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RENAL EMBRYOLOGY ————— Active space -

Development of urogenital system

00:00:38
- T

Mmesoderm :
* Intermediote mesoderm : qives rise to Hidnegs.
* Paraxial mesoderm : gives rise to somites (muscles).
* Lateral plate mesoderm : Cavities (Pleura, peritonium, pericardiumy.
~ Somatopleuric gives rise to parietal pleura, parietal pericardium, ete,
= Splomchnopleuric gives rise o visceral pleura, visceral pericardium, ete.

Development o urogenital system :

entire urogenital system is derived from :
* Intermediote mesoderm : entire Hidneg is derived from +this,
® Cloaco.

Cloaca. :
* Cloaca is part of the hindgut that is distal o the allantois.
® Clooca is comple’celg endodermal in origin.
* Ik gives rise o two structures namelg :
. Primitive urogenital sinus :
Sives rise 1o vesicourethral canal — Bladder and urethra.
The upper part gives rise to the bladder:
Pelvic port gives rise to prostatic and membranecus wrethro.
Phallic part gives rise to sponge urethro.
b. Primitive rectum :
Gives rise 1o rectum and anal conal up to pectinate line.
Anal canal below pectinate line is ectodermal in origin.

Intermediate mesoderm :
qives rise 1o :
* Senital ridge (Gonads).
* Paramesophric duct (Mullerian duct).
* Mesonephric duct/wolfSion duct,
* Urogenital ridge (Mephroger\ic cord) : It extends Srom the cervical to sacrol
region of the embryo. It is very closely aligned to the woltSion duct.

Nephrology « v1.0 « Marrow SS Medicine



! - Basics of Nephrology

chructures derived Srom mesonephric duct :

-- Active space

geminal vesicle.

igjaculo&org duct.

Vos deferens.

Trioone of blodder(entire bladder is endodermal in origin except ’cr\gone).
Appendix of epididymis.

ureteric bud.

Note :
Remnonts of mesonephric duct are Gartner’s c5s’c, epoophoron ond paroop‘noron.

Remnants of pammesophr'\c duct axre append\x of tegtis and hﬂdoec'\d of
morgagn\.

Timelines o% de\/e\opmen’c g

Doy 3a * Pronephros appecrs and regresses in 3-2 doys.
Doy a4 * mesonephros appears and regresses in 4 months.
s week
- metonephric mesenchyme (Forms the excretory port ot the H'\o\neS).
- ureteric bud develops 2rom the mesonephric duct (Forms the collecting
part of the K\c\neﬂ).
Between 6 to 8" week : gpitheliol mesenchymal interoction ocCurs.
end of the 8" week : First fully Sormed nephron.
010" week : Urine formadion starts.
23-3 Weeks * Mephrogenes\s [ comp\e’ceo\.
18 months : Fetal Kidney reoches adult concentroding copocity,
Atter birth
- New nephrons are not Sormed, and lost nephrons connot be rep\aceoL
- Concentrading capac\’cﬂ «© increased even ofter the birth.
At 18 months @ Adult concentroding capo&’\’(g is reached.
metanephros (Adult K\dneg) :
- Wis initially Pormed. ot the level of SI-Sa.
— At around 9-10th week, ascend with rotoadion ocCurs ond reaches
Tia-L3 level.

Nephrology * v1.0 * Marrow SS Medicine



Renal Embryology - 3
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Development of renal system

Importance of nephron number :

©0% of nephrons are formed in third trimester.

GFR = Single nephron 6FR x Number of nephrons.

CHD is decreonse in nephron number,

3 Kg ot birth : 9,00,000 nephrons in each Kidneg.

d kg at birth : 8,a5,000 nephrons in each Hidneﬂ.

Birth weight determines the number of nephrons at birth, after which new
nephrons are not formed,

Therefore premature babies are prone o Cxb.

mMother’s average B during pregnancy determines birth weight —
Betermining risk of Crp,

EMI & associated anomalies 00:16:33

epithelial mesenchymal interaction (Em)) :

gpitheliol mesenchymal interaction &M is mode possible by transeription
factors which is expressed from the ureteric bud side or metanephric
mesenchﬂme side.
Transeription factor required Sor are ureteric bud induction : PAx-3
(Mutation causes uniloteral renal agenesio).
VESF is produced by the podocg’ces and is required, for this progression.
Homozﬂgous mutation leads to bilateral renal agenesis.
Transeription $actors expressed by :

- me’comephric mesenchg)me F LT LWONIT4 and LONITG.

~ Ureteric bud : FeF, pmp-1,
WTI gene on chromosome lip :
Mutation leads to :

- WAGR Sﬂmdrome.

- Demﬂs Drash ggndrome.

Nephrology « v1.0 « Marrow SS Medicine
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4 Basics of Nephrology

.-- Active space -----

Q'q
R

comma-shaped s-shaped capillary loop mature
Pax2* wer* Pod1 Maft
TRANSCRIPTION FoxC2 Mi2
Lmx1b*
Nphst*  Nphs2*
CYTOSKELETON/ Nepht Fat1
SLIT DIAPHRAGM Actng®  Arhgdia*
Nekl, Nek2  Cd2ap
zp'\’che\‘\od mesenc‘ngmal interoction
WAGR sgndrome :

e Lilms tumou.
° pniridiio.
e c—;\em‘cow\narg obnormalities.

¢ mental retoxrdodion.

Genitourinary abnormalities e ——
WAGR 35no\rome

Denys Drash 35no\rome :
Charocterized by :

°  LilMmSs tumor.

* male pseuo\ohermaphoro\—

s

* early onset renal failure v

" Diffuse Mesanglal Sclercsis ¥ l&ﬁ

Denys orosh sgxdrome

Nephrology * v1.0* Marrow SS Medicine
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Renal Embryology |

Beckwith-wiedmann gndemes Rt e o
Beckwith-wWiedmonn SSndrome is

Due 1o wWTa gene mutation on chromosome 1.

genomic ‘\mprin{'ing abnormalities ore present.

Clinical features :
* Oro eqalu (Qenomegodg, nephromegalg, adrenomega]g, hepa’comegodg).
* Omphalocele/umbilical hermia,
* macroglossia,
- Hemihﬂper’crophﬂ of testes (Verg closela associoted with meduj\a@ sponge
Kidneﬁ).

Microcephaly Ear lobe crease Macroglossia

Baby with Microcephaly

omphalocoele Hemihvpertrophy  __

geckwith-wiedmonn sgndrome

Other mutations :
* UWNT4 and WNT6 mutadion :
~ Renal hypodysplasia. (<3 5D size).
- ngerandrogemsm
- mullerion aplasio.
® ACe mutations are associoted with tubular d538enesis.
® HNFIB mutations are ossociated with MODdY s, renal cgs‘rs, genital

abnormalities.

Renal agenesis :
Uniloteral renal agenesis
® Heteroz mutadion : Unilateral renal agenesis with optic coloboma.
® Incidence : 1 in 1000 live births,
* Common in females >> males,
°* HTNis only the clinical feature.

Nephrology * v1.0 + Marrow SS Medicine



6 - Basics of Nephrology

T — molSormadions associaked with unilakerol renal agenesis *
* Single umbilical artery,
* pbsent uterus.
* Absent ipsilakeral vos deferens.
e Controlokeral vesico-ureteral reflex.

e Controcted H‘\dneﬂs Srom birth : mul‘c'\%shc o\gsp\as’c‘\c K\o\neg.

ilokerol renal agenes\s :
o ReT/EDNF gene mutodion.
e pesocioked with : O\'\gohgdmmn\os ond Potter’s sgno\rome (6\\03(6(&)\5 obsent
renal artery, dise shaped adrenals).

CAKUT anomalies 00:27:56
TABLE 50.1 Monogenic Causes of CAKUT
Stage of
W‘ Gene Associated Phenotype
Ureteric bud EYAT Branchio-oto-renal syndrome
induction GATA3 HDR syndrome
PAXZ Renal coloboma syndrome, FSGS
RET Henal agenesis and Hirschsprung disease
ROBO2 VUR

SALLt Townes-brocks syndrome
Six1, Sixb Branchio-oto-renal syndrome

Mesenchymal to WNT4 mwysptwamm

aglthdlﬂ aplasia, hyperandrogenism
transition SIXZ Renal hypodysplasia
morphogenesis AGT dysgenesis
AGTR!
BEN
As yet unknown HNF18 mwmmmw
‘abnormal LFTs. gout, autism

DSTYK CAKUT

TNXB VUR, joint hypermability
Sox17 VUR

KAL? Kaliman syndrome
FRAST Eraser syndrome
FREMZ Fraser syndrome

GRIPT Fraser syndrome

Comnnon congenital anomalies of Kidneys and urinary troct.
m/c e3RD in children.
it includes :

° Agenes‘\s : 1t can be unilokeral or biloterol.

* Dysplasio.* Abnormol ditSerentiadion.

29 : Multicystic dysplastic Kidney (UniloteraD.
* nypoplosia : Decrease in size of Kidney.
pssocioted with :

- Normal nep‘nron number.

Nephrology * v1.0 + Marrow SS Medicine



Renal Embryology

— Oligomeganephronio. (Decreased nephron number) : Remaining
glomeruli undergo hgper%rophﬁ).

~ Segmental hypoplasia. : Associated with HTN in young (Ask up mark
Kidr\eg).

Note :
Technetium-99m MAg2 scinhgmm s used to detect PUY stenosis.

Dynamic Renal Scintigram
L R

100 - .
— Loft kadney 4
~— Right kidney F
80 &
kS
g 60 — B
£
§ #
- 40'
= 20 Furosemide 40 mg

mu}’dcgs’ric dﬂsplas’c'\c H'\dneg
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8 Basics of Nephrology

--- Active space -----

Crossed fused ectopic Horseshoe K\dneﬂ Duplex 35s+em
H'\dneﬂ

Nephrology « v1.0 « Marrow SS Medicine
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RENAL ANATOMY ----- Active space ---

Definitions 00:00:21

Nephron
Renal corpuscle :
® @lomerulus : The term used most Xlrequen’dﬁ to refer o the entire renal
corpuscle.
* Bowman’s capsule

Proximal tubule
® Convoluted part.
* Straight part (pars recta) or thick descending limb 0% Henle’s loop.

Intermediote tubule
e Descending part or thin descending limb of Henle’s loop.
° Ascend‘mg part or thin ascending limb of Henle’s loop.

Distal tubule
L S’crough’c part or thick ascend‘mg limb of Henle’s loop : Subdivided into
medul\arg and o corticol part; the latter contains in its terminal portion the
macula. densa.
* Convoluted part.

C,oI\ecﬁnS duct s\gsfem
Oomechng tubule :
* Includes the arcodes in most specie

Oo\\ec’dng duct
® Cortical col\ec’c‘mg duct : Outer medud\ourg col\ec‘cing duct subdivided into an

outer and an inner stripe portion.
® Inner medud\ourﬂ col\ec’cing duct subdivided into basal, middle, and papil\arg

por‘dons.

Nephrology « v1.0 « Marrow SS Medicine



10 - Basics of Nephrology

--- Active space -----

EE R e

1. Renal corpuscle 7. Macula densa

2. Proximal convoluted tubule 2. Distal convoluted tubule

3. Proximal strai tubule 9. Connecting tubule

4. Descending thin limb 10. Cortical collecting duct

5. Ascending thin timb 11. Outer medullary collecting duct
6. Distal straight tubule 12. inner medullary collecting duct

Structures in the excretory pact of Kidney
I Glomerulus + Bowman’s capsule (renol corpuscle).
- PCT or pars convoluto.
a. The &l and $a segments are ports of PCT. Present in the cortex.
2. PST or pars recto
- &3 segmen’c is present in PST. W is presen’c in the medullo.
- a+3is called proximal tubule.
- The main function of proximal fubule is reabsorption.
~ 1t contains abundant number of mitochondrio.
- The tubule is lined bg cuboidal epithelium containing brush border
microvilli.
~  PST i the most susceptible to acute tubular injury becouse of high
oxygen requirement needed for reabsorption.
— lechemio. is the most common cause for acute fubular injury,
4. Thin descending limb of Henle’s loop.
S. Thin ascending limb ot Henle’s loop.
— 4 + S is called intermediote tubules.
- 85% of nephrons are cortical nephrons and IS% of nephrons are
JuX%amedud\arB nephrons.
- Cortical nephrons are short looped andjux&medul\arg ones are long
looped based on the locodion of tip of the loop of Henle.
- When the tip is at the junction of inner and outer medulla, it is called
short looped cortical nephrons.

Nephrology * v1.0 « Marrow SS Medicine



