
Dichiarazione sul Conflitto di Interessi 

Il sottoscritto Paraskevas Iatropoulos in qualità di  relatore 

dell’evento  “34° Congresso Nazionale Società Italiana di Nefrologia Pediatrica”

ai sensi dell’Accordo Stato-Regione in materia di formazione continua 

nel settore “Salute” (Formazione ECM) vigente, 

Dichiara

• che negli ultimi due anni NON ha avuto rapporti anche di finanziamento 

con soggetti portatori di interessi commerciali in campo sanitario

• che nella Relazione dal titolo: 

“Il contributo della Genetica nella Nefrologia Translazionale

I bambini sono i veri geni”

saranno citati i seguenti nomi di Aziende e/o prodotti commerciali:

Eculizumab, Eplerenone, Ataluren,  Lampolizumab, Mirococept, Tesidolumab, Zimura, Coversin,

OMS-721, CLG561, ACH-4471 APL-2, ALXN1210, CCX-168, ALN-CC5, RA101495

In quanto da considerarsi unici e indispensabili 

secondo le acquisizioni scientifiche più autorevoli e accreditate.



Il contributo della Genetica

nella Nefrologia Translazionale

I bambini sono i veri geni

Ravenna, 7 Novembre 2018

Paraskevas Iatropoulos, MD, PhD

Istituto di Ricerche Farmacologiche Mario Negri IRCCS
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CKD is among the top 3 fastest growing main 
causes of death worldwide

❑ The absolute number of deaths from CKD has increased by 82% in the

past 20 years

❑ Mortality of chonic kidney failure patients is 10-100-fold higher than in

the age-matched general population.
Lozano, Lancet 2012

Ortiz, CKJ 2015



Most frequent causes of CKD

CKAT 3rd Edition, 2015



CLINICAL PRACTICE ISSUES IN GLOMERULOPATHIES

❑ Current understanding of glomerulopathies is still not enough to provide

specific pathogenic therapy

❑ Glomerulonephritides are still treated with either non-specific proteinuria-

lowering medication or non-specific immune suppressants

❑ For some immunosuppressive drugs (i.e. Rituximab, cyclosporine A)

there is debate on whether immune suppression or direct effects on

renal cells is key to the mechanism of action

❑ Glomerulonephritides are still classified based on morphological criteria

that date back to the seventies; an oversimplification that throws into the

same morphological basket different conditions.

Ortiz, CKJ 2015



Modified from

Green, Annu Rev Pub Health (2009)

& Morris, J R Soc Med 2011 

It takes an average of 17 years to transfer 
knowledge from research to practice 

Only 14% of basic research discoveries 

are translated to practice

Clinical
research

T2

Guideline Practice

T1
Basic

research

The 17-year Odyssey

Human
research





Someone once asked me for a definition of

translational research… This is called

‘from bench to bedside’.

I think that the focus should be the other

way around.

Instead of compartmentalizing research

and medicine, the two should be integrated

so that physicians, who are most familiar

with human “phenotypes,” can inform the

other arms of science.



Modified from Morris, J R Soc Med 2011 

Research Translation is an interactive and 
complex process

Clinical
research

T2

Guideline Practice

T1
Basic

research

Human
research



In August of 2015, Austyn was 13 months old 

when she came down with the stomach flu. After 

a week of continuous vomiting and increased 

lethargy, we started getting more concerned and 

brought her into the ER. We were told it was just 

the stomach flu.

A couple days later, she wasn't getting any better 

and we started noticing tiny little bruises, so we 

brought her in again.

Her hemoglobin was 5.1 and her platelets were 

down to 21,000 and figured out her red blood 

cells were shattering.

They  doctors did a blood transfusion, 2 rounds of 

plasmapheresis and many tests.

Two days after being admitted, they determined 

she had atypical HUS and she got her first round 

of Soliris. She spent 7 days in the ICU in critical 

condition and a total of 11 days in the hospital.

She was very fortunate because she has regained 

100% kidney function. https://www.ahus.org/stories/
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The clinical outcome of aHUS patients was unfavorable:

• 50% progressed to end stage renal disease

• 10-15% died during the acute phase of the disease

Evolution of aHUS  before the introduction
of anti-complement therapy



Warwicker, Kidn Int 1998

GENETIC STUDIES ON FAMILIES WITH aHUS IDENTIFIED
“COMPLEMENT FACTOR H” AS DISEASE-CAUSING GENE
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GENETICS OF AHUS: AN EUROPEAN DISCOVERY
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• Factor H-deficient mice carrying the Cfh Δ16-20 mutant protein that functionally mimics the 

aHUS-associated CFH mutations spontaneously develop thrombotic microangiopathy.

• Mutant mice carrying the FH W1206R point mutation that impairs FH interaction with host cells 

but do not affect its plasma complement-regulating activity develop renal TMA as well as 

systemic thrombophilia involving large blood vessels in multiple organs.

Develop HUS and renal disease

Cfh-/-D16-20 mice

Pickering, J Exp Med 2007

Ueda, Blood 2017



In Cfh-/-.FH D16-20 mice deficiency of C5 
was associated at 4 months with:

- mortality

- renal function

- renal histology

compared to FH D 16-20 mice

ROLE OF C5 IN aHUS ASSOCIATED WITH FH DEFICIENCY
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Treatment effect was sustained for up to 26 months

Licht, Kidn Int 2015
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ECULIZUMAB, A MONOCLONAL ANTIBODY AGAINST C5, RESOLVES 
ACUTE EPISODES & PRESERVES RENAL FUNCTION IN aHUS PATIENTS



GENETIC VARIANTS IN C5 AND POOR RESPONSE

TO ECULIZUMAB

Nishimura, N Engl J Med, 2014

● Of 345 Japanese patients with PNH who received eculizumab, 11 patients

had a poor response



Eculizumab

WT

Eculizumab epitope

mutated

MUT

All patients with poor response to eculizumab
had mutations at Arg885 of C5

G/A (4%)G (96%) C/T

Nishimura, N Engl J Med, 2014



Servais A, J Med Genet 2007
Sethi S & Fervenza FC, Semin Nephrol 2011

Sethi S & Fervenza FC, NEJM 2012
Hou J et al., Kidn Int 2013
Pickering, Kidney Int 2013

Electron microscopy

Circulating immunoglobulin or
immune complexes due to:

• Chronic Infections
• Autoimmune or rheumatologic

diseases
• Monoclonal gammopathy

(dysproteinemia)
Dysregulation of the alternative 

pathway of complement

antigen

Y
C3

Other patterns of
glomerular injury

Igs
IC-MPGN

(Immune-Complex-mediated MPGN)

Immunoglobulin positive

C3 positive

C3G
(C3 Glomerulopathy)

No or few immunoglobulins/C1q

C3 dominant

Toward a pathogenesis-based classification in MPGN 
and C3G

MPGN
(Membranoproliferative glomerulonephritis)

C3GN
(C3 Glomerulonephritis)

DDD
(Dense Deposit Disease)

*C3 dominant: C3 at least two orders of magnitude 
stronger than any other common immune reactant

*
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http://www.marionegri.it/

Participating Centers

IC-MPGN/C3G patients

Italian cases

Foreign cases
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380

342 
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REGISTRY OF  MPGN/C3G

12/2017

Established                           2006

http://www.33ff.com/flags/bandieremondo/bandiera_Repubblica-Ceca.html
http://www.33ff.com/flags/bandieremondo/bandiera_Iran.html
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COMPLEMENT GENE MUTATIONS IN  IC-MPGN DDD C3GN
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Iatropoulos et al, Mol Immun 2016

Mutation carriers 18%

o Same type of mutations between C3G and IC-MPGN

o Same prevalence of mutations between C3G and IC-MPGN
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Daha et al., Immunology, 1981

• C3NeFs belong to an

heterogenous family of

autoantibodies that stabilize the

convertases complexes

• C3NeFs bind to the assembled C3

convertase and stabilize C3bBb

against both spontaneous and FH-

mediated decay

Alternative Pathway abnormalities are major drivers 
in Idiopathic MPGN

C3

C3b

FB

C3b
Bb

sC5b-9

C3NeF
FI

iC3b

FH

C3b

C3 Convertase half-time

C3bBb

C3bBb+C3NeF

30 sec

30 min

Patients tested C3NeF+

- C3G (DDD, C3GN)    n =   65 54%

- Ig-MPGN n =   52 45%

Iatropoulos P. et al. 2016



p=0.353
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Iatropoulos P et al., Mol Immun 2016
Servais A, Kidn Int 2012

Complement alternative pathway abn. are present in 
the majority of C3G and primary IC-MPGN patients

• The majority of idiopathic IC-MPGN carry complement gene mutations and/or C3NeF.

• Genetic and acquired alternative pathway abnormalities are equally present both in C3G 

and IC-MPGN.



Kerns et al., Ped Nephr 2013

Biopsy #1 Biopsy #2 Biopsy #3

IgG

C3

Hou J et al., Kidn Int 2013
Pickering M et al., Kidn Int 2013

IC-MPGN C3G

IC-MPGNC3G

17%

PATIENTS SHIFT FROM C3G TO IC-MPGN OR VICE VERSA



More Pitfalls of the C3G/IC-MPGN classification

Pickering M et al., Kidn Int 2013
Licht C et al., Kidney Int, 2006
Habbig S et al., Kidn Int 2009

• It has been reported a family with two affected siblings carrying the same CFH mutation 

in which one received the diagnosis of DDD and the other the diagnosis of C3GN.

DDD C3GN

• Borderline cases between DDD and C3GN exist.



“We need to encourage experimental neurobiologists to
form long-term interdisciplinary collaborations with
theoreticians, mathematicians or physicists…

Math can also have a short-term impact in psychiatry
for things such as predicting individual responses to drugs
and improving precision medicine more generally”

29



Data-driven method for exploring whether patients can be 

separated into relatively homogeneous groups.

Subjects with many commonalities are placed close together 

and those with many dissimilarities farther apart.

This approach was successfully used to identify disease 

subtypes in asthma, Parkinson disease and chronic obstructive 

pulmonary disease, with impact on clinical practice.

Burgel PR et al., Eur Respir J 2010
van Rooden SM et al., Mov Disord 2010

Howrylak JA et al., J Allergy Clin Immunol 2014
Fereshtehnejad S et al., Brain 2017

UNSUPERVISED CLUSTER ANALYSIS



EXAMPLE OF CLUSTER ANALYSIS

Subdivide and group the fruit

Malus
domestica
v. Red chief

Pyrus
communis

Citrus 
sinensis

Citrus 
reticulata

Musa
acuminata

31

Malus
domestica

v. Granny Smith



Examples of variables included in cluster analysis

Clinical features

(n=7)

Histology findings

(n=17)

Complement

profile

(n=4)

Genetic data

(n=7)

Age (onset) C3 staining on IF Serum C3 N° of AP complement

gene mutations*

Familiarity for nephropathy IgG staining on IF Serum C4 CFH p.V62I

Micro-/Gross hematuria at

onset

Intramembranous

electron dense deposits

Plasma sC5b-9 CFH p.H402Y 

Proteinuria/Nephrotic

syndrome at onset

Subendothelial deposits Presence of C3NeF* CD46 c.-366A>G 

Renal impairment/ESRD 

at onset

% of sclerotic glomeruli CFB p.Q/W32R

Sex Degree of mesangial

proliferation

C3 p.R102G

Trigger … THBD p.A473V

Histologic, biochemical, genetic and clinical variables in 173
patients with C3G or idiopathic IC-MPGN

32
Iatropoulos P et al., JASN 2018*used as a single composite variable ‘N° of AP abnormalities’.



CLUSTER ANALYSIS IN PATIENTS WITH C3G AND IC-MPGN 
DEMONSTRATES THE PRESENCE OF FOUR GROUPS

11:5
6 

33

Cluster 2Cluster 1 Cluster 3 Cluster 4

Iatropoulos P et al., JASN 2018



CLUSTER ANALYSIS IDENTIFIED FOUR DISTINCT GROUPS OF

PATIENTS

N: normal

Cluster 1 Cluster 2 Cluster 3 Cluster 4

Mutation or C3NeF %

Serum C3 

Plasma sC5b-9 

Glomerular C3 (0-3+)

Glomerular IgG (0-3+)   score

Glomerular C1q  (0-3+) score

Highly electron dense deposits %

75

2.7

0.4

0.3

7

63

2.7

2.0

1.6

0

79

N /

2.8

0.5

0.3

73

14

N

N

2.5

1.0

0.6

0

↓↓ ↓↓ ↓↓

↓↓ ↓↓ ↓

Iatropoulos P et al., JASN, 2018

Clusters 1-3: Fluid-phase terminal pathway complement activation showing low serum C3 and a high 

prevalence of AP gene mutations and/or C3NeF

Clusters 2: Combined activation of the alternative and classical pathway (Ig and C1q staining)

Cluster 3: C3 convertase activity predominates over C5 convertase activity and many patients had very 

dense deposits on EM

Cluster 4: Normal serum C3 levels but intense C3 staining in the kidney



C3 AND  CFB LIKELY PATHOGENETIC VARIANTS ARE MOSTLY 
PRESENT IN CLUSTERS 1 AND 2

35

*

*
**

*

Algorithm-based clusters

C3
FB

Iatropoulos P et al., JASN 2018

*p<0.05
**p<0.01
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CLUSTER ANALYSIS HAD PROGNOSTIC VALUE 

WHILE HISTOLOGY CLASSIFICATION DID NOT 

• Patients in cluster 4 have a higher risk of ESRD during follow-up
compared to the other three clusters

• No difference in development of ESRD was found among the
histologic groups

Iatropoulos  P et al., JASN 2018 

1-3 vs. 4 p=0.008
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❑ “Mathematics seems to trump pathology!”

• Tool to integrate clinical parameters, complement protein measurements,

complement genetics, autoantibody results, and a renal biopsy.

• Most importantly, their cluster analysis did better at predicting renal

survival than the division into MPGN, DDD, and C3GN.

❑ “Key tests of the cluster approach”

• Must be validated in a distinct cohort.

• The ultimate test in the clinic will be if it can also identify groups of patients

who will benefit from distinct complement-modulating therapies.



“Our results confirm the main findings of the

original cluster analysis and indicate that the

observed distinct pathogenic patterns

replicate in our cohort.”
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EAGLE Study
Evaluating the Morphofunctional Effects of 

Eculizumab* Therapy in Primary 

Membranoproliferative Glomerulonephritis:
A Pilot, Single Arm Study in 10 Patients with Persistent Heavy Proteinuria

and low C3 levels and high sC5b9 levels (>1000 ng/ml) 

Elena Mondo, Piero Ruggenenti, Erica Daina, Marina Noris, Elena Bresin and Giuseppe 

Remuzzi

Unit of Nephrology, Azienda Ospedaliera Papa Giovanni XXIII, Bergamo, Italy

Clinical Research Center for Rare Diseases “Aldo e Cele Daccò”, 

Mario Negri Institute for Pharmacological Research, Bergamo, Italy

40

* 900 mg weekly for four infusion and maintenance phase 1200 mg at week 5; then 1200 mg every 2 weeks for 1 years

1 year 3 months

Treatment Recovery

1 year 3 months

Treatment Recovery



Eculizumab Eculizumab
Recovery

** ** ** ** ** ** ** ** ** **
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In cluster 3 there is a prevalent C3 convertase formation then
stabilized by high frequency of C3NeF
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● A baby named Toni was born in Helsinki, Finland in 1998. Soon

his kidneys started to leak massive amount of proteins into the

urine

● By studying Toni’s family and others with the same condition, Karl

Tryggvason identified nephrin as a disease-causing in congenital

nephrotic syndrome

● Mice homozygous for inactivated nephrin gene, although

seemingly normal at birth, immediately developed massive

proteinuria and edema and died within 24 hrs

● The kidney of null mice exhibited effacement of podocyte foot

processes and absence of the slit diaphragm

THE BED

Putaala, Hum Mol Genet 2001

THE MOUSE

44

Kestilä, Mol Cell. 1998



GBM

Nephrin
Podocytes

Endothelial cells



Mele*, Iatropoulos* et al., NEJM 2011

Next-generation
Sequencing results

Number of
Variations

Total Homozygous
Variants identified

2141

Functional Variants 39

- Functional Variants
not reported in dbSNP

3

…predicted to be
damaging

1

MYO1E A159P

MYO1E mutations cause FSGS/SRNS

MYO1E Y695*



Mele*, Iatropoulos* et al., NEJM 2011

Protein Bioinformatic Analyses

MYO1E mutations cause FSGS/SRNS



F

BM

2 mm

BM

2 mm

Myo1e-knockout mouse Tyr695stop MYO1E mutation

❑ In both the patient and the mice, podocytes have undergone

microvillous transformation.

❑ The glomerular basement membrane is thickened and disorganized
48



Endothelial cell

COL4A3
COL4A5

COL4A4

Podocyte

MYH9

LAMB2

NPHS2
NPHS1

MYO1E

Actin

ITGA3 ITGB1

INF2
ACTN4

ARHGDIA
ARHGAP24 CD2AP

GBM

Laminin-521

NUP93
NUP107XPO5

NUP205

Nucleus

PAX2 WT1 LMX1B

Glucocalyx

Foot process

ADCK4 COQ2 COQ6

PDSS2

MTLL1

CRB2

PTPRO

SCARB2

DGKE

CD2AP

ANLN

FAT1
PLCE1

EMP2

SMARCAL1

Mitochondrion

Lysosome

TRPC6

Slit-diaphragm

CUBN

Integrin/matrix

Actin-bindingKANK1,2,4

DDR1

Cdc42
Rac1



A NEXT-GENERATION SEQUENCING PANEL FOR PROTEINURIC GLOMERULOPATHIES

✓ Screening of 93 known nephropathy-associated genes (in 80 all coding exons and in 13 

one or more SNPs) and 19 candidate genes

✓ Genetic screening of whole genes or SNPs  related to podocytopathies, Alport syndrome, 

mpgn, Membranous Nephropathy, IgAN and other rare proteinuric glomerulopathies

• 99.94% of the coding and flanking regions are covered by the panel

• 98.8% of the bases in the coding and flanking regions have a ≥10x coverage

50 Iatropoulos, Solini et al., in preparation



PREVALENCE OF MUTATIONS IN PATIENTS 

WITH SRNS AND SSNS

Stringent criteria for mutation definition

• AD and X-L: one allele with Allelic Frequency ≤0.01% and CADD ≥15

• AR: two alleles with Allelic Frequency ≤0.1% and CADD ≥15

• Segregate with the disease

6% vs. 37%

17%

10%

9%

6%

63%

94%

0%

20%

40%

60%

80%

100%

SRNS SSNS

Podocyte genes

GBM genes

Other nephropathy genes

No mutations

51 Iatropoulos, Solini et al., in preparation



SRNS RECURS AFTER KIDNEY TRANSPLANT ONLY IN 
PATIENTS WITHOUT MUTATIONS IN PODOCYTE GENES

P = 0.001

12N 29

0%

52%

0%

20%

40%

60%

Yes No

Podocyte gene mutation

Iatropoulos, Solini et al., in preparation
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RESPONSE TO ORAL CoQ10 IN SRNS DUE TO A 
MUTATION IN THE CoQ10 BIOSYNTHESIS PATHWAY. 

In a 5-year-old girl with SRNS and a causative homozygous mutation in the COQ6 gene, 
treatment with coenzyme Q10 was commenced during remission. Following inadvertent 
interruption of coenzyme Q10 administration, proteinuria rose into the nephrotic range. 
Following reinstitution of therapy, proteinuria normalized. 

Heeringa, JCI 2011

Lovric, NDT 2015



THE TYPE OF MUTATIONS MAY BE HELPFUL FOR THE 
TREATMENT INDEPENDENTLY FROM THE AFFECTED PATHWAY

Iatropoulos, Solini et al., in preparation

Type of Mutations in SRNS

9%

7%

80%

4% Stop-gain

Ins/Del

Missense

Splicing



ATALUREN TREATMENT IN PATIENTS WITH
STOP-GAIN MUTATIONS

❑ Approved for patients with Duchenne Muscular Dystrophy

❑ Partial efficacy in Duchenne Muscular Dystrophy

❑ Increased serum creatinine levels in 15% of patients in a trial on Cystic

Fibrosis Siddiqui, PNAS 2016

Ortiz, CKJ 2015
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Outrageous prices of orphan drugs: a call

for transparency and collaboration

Lucio Luzzatto, Hanna I Hyry, Arrigo Schieppati, Enrico Costa, Steven Simoens, Franz

Schaefer, Jonathan CP Roos, Giampaolo Merlini, Helena Kääriäinen, Silvio Garattini,

Carla E Hollak, Richard Horton, Giuseppe Remuzzi

on behalf of the Second Workshop on Orphan Drugs participants

Lancet 2018
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