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Elevata prevalenza di cause genetiche nelle malattie 

renali croniche che esordiscono nell’infanzia 

Exon

The protein coding part of 

a gene. Exons are spliced 

together following gene 

transcription to form mRNA, 

which is translated into protein.

that have been described elsewhere18. These core rules 

are not absolute, and provide only general guidance. 

Furthermore, the number of families with early- onset 

CKD that have been previously reported to have a 

mutation in the candidate causative gene should also be 

considered. For instance, some CAKUT-causing genes 

have been reported only in single families and therefore 

any generalization regarding their role must await their 

description and characterization in additional patients.

Indicat ion-driven gene panel analysis

Mutation analysis in recessive or dominant monogenic 

kidney diseases can reveal the primary cause of a dis-

ease that results from an inherited disease-causing gene. 

Such analyses can enable disease entities to be categorized 

on the basis of their genetic aetiologies. As monogenic 

causes of early-onset CKD (TABLE 1) can be found in a 

substantial portion of affected individuals3,10,39–43, we sug-

gest that patients with early-onset CKD who are enrolled 

in clinical research or drug trials undergo molecular 

genetic diagnostics to enable cases of ‘monogenic disease’ 

to be accounted for in downstream epidemiologic ana-

lyses. Failure to do so might confound any conclusions 

from these studies. Moreover, molecular genetic diagnos-

tics enables prenatal testing and might have prognostic or 

even therapeutic implications.

We have developed indication-driven diagnostic exon 

sequencing panels42 for CAKUT9,10, SRNS44, renal cystic 

ciliopathies42, glomerulonephritis, and nephrolithiasis or 

nephrocalcinosis45. These five diagnostic groups of CKD 

alone encompass 72.8% of CKD that manifests before the 

age of 25 years (TABLE 1). Using a microfluidic technique to 

perform multiplex PCR-based amplification of 600 exons 

from ~30 different genes that are known to be mutated 

Table 1 | Causes and genetic diagnosis of early-onset CKD

Diagnostic group Indication to run a 
gene panel

Proportion of cases of 
early-onset CKD

Number 
of known 
causative genes

Percentage of cases caused 
by known genes (multiplied 
by fraction of all CKD)

Refs

CAKUT CAKUT evident by 
renal imaging

49.1% (obstructive uropathy 

20.7%; renal aplasia, hypoplastic 

or dysplastic kidneys 17.3%; reflux 

nephropathy 8.4%; prune belly 

syndrome 2.7%)

36 ~17% (8.5%)* 6,9,10, 
39,84

SRNS SRNS 10.4% (FSGS 8.7%; congenital 

nephrotic syndrome 1.1%; 

membranous nephropathy 0.5%; 

Denys–Drash syndrome 0.1%)

39 ~30% (3%) 19,44,64

Chronic GN
‡ Evidence of 

proteinuria and 
haematuria

8.1% (SLE nephritis 1.6%; familial 

nephritis (Alport syndrome) 1.6%; 

chronic GN 1.2%; MPGN type I 

1.1%; MPGN type II 0.4%; IgAN 

0.9%; idiopathic cresentic GN 0.7%; 

Henoch–Schönlein nephritis 0.6%)

10 ~20% (4%) 4

Renal cystic 
ciliopathies

Increased 
echogenicity on 
renal ultrasound 
or presence of 

≥2 renal cysts

5.3% (polycystic kidney disease 

4.0%; medullary cystic kidney 

disease 1.3%)

95 ~70% (3.7%) 11,20, 
85,86

aHUS Microangiopathic 

haemolytic anaemia, 

thrombocytopaenia, 

and AKI

2.0% 9 ~60% (1.2%) 87–90

Nephrolithiasis or 
nephrocalcinosis

Known stone 

disease or 
nephrocalcinosis

1.6% (cystinosis 1.5%; oxalosis 0.1%) 30 21% (0.4%) 45,91

Other Other indications of 
genetic disease

23.5% (renal infarct 2.2%; 

pyelonephritis or interstitial 
nephritis 1.4%; Wilms tumour 

0.5%; other systemic immunologic 

diseases 0.4%; granulomatosis 

with polyangiitis 0.4%; sickle 

cell nephropathy 0.2%; diabetic 

glomerulopathy 0.2%; other 

nonimmunologic causes 18.2%)

Not known Not known Not 
available

Total — 100% ~219 (~20%) —

Data are from the 2006 Annual Report of the North American Pediatric Renal Trials and Collaborative Studies
12
. aHUS; atypical haemolytic uraemic syndrome;  

AKI, acute kidney injury; CAKUT, congenital anomalies of the kidneys and urinary tract; CKD, chronic kidney disease; FSGS, focal segmental glomerulosclerosis; 

GN, glomerulonephritis; IgAN IgA nephropathy; MPGN, membranoproliferative glomerulonephritis; SLE, systemic lupus erythematosus; SRNS, steroid-resistant nephrotic 

syndrome. *10% of CAKUT can be caused by deleterious copy number variants
47. ‡The estimates for chronic nephritis monogenic aetiologies are based only on the relative 

prevalence of Alport syndrome and MPGN, which together account for 20% of the aetiologies of chronic GN and for which a monogenic cause has been established in 

almost 100% of cases (in one of the following genes: Alport: COL4A3, COL4A4, COL4A5 and COL4A6; MPGN: Factor H, Factor I, MCP/CD46, CFHR 5 and C3).
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Ogni singolo gene è raro ma i geni che possono causarla sono tanti…… 



Le nuove tecniche genetiche di 
sequenziamento esteso consentono di 
analizzare molti geni nello stessa analisi 

Le cause della sindrome nefrosica steroido-resistente risiedono in 
alterazioni della barriera di filtrazione glomerulare, soprattutto nelle 

cellula che ne rappresenta il costituente fondamentale, il podocita 



Giglio S et al, JASN 2015 

Circa il 30% dei bambini affetti da sindrome nefrosica 

hanno una alterazione genetica in un gene coinvolto nel 

mantenimento della struttura del podocita 
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Alcuni pazienti portano varianti genetiche di significato incerto 



Lazzeri, E. & Romagnani, P. (2014) Differentiation of parietal epithelial cells into podocytes 

Nat. Rev. Nephrol. doi:10.1038/nrneph.2014.218 

E’ possibile però studiarle raccogliendo dalle urine del bambino affetto  

progenitori renali e facendoli diventare podociti  

A personalized model of the 
disease 



Lazzeri E et al. JASN 2015 
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Resistance to immunosuppressive treatments associates 

with genetic alterations in podocyte structural genes 

c.[1049C>T] 
p.[Ser350Phe] 

Romagnani P et al. NDT, 2016 
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Patient-specific RPC-derived podocytes show an aberrant 
cytoskeleton structure and increased death upon differentiation 
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Romagnani P et al. NDT, 2016 
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2015 

Romagnani P et al., in preparation 

-Abbiamo iniziato a fare l’esoma a tutti i bambini affetti da SNSR e ad 

analizzare in ognuno 308 geni noti come causa di malattia renale 

cronica 

 

-Nei bambini in cui individuiamo varianti sconosciute, i progenitori 

urinari possono essere utilizzati per dirimere dubbi diagnostici 
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