
Epigenetic modifications:
which environmental agents?





II World War: nazist embargo in the 
Netherlands. 30.000 death for famine.  



60 years later….

Ridotta metilazione del gene IGF2 negli individui concepiti durante la carestia 



Epigenomics. 2011 June ; 3(3): 267–277.





Overview of the mechanisms and consequences of epigenetic regulation by nutritional 
compounds



Why do some people eat more than 
others? 



The old
dog
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Numerous pathways within the brain play a role in the control of food intake:
best characterized the Leptin–Melanocortin pathway

Study in twin and adoption revealed that genetic heritability of fat mass is between 30% and 70%

The majority of monogenic disorders in severe obesity in both mouse and man involve genetic 
disruption of the Leptin–Melanocortin pathway



1997: the first report that two young cousins with severe early onset obesity had 
mutations in the gene of leptin (LEP).

Leptin is secreted by white adipose tissue and is a key indicator if fat deposits are 
sufficient.
Is not a satiety signal!

If fat deposits are enough inhibits the growth of adipose tissue through decreased 
appetite and lipogenesis and increased energy expenditure and lipolysis. 

Patients with leptin deficiency are exceptionally sensitive to leptin administration, anyone 
with an intact system will not respond to leptin, certainly with regards to food intake and loss 
of bodyweight.

Leptin pathway



Is one of the key mechanisms of leptin signaling in the brain. 

The central component of the pathway is pro-opiomelanocortin (POMC).

MC4R mutations remain the most common monogenic form of obesity, with 

pathogenic mutations found in up to 5% of cases of severe childhood obesity and 

up to 1% of the general population with a BMI >30 kg/m2.

Melacortin
pathway



Obesity risk score is directly related to 
BMI in the  population
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GWAS of Obesity

SNPs associated with waist (hip ratio) tend to be primarily expressed in fat;

SNPs associated with BMI are primarily expressed in the central nervous system:  

From these SNPs can generate an obesity risk score  score of 2 (homozygous for 
risk allele), 1 (heterozygous) or 0 (homozygous for non-risk allele);
When plotted against a large population: increasing risk score is directly related to 
increasing BMI;
Some of these genes members of the leptin–melanocortin pathway  like POMC
and MC4R.



In post-genomics’ world, can new genetic 
information 

influence the treatment of obese patients?
The answer is… ‘it depends’

For monogenic forms of obesity (1% of people with BMI 
>30 kg/m²) the answer is YES. 
We can now treat the that harbour genetic mutations 
within the leptin–melanocortin pathway. 

While…for common polygenic obesity, as the predictive 
value of these SNPs and risk scores are still very poor for 
any given individual specific treatment  it is difficult to 
quantify the influence of the genetic and environmental 
component.



The effects of obesity on male infertility and the  mechanisms involved
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The effect of male obesity 

on conception success  in 

couples going for IVF.





Mediterranean diet and 
fertility

Vujkovic M et al., 2010

Taking a Mediterranean Diet in the pre-conception period in couples 
who undergo IVF/ICSI contributes to achieving success in the 

pregnancy.

Cutillas-Tolìn A. et al., 2015

The traditional Mediterranean Diet can have a positive impact on 
male reproductive potential.


