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Case 

• First pregnancy of a 28-year-old female affected with ADPKD and 

treated with sartan because of high blood pressure

• First 32 weeks of pregnancy not followed (denial of pregnancy)

• First foetal ultrasound at about 32 weeks of gestation: anhydramnios, 

two slightly hyperechogenic kidneys +2SD

• Spontaneous onset of labor at 32 weeks

• 1970g new born baby, hypocalvaria, respiratory distress (pulmonary 

hypoplasia), low blood pressure (vasopressors), no urine after 24h 

(empty bladder), death at H24. 



• Several publications

- Oligo-anhydramnios and Potter syndrome

- Terminal renal failure with anuria

- Low blood pressure not cured by vascular filling and 

refractory to catecholamine therapy

- Hypocalvaria

RAS blockers treatment contraindicated 

during 2d and 3rd trimester of pregnancy



Renal histology in newborns exposed to RAS blokers during 

foetal life : renal tubular dysgenesis

Glomeruli are closely packed together

because of the absence of recognizable

proximal tubule (“crowded glomeruli”)

Lack of recognized proximal tubule  

(anti-CD10 Ab)



Renal tubular dysgenesis : arterial abnormalities

Normal foetal kidney RTD

Labeling with anti-SMA antibody : arterial walls thickening +++



Other situations leading to renal tubular dysgenesis 

• Twin-to-twin transfusion syndrome (in donors)

recipient donor

In all these situations there is a stimulation of the RAS, not a blockage

• Severe renal artery stenosis

• Severe foetal cardiopathy

• Neonatal hemochromatosis
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Renin secretion is regulated by: 

• Baroreceptors

• Sodium concentration in the distal tubule

• Sympathetic nervous system

• Angiotensin II : inhibition of RAS leads to 

overexpression/overproduction of renin. 

Casellas D, et al. Am J Physiol. 1994, 267:F931-6. 

Renin, synthetized at the juxta-glomerular apparatus, is the limiting step 

of the cascade

RA system



RA system and pregnancy

• Stimulation of the RAS in pregnant women
(increased synthesis of angiotensinogen and of inactive

and active renin)

• Resistance to the effect of angiotensin II on blood pressure

• Utero-placental RA system
• ACE ++ vessels in placenta

• Renin is synthetized by the chorion and secreted in the 

inactive pro-renin form in the amniotic fluid

• Does the RAS have a role in the control of the placental

blood flow? 

• The foetal RA system



Foetal RA System
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All components of the RAS are expressed early in the human foetal kidney, as soon as 

the 5th week of gestation (Schütz et al. 1996).



• The foetal RAS is independent of the maternal RAS

• Circulating renin concentration is higher in the foetus than
in the mother and than in the new born.

• RAS is functional in the foetus (at least during the second
half of gestation in the sheep). It does respond to the
same stimuli as in adult RAS.

• RAS is necessary for renal development

– Autosomal recessive renal tubular dysgenesis 

Foetal RA System



Genetic cause of renal tubular dysgenesis ?

• First cases reported in 1983 (JE Allanson)

• Oligohydramnios + Potter sd at 18-20 wks of gestation (sometimes later)

• Lack or paucity of the proximal tubules, vascular lesions, lack of 

ossification of the skull

• But no treatment received by the mother

• No known extra-renal cause 

• Foetal US : No urinary tract abnormality

Kidneys of normal size (/sligthly increased) 

with normal or increased echogenicity

• Males and females

• Frequent parental consanguinity 

• Affected siblings

• Unaffected parents

Recessif autosomal ?



• Persistant oligohydramnios

• In utero death

• Neonatal death (respiratory failure + anuria) 

• Few cases reported to survive with dialysis +/- ventilation 

• Few cases with partial recovery after a period of PD (CKD) 

• When blood pressure is known : low blood pressure refractory to 

catecholamine therapy

• Frequent hypocalvaria

Genetic cause of renal tubular dysgenesis ? Poor prognosis

In most cases



Genetic cause of renal tubular dysgenesis ?

Renal expression of RAS elements

Immuno-histochemistry and in situ hybridization :

➢ No expression at all in a few families

➢Diffuse overexpression in most families

Mutations in RAS genes ?

Renin expression modifications:  

Gribouval et al. 2005



Identification of bi-allelic pathogenic variants in genes encoding proteins of the RAS 

10 coding exons 

406 AA

1 coding exon

359 AA

26 coding exons 

1306 AA

4 coding exons

485 AA
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All mutations lead either to absence of angiotensin II or to ineffective angiotensin II



Autosomal recessive renal tubular dysgenesis: 

pathogenic variants in AGT

• All types of variants 

(missense, splicing, frameshift, nonsense)

• Do not affect sequence encoding 

angiotensin 1, but modify the serpin 

domain. In vitro data show that this will 

prevent clivage by renin and production of 

angiotensin I

• Increased renin expression
JGA

33 aa (signal)-Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu-Val-441 aa



Autosomal recessive renal tubular dysgenesis :

pathogenic variants in REN

• Null variants 

(stop and/or frame shift/splicing)

• At least one missense or 

in frame variant

No renin expression

Renin expression +++



Autosomal recessive renal tubular dysgenesis :

pathogenic variants in ACE (most cases)

• All types : missense, splicing, frameshift 

mutations; mutations of signal peptide

• One recurrent mutation (c.3621delG, 

p.Gly1174fs) in northern Europe

• Increased renin expression



Autosomal recessive renal tubular dysgenesis :

pathogenic variants in AGTR1

• All types : missense, splicing, frameshift 

mutations

• Increased renin expression



Autosomal recessive renal tubular dysgenesis, 

to summarize :

• Oligohydramnios/anhydramnios 

(may be seen as early as 20 WG, but sometimes later)

• No premature rupture of membranes

• No foetal urinary tract anomaly. Normal looking foetal kidneys 

(sometimes enlarged/hyperechogenic)

• No RAS blockers exposure

• Pulmonary hypoplasia/respiratory distress

• Anuria and terminal renal failure

• Low blood pressure refractory to catecholamine therapy

• Hypocalvaria



Autosomal recessive renal tubular dysgenesis

Mecanisms leading to renal tubular dysgenesis?

• Lack of angiotensin II on hemodynamic (fœtal/utero-placental) ?

• Lack of angiotensin II, which is a growth factor, on tubular cells ?

– But same tubular (and vascular) lesions in situations with hypovolemia
and RAS stimulation with high angiotensin II (severe foetal cardiopathy,
twin-to-twin transfusion syndrome…)

• Abnormal expression of renin ? 

– But same tubular (and vascular) lesions when

• No renin expression (REN-null mutations)

•  renin expression (other mutations in RAS genes, foetal
exposition to RAS blockers ).



• Low perfusion pressure of the foetal kidneys seems to be a common 

mechanism in all causes of renal tubular dysgenesis:

– Low pressure of perfusion in cases of autosomal recessive renal

tubular dysgenesis and in cases of pregnant women receiving

RAS blockers during 2d and 3rd trimester of pregnancy

– Hypoperfusion of the foetal kidney in secondary renal tubular

dysgenesis (renal artery stenosis, cardiopathy, twin-to-twin

transfusion syndrome)

Autosomal recessive renal tubular dysgenesis

Mechanisms leading to renal tubular dysgenesis?



Not Always fatal



• Severe arterial hypotension and anuria

in renal tubular dysgenesis are usually

refractory to catecholamine therapy

• Reports of successful treatment with

vasopressin and fludrocortisone in

autosomal recessive renal tubular

dysgenesis

Case reports of treatment with vasopressin



- « Late » progressive chronic renal failure

- No oligo-anhydramnios

- No need RRT

- Severe non regenerative normocytic anemia (not proportional to the level of 

renal failure)

- Important polyuro-polydypsia

- Familial history with cases of perinatal death in siblings : modifiers?

Autosomal recessive renal tubular dysgenesis : 

broadening the spectrum of phenotypes?

Biallelic ACE mutations

in pediatric cases





What about animal models?

• Phenotypes observed in humans affected with
autosomal recessive renal tubular dysgenesis
and in mice models with inactivation of the RAS
genes (or rats treated with ACE inhibitors) are
different (normal survival, normal kidneys at
birth, sometime delayed glomerular maturation,
low blood pressure, atrophic papillae at 3
weeks of age with polyuria, lack of urinary
concentration ability, thickened arteries.

• The only common features between mice and
humans are low blood pressure and vascular
anomalies in the kidneys

• Those differences might be due to differences
in renal morphology and to differences in
nephrogenesis timing

• Mechanisms responsible for vascular lesions
remain to be elucidated.



Conclusions

• Renal tubular dysgenesis can be secondary to different foetal

conditions or due to bi-allelic pathogenic variants in genes encoding

RA system proteins.

• This autosomal recessive disease demonstrates the crucial role of

the RA system during kidney development. The renal lesions may

result from chronic low perfusion of the foetal kidney due to RAS

inactivation.

• Clinical phenotype and histological lesions are the same when renin

is absent or is overexpressed, when angiotensin II is absent or

overexpressed, and whatever gene is carrying bi allelic pathogenic

variants. This shows there is no redundancy between the different

RAS genes, in vivo.

• The diagnosis of this rare disease in foetuses with anuria is important

as it allows molecular screening of the RAS genes and genetic

counselling in those families.
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