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“When bubbles settle on surface of the 
urine, they indicate disease of the 
kidneys and that the complaint will be
protracted…”    

aforisma VII 34

Hippocrates of Kos  (460-377 a.C)



W
e

t
la

b

Library Preparation

Template Preparation

Sequencing

P
ri

m
ar

y
an

al
ys

is De-multiplexing

Base Calling

Se
co

n
d

ar
y

an
al

ys
is Read mapping

Variant Calling

Te
rt

ia
ry

an
al

ys
is Variant annotation

Variant filtering

NGS workflow overview



W
e

t
la

b

Library Preparation

Template Preparation

Sequencing

NGS workflow overview

Sequencing by sinthesys
Detection by:
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Roche/454 – PO4 and light



Towards:

• an extension of genetic tests

• an extension of translated messages from genetic tests

• a personalized medicine



-Diseases of Podocyte

-CAKUT

-PKD



SD ASSOCIATED AND ADAPTOR PROTEINS

NPHS1 AR CNS/NS

NPHS2 AR CNS, NS – childhood and adult onset

CD2AP
AD-AR 

?
Early-onset NS, HIV nephropathy

PLCE1 AR Early-onset NS

TRPC6 AD Adult onset NS

PTPRO AR Childhood-onset NS

NUCLEAR PROTEINS

WT1
Sporadic; 

AD
Adult onset NS, Denys–Drash 
and Frasier Syndromes

LMX1B AR
Nail–Patella Syndrome/NS 
only

SMARCAL1 AR
Schimke immuno-osseous
dysplasia

ACTIN CYTOSKELETON AND SIGNALING

ACTN4 AD Adult onset NS

MYH9 Risk allele Adult onset NS

INF2 AD
Familial/sporadic NS; Charcot-
Marie-Tooth

SYNPO ? Adult onset NS

APOL1
Complex; 

AR
Adult onset NS

MYO1E AR Early or adult onset NS

ARHGAP24 AD Adult onset NS

ARHGDIA AR CNS



State of art on podocyte gene analysis
in nephrotic syndrome (NGS)

• Florence study Giglio et al. JASN 2015

• Harvard study Sadowski et al. JASN 2015

• PODONET Trautman et al. cJASN 2015

ongoing study

• ItaNet Gigante-Caridi et al. ongoing study



N age/yrs Study Cohort Technique

Florence 31 <15 Steroid Resistant NGS

38 Steroid sensitive

Harvard 1.783 (+233 Fm) <50 Steroid Resistant NGS, Sanger

185 Steroid Sensitive

PODONET 514 <17 Steroid Resistant NGS, Sanger 

243 Drug Resistant     (CNI) 

464 Drug Dependent (CNI)

ItaNet 910 0.2-60

370                           <30        Multidrug Resistant             NGS, Sanger

170 Multidrug Dependent



Harvard



Harvard



ItaNet (ongoing study….)

Genoa Center
430 DNA from Italy centers
Sanger seq. for (NPHS2, WT1, INF2 or specific gene for syndrome)
Complete clinical data available for 385 pts (30.6.2015)
NGS Nephrotic syndrome panel for 17 genes
IonTorrent platform

Bari-Foggia Center
380 DNA from Italy centers
Sanger seq. for (NPHS1, NPHS2, WT1, TRPC6 or specific gene for syndrome )
Complete clinical data available for 183 pts (30.6.2015)
NGS Nephrotic Syndrome panel for 34 genes
Myseq Illumina platform



MultiDrug Resistant

N° 231

MultiDrug Dependent

N° 124

N° 355

Onset N° Genetic/no mut.
0-3 yrs 97 52/45
4-6 33 11/22
7-10 31 5/26
11-20 32 7/23
> 21 38 5/35

Onset N°
0-3 yrs 75
4-6 27
7-10 8
11-20 10
> 21 5



Gene Causing SRNS
Mode of 

Inheritance
Harward

(1783)
PodoNet

(514)
Florence

(69)
ITAnet
(568)

TOT
(2934)

%

NPHS2 AR 177 138 5 55 375 38,9

NPHS1 AR 131 41 0 53 225 23,3

WT1 AD 85 48 0 30 163 16,9

PLCE1 AR 37 10 2 1 50 5,2

SMARCAL1 AR 16 12 0 2 30 3,1

LAMB2 AR 20 5 0 0 25 2,6

INF2 AD 9 4 0 11 24 2,5

TRPC6 AD 9 1 0 6 16 1,7

COQ6 AR 8 0 0 0 8 0,8

PTPRO AR 0 6 0 0 6 0,6

LMX1B AD 4 1 1 0 6 0,6

ITGA3 AR 5 0 0 0 5 0,5

MYO1E AR 5 0 0 0 5 0,5

CUBN AR 5 0 0 0 5 0,5

COQ2 AR 4 1 0 0 5 0,5

ADCK4 AR 3 1 0 0 4 0,4

CD2AP AR 0 0 0 3 3 0,3

DGKE1 AR 2 0 0 0 2 0,2

PDSS2 AR 2 0 0 0 2 0,2

ACTN4 AD 0 0 2 0 2 0,2

ARHGAP24 AD 1 0 0 0 1 0,1

ARHGDIA AR 1 0 0 0 1 0,1

CFH AR 1 0 0 0 1 0,1

ITGB4 AR 1 0 0 0 1 0,1

Tot. 965/2934



Multidrug dependence
NGS panel (17 genes)

N° of patient 50

Median Age at Onset (yrs) 5.55 (1.1-12.8)

Median follow up (yrs) 12.7 (3.7-33.5)

Steroid 50 (100%)
MMF 8 (16%)
CYCLO 14 (28%)
CsA 48 (96%)
RTX 38 (76%)

Total Variants 5948 
Filtered (MAF>=0.05) 86 
Coverage mean 98.86 %
Uniformity 97.2%
Mean depth 258X

No deleteriuos
Variant
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Ursino
5/9/1954
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Giovanna
Diaccioli
6/2/1956

III:2
Daniela
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Benedetto
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IV:2
Antonia
Negroni

3/15/1981

II:6

Russo

III:6
Rosario
Russo

11/29/1965

III:7

Rodolico

IV:3
Agata

Rodolico
4/10/1979

IV:4
Michela
Rodolico

9/13/1977

HD

HD
FSGS

HD

HDIRC
NS 10 aa
Multidrug resistance
Proteinuria

Pannello Sindrome Nefrosica
Ampliseq –IonTorrent
17 geni
Campione III:1
124 varianti identificate

.vfc on wANNOVAR

MAF >=0.01 per 1000G
ESP-6500
EXAC

Nessuna variante significativa

HD
IgA



Whole Exome Sequencing
TruSeq Illumina v.2
HiSeq2000
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Coverage medio >= 30X

Reads (M) Bases (G) SNP totali In/del totali Dopo 
filtering

III:1 44.1 6.51 156275 10413 22

III:3 40.6 5.93 152498 10110 19

Prioritizzazione ad espressione renale e concordanza nei due affetti 

Chr2: 228009275C>T: COL4A4:NM_000092.4:c.72-1G>A HET



COL4A4: c.72-1G>A
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ccagAGTGGAA

Intron 2              Exon 3

AR: Alport Syndrome
AD: Benignal Familial Hematuria



SD ASSOCIATED AND ADAPTOR PROTEINS

NPHS1 AR CNS/NS

NPHS2 AR CNS, NS – childhood and adult onset

CD2AP
AD-AR 

?
Early-onset NS, HIV nephropathy

PLCE1 AR Early-onset NS

TRPC6 AD Adult onset NS

PTPRO AR Childhood-onset NS

NUCLEAR PROTEINS

WT1
Sporadic; 

AD

Adult onset NS, Denys–Drash 

and Frasier Syndromes

LMX1B AR
Nail–Patella Syndrome/NS 

only

SMARCAL1 AR
Schimke immuno-osseous

dysplasia

ACTIN CYTOSKELETON AND SIGNALING

ACTN4 AD Adult onset NS

MYH9 Risk allele Adult onset NS

INF2 AD
Familial/sporadic NS; Charcot-
Marie-Tooth

SYNPO ? Adult onset NS

APOL1
Complex; 

AR
Adult onset NS

MYO1E AR Early or adult onset NS

ARHGAP24 AD Adult onset NS

ARHGDIA AR CNS

GBM

COL4A3 AR Alport’s disease

COL4A4 AR Alport’s disease

COL4A5 X-linked Alport’s disease



CAKUT
Congenital Anomalies of the Kidney

and the Urinary Tract



SS FSE 40 mm
10 sec acq time 

TSE T23D RT 
con ric.MIP e 
MPR



- CNV: copy number variations, i.e. the gain
(duplication) or loss (deletion) of genomic DNA
of a size ranging from 1 kilobase to several
megabases. ~5 of human DNA is subject to
variations in copy number across the genome

- DNA microarray: platforms used to genotype a
large number of known SNPs at high density
(0.5-2.5 millions across the genome) that can
be used to infer CNVs



Sanna-Cherchi et al. J Clin Invest in 
preparation

Prevalence of Known Genomic Disorders in Human Disease

Prevalence %



Sanna-Cherchi, 
personal data

CNV analysis on a large cohort demonstrates that CAKUT 

categories have distinct genomic architecture



Genetic Overlap Between CAKUT and Developmental Delay





Extra Renal Manifestations

- About one-third of CAKUT patients present a coexisting
congenital defect involving non-renal or non-urinary tract
structures

- Most of CNVs that we identified in CAKUT affect the same 
loci found to be pathogenic in patients with 
Neurodevelopmental disorders

- Many children with CAKUT are diagnosed in utero or 
shortly after birth, therefore, it is critical to develop tools 
for risk stratification and therapy of late onset disease 
such as autism, intellectual disability, diabetes, and 
others. 



- Precise molecular diagnosis via DNA

microarrays can significantly improve

diagnosis, risk stratification, and clinical

management for CAKUT patients

- Kidney malformations (detectable in utero)

can act as sentinel for hidden diseases that

manifest later and molecular diagnosis can

significantly improve medical management

for such patients

Precision Medicine on CAKUT: 
Hypotheses



- Simone Sanna-Cherchi’s Lab, Columbia University, NY
- Ali Gharavi’s Lab, Columbia University, NY

-Gian Marco Ghiggeri
-Francesco Scolari

-Principal Collaborating sites
Ancona, Italy Giovanni Frasca

Barcelona, Spain JM Campistol, Lida Rodas Marin

Bari, Italy Loreto Gesualdo, Mario Giordano, Milena Gigante

Belo Horizonte, BrazilAna Cristina Simoes y Silva

Brescia, Italy Francesco Scolari, Claudia Izzi

Cagliari, Italy                 Giuseppe Masnata

CHOP, Philadelphia Hakon Hakonarson

CKiD Study Bradley A. Warady, Susan L. Furth, Craig Wong

Duke University Nicholas Katsanis, Yangfan (Phoebe) Liu

Harvard University Friedhelm Hildebrandt, Asaf Vivante

Istanbul, Turkey Yasar Caliskan

Milan, Italy Daniele Cusi, G. Ardissino, Vinicio Goj

Messina, Italy Givanni Conti, Domenico Santoro

Olomouc, Czech Republic Hana Flogelova

Parma, Italy Landino Allegri, Isabella Pisani, Mariarosa Maiorana

PRCM, Poland Anna Materna-Kiryluk, Anna Latos-Bielenska

Skopje, Macedonia Velibor Tasic, Zoran Gucev

Split, Croatia Marijan Saraga, Mirna Saraga Babic

Trieste, Italy Giuliano Boscutti

UCLA, Los Angeles Patricia Weng

U. Michigan, Ann Arbor Edgar Otto, Matthew Sampson

VUMC, Amsterdam Rik Westland, Johanna van Wijk

Yale University Richard Lifton

The Midwest Pediatric Nephrology Consortium 
(MWPNC)



Le Meur Y, 2015

PKD



GENE LOCUS AND ALLELIC EFFECT ON PHENOTYPE



VARIABLE
PATIENTS 

(N)

HR
(95% CI)

P
VALUE

POINTS FOR 
PROPKD SCORE

FEMALE 541 0

MALE 432
1.55 (1.29-1.88) <0.001

1

HYPERTENSION < 35 YR, NO 679 0

HYPERTENSION < 35 YR, YES 294
2.11 (1.71-2.61) <0.001

2

≥1 UROLOGIC EVENT < 35 YR, NO 734 0

≥1 UROLOGIC EVENT < 35 YR, YES 239 1.73 (1.38-2.18) <0.001 2

PKD2 MUTATION 186 0

PKD1 NON-TRUNCATING MUT. 239
2.27 (1.57-3.28) 0.002

2

PKD1 TRUNCATING MUTATION 548
4.75 (3.41-6.60) <0.001

4

THE PROPKD SCORE: 
A NEW ALGORITHM TO PREDICT RENAL SURVIVAL IN ADPKD

MULTIVARIATE COX ANALYSIS



The  PROPKD score and survival

RENAL SURVIVAL BASED ON PROPKD SCORE
0-9 POINTS

STRATIFICATION OF RISK OF PROGRESSION
TO ESRD

Cornec-Le Gall E, 2015





NETWORK FOR RENAL RESEARCH

Ali Gharavi Simone Sanna-Cherchi

Nephrology, Columbia University, NY



Cause monogeniche di 

nefronoftisi (ciliopatie)

Vivante, A. & Hildebrandt, F. (2015) Exploring the genetic basis of early-onset chronic kidney disease

Nat. Rev. Nephrol. doi:10.1038/nrneph.2015.205

95 geni



Cause monogeniche di 

Nefrolitiasi

Vivante, A. & Hildebrandt, F. (2015) Exploring the genetic basis of early-onset chronic kidney disease

Nat. Rev. Nephrol. doi:10.1038/nrneph.2015.205

30 geni



Cause monogeniche di 

glomerulonefrite cronica

Vivante, A. & Hildebrandt, F. (2015) Exploring the genetic basis of early-onset chronic kidney disease

Nat. Rev. Nephrol. doi:10.1038/nrneph.2015.205

10 geni



Cause monogeniche di 

sindrome nefrosica steroido resistente

Vivante, A. & Hildebrandt, F. (2015) Exploring the genetic basis of early-onset chronic kidney disease

Nat. Rev. Nephrol. doi:10.1038/nrneph.2015.205

39 geni



CAKUT

Vivante, A. & Hildebrandt, F. (2015) Exploring the genetic basis of early-onset chronic kidney disease

Nat. Rev. Nephrol. doi:10.1038/nrneph.2015.205

36 geni


