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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 

First report of  Syndromic ART-children 

z

z
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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

Oncologic surveillance    
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LOS is a model of  Beckwith-Wiedemann Syndrome  
Observed in 

ART conceived calves obtained from 
gametes harvested from fertile cows and bulls

ART and  Large Offspring Syndrome (LOS)  
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z

BWS in ART Children

z

z

10 – Fold Increased Risk of 
BWS  in ART children

Absolute Risk of 1:1000 



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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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, 



DNA Methylation



Histone Modifications



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 : Apis Mellifera 



Epi-genotype Establishment  



Epi-genotipic reprogramming and 
Zygote genome activation Establishment  



Epi –genotype establishment and ART



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

Hypothesis for the Etiology 
of primary Epimutations 
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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 



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 : 

Role of techniques in respect of pre-existing pathological condition

Association of ART with other Health risks

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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