


Normal Development




Intermediate mesoderm

By 28 days, the metanephnic
blastemas and urétanc buds
appear

Al 24 days, cenica

nephrotomes begin to appear,

at 26 days, mesonaphios

and masonaphnic duct

begin to differentiate
Uretenc bud enters
metanaphric blastema
and bifurcates

Major calyces form

Metanephric tissue caps on
terminal collacting ducts
bagin 10 form nephne vasiclas

(o]

Nephric vesicles differentiate 1o form
nephrnns each nephron becomes
functional as its distal convolulad tubule
oins with the collecting duct

'

Surface of kidney exhibits lobes

Collecting duct system compilate
38

Timeline. Development of the urinary system.

Kidnays ascend

Masonaphric gucts exstrophy inta
tha postanior wall of the bladdar.
Exstrophy emplaces the uraters

into the bladder wall, while the
mesonephnic ducts are carmead down
fo the pelvic urethra. The region of
exstrophied duct becomes the
bladder trigone




Primordial garm cells migrate from the
yolk sac to the posterior body wall
and later to the genital idges

Celis from the coekomic

epithelium and mesonaphras formn

the sex cords surrounding the
germ cells. The e e
paramesonephric ducls f';:‘._‘ gﬂ:?:&j
deveiop next 1o the ||
mesonephnc ducts A

The prostate,
seminal vasicle,
and buibourathral
glands develop in
males at 10 1o 13

10 =12 weeks

In males, the cortical Sex cords
degenarate and the medullary sex
cords (future seminiférous tubules)
connect via mesonephric tubules 1o
the mesonephric ducts, which form
the vasa deferentia

In females, the medullary sex cords
and measonephric ducts deganerate
and the cortical sex cords become
follicle celis

The indifferent external genitalia
differentiate 10 formn the penis and scrotum
in males and the clitoris and labia in females

,| The paramesonephric ducts

/ and sinuvaginal bulb join to
form the werus and vagna in
females

. 4/ | nmales, shorening of each
// gubernaculum brings the

| .. | corresponding lestis to the lip

I_.-/-Ji'.‘_.F of the inguinal canal by
Bweeks 12 weeks :

During the Tth to 8th
manths, further shortening of
the gubemaculum draws the
testis info the s-:rot_y_rg-

Timeline. Development of the genital system.




A 28 days

Mesonephros

Metanephric
blastema

B 32 days

Ureteric bud

C 6 weeks

D 16 weeks




RENAL DEVELOPMENT

e WT-1 Gene located at 11p13 the "master

switch” for gonadal development and renal
morphogenesis

e GDNF Glial dervived neurotropic factor
implicated prominently in renal
morphogenesis

e RET receptor tyrosine kinase is the receptor
for GDNF and WT-1 at ureteral bud




RENAL DEVELOPMENT

e BOTH WT-1 AND GDNF ARE NEEDED IN
THE METANEPHRIC BLASTEMA FOR
INDUCTION OF THE URETERAL BUD

o RET ENABLES GDNF AND WT ACTION AT
THE URETERAL BUD




Renal Agenesis

(? WT-1 FAILURE )







Multicystic Kidney

(? RET FAILURE )







Future
renal
pelvis

A 36 days B « days C so days

Four generations

- — ' -f—— Resorption
of bifurcations ’7

Major

. u

Cc-!._r.:

Minor
E s0 days calyx

Branchings —I-J -€— Resorption —> J




Metanephric
tissue cap

Nephric vesicle

Collecting duct

Glomerulus Distal convoluted tubule

Proximal
convoluted
tubule

Bowman's

capsule Loop of Henle







RENAL MALDEVELOPMENT

o AN EXAMPLE OF ARPKD-AUTOSOMAL
RECESSIVE POLYCYSTIC KIDNEY
DISEASE.

o ASSOCIATED WITH NEARLY UNIFORM
INFANT MORTALITY

o ASSOCIATED WITH PKHD1 ON
CHROMOSOME 6







Dorsal aorta

Renal artery

Ureter

Pelvic Horseshoe
A 6th week B Normal C «kidney D kidney







Allantois

Allantois

Future bladder

Definitive "5
urogenital sinus , e pelvic
- urethra

— Rectum




Mesonephric duct Ureter
Mesonephric duct

Ureteric
bud

Bladder

Trigone
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Abnormalities of
Ureteral Bud Development

URETERIC BUD DEFECT

ASSOCIATED RENAL
ANOMALY

Failure of bud

Abnormal position of bud

Splitting of bud

Excess absorption of bud

Renal agen esis

Ureterocele, ectopic ureter
diverticulum

Duplication anomaly

Refluxing oriface







Vesicoureteral Reflux







Ureteral Duplication







Ectopic Ureter







The ureters invert their positions
as they exstrophy into the bladder
(the Weigert-Meyer rule):

The original lower ureter
opens normally into
the bladder

The original upper
Future vestibule of ureter crosses

under the lower one

6 to open at an

vagina

: abnormal low location
Two ureteric buds

grow from a Paramesonephric
single duct
mesonephric duct

Uterus
Vagina

In females, the
connection of the
ectopic ureter may
migrate to the
vagina







Ureterocele







Diverticulum (Paraureteral)




Cloacal Anomaly
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Imperforate Anus




’—\ Primitive
\ urogenital sinus

Rathke
folds fail
to form

Rectoprostatic
fistula

2.

Rectocioacal
canal

Rectovaginal fistula




Exstrophy - Epispadias Complex




Cloacal membrane, / Mesonephric duct

Cloaca










Posterior Urethral Valves




Urethrovaginal folds ‘
\
Meatus of ,\ |

l

bulbo -urethral gland

"'""‘“‘ \NYS v :
m% \«‘ ".;,)) Mesonephric duct
TR/ l X

Ureter

/ Degenerating
(i / Mullerian ducts
(&

Slnovaglnal bulb




_Bladder neck

Superficial fibroelastic
bundles

Verumontanum

Urethral valve (Type I)










Urachal Abnormalities




Cloacal endo-
derm penetrates inferior aspect
of genital tubercle to form ure-

thral plate: a, genital tubercle;
b, primitive urogenital sinus; c,
urethral plate; d, hindgut; e,
primitive urethral groove; f,
cloacal membrane; g, cloaca.




\\ Patent urachus

Urachal sinus Urachal Urachal cyst

diverticulum













Prune Belly Syndrome







Anomalies of

Vaginal Plate Canalization
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Allantois - Urinary bladder Urachus Prostate gland

Pelvic o, / Ureter . | Shit
part of \\ Prostatic and )/ vesicle
urogenital F"' membranous A Y

: inal | 74 Ductus
sinus /__43/ emina urethra~_/

vesicle / deferens

\F; . //"'-__J\ ?f

/

T K Penile urethra\‘v
sinus

A  Anorectal canal B




Hypospadas
of glans penis

[ Urathral
fokds
28 days 42 days

1
(B | Hypospackas
| of panila urethra




Hypospadias
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External genitalia after cloacal division: a, urethral fold; b, primitive urethral
groove; c, urogenital sinus opening; d, anal membrane.
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Urinary System Abnormalities

ANOMALY

Bladder duplication

Agenesis of Vas and
Seminal Vesicles

Agenesis of penis

Obstructive
megaureter

Uteral duplication

GESTATION

ETOLOGY

3 weeks

3 -4 weeks

4 weeks

4 weeks

5 weeks

Notochord
Duplication

Mesonephric duct
abnormality

Genital tubercle
defect

Mesonephric duct
abnormality

Ureteral bud defect




Urinary System Abnormalities

ANOMALY

Exstrophy-
Epispadias
Ectopic Ureter
Imperforate Anus

Ureterocele

Posterior urethral
valves

GESTATION

5 - 6 weeks

5 - 6 weeks

6 weeks

7 - 8 weeks

8 weeks

ETOLOGY

Cloacal membrane
anomaly

Ureteral bud defect

Failure of urorectal
septum

Persistence of
Chwalle’s membrane

Persistence of
Muller’s tubercle




Urinary System Abnormalities

ANOMALY

Hypospadias

Urachal
Abnormalities

Prune Belly
Syndrome

Undescended Testis

GESTATION

8 weeks

9 weeks

12 weeks

7 months

ETOLOGY

Failure of urethral
groove

Persistent allantois

Secondary failure of
mesoderm

Failure of end organ
response




