
Claudia Izzi
medico genetista

U.O Nefrologia e Dialisi e

Dipartimento Ostetrico-Ginecologico

ASST Spedali Civili di Brescia

ADPKD:
diagnosi genetica preimpianto (PGT)



▪ Most frequent hereditary late onset kidney
disease (12.5 Milion Patients Worldwide )

▪ ADPKD prevalence 1-600/1000 

▪ Two Major Genes: PKD1 (85%) PKD2 (15%)

▪ ADPKD1 and ADPKD2 clinical manifestations are 
indistinguishable

▪ PKD2 is much milder compared to PKD1 with a 
delayed onset of ESRD of ~20 years2

▪ Characterized by Progressive Enlargement of 
Kidneys and Renal Failure

▪ Accounts for 5-8% of ESRD worldwide

AUTOSOMAL DOMINANT 
POLYCYSTIC KIDNEY DISEASE (ADPKD)



AUTOSOMAL DOMINANT 
POLYCYSTIC KIDNEY DISEASE (ADPKD): 
A MULTISYSTEMIC DISORDER

CARDIOVASCULAR 
ABNORMALITIES

1. RENAL CYSTS
2. RENAL PAIN
3. RENAL HEMORRHAGE
4. HYPERTENSION
5. UTI- CYST INFECTION
6. NEPHROLITHIASIS
7. RENAL FAILURE

RENAL 
MANIFESTATIONS

1. LIVER CYSTS 
2. PANCREATIC CYSTS

3. COLONIC DIVERTICULA   

4. HINGUINAL HERNIAS

GASTRO- INTESTINAL 
MANIFESTATIONS

1. INTRACRANIAL ANEURYSMS

2. CARDIAC VALVE

3. AORTIC ANEURYSMS  

4.CORONARY  ANEURYSMS

5. LEFT VENTR HYPERTROPHY



ADPKD GENES

Nature Reviews Nephrology; 11,(2015) ; BMC Nephrology 2011, 12:57

❖ PKD1 (16p13.3) ~85% of cases

▪ Encoded protein: Polycystin 1 (4202 aa)

❖ PKD2 (4q22.1) ~15% % of cases

▪ Encoded protein: Polycystin 2 (968 aa)



AUTOSOMAL DOMINANT 
POLYCYSTIC KIDNEY DISEASE (ADPKD) 

A person with ADPKD has a 50% CHANCE of having an affected child with one mutated gene 
and a 50% of chance of having an unaffected child with two normal genes

AUTOSOMAL DOMINANT INHERITANCE



FAMILIAL CASES 80-85% “DE NOVO” 15-20%

AUTOSOMAL DOMINANT 
POLYCYSTIC KIDNEY DISEASE (ADPKD) 



❖ Locus Heterogeneity: 2 major genes

❖ Allelic Heterogeneity: 30% recurrent mutations

❖ 10% of de novo cases

GENE ANALYSIS

▪PKD2: EASY
▪PKD1: DIFFICULT!!!

ADPKD GENETIC TEST

Exones 1-33

DUPLICATED REGION
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PKD1 and PKD2 GENETIC TEST

Long Range PCR 
PKD1

Sanger Seq
PKD1

Set-up
NGS PKD1 NGS PKD1

Sanger Seq.  
PKD2

Set-up
NGS  PKD2 NGS PKD2

2014            2015                          2016 2017

BRESCIA-LAB PKD NGS ANALYSIS SET-UP



PKD Mutations: 
effect on Polycystin Function

New Engl J Med 350:158, 2004

NON PROTEIN TRUNCATING

PROTEIN TRUNCATING



GENKYST STUDY-2013

TYPE OF MUTATION CORRELATES WITH RENAL DISEASE PROGRESSION

GENETIC COMPLEXITY IN ADPKD:
GENIC AND ALLELIC EFFECT

Cornec-Le Gall E, JASN 24:1006-13, 2013.

P<0.001

N=1271

PKD1

NON TRUNCATING PKD1 MUTATIONS

MEAN AGE AT ESRD: 65.8 YRS

PKD2

PKD2 MUTATION:

MEAN AGE AT ESRD:  77.8 YRS
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TRUNCATING PKD1 MUTATIONS
MEAN AGE AT ESRD: 55.1 YRS



http://pkdb.mayo.edu

PKD1/PKD2 variant/mutation patterns

PKD1: truncating mutations 75%  missense mutations 25% 

=> Many missense variants are of unknown significance (VUS)

PKD2: truncating mutations 66%  missense mutations 34%



Richards et al., Genet Med. 2015May - http://geneticslab.emory.edu/emvclass/EGLClassificationDefinitions.php

ADPKD NGS RESULTS: 
INTERPRETAZIONE DELLE VARIANTI

Benign VOUS Pathogenic

INTERPRETATION OF VARIANTS
Variant not reported in HGMD, locus specific 
databases, published literature, dbSNP, 1000 
Genomes Project, EVS, or ExAC 

Variant reported at an allele frequency insufficient to 
rule out clinical significance based on mode of 
inheritance and severity of disorder 

Variant reported in a single individual with 
insufficient segregation or functional data / 
inadequate clinical information

Evidence from multiple sources is conflicting (i.e. 
evidence for both a pathogenic and benign 
classification exists)



GENETICALLY UNRESOLVED 
ADPKD CASES

6%–11% OF PATIENTS WITH PKD DO NOT HAVE AN IDENTIFIABLE 
PKD1 OR PKD2 MUTATION

• missed, fully penetrant mutations at the complex, segmentally

duplicated PKD1 locus

• mosaicism

• phenocopies i.e : autosomal-dominant tubulointerstitial kidney disease

(ADTKD)- autosomal dominant polycystic liver disease(ADPLD)

• novel PKD genes



Cystic kidneys disease

GANAB

DZIP1L

PKHD1

DNAJB11

UNKNOWN
GENES

TSC/VHL

PKD1/PKD2

HNF1B
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ADTKD 
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ALG8
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MB. Lanktree, CJASN 16: 790–799, 2021

ADPKD: 

INDICATION FOR GENETIC TESTING



PGT: Preimplantation genetic testing

GdL SIGU di Citogenetica e Citogenomica



Preimplantation genetic testing in Italy

GdL SIGU di Citogenetica e Citogenomica



PGT: Preimplantation genetic testing



Day 5

PGT: only trophoblast

analysis

PGT: Preimplantation genetic testing



PGT: Preimplantation genetic testing

Day 5

PRIOR IDENTIFICATION OF THE 
PATHOGENIC MUTATION 

IS A PREREQUISITE FOR PGT



1. 10% of patients are GENETICALLY UNRESOLVED

=> further molecular genetic studies (Cystic genes panel)

2.    MANY missense variants are classified as VUS

DNA from additional affected family members may be required

to determine the pathogenicity of a PKD gene variant

- Family members could be not available

- “de novo” cases

ADPKD-PGT-M first problem
Identifying the disease causing mutation



The accuracy of PGT is highest when DNA analysis includes both:

1. DIRECT MUTATION TESTING 

2. HAPLOTYPE RISK ANALYSIS :

linkage analysis of polymorphic markers closely linked to the PKD1 gene to 

ensure that there is no allelic drop out.

familial ADPKD affected needed for linkage analysis

ADPKD-PGT-M second problem
Tecnical issues for PKD1 gene



The accuracy of PGT is highest when DNA analysis includes both:

1. DIRECT MUTATION TESTING 

NOT POSSIBLE FOR  VARIANTS IN THE PKD1 DUPLICATED REGION (EX 1-33)

ADPKD-PGT-M second problem
Tecnical issues for PKD1 gene

DUPLICATED REGION

Most PKD1 variants are located in the first 33 exons

=> Only RISK HAPLOTYPE ANALYSIS

POSSIBLE ONLY IF AFFECTED FAMILY MEMBERS AVAILABLE



ADPKD PGT-M: DE NOVO CASES

IN SPORADIC CASES no familial affected members are avaiable

 RISK HAPLOTYPE ANALYSIS not possible

 PGT not possible



Workflow ADPKD PGT-M

2. PGT-genetic counselling and IVF work-up

3. Blood or saliva collection of patient and parents for PGD work-up

4. Identification of informative flanking markers linked with the mutation

5. Test of the molecular probes and genetic report

SET-U
P

1. Nephogenetic counselling – pre and post genetic test
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ADPKD PGT-M: 
CLINICAL PROBLEMS

PREGNANCY IN ADPKD WOMEN:

1. Hypertension, reduced renal function and liver cysts:

- risk for ovarian stimulation 
- risk related to pregnancy 

2. Therapies 

- teratogenic drugs



ADPKD AND PGT-M



ADPKD AND  PGT-M

8 patients: 5 female; 3 male

• TYPE OF MUTATIONS
• FACTORS AFFECTING PROGRESSION TO ESRD

2018
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ADPKD PGT: The Netherlands experience



ADPKD PGT: The Netherlands experience



ADPKD PGT: The Netherlands experience



PGT in Italy



705

6

46

Fonte: ISS 2019

Preimplantation genetic testing in Italy



PGT in Italy

https://w3.iss.it/site/registropma/pub/centri/centripma.aspx



PGT in Italy



PGT in Italy



PGT BRESCIA-PADOVA 
2016-2019

▪ ADPKD patients: 2 females e 13 males
▪ only PKD1 pathogenic variants
▪ All familial cases

1) c.11498G>C (p.R3833P) 
2) c. 7288C>T (p.R2430*)
3) c. 1803delG (p.R601*)
4) c. 12682C>T (p.R4228*) 
5) c. 10009_10010insT (p.Tyr3337LeufsX52)
6) c. 7915C>T (p.R2639*) 
7) c. 4447 C>T (p.G1483* )
8) c. 7864-2 A>G 

9) c. 7288C>T (p.R2430*) 
10) c. 9713-38_10168-43del 
11) c. 3491_3492delinsAA (p.Gly1164delinsGlu)    
12) c. 1803delG (p.A603Pfs*182) 
13) c. 2534 T>C (p. L845S)
14) c. 11872 G>C (p. A3958P)
15) c. 4447C>T p.(Gln1483*) 



c. 9713-38_10168-43del6              12                    18         24          30               36    42       46

3         9             15                    21              27     33              39  45

R3833PR2430*R601*

R4228*

Y3337LfsX52

R2639*

Posizione delle mutazioni identificate nei soggetti affetti rispetto alla regione duplicata di PKD1

Chr 16 (p13.3)

Duplicated Single Copy

A3958P

L845S
Q1483*

p.G1164delinsE 
A603Pfs*182

c. 9713-38_10168-43delc. 7864-2 A>G 

PKD1

• Probabilità di riuscita della PGD: 54% per singolo embrione trasferito

• L’accuratezza della PGD è superiore al 98%. 

• In caso di gravidanza si raccomanda una diagnosi prenatale per confermare la 

diagnosi genetica preimpianto

PGT BRESCIA-PADOVA 
2016-2019



PGT UNIT
DR.SSA DANIELA ZUCCARELLO
ambulatorio.genetica@aopd.veneto.it

Azienda Ospedale Università di Padova, 
UOC di Genetica ed Epid. Clinica

CENTRI PGT IN SSN

Ospedale di Arco (TN) Centro PMA
Dr Arne Luehvink

Ospedale di Ferrara
Centro PMA
Dr A Gallinelli Dr F Capodanno

Azienda Ospedaliera Universitaria Senese
Genetica medica
Prof Alessandra Renieri

Preimplantation genetic testing in Italy



LABORATORIO GENETICA MEDICA ASST-SPEDALI CIVILI di BRESCIA 

MOLECULAR DIAGNOSTIC WORKFLOW IN 
“ADPKD” PATIENTS

1. PATHOGENIC VARIANT

CONCLUSIVE ADPKD 

GENETIC DIAGNOSIS

CONCLUSIVE ADPKD or

“PHENOCOPY” DIAGNOSIS
UNRESOLVED 

GENETIC CASES 

PKD1 and PKD2 NGS/MLPA

Neg

3. NO VARIANTS

2. VOUSSEGREGATION
ANALYSIS

Pos

Pos Neg

NGS CYSTIC DISEASE Panel

+ HN1B MLPA

WHOLE EXOME 

SEQUENCING

Neg

Pos



LABORATORIO GENETICA MEDICA ASST-SPEDALI CIVILI di BRESCIA 

Pannelli malattie genetiche renali-Brescia



LABORATORIO GENETICA MEDICA ASST-SPEDALI CIVILI di BRESCIA 



LABORATORIO GENETICA MEDICA ASST-SPEDALI CIVILI di BRESCIA 



• Increasing in referrals for adult-onset monogenic kidney disease

• Increasing technical possibilities in genetic testing Next-generation 
sequencing (NGS) has revolutionized genetic diagnostics

• All patients with ADPKD who might consider having children should
be counseled about family planning and reproductive options, 
including PGT and available genetic services.

• Genetics becomes increasingly important for proper clinical
management and prognostic issues

• Need of personalized and multidisciplinary approach to disease
management

Take home messages
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