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Historic drawing of adult kidney

Urogenital Sinus and Renal Development

This animation gives an overview of both early renal and
genital (urogenital) development associated with the
urogenital sinus.
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The paired adult kidneys filter blood, excrete waste,
reabsorb water and have endocrine functions. In the
embryo, there are several stages in their development
closely linked to genital development. The nephron, the
functional unit of the kidney, is also a classical
epithelial/mesenchyme type of interaction.

The urinary system is developmentally and anatomically
associated with genital development, often described as
the urogenital system.
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Renal Overview
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Objectives

® Understand the 3 main stages of kidney development.

® Understand development of the nephron and renal papilla.

® Brief understanding of the mechanisms of nephron development.
® Understand the development of the cloaca, ureter and bladder.

® Brief understanding of abnormalities of the urinary system.

Lecture Resources
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References [Expand]

Background

® Mesoderm then intermediate mesoderm
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® \ascular Development

® Gastrointestional

® Cloacal development

® Endocrine - covered in future lecture/lab

Renal Anatomy

Each adult human kidney typically contains about 750,000 nephrons,
though the total number can vary significantly from as few as
250,000 to as many as 2,000,000.
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Intermediate Mesoderm

® development occurs laterally symmetrical (left right)

intermediate mesoderm lying beside the dorsal aorta

initially form mesonephric tubules (epithelial)

these tubules connect to a common duct, mesonephric duct
the mesonephric duct then extends within the mesoderm, rostro-
caudally

® eventually making contact with the cloaca

Mesonephric Duct

Later in development, both the mesonephric duct and the cloaca
both continue to differentiate and undergo extensive remodelling
(and renaming)

Uteric Bud

® arise near the cloacal connection of the mesonephric duct
® branch from the mesonephric duct laterally into the intermediate

mesoderm
® induce the surrounding mesoderm to differentiate - metanephric
blastema
¢ this mesoderm will in turn signal back to differentiate the
uteric bud

Epithelial - mesenchymal interaction

Uteric Bud forms - ureter, pelvis, calyces, collecting ducts

Metanephric Blastema

e forms glomeruli, capsule, nephron tubules
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Nephron histology

INSW Embryciogy. 2009 (dorsal view)
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Week 3 intermediate mesoderm
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® this development continues through fetal period

Nephros Development

The 3 main stages and pairs during development:

1. pronephros
2. mesonephros
3. metanephros

Pronephros

® week 4 few cells in cervical region fish

® Human E18, Mouse E7.5 - pronephric duct forms first with associated nephrogenic mesenchyme

® grows rostro caudally cervical -> cloaca

® E22 nephrogenic mesenchyme differentiates to form pronephroi not functional in mammals degenerates rapidly

Mesonephros

® Human E24, Mouse E9.5 caudal to pronephros

e forms by induction from pronephros

® pronephric duct now becomes mesonephric duct (also called
Wolffian Duct)

Metanephros

® Human E35-37, Mouse E11 epithelia bud at end of mesonephric
duct uteric bud and associated metanephric mesenchyme
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Uteric Bud

® induced by metanephric mesenchyme to differentiate
e forms collecting tubules, renal pelvis, ureter
® metanephric mesenchyme induced by uteric to differentiate forms nephron

Week 5 and Week 8

Superior mesenberic i'bry
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e Uteric Bud - developing ureter, pelvis, calyces, collecting ducts
® Metanephric Blastema (intermediate mesoderm) - developing
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1. vesicle (V) stage (13-19 weeks) (/embryology/index.php/File:Gray1128.jpg)
2. S-shaped body (S) stage ( 20-24 weeks) Adult nephron structure
3. capillary loop (C) stage (25-29 weeks)

4. maturation (M) stage (infants aged 1-6 months)
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® Condensation - groups of about 100 cells condense tightly
together to form a distinct mass
® Epithelialisation - condensed cells lose their mesenchymal

character and gain epithelial b .‘“‘
® At end of this period formed a small epithelial cyst complete with .-: 'f
a basement membrane, cell-cell junctions and a defined cellular .. '.
apico-basal polarity. "% =
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Early mOrphOgeneSiS Nephron histology

® cyst invaginates twice to form a comma

® then a S-shaped body one invagination site later becomes the
glomerular cleft

® At about this time blood vessel progenitors invade cleft to begin
construction of vascular component of glomerulus

® Tubule maturation specialised transporting segments of nephron
differentiate complex of convoluted tubules is created
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Adhesion

® mean glomerular number shown to level at 36 weeks
e about 15,000 at 15 weeks
e about 740,000 at 40 weeks.

e key structure of the adult nephron is the glomerulus (renal corpuscle), which represents the vascular/renal interface.

_podocyte_development_01.jpg)
Renal - podocyte development

Malture stage

Mesangial expansion
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Glomerulus structure

Vascular and renal poles
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Renal Vascular

Renal Arteries
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Renal Vascular
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® starts in week 5 and is completed by week 15.

® week 6 - the kidneys begin to change their relative position,
described as "ascent of the kidneys", to their correct
anatomical position.

® week 9 - the rising movement is completed.

® During the ascent, the kidneys also become vascularised via
the dorsal aorta.

® As this ascent occurs, the mesonephric ducts and the ureters
enter the wall of the developing bladder.
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® Arise with ascent and inferior branches lost
® Sequential, 25% population have 2 or more renal arteries
® branch of abdominal aorta, divides into 4-5 branches
e each gives off small branches to suprarenal glands, ureter, surrounding cellular tissue and muscles
® Frequently a second renal artery (inferior renal) from abdominal aorta at a lower level, supplies lower portion of
kidney.

Renal Venous
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Embryo renal venous Adult renal venous

Endocrine Kidney

Covered also in Endocrine Development lecture

® Renin - Increase Angiotensin-aldosterone system

® Prostaglandins - decrease Na+ reabsorption

® Erythropoietin - Increase Erythrocyte (rbc) production

e 1,25 (OH)2 vitamin D - Calcium homeostasis

® Prekallikreins - (plasma protein inactive precursor of kallikrein) Increase kinin production (altered vascular
permeability)

Endocrine Kidney (/fembryology/index.php/Endocrine_-_Other_Tissues#Endocrine_Kidney)
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® hindgut region ending at the cloacal membrane
e divided (ventro-dorsally) by the urogenital septum
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® ventral - common urogenital sinus
® dorsal - rectum
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Renal Overview
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Common urogenital sinus

® superior end continuous with allantois
® common urogenital sinus and mesonephric duct fuse (connect)
e differentiates to form the bladder
® inferior end forms urethra
e this will be different in male and female development

Urinary Bladder

® early origins of the bladder at the superior end of the common
urogenital sinus

® 8 open inferiorly to the cloaca and superiorly to the allantois

® Septation of the claoca - divides the anterior region to the
primordial bladder component from the posterior rectal
component.

® associated ureters and urethra

® Ultrasound measurement of the bladder size can be used as a
diagnostic tool for developmental abnormalities.

Bladder Structure

Can be described anatomically by its 4 layers from outside inward:

® Serous - the superior or abdominal surfaces and the lateral"
surfaces of the bladder are covered by visceral peritoneum, the
serous membrane (serosa) of the abdominal cavity, consisting of
mesthelium and elastic fibrous connective tissue.

® Muscular - the detrusor muscle is the muscle of the urinary
bladder wall.

® Submucosa - connects the muscular layer with the mucous
layer.

® Mucosa - (mucus layer) a transitional epithelium layer formed
into folds (rugae).

Detrusor Muscle

® The adult detrusor muscle consists of three layers of smooth
(involuntary) muscle fibres.
e external layer - fibres arranged longitudinally
® middle layer - fibres arranged circularly
¢ internal layer - fibres arranged longitudinally

Ureter Development
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Urogenital Septum
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e Uteric bud origin

® Adult ureter is a thick-walled muscular tube, 25 - 30 cm in
length, running from the kidney to the urinary bladder.
® Anatomically two parts the abdominal part (pars abdominalis)

and pelvic part (pars pelvina).

Bladder histology

® Ureter has three layers: outer fibrous layer (tunica adventitia), muscular layer (tunica muscularis) and mucous layer

(tunica mucosa).

® The muscular layer can also be subdivided into 3 fibre layers: an external longitudinal, a middle circular, and an

internal longitudinal.

Urethra Development

® Further development of the urinary system varies depending on the sex of the embryo.

® Males - the pelvic urethra forms the membranous urethra, the prostatic urethra and penile urethra. (The sex of the

above animation and sections is male)

® Females - the pelvic urethra forms the membranous urethra and the vestibule of the vagina.

Abnormalities
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_XVII_Congenital_Malformations) Congenital malformations of the urinary system (Q60-Q64)
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Kidney Vascular

Supernumerary renal arteries

® fusion of the lower poles of the kidney.

® During migration from the sacral region the two metanephric
blastemas can come into contact, mainly at the lower pole.

® The ureters pass in front of the zone of fusion of the kidneys.

® The kidneys and ureters usually function adequately but there
is an increased incidence of upper urinary tract obstruction or
infection.

® Some horseshoe variations have been described as having
associated ureter abnormalities including duplications.


https://embryology.med.unsw.edu.au/embryology/index.php?title=Lecture_-_Renal_Development&printable=yes#
https://embryology.med.unsw.edu.au/embryology/index.php/File:Australian_abnormalities_pie_urogen.png
https://embryology.med.unsw.edu.au/embryology/index.php/International_Classification_of_Diseases_-_XVII_Congenital_Malformations
https://embryology.med.unsw.edu.au/embryology/index.php/File:Horseshoe_kidney.jpg

(/embryology/index.php/File:Accessory_renal_artery.jpg)

(/embryology/index.php/File:Multiple_renal_arteries_01.jpQ)

Supernumerary renal vein


https://embryology.med.unsw.edu.au/embryology/index.php/File:Accessory_renal_artery.jpg
https://embryology.med.unsw.edu.au/embryology/index.php/File:Multiple_renal_arteries_01.jpg

| (/embryology/index.php/File:Supernumerary_renal_vein_02.jpg)

(/embryology/index.php/File:Supernumerary_renal_vein_04.jpg)

Urorectal Septum Malformation

® thought to be a deficiency in caudal mesoderm which in turn leads to the malformation of the urorectal septum and
other structures in the pelvic region.

® Recent research has also identified the potential presence of a persistent urachus prior to septation of the cloaca
(common urogenital sinus).

Bladder

® absent or small bladder -
associated with renal agenesis.

Bladder Exstrophy

® developmental abnormality associated with bladder
development.

® origins appear to occur not just by abnormal bladder Extagpally
development, but by a congenital malformation of the ventral o
wall of abdomen (between umbilicus and pubic symphysis). Pfensl

® There may also be other anomolies associated with failure of
closure of abdominal wall and bladder (epispadias, pubic bone
anomolies).
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® Ureter - Duplex Ureter
® Urethra- Urethral Obstruction and Hypospadias
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Hydronephrosis

Polycystic Kidney Disease

e diffuse cystic malformation of both kidneys
e cystic malformations of liver and lung often associated, Often
familial disposition
® Two types
e |nfantile (inconsistent with prolonged survival)
e Adult (less severe and allows survival)
e Autosomal dominant PKD disease - recently identified at
mutations in 2 different human genes encoding membrane
proteins (possibly channels)

Wilms' Tumor

® (nephroblastoma) Named after Max Wilms, a German doctor
who wrote first medical articles 1899

® most common type of kidney cancer children

® WT1 gene - encodes a zinc finger protein

® Both constitutional and somatic mutations disrupting the DNA-
binding domain of WT1 result in a potentially dominant-negative
phenotype

® some blastema cells (mass of undifferentiated cells) persist to
form a ‘nephrogenic rest’

® Most rests become dormant or regress but others proliferate to
form hyperplastic rests

® any type of rest can then undergo a genetic or epigenetic change
to become a neoplastic rest

e can proliferate further to produce a benign lesion (adenomatous
rest) or a malignant Wilms’ tumour
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Multicystic kidney
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Prune Belly Syndrome Wilms' tumor
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Prune_belly

® |ower urinary tract obstruction
® mainly male
e fetal urinary system ruptures leading to collapse and "prune belly" appearance.
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