinus

Partitioning of the cloaca:
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Development of the external genitalia

Embryonic genitalia are bipotential

Bipotential genitalia consist of:
« Genital tubercle
« Genital folds

» Genital swellings

« Urethral groove (access to cloaca/urogenital sinus)

XY: Dihydrotestosterone by fetal Leydig cells

XX: Absence of dihydrotestosterone

Bipotential XY XX ——
tissue

Genital Tubercle  Glans penis

Genital Folds Penis shaft

urethra
Genital swellings Scrotum

Urethral groove Disappears

Clitoris

Labia minora

Labia majora
Vaginal

opening

Undifferentiated

Genital tubercle

Genital fold

Urethral groove

Genital swelling

Glans

Urethral fold

Urethral groove
t.
i

Anus

Shaft of
penis

Scrotal
raphe

Scrotum



https://embryology.med.unsw.edu.au/embryology/images/e/e2/Male_external_001.mp4
https://embryology.med.unsw.edu.au/embryology/images/a/a7/Female_external_001.mp4
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Development of the external genitalia

Parietal peritoneum Extraperitoneal fascia
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Processus vaginalis: peritoneal fold ending in the

~—— Parietal peritoneum
Epididymis

Testis

Ductus deferens

Pubis
——— Vaginal process

Gubernaculum
Scrotal swelling

(
vy
Closed proximal —.._ﬁ

portion of \\ 4 7

vaginal process ¥
Spermatic cord —/5""\
Tunica vaginalis ———£ | “‘r

| — Scrotum

\ \4— Gubernaculum

Cavity of
tunica vaginalis
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Development of secondary sex characteristics

Sex Determination

Three factors determine gender phenotype:

1. Genetic sex
- Dependent on sex chromosomes: XX or XY
- Determined at conception

2. Development of the reproductive system (gonads, tracts, genitalia)
- Dependent on gonad development
- Occurs during embryonic development

3. Development of secondary sex characteristics
- Dependent on hormones
- Occurs during puberty
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Development of secondary sex characteristics
Puberty

Male HPG Axis Female HPG Axis

Gonadotropin-releasing hormone

/" Hypothalamus / 'Hypothalamus

N>

Anterior Anterior
pituitary K—» pituitary

OI®

@@ i @@

— Qvaries
\/ Yy

o~ Testes

\ \ 4

! !

Activation of sperm production Activation of menstrual cycle
Masculinization Feminization
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Disorders of Sexual Development

Congenital Malformations by System 81-92

Urogenital System

Data source: Congenital Malformations Australia 1981-92

Very common: 12% of all congenital abnormalities!

. nervous system

o eye

D ear, face and neck
Eheart

. circulatory

. respiratory

etert palate /lip

. digestive system

. genital organs 12%
. urinary system 6.4%
Oimbs

D other musculoskeletal
. intequment

. chromosomal

D other and unspecified
D maternal
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Disorders of Sexual Development

Sex reversal syndromes

Chromosomal sex does not match phenotypic sex:

- XX males
- Transfer of some Y chromosome DNA (incl Sry) onto X chromosome
- Gonads develop as testes following Sry activation
- Development male phenotype
- Infertility

- XY females
- Usually: steroidal origin:
- Androgen insensitivity syndrome: mutations in androgen receptor
- 5-alpha reductase deficiency: defective testosterone metabolism
- Rarely: chromosome rearrangements or inactivating mutations in Sry gene
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Disorders of Sexual Development

Female Reproductive Tract Abnormalities

Due to fusion failures of the paramesonephric/Mullerian duct

| Hypoplasia/agenesis Il Didelphus
(a) Vaginal (b) Cervical (a) Communicating (b) Noncommunicatin IV Bicornuate
(c) Fundal  (d) Tubal (e) Combined (c) No cavity (d) No horn (a) Complete (b) Partial

VII DES drug related

’Y”Y‘

(a) Complete (b) Partial




Disorders of Sexual Development

Hypospadias: incorrect closure of the genital folds
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Hypospadias
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Disorders of Sexual Development

Cryptorchidism

Failure of correct gonad descent

True Ectopic
abdominal —p prepenile
superficial

inguinal ectopic

transverse
scrotal
femoral

perineal

' cryptorchidism
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Disorders of Sexual Development

Hydrocele testes

Peritoneal fluid enters scrotal sac through processus vaginalis

Processus vaginalis: peritoneal fold ending in the scrotal sac

Normal Non-Communicating Communicating ‘
\ N \ .
Hydroce}e Hyer?f:le

External oblique muscle

é /\ , //
7%':\%&}@@@
\ J/;'/-Scrotum
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