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Rare kidney diseases

 150 different disorders 

 < 600 genes

 Overall prevalence:

 60-80 cases / 100,000 total 

population in Europe

 30% of adults with non-diabetic      

chronic kidney disease 

 and >50% of children with CKD

Enrico Cocchi .CJASN July 2020, CJN.15141219
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ESKD
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Genetic nephrology workflow

Summarize clinical and phenotypic data

Consider hereditary disorders that are compatible with the clinical findings

Clinical sequence interpretation: genes and variant classes 

that are broadly relevant to the phenotype

Patient-level interpretation : how concordant are the genetic

findings with the patient’s phenotype

Genetic diagnosis and clinical application

Suspect single or several
discrete genes

Targeted NGS panel

Genetically heterogeneous or 
multisystemic disease

WES/WGS

Adapted from Nat Rev Nephrol.10.1038 
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1. Case-based discussion

« Blood in urine » since the age of 5

Age 9 :   first kidney biopsy

→ « endocapillary GN »

Age 23 : « hematuric cystitis »

Age 25 : proteinuria 2,5 g/24 h

→ 2nd kidney biopsy : « FSGS »

Age 26 : nephrotic syndrome (7g/24 h)

ser creat 0,8 mg/dl

R/ angiotensin blockers

Age 28 : proteinuria 2 g/24 h

→ second opinion about diagnosis before planning pregnancy
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Two mutations in the gene COL4A3 were identified

1. p.Gly421Ser on the maternal allele
2. p.Arg1661Cys on the paternal allele

→ Alport, autosomal recessive
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AS: clinical features

Renal disease

JASN October 2003, 14:2603-2610
JASN December 2013, 24:1945-1954

Mild renal disease if
compound heterozygosity
with 2 missense changes
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Persistent hematuria
>5 red blood cells per field (2 positive tests over 3)
Normal complement, negative serology

Hearing loss
or ocular findings consistent with AS
&/or family history of hematuria

Genetic testing

Pathogenic variant identified

Manage as Alport syndrome
• regular follow up
• manage RAASi according recommendations
• screen at-risk relatives
• provide information about advocacy groups & registries

Clinical and pedigree data are negative

No variant or VUS

Kidney biopsy
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COL4A5 variant: 1/2320 (recurrent change (p.Gly624Asp ~48%))

COL4A3/COL4A4 heterozygosity : 1/106

Compound heterozygous variants : 1/88.866

Digenic variants : 1/44.793



IPGIPGIPGIPG

Issues

 Diagnosis of progressive nephropathy  made very 

early

 Carrier testing among relatives at risk

 Genetic counseling 

 The offspring of an individual with autosomal recessive AS are 

obligate heterozygotes (carriers) for a pathogenic variant

 However, the risk to have a child affected with autosomal 

recessive AS is increased

 Testing of reproductive partners is recommended 

 carrier frequency :~ 1%
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2. Case-based discussion

AS diagnosed in 2018
Significant proteinuria /normal 
fonction at 20y

COL4A5 glycine substitution

Prenatal testing at 32w in January 2022
Genetic counseling  in October 2022

ND ND

ND

ND

ND
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Mass urinary screening program

Pregnancies follow-up
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X-linked kidney disorders in women

Quinlan C, Rheault MN., 2022
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Genetic testing does not always 

involve DNA

 Detailed fetal ultrasound

 Renal ultrasound with PKD

◼ May provide presymptomatic diagnosis (modified Ravine criteria)

◼ Cannot be used to exclude ADPKD in childhood

▪ NPV : 83.5-99%, according the causative gene  for USS done <30 years

JASN March 2015, 26 (3) 746-753

JASN January 2009, 20 (1) 205-212
JASN March 2015, 26 (3) 746-753
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Adulhood condition with intrafamilial variability

Cohort including 1390 patients from 612 unrelated families with ADPKD
Discordance with at least 1 mild and 1 severe case was observed in 43 of 371
Mayo MRI-based classification

Kidney International Reports, July 2019, 7;995-1003
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In adolescence
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Nature Reviews Nephrology, 2019, 15;713–726 

Radiological diagnosis

Molecular diagnosis in children
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Comprehensive analysis of PKD1 

and other ciliopathy genes

Ultra-deep sequencing of PKD1 (and other genes)
with an average coverage of 1500 reads

Bioinformatic analysis
variants calling with GATK HaplotypeCaller, UnifiedGenotyper, varscan, 
platypus, freebayes and bcftools for SNPs and small indels

Validation by targeted LR-PCR 
Sanger, MLPA analysis

Bioinformatic re-analysis
- insufficient coverage for known critical sites
- low variant allele fraction

Resequencing by LR-PCR Sanger

Pathogenic variant identified

In negative cases
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Renal ciliopathies and associated genotypes

Dominique J. McConnachie, Jennifer L. Stow, Andrew J. Mallett, AJKD, 2021
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PKD with ou without positive family history (FH)

 Absence of positive FH: 10% to 25% of patients 

 A single cohort of 209 patients with PKD

1. Re-analyse of family history

▪ positive FH 72.2% (151/209)

▪ no apparent FH 27.8% (58/209)

▪ inderminate FH 10.5% (22/209) 

▪ Positive FH in retrospect 1.9% (4/209)

2. PKD1/PKD2 genetic testing

▪ de novo variant 15.3% (32/209) 

JASN September 2017, 28 (9) 2768-2776
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Adapted from:
CJASN, 2021 May;16: 790–799
Kidney Int, 2020 Feb;97(2):370-382

~10 %

10-15%
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Very-early-onset PKD

 Diagnosis in utero or in infancy up to the age of 18m

 Positive FH in ~50% 

 Rate of de novo pathogenic variant up to 24%

 Molecular diagnosis

◼ Contiguous PKD1 and TSC2 deletion

◼ HNF1B gene deletion

◼ Biallelic PKHD1 pathogenic variants

◼ Compound PKD1 heterozygosity

 One protein-truncating PKD1 pathogenic variant in trans with a second nontruncating PKD1 variant 

(positive FH)

 One nontruncating PKD1 pathogenic variant and a second mutation in another cystic disease gene, 

such as  PKD2, COL4A1, or HNF1B  (positive FH)

 Two hypomorphic PKD1 variants  in trans (no FH)
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Large clinical heterogeneity
from severe (5 infant with neonatal demise or TOP)
to prenatal onset of cysts
without HTA or renal enlargement

Pathogenic variant :5/9
Inherited : 4/5 
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1. A total of 418 records in ExAC

2. A disease prevalence of up to 6.9 per 

1000

3. Number of variants currently classified as 

likely pathogenic in the PKDB may be 

hypomorphic, or weakly penetrant
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Summary

http://pkdb.mayo.edu
CJASN, May 2021,16: 790–799

Mean age of ESKD: 50–55 y

Mean age of ESKD:75-80y

VEO

http://pkdb.mayo.edu/

