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The incidence 

of major and minor malformations 
in the two groups were similar

RR for minor malformations  1.7

RR for major malformations 1.4 

One case of  
Beckwith Wiedemann Syndrome 

Prime segnalazioni rischi associati a PMA
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Genomic Imprinting Defects and ART



Beckwith-Wiedemann syndrome

Most common overgrowth disorder

Neonatal macrosomia 

Macroglossia 

Adbominal wall defects

Hemihyperplasia

Capillary malformations

Embryonal tumors

Paradigm of overgrowth-cancer 

predisposition syndromes

Beckwith and Wiedemann 1964
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Area Years Cases Population Prevalence

Italy (Piemunt) 1996-2009 46 475,032 1:10,504

Epidemiology
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Macrosomia 

Macroglossia

Abdominal wall defects  

Hypoglicemia 

Severity of Hypoglicemia correlates 
with neurodevelopmental defects 

Neonatal features   
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Wilms tumor 45%
Hepatoblastoma 20%
Adrenocortical carcinoma 7%
Rhabdomyosarcoma 6%
Neuroblastoma 5%
Pancreatoblastoma 3%
Renal cell carcinoma 2%
Pheochromocytoma 2%
Thyroid carcinoma 1%
Acute myeloid leukemia 1%
Acute lymphocytic leukemia 1%

Approximately 8% of patients 
develop tumors. 

Mostly embryonal abdominal tumors

Tumor Risk in BWS   
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Ecografia addominale Dosaggio 
α-fetoproteina

Tumore di Wilms
ed Epatoblastoma

Epatoblastoma

Screening Oncologico    
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La LOS (Large-Offspring syndrome)

modello  della Sindrome di Beckwith-Wiedemann

vitelli concepiti con PMA da vacche e tori normalmente fertili 

Associazione tra PMA e LOS  
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ART and Beckwith Wiedemann Syndrome

z

10 – Fold Increased Risk of BWS  in ART conceived children

Absolute Risk of 1:1000 
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ART and Beckwith Wiedemann Syndrome
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BWS is an ART Associated Health Risk 



Monoallelic – paternal or maternal - Expression  of a gene

Molecular bases of this phenomenon are epi-genetic: 

The different – male or female - parental origin
of the allele is responsible for the differential expression 

in a tissue specific manner  

This phenomenon is reversible during meiosis

Genomic Imprinting 
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Genomic Imprinting 

Paternal Chromosome 

Maternal Chromosome 
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Male Donkey + Female Horse =  Mule

Male Horse          + Female Donkey       =               Hinny

Male and Female derived genomes 
have different biological features  
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CDKN1C
Cyclin-dependent 

kinase inhibitor 1C

 inhibitor of several 
G1 cyclin/Cdk complexes and a 

negative regulator 
of cell proliferation.

H19

a gene for a long noncoding RNA
negative regulator 
of body weight and 
cell proliferation.

Insulin-like 
growth factor 2 

IGF-2 

Major fetal growth factor  
insulin-like and 

mitogenic activities

IC1-DMR
Imprinting Center 1

IC2-DMR

Imprinting  Center 2

11p15 Chromosomal Region 

PAT CDKN1C KCNQ1 IGF2 H19

MAT CDKN1C KCNQ1 IGF2 H19

IC1IC2

IC1IC2
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PAT CDKN1C KCNQ1 IGF2 H19IC1IC2

60% IC2 LoM 
Hypomethylation

10% IC1 GOM 
Hypermethylation

25% Paternal 
Uniparental Disomy

5% CDKN1c LOF 
mutation

Molecular defects in BWS: 11p15.5

Normal

Weksberg R et al.. Eur J Hum Genet. 2010;18:8-14
Mussa A et al. Prospettive in Pediatria, 2013, 



Epigenetica



Waddington, 1940:
interazione di geni e ambiente che permette lo sviluppo del fenotipo

Holliday and Pugh, 1975: 
modificazioni chimiche covalenti, compresa la metilazione dei dinucleotidi CpG

Inattivazione del cromosoma X e Imprinting genomico dimostrarono l’ereditarietà 
dei meccanismi epigenetici coinvolti nella regolazione dell’espressione genica

Epigenomica: ulteriore sviluppo del concetto
coinvolgimeto della struttura cromatinica e le modificazioni covalenti degli istoni 

Epigenetica



DNA Methylation



Histone Modifications



Apis mellifera

Larve  identiche NUTRITE in modo differente
Api operaie = miele e polline

Ape regina = pappa reale

Induzione del fenotipo tramite meccanismi complessi 
che regolano la metilazione

siRNA per Dnmt3 che modula l’ epigenotipo

Nelle fasi precoci dello sviluppo avvengono modificazioni
Nell’espressione  genica che risultano in fenotipi diversi 

Indotte dall’ambiente - nutrienti

Developmental Plasticity



da 1800 Kcal/ die a 400-800 kcal / die 

Dutch famine of 1944–1945: the Hongerwinter



Obesita’ 
Anomalie metabolismo  glicidico e lipidico

Disturbi dell’Umore

Long term effects of the Dutch Famine



Persistent epigenetic differences associated  with prenatal exposure to famine in humans
Hijmans et al, PNAS, 2008

A) Conceived during the Famine              B) Born during the famine  

Epigenetic Anomalies correlates with Famine

A) Periconceptional exposure: 
Difference in methylation according to the mother's last menstrual period before conception of the famine-
exposed individual. 

A) Exposure late in gestation: 
Difference in methylation according to the date of birth of the famine-exposed individual. To describe the 
difference in methylation according to estimated conception and birth dates, a lowess curve (red or blue) is 
drawn. The average distributed rations (in kcal/day) between December 1944 and June 1945 are depicted in 
green. 



Epi-genotype Establishment  



Epi-genotipic reprogramming and 
Zygote genome activation Establishment  



Epi –genotype establishment and ART



Fetal Origin of Adult disease 



Maternal genetics factors 
Protein expressed in oocyte
Ovum biologic features  
Environmental factors pre and post conception

Hypothesis for the Etiology 
of primary Epimutations 



Broncodisplasia  

Enterite necrotizzante 

Sepsi
Emorragia cerebrale
Paralisi cerebrale
Retinopatia

LBW-ELBW

SGA

emorragia antepartum

disturbi ipertensivi della gravidanza

PROM

diabete gestazionale

gravidanze gemellari

(Jackson et al 2004, Sutcliffe and Ludwig, 2007)

Singletons – Adjusted Relative Risk

Preterm x2

Preterm <32 x3

Mortality x2 SGA x1.5

LBW x2

VLBW x3

FIVET > ICSI
nell'ICSI la maggior parte delle donne è sana dal punto di vista riproduttivo, 

il che potrebbe dare un esito perinatale più favorevole.

Perinatal Health risk associated with ART 



2.914 ART 208.800 non ART

38 decessi 1,018 decessi 

13,0‰ ART 4,9‰ non ART

2 p < 0.001

OR 2.7 (1,95-3,74)

Mortalità IVF/ICSI vs concepimento spontaneo

Hansen et al. 2009 OR 1.8 (0.4–8.8)

Kallen et al. 2005 OR 1.13 (0.90–1.43)

Klemetti et al. 2006 IVF, 9.0 per 1,000; SC, 4.1 per 1,000

Koivurova et al. 2003 IVF 13.1 per 1,000 vs 5.2/1,000

Pinborg et al. 2003 IVF/ICSI 3.7 per 1,000; SC, 2.0 per 1,000

ART Non-ART

Neonatale 10,6‰ 2,7‰

1-6 mesi 1,0‰ 0,9‰

6-12 mesi - 0,3‰

12 mesi -7 anni 1,3‰ 1,0‰

Perinatal Death risk associated with ART 

Phys.  = 4,9 / 1000
ART  = 13 / 1000



There was no increase in the 
overall risk of cancer

Increased risk of hepatoblastoma

and rhabdomyosarcoma were
detected but with a small absolute

risk

Results are reassuring.

The small  but significant
increased risk of hepatoblastoma 

detected was associated with low

birthweight, a known risk factor
for this tumour type. It should be 

emphasized that the absolute
risks are very small.

Cancer risk and ART 



Intellectual disability and ART 
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Genome – Epigenome – Environment 



Genome – Epigenome – Environment 





ART is associated with Genomic Imprinting Defects 

10 times RR of Beckwith Wiedemann Syndrome in ART conceived children 

Open questions : 

Correlation of  Imprinting defects with the other Health risks 

Role of techniques in respect of pre-existing pathological condition

Long term effects in respect of the Developmental Origin of Health Diseases

Model for the study of Genome – Epigenome – Enviroment interactions

Conclusions
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