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Is there a Project ?Is there a Project ?



Insulino-resistance 
Diabetes 

Cardiovascular Diseases

La Rivoluzione 
Epidemiologica 

del XX SecoloL’incremento delle patologie cronico-degenerative
[immunomediate, neuro-degenerative, endocrine, neoplastiche, 

cardiocircolatorie]
quale prodotto di una drammatica trasformazione ambientale

e di una (conseguente) alterazione del Programming embrio-fetale

Barker Hypothesis  
(1989)

(1989)
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INFLAMMATORY BOWEL DISEASES





• Perchè la celiachia (glutine + DQ2-DQ8 + 
Permeabilità Intestinale + Gut 
Ecosystem/TLRs) ha un incremento 
di circa il 10% annuo in Italia..?

• Perché asthma/allergie di I tipo GC sono 
passate da una prevalenza dell'1% a 25-30% in 
meno di un secolo (allergens + genes + 
flogosis/remodeling) ecc..

• Che legame c'è tra l’incremento epidemico di 
obesità.. sindrome metabolica.. diabete II..  
aterosclerosi e 
patol.cardiovascolari (genes+epigenetics/phl
ogosis + TLRs) 
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• ENVIRONMENT            HEALTH
• Genome and Epi-genome
• The Epidemic Revolution of XXth 

Century
• 3 PARADIGMS

Barker Hypothesis
Hygiene Hypothesis
Systemic-chronic (low grade) 
Inflammation

• Back to the NEO-LAMARCKIAN 
PARADIGM 
 ENVIRONMENT  Epigenetic Changes 

                              Fetal 
Programming
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US DHHS, 2001; Hedley et al., 2004; Ogden et al., 2006, 2008

Matthew W. Gillman, MD, SM





Particulièrement convaincant est le graphe qui montre le parallélisme 
presque parfait entre l'augmentation de la production de molécules 
synthétiques et des cas de diabète de type 2 ...
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In 1997, the prevalence in the US was 2.32 
million 













1

2

3







http://www.ilcorrieredabruzzo.it/notizie-italia/cronaca-nazionale/259
66-allarme-tumori-a-taranto-donne-e-bambini-tra-i-piu-colpiti.html









Effetti epigeneticiepigenetici 
dell’inquinamento 

atmosferico 
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Deaths from urban air pollution in 2000, as estimated by the WHO

World Health Report, 2002 

The WHO estimates that air pollution is responsable 
for  3 million premature deaths each year.



There is consistent evidence that the 
levels of fine particulate matter in 
the air are associated with the risk of 
death from all causes and from 
cardiovascular and respiratory 
illnesses. These findings strengthen 
the rationale for controlling the the rationale for controlling the 
levels of respirable particles in levels of respirable particles in 
outdoor airoutdoor air. (N Engl J Med 
2000;343:1742-9.)



L'associazione tra particolato fine e malattie cardiache emerse negli anni novanta del 
secolo scorso, allorché le evidenze epidemiologiche del nesso tra inquinamento dell'aria 
e ricoveri ospedalieri per malattie cardiovascolari si andarono accumulando ...  si 
osservò che l'esposizione annuale media a PM2.5 si associava ad un aumentato 
rischio di mortalità da cardiopatia ischemica e aritmie... a dimostrazione che le 
concentrazioni di particolato non solo causavano un aggravamento a breve termine della 
malattia cardiovascolare, ma avevano un ruolo patogenetico negli eventi coronaricima avevano un ruolo patogenetico negli eventi coronarici



Standards and monitoring are now being
introduced for PM2.5 particles, termed ‘fine 
particles’ and mostly 1,000 to 2,500nm in 

size,
but  there is nothing  to cover the much 

smaller ones

Lack of Standards and Monitoring for UFPsLack of Standards and Monitoring for UFPs
The current standards are in terms of total mass, yet UFPs are generally around only 
one percent 
of the total mass but present the majority of the surface area  that is reactive to 
human tissues. 
If the mass of a single inhaled 2.5 μm particle is divided into typical nanoparticles 
~80nm, they would have 1000 times more surface area. 
For that reason alone, the mass-based PM standards are far from appropriate for 
UFPs.
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human tissues. 
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UFPs.







A given mass of ultrafine particles  
has 
a much greater surface area than 
the same 
mass of fine, yet respirable, 
particles and so is more likely to 
cause overload, 
(causing far more bronchoalveolar 
chronic inflammation, fibrosis and 
tumors).

Ultrafine particles  have a high specific surface area, which can 
catalyse 
reactions and adsorb high amounts of toxic substances (like PAH..)

Ultrafine particles  have a high specific surface area, which can 
catalyse 
reactions and adsorb high amounts of toxic substances (like PAH..)



The adverse effects of ultrafine particles may be mediated in part by their ability to inhibit 

phagocytosis.. in part by their pro-inflammatory  

The mechanism for the effect on macrophages may be the increased 
oxidative stress from the large surface area of ultrafine particles.
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PM10 PM < 1

UP are less well phagocytized 
by alveolar macrophages 
than larger particles and 
inhibit their phagocytic ability 

UP are less well phagocytized 
by alveolar macrophages 
than larger particles and 
inhibit their phagocytic ability 
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L'inquinamento atmosferico consiste in una miscela 
eterogenea, complessa di gas, liquidi e particolato. 

Studi epidemiologici hanno dimostrato un 
consistente aumento di rischio di eventi 
cardiovascolari in relazione sia alle esposizioni a 
breve che a lungo termine alle concentrazioni di 
particolato usuali  delle nostre città…



Diversi meccanismi 
sono stati descritti, tra cui 
l'attivazione di processi 
trombotici, aritmie, 
vasocostrizione 
arteriosa acuta, risposta 
infiammatoria sistemica 
(endotelite...) con 
promozione 
dell’aterosclerosi 



Nanoparticles could interact with the vascular endothelium interact with the vascular endothelium or have direct effects on 
atherosclerotic plaques and cause local oxidative stress and proinflammatory effects similar to local oxidative stress and proinflammatory effects similar to 

those seen in the lungsthose seen in the lungs.. Increased inflammation could destabilize coronary plaques, which 
might result in rupture, thrombosis, and acute coronary syndrome.



LOW GRADE SYSTEMIC  
INFLAMMATION

… Recent scientific results increasingly point to chronic inflammation which may be 
clinically unobtrusive (silent inflammation),

(3) the hypothesis of a Systemic-chronic (low grade) Inflammation that involves most of the 
northern country inhabitants (starting by a low-grade systemic endotelithis)
(3) the hypothesis of a Systemic-chronic (low grade) Inflammation that involves most of the 
northern country inhabitants (starting by a low-grade systemic endotelithis)



.. due to fine particulates and especially ultrafine particles (0,1 µ) which 
easily cross all biologic membranes.. 



.. penetrate the walls of blood vessels resulting in a systemic endothelitis  atherosclerosis.. penetrate the walls of blood vessels resulting in a systemic endothelitis  atherosclerosis



  
Fine particles (PM 2,5-10) in healthy children white cells (NEJM 2004)

passing both the cellular and nuclear membranespassing both the cellular and nuclear membranes

UP form 
complexes with 
proteins and 
biomoleculesbiomolecules 
which may result result 
in functional in functional 
changes of the changes of the 
latterlatter  !!
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latterlatter  !!
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.. changing the changing the 
clusters of clusters of 
differentiationdifferentiation  
(lymphocyte 
subpopulations).. ..
altering the 
immune 
responses 

(which means that 
the UP UP interfere interfere 
with DNA and with DNA and 
gene expressiongene expression))
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paving the way for a state of chronic systemic oxidative stress





The diminishing of the supply of energy by the mitochondria is 
mentioned as an important pathophysiological mechanism.
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which explains why 
cardiovascularcardiovascular  and   and 
neurodegenerativeneurodegenerative
diseasesdiseases  are 
increasing in areas 
with high levels of 
air pollution even 
more than  the more than  the 
respiratory respiratory 
diseasesdiseases



Combustion-derived nanoparticulate matter causes 
acute and chronic cardiovascular diseaseacute and chronic cardiovascular disease

Mills NL et al. Nat Clin Pract Cardiovasc Med  

doi:10.1038/ncpcardio1399 (2008)

Brook RD et al. Circulation 109: 2655–2671 (2004) 



Hoffmann B et al. Circulation (2007)  
116: 489–496

Residential exposure to traffic is 

associated with coronary coronary 

atherosclerosisatherosclerosis.4,494 individuals living in close proximity to a major urban road 

Increased coronary artery calcium scores Increased coronary artery calcium scores 

(a marker of coronary atherosclerosis) by 60%

Inquinamento e cuore



Inquinamento e ictus

Associations of Fine and 
Ultrafine  Particulate Air 

Pollution 

With Stroke Mortality 
in an Area of Low Air Pollution Levels
Jaana  Kettunen  et al. Stroke 2007;38;918-922

We therefore evaluated the effects of several particle measures 
including, for the first time to our knowledge, ultrafine particles 
(<0.1 µm) on stroke.

…PM2.5, but also ultrafine particles and carbon 
monoxide, 

are associated with increased risk of fatal 
stroke…



Effetti sulla salute umana in % per ogni 
incremento di 10 µg/m3 di PM10 e PM2.5 

Effetti PM10* PM10** PM2.5***

Mortalità generica 0.6 1.3 6
Mortalità per patologie 

respiratorie
1.3 2.1

Mortalità per patologie 
cardiovascolari

0.9 1.4 12

Ricoveri ospedalieri
Pazienti over 65 anni

0.7

Mortalità per cancro al 
polmone

? 14

*Anderson HR WHO Regional Office for Europe 2004

**MISA Meta Analisi Italiana su otto grandi città italiane 

*** Pope A.C., Journal American Association 2002 

*** Pope Circulation 2004









The frontal cortex of an 11-month-old 
healthy MC 
dog exhibits Aβ42 staining of a diffuse 
plaque, 
surrounded by a microglia-like nucleus

The frontal cortex of a 17-year-old MC boy… shows a 
diffuse 
Aβ42 plaque (red product) and GFAP-negative 
astrocytes

The frontal cortex of a 36-year-old MC male with an E3/E4 ApoE 
genotype .. shows abundant mature and diffuse Aβ42 plaques 
(red stain) along
with GFAP-positive reactive astrocytosis

Exposures to particulate matter and gaseous air pollutants have been associated with respiratory tract 
inflammation, disruption of the nasal respiratory and olfactory barriers, systemic inflammation, production of 
mediators of inflammation capable of reaching the brain and systemic circulation of particulate matter.  
Mexico City (MC) residents are exposed to significant amounts of ozone, particulate matter and associated 
lipopolysaccharides. MC dogs exhibit brain inflammationMC dogs exhibit brain inflammation and an  and an acceleration of Alzheimer’s-like acceleration of Alzheimer’s-like 
pathology, suggesting that the brain is adversely affected by air pollutantspathology, suggesting that the brain is adversely affected by air pollutants. MC children, adolescents 
and adults have a significant upregulation of cyclooxygenase-2 (COX2) and interleukin-1β (IL-1β) in 
olfactory bulb and frontal cortex, as well as neuronal and astrocytic accumulation of the 42 amino acid 
form of β-amyloid peptide (Aβ42), including diffuse amyloid plaques in frontal cortex. The 
pathogenesis of Alzheimer’s disease (AD) is characterized by brain inflammation and the accumulation 
of Aβ42, which precede the appearance of neuritic plaques and neurofibrillary tangles, the pathological 
hallmarks of AD. Our findings of nasal barrier disruption, systemic inflammation, and the upregulation Our findings of nasal barrier disruption, systemic inflammation, and the upregulation 
of COX2 and IL-1of COX2 and IL-1β β expression and Aexpression and Aββ42 accumulation in brain suggests that sustained exposures to 42 accumulation in brain suggests that sustained exposures to 
significant concentrations of air pollutants such as particulate matter could be a risk factor for AD and significant concentrations of air pollutants such as particulate matter could be a risk factor for AD and 
other neurodegenerative diseases.other neurodegenerative diseases.



Copyright ©2008 Society for Neuroscience

No Caption Found

Alzheimer’s Disease (AD)-Like Pathology in Aged Monkeys after Infantile Exposure to Environmental 
Metal Lead (Pb): Evidence for a Developmental Origin and Environmental Link for AD

Environmental 
Trigger 

Early life exposures 

DOHA -Developmental  
(Embrio-Fetal) Origin of AD.

The cause for most Alzheimer's 
cases is still essentially unknownessentially unknown    

(except for 1% to 5% of cases 
where genetic differences have 
been identified)………….

The cause for most Alzheimer's 
cases is still essentially unknownessentially unknown    

(except for 1% to 5% of cases 
where genetic differences have 
been identified)………….

The Journal of Neuroscience,  2008 • 28(1):3–9 • 
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Increased amyloid 
Aβ-deposition

Accumulation of  hyperphosphorylated 
microtubule associated protein τ “tangles”

(LEARn) model : early environmental factors such as 
exposure to Pb, nutritional deficiencies (e.g., folate or 
B12), or oxidative stress alter DNA epigenetically, by 
reducing the activity of enzymes as DNMTs…



A marked reduction in DNAmarked reduction in DNA
  methylationmethylation was observed 
in post-mortem brain
(Mastroeni et al., 2010)

Epigenetics and Alzheimer disease

Folate and vitamin B12 restrictionFolate and vitamin B12 restriction
induced demethylation ofinduced demethylation of PSEN1 PSEN1
gene and increasedincreased  αβαβ production production
in both mice and neuronal cell 
cultures (Fuso et al., 2008)

Aberrant methylation of genes related Aberrant methylation of genes related 
to to αβ αβ production and  deposition production and  deposition 
(PSEN1, APOE) and to DNA methylation (PSEN1, APOE) and to DNA methylation 
 (DNMT1,  MTHFR)  (DNMT1,  MTHFR) waswas found in DNA in DNA 
from blood or brain of AD patients from blood or brain of AD patients 
(Wang et al., 2008)

Prenatal exposure of monkeys
to lead resulted in epigenetic 
modifications of genes related to αβαβ
Production (APP, PSEN1) and increased
αβ deposition later in life (Wu et al., 2008)

Several studies point to a possible contribution 
of epigenetic modifications epigenetic modifications in AD

Lucia Migliore 
Università di Pisa

Lucia Migliore 
Università di Pisa

1

2

3



Alzheimer_and_other_dementias_world_map_-_DALY_-_WHO2004_svg

In 1997, the prevalence in the US was 2.32 million 
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Plasticité du cerveau et modulation de 
sa structure et de ses fonctions

La motilité des neurones motilité des neurones et en 
particulier la formation de 
nouvelles connexions (synapsessynapses) 
peuvent être modifiés (perturbés) 
par une exposition à des facteurs 
environnementaux de stress

Wingate Imagining the brain cell: the neuron in visual culture. Nature Rev Neuroscience 2006; 7: 745-752. 

http://www.kcl.ac.uk/depsta/biomedical/mrc/Researcher.php?PersonID=19


 Périodes critiques précoces dans le développement 
des fonctions cérébrales

Formation de nouvelles synapses à la suite des stimulations..Formation de nouvelles synapses à la suite des stimulations..



A Silent Pandemic
Industrial Chemicals Are Impairing 

The Brain Development of Children Worldwide 

For immediate release: Tuesday, November 7, 2006

Fetal and early childhood exposures to industrial 
chemicals 
in the environment can damage the developing 
brain 
and can lead to neurodevelopmental disorders 
(NDDs)
 autism, attention deficit disorder (ADHD), and 
mental retardation 

A few industrial chemicals (eg, lead, 
methylmercury, polychlorinated 
biphenyls [PCBs], arsenic, and toluene) 
are recognised causes of 
neurodevelopmental disorders and subclinical 
brain dysfunction. 

Exposure to these chemicals during 
early fetal development can cause brain 
injury at doses much lower than those 
affecting adult brain function

Another 200 chemicals are known to 
cause clinical neurotoxic effects in 
adults… The toxic effects of such 
chemicals in the developing human 
brain are not known and they are not 
regulated to protect children …

* Department of Environmental Health, Harvard School of Public Health, 
Boston, MA, USA
** Department of Pediatrics, Mount Sinai School of Medicine, New 
York, NY, USA

*               **

Grandjean P. Landrigan Ph
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  Il 17% dei bambini US < 18°a. ha un Il 17% dei bambini US < 18°a. ha un 
disturbo dello sviluppo, per lo più a disturbo dello sviluppo, per lo più a 
carico del SN  carico del SN  

Disturbi dell’apprendimento

ADHD

Disordini dello spettro autistico

Ritardo mentale

Problemi comportamentali

Analoghe sono le 
cifre europee

Il cervello è un organo prezioso e 
vulnerabile e, poiché il suo funzionamento 

ottimale dipende dalla sua integrità, 
anche danni limitati possono avere 

conseguenze serie ( Grandjean 2006)

Il cervello è un organo prezioso e 
vulnerabile e, poiché il suo funzionamento 

ottimale dipende dalla sua integrità, 
anche danni limitati possono avere 

conseguenze serie ( Grandjean 2006)

ISDE Palermo - Maria Vittoria Di Matteo



AUTISMO AUTISMO 
(ASD :Autism Spectrum Disorders)(ASD :Autism Spectrum Disorders)

•I nuovi casi di autismo  diagnosticati (incidenza) negli US
sono passati da 15.580 nel 1992 a 163.773 nel 2003.

• Prevalenza stimata : 
 6-7-(12) casi/1000 
bambini

ISDE Palermo - Maria Vittoria Di Matteo



Contrairement aux Contrairement aux enfants enfants 
RettRett, les , les autistes ont tendance autistes ont tendance 
à avoir la tête plus grande à avoir la tête plus grande 
tailletaille que prévu pour un âge 
donné. 
Dans les cerveaux des autistes 
est la substance blanche qui la substance blanche qui 
augmente sa tailleaugmente sa taille, tandis que le 
cortex cérébral, l'hippocampe cortex cérébral, l'hippocampe 
et l'amygdaleet l'amygdale  sont plus petitssont plus petits 
que chez les autres enfants 

(Il est intéressant de noter que, à à 
la naissance, les cerveaux de la naissance, les cerveaux de 
enfants autistes ont tendance enfants autistes ont tendance 
à être plus petitsà être plus petits que ceux des 
autres nourrissons, mais entre 6 mais entre 6 
et 14 mois d'âge, ils subissent et 14 mois d'âge, ils subissent 
une croissance anormalement une croissance anormalement 
accélérée)accélérée)
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Plusieurs centaines de différentes CNVs Plusieurs centaines de différentes CNVs 
spécifiquesspécifiques ont été rencontrés dans des  ont été rencontrés dans des cohortes de cohortes de 
patients autistiquespatients autistiques.. la récurrence des CNVs les plus la récurrence des CNVs les plus 
fréquentes est de fréquentes est de 1% ou moins1% ou moins.
Il ya une forte proportion de de novo CNVs, mais les les 
CNVs héréditaires circulent dans les familles CNVs héréditaires circulent dans les familles 
affectant affectant les males plus que les femmesles males plus que les femmes ....
Une situation tout a fait similaire se dessine à partir tout a fait similaire se dessine à partir 
d'études CNVs pour la d'études CNVs pour la schizophrénieschizophrénie. 
Il ya une fréquence élevée de CNVs fréquence élevée de CNVs de novode novo et une  et une 
grande hétérogénéité de variantes rares ..grande hétérogénéité de variantes rares ..

Trends in Neuroscience Vol 32, 2, 2009, 69–72



15q11.2 is the most proximal region 
of the Prader-Willi/Angelman lociPrader-Willi/Angelman loci. 
More pronounced autistic features
were observed in cases of 
Angelman syndrome. The 
cytoplasmic fragile X mental cytoplasmic fragile X mental 
retardation protein retardation protein 
(FMRP)-interacting protein 1 gene(FMRP)-interacting protein 1 gene
(CYFIP1),…(CYFIP1),… serves functions 
important for neurodevelopment

CNTNAP2, a member of the CNTNAP2, a member of the 
neurexin familyneurexin family, is encoded 
by an extraordinarily large 
gene on chromosome 

7q35–36.17q35–36.1……CNTNAPs 
complex with CNTNs, which 
are neural recognition 
proteins .. and are thought to to 
mediate neuron–glial cell mediate neuron–glial cell 
interactions, neuronal interactions, neuronal 
migration and dendritic migration and dendritic 
orientationorientation



From Genetics to Epigenomics
The Times They Are A-Changin'

Berlin-Potsdam,
7-9 November 2011PARTE IIPARTE II

ERNESTO BURGIOERNESTO BURGIO
ISDE  Scientific ISDE  Scientific 
CommitteeCommittee  
ECERI - ECERI - European European 
Cancer and Cancer and 
Environment Research Environment Research 
InstituteInstitute



TCDD

Viruses

HERV
s

EMF

3

2

1

SYNERGISM 
!!

“FLUID 
EPI-GENOME”
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We may represent the environment as a 
continuous stream of information (simple: 
photons: individual packages of E = M = 
Information) or complex (organic molecules, 
viruses etc) interacting with our cells 
[membrane /transmembrane receptors, 
signal transduction proteins, nuclear 
receptors, genome (DNA + Epigenome)] 
forcing them to adapt

We may represent the environment as a 
continuous stream of information (simple: 
photons: individual packages of E = M = 
Information) or complex (organic molecules, 
viruses etc) interacting with our cells 
[membrane /transmembrane receptors, 
signal transduction proteins, nuclear 
receptors, genome (DNA + Epigenome)] 
forcing them to adapt



We are rather stable (for millions of years) 
both genetically and phenotypically 

What’s Epi-Genetics ?



The chimpanzee Dna is for 98.77% identical to the human . 
On average, a gene encoding a protein in a man differs from its 
chimpanzee ortholog by only two aa substitutions 
.. almost one third of 
human genes 
has exactly the same 
protein translation as their 
orthologs

in chimpanzee 

Species 
phylogeny

Orangutan Gorilla Chimpanze
e

Huma
n

From the Tree of the Life Website,
University of Arizona

Sanger Institute

We are quite stable (for 
millions of years) both 

genetically and 
phenotypically

Evo



Chimpanzee-hum
an 

divergence

Chimpanzees Humans

6-8
million
years

Hominids or hominins

Brain:
a rapidly 
evolving 
Organ ?

Evo



INTELLIGENT DESIGNDESIGN ?! 





Rudolf Jaenisch  Whitehead 
Institute 
&  Dept. of Biology, MIT, 
Cambridge, MA

Rudolf Jaenisch  Whitehead 
Institute 
&  Dept. of Biology, MIT, 
Cambridge, MA



Pour citer le biologiste moléculaire Richard C. Strohmann : l'ère de l'ère de Watson et CrickWatson et Crick, qui a commencé , qui a commencé 
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Pour citer le biologiste moléculaire Richard C. Strohmann : l'ère de l'ère de Watson et CrickWatson et Crick, qui a commencé , qui a commencé 
comme une comme une théorie du gène a évolué à tort dans une théorie et le paradigme de la viethéorie du gène a évolué à tort dans une théorie et le paradigme de la vie : c'est a dire,  : c'est a dire,  
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Le Dogme Central de CrickDogme Central de Crick: Une fois l'information 
a pénétré dans une protéine ne peut pas sortir à 
nouveau (one direction-linear flow of informationone direction-linear flow of information)



A)The Central 
Dogma 



Francis Crick's statement of the central dogma, from an early draft of Crick (1958)
available at http://profiles.nlm.nih.gov/SC/B/B/F/T/_/scbbft.pdf 

Bromham L Biol. Lett. 2009;5:503-505
   
©2009 by The Royal Society

http://profiles.nlm.nih.gov/SC/B/B/F/T/_/scbbft.pdf


http://news.sciencemag.org/sciencenow/2009/04/21-03.html
IN FACT GenesIN FACT Genes need to be told need to be told 
to switch “off” and “on”:to switch “off” and “on”:
• Genes need to be told how much 
expression (protein) is required and 
where.
• Genes need to be regulated Genes need to be regulated – this 
regulation is not performed by DNAregulation is not performed by DNA  
but by many other controls arranged in but by many other controls arranged in 
a a complex networkcomplex network

• DNA has been called the Book of Life 
by the Human Genome Project 
scientists, but many other biologists 
consider DNA to be simply a random DNA to be simply a random 
collection of words collection of words from which a from which a 
meaningful story of life may be meaningful story of life may be 
assembled…assembled…
•  In In order to assemble that 
meaningful story, a living cell uses cell uses 
a second informational systema second informational system. (...) 
The key concept here is that these these 
dynamic-epigenetic networks have dynamic-epigenetic networks have 
a life of their own —they follow a life of their own —they follow 
network-rules not specified by DNAnetwork-rules not specified by DNA

From directing the fate of stem cells to determining how.. we grow, 
the genes in our body the genes in our body 
act in complex networks..act in complex networks.. the whole whole GenomeGenome is a Complex and  is a Complex and highly highly 
dynamic molecular Network dynamic molecular Network of of interactinginteracting  Genes Genes and and non-codifying non-codifying 
sequences.sequences.. and . and proteinsproteins 

Strohman R. , April 2001 Beyond genetic 
determinism 

….Genes Know How to Network…BUT...

Aujourd'hui, nous savons que le génome est un réseau moléculaire uniquele génome est un réseau moléculaire unique, 
complexe et dynamique  complexe et dynamique  et qu'il ya un flux ininterrompu  d'informations flux ininterrompu  d'informations au sein 
du génome et entre le génome et du génome et entre le génome et l'environnementl'environnement



If the Central Dogma  Central Dogma  of Molecular Biology depicted 
one direction-flowone direction-flow of genetic information of genetic information…

REVERSE
TRANSCRIPTION

TRANSCRIPTION
FACTORS 

(and COFACTORS)

GRNetworks

SYSTEMS 
GENOMICS
(BIOLOGY)

NATURAL GENETIC ENGINEERING

TRANSPOSABLE ELEMENTS

The “Fluid 
Genome”

EPIGENETIC 
CHANGES

ENVIRONMENT

… we must remember  that things are quite 
different: information flow is circular information flow is circular 
between the genome and  the between the genome and  the environmentenvironment



Naesens, M. & Sarwal, M. M  Current paradigm of molecular biology   Nat. Rev. Nephrol. 6, 614–628 (2010)

..configuring a new model of genomic molecular network composed by DNA, epigenome, 
proteome 

sequences communicating in cis and trans and, above all, reactive /interactive 
(in a continuous dialogue with the environment)               

Hormons 

Xenobiotic
s 

EMF 

VIRUSES

in a 
continuous 

dialogue 
with the 

environme
nt



Everyday levels Everyday levels mattermatter

At truly low levels At truly low levels ……
it interferes with gene it interferes with gene 
activationactivation

At high levels… arsenic kills people

At moderately low levels… it causes a range 
of diseases

KaltreiderKaltreider  et alet al. 2002. 2002

Many of these substances 
(Dioxins, Heavy Metals, 
Polycyclic aromatic 
Hydrocarbons) are 
dangerous for humans health 
at very low-every day-doses 
(which are very difficult to be 
assessed by the ordinary 
toxicological studies)

Many of these substances 
(Dioxins, Heavy Metals, 
Polycyclic aromatic 
Hydrocarbons) are 
dangerous for humans health 
at very low-every day-doses 
(which are very difficult to be 
assessed by the ordinary 
toxicological studies)



Interphase 
chromosomes

Mitotic chromosome

Euchromatin

Heterochromatin

...revolving 
around it and 
playing an 
important role 
in 
transferring 
information 
from outside 
to DNA and 
in 
modulating 
the 
response, to 
the extent 
that some 
scientists 
have used 
the term 
natural 
genetic 
engineering

What’s Epigenetics ?What’s Epigenetics ?

Multipl
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levels
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g are 
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d to fit 
the 
DNA 
into the 
cell 
nucleu
s

Multipl
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nucleu
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DNA
double
helix
(2-nm
diamete
r)

Metaphase chromosome
700
nm

Tight helical fiber
(30-nm diameter)

Nucleosome
(10-nm diameter)

Histones
“Beads on
a string”

Supercoil
(200-nm diameter)

Campbell NE et al (Eds): 
Biology: Concepts & Connections
4th Edition, 2003

Euchromatin

Heterochromat
in 

Multiple 
levels
of packing 
are 
required to 
fit the 
DNA into 
the cell
nucleus

Nuclear DNA is 
normally 
tightly 
wrapped  
around 
histones 



The Epigenetic Players

DNA
Methylation

Histone
modification

Chromatin
Remodeling
machinery

+
ON OFF

Euchromatin

Heterochromatin

“The study of heritable changes in gene function 
that occur without a change in the DNA sequence”

Fraga et al., PNAS. 
2005.

1
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MicroRNAs



DNA 
methylation

 Covalent modification of the DNA is also important for gene silencing 
human cells. 

 Most genes have GC rich areas of DNA in their promoter regions, 
referred to as CpG islands.
 Methylation of the C residues within the CpG islands leads to gene 
silencing

(highly unstable 
base) 

22



The 
Histone tails
are a critical 
determinant 
of chromatin 
structure

11



Histone Tails
are subject to 
a variety of 
covalent 
modification
s

Histone Code”
hypothesis: 
modifications 
of the Histone 
tails 
act  as marks read 
by other proteins 
to control the 
expression 
or replication  of  
chromosomal 
regions

E.g.  generally, 
Histone 
Acetylation 
is associated with 
transcriptionally 

active genes
Deacetylation 
is associated with 
inactive genes
(= gene 
silencing)
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http://www.gene-quantification.de/micro-rna-1.html#nature



Nuclear Receptor 
DNA Response 
Element

Histone 
Lysine 
Acetylation

Histone Deacetylases.

Histone Acetyltransferases;

Histone Methyltransferases

ATP-dependent 
Nucleosome 
Remodeling Complex

Many toxicants 
cause rapid 

alterations in gene 
expression by 

activating protein 
kinase signaling 

cascades.  

The resulting rapid, 
defensive 

alterations in 
gene activity 

require the 
transmission of a 
signal directly to 

the histones 
present in the 
chromatin of 

stress response 
genes: 

within minutes 
of exposure

the 
phosphorylation 

of serine 10 of 
histone H3 

and the 
acetylation

of lysines 9 and/or 
14 

take place

H3-K9 H3-S10

P

These modifications are believed 
to be essential for  the full 
transcriptional response to 
stress-inducing chemicals



In-vitro, animal, and human investigations  have identified 
several classes of environmental chemicals that modify 
epigenetic marks.. including 
- metals (cadmium, arsenic, nickel, chromium,  
CH3-mercury), 
- peroxisome proliferators (trichloroethylene, 
          dichloroacetic acid…), 
- Air Pollutants (PM 0,1/2,5/10, black carbon,  
benzene), 
- EDCs - Endocrine-Disrupting/reproductive toxicants 
     (DES, bisphenol A, persistent organic pollutants,  
dioxin).

Because these epigenetic changes are 
small, potentially cumulative, and they 
may develop over time, it may be 
difficult to establish the cause-effect 
relationships among environmental 
factors, epigenetic changes, and 
diseases.





Conclusions: We found decreased 
repeated-element methylation after 
exposure to traffic particles.



LINE-1 methylation decreased in 
relation to higher black carbon and 
PM2.5 ambient level ,with significant 
associations for all the time windows 
evaluated and stronger effects at the 

longer time windows (2–7 d).

Alu methylation showed no significant 
association with pollutant levels 
at any of the time windows evaluated

Hypomethylation of repetitive DNA sequences is expected to lead to the transcriptional activation of those 
repetitive sequences that still contain active promoters, potentially resulting in disruption of transcription 
factor balance, sense or antisense transcriptional interference, and production of transcripts 

complementary to endogenous transcripts or to alterations in genomic organization and stability



Transposable elements can be seen as a natural genetic 
engineering system 
capable of acting not just on one location at a time but on the 
genome as a whole ..
This dynamic view of the genome has been illustrated most 
impressively 
by Shapiro  who stated that the genome is composed of 
modular units arranged 
in a “Lego-like” manner that can be altered under certain 
circumstances



A small fraction of the chromosomal DNA codes for 
proteins  



….particular awareness has 
aroused a study that 
documented the presence of 
(geno) toxic and mutagenic 
substances in all the 
umbilical 
cords tested, 
demonstrating the ubiquity 
of  embryo-fetal exposure 

 Mothers Milk: Record levels of 
toxic fire retardants found in 
American mothers' breast milk. 
Washington, DC. Available at 
http://www.ewg.org/reports/mother
smilk/

NAS (National Academy of 
Sciences). 2000. Scientific 
Frontiers in Developmental 
Toxicology and Risk 
Assessment. Committee on 
Developmental Toxicology. 
Washington, DC: National 
Academies Press;  EPA (U.S. 
Environmental Protection Agency). 
2003a. America's children and 
the environment. Measures of 
contaminants, body burdens, 
and illnesses. Available online at 
http://www.epa.gov/envirohealth/ch
ildren
.

Dioxin and 
Dioxin-like 
molecules

(Ultra)-fine 
particles

Heavy  Metals

Polycyclic 
Aromatic 
Hydrocarbons 
(PAH)

Benze
ne

1

2

3

http://www.ewg.org/reports/mothersmilk/
http://www.ewg.org/reports/mothersmilk/
http://www.epa.gov/envirohealth/children
http://www.epa.gov/envirohealth/children




XXI century: a dramatic transformation 
of the environment and uterine 
microenvironment

The main problem that the myriad sources of pollution across the planet is likely 
to cause

to our health and to future generations is indeed the load of toxic molecules 
many of which

are incidental products of incomplete combustion.. accumulated in our 
bodies: EPA

(Environmental Protection Agency); US Centers for Disease Control and Prevention; 
Environmental

Working Group (EWG) (an environmental organization specialized in environmental 
research) 

are systematically biomonitoring the body burden of toxic chemical 
compounds, elements, 

or their metabolites (Chemical Body Burden), in biological substances since many 
years



The gift our mothers 
never wanted to give us

http://www.ewg.org/reports/generations/

CHEMICAL FALL 
OUT

ULTRAFINE 
PARTICLESHEAVY 

METALS

ENDOCRINE 
DISRUPTORS
dioxin-like moleculles

1
2

3

That’s why at present   many studies  in various parts of the 
world  are  evaluating the chemical body burden .. especially in 
women, children, embryos / fetuses, providing dramatic results. 



Heavy metals, dioxins and other carcinogens released into 
ecosphere, and conveyed in living organisms, may bio-accumulate 
in tissues (bones and fat) and bio-magnify in food chains

And  from tissues where they accumulate (sometimes for tissues where they accumulate (sometimes for 
decades), their  release is generally slow and continuousdecades), their  release is generally slow and continuous

Biomagnificazione



E’ vero che nel sangue e nei tessuti di tutti gli uomini e le donne che vivono in ambienti urbani
e/o industriali e persino nel sangue cordonale e placentare sangue cordonale e placentare e neie nei tessuti fetali  tessuti fetali sono presentisono presenti

questi stessi inquinanti in quantità di anno in anno, di decennio in decennio maggiori ? questi stessi inquinanti in quantità di anno in anno, di decennio in decennio maggiori ? 

Is it true that these pollutants are present in blood and tissues of all men and women 
living in urban and industrial environments and even in the cord blood and placental 
and fetal tissues  in more and more significant amounts year after year ?

What is the Global Chemical Burden..

Industrial chemicals in mothers and 
daughters:  
the pollution we share and inherit



E’ vero, in particolare, che metalli, diossine e altri inquinati lipofili accumulati nei tessuti materni
possono passare, anche a distanza di anni dal loro assorbimento, nel sangue e raggiungere il feto ? 

Is it true that metals, dioxins and other lipophilic pollutants, accumulated in maternal tissue, 
may pass, 
even many years after their absorption, into the blood and reach the fetus?



Fetal Programming

Differentiation 

epi-mutations 

Cellular Differentiation: an Epigentic process Differentiation occurs numerous 
times during the development of a 
multicellular organism as the 
organism changes from 
a single zygote to a complex 
system of tissues and 200 cell 
types (genetically identical.. each 
with its own epigenetic and own epigenetic and 
morpho-functionalmorpho-functional characteristics)..

Gametogenesis. Maturation of germ cells is 
characterized by an impressive degree of cellular 
restructuring and gene regulation that involves 
remarkable genomic reorganization. 
These events are finely tuned, but are also susceptible 
to the introduction of various types of error… 

1

2

Nature 447, 425-432 (24 May 2007)

PLASTICITY

http://en.wikipedia.org/wiki/Multicellular_organism
http://en.wikipedia.org/wiki/Zygote




et de 9 mois de 
développement individuel 

de 4 milliards d'années de coévolution 
moléculaire* (en particulier, notre ADN est 
le produit de ce long parcours) ..

PhylogenèsePhylogenèse 

Nous ne devrions 
jamais oublier que 
nous sommes 
en même temps 
le produit

l'ontogenèse 
récapitule 
la phylogenèse

Devo-Evo

(..notre epigénome est le 
produit de 9 mois de 
programmation cellulaire 
et tissulaire adaptative à un 
environnement qui est en 
train de changer très vite..

Un risque majeur: les EDCsEDCs et d’autres xénobiotiquesxénobiotiques ((n'étant pas n'étant pas le produit de cette coévolution le produit de cette coévolution 
moléculairemoléculaire*) peuvent interférer à ce niveau, en agissant comme des pseudo-morphogènespseudo-morphogènes....

OntogenèseOntogenèse 

MismatchMismatch ? ? 





XXI e siècle: transformation 
spectaculaire de l'environnement et du 
microenvironnement utérine

Il est au cours de ce processus délicate et complexe que Il est au cours de ce processus délicate et complexe que l'exposition à de faibles l'exposition à de faibles 
doses de perturbateurs endocriniensdoses de perturbateurs endocriniens  peut provoquer des changements dramatiques 
et permanent dans la programmation des tissus et des organes (foetal programming)

fenêtres d' exposition

DOHADDOHAD



Epigenetic modifications : a molecular environmentally induced 
effect  

Genetics

Critical determinants 

of the epigenomeepigenome
Environment

NurtureNature

Daily 
(low intensity) 
enviromental 
events

Acute Acute 
enviroemental enviroemental 
eventsevents

Genetic 
Mutations etc. Epi-Mutation
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And Alzheimer Disease ?

Celiac Disease
Why this disease is concordant

 in only 60% to 70% of identical twins. 

Fraga et al., PNAS. 
2005.

Devo

ALTHOUGH TWINS ARE EPIGENETICALLY INDISTINGUISHABLE DURING THE EARLY YEARS OF LIFE…ALTHOUGH TWINS ARE EPIGENETICALLY INDISTINGUISHABLE DURING THE EARLY YEARS OF LIFE…

1



… although twins 
are epigenetically 
indistinguishable 
during the early 
years of life, 
… older monozygous older monozygous 
twins exhibited twins exhibited 
remarkable remarkable 
differences in differences in their 
overall content overall content 
and genomic 
distribution of 
5-methylcytosine DNA 
and histone acetylation, 
affecting their 
gene-expression portrait. 

3-year-old twins 50-year-old twins3-year-old twins 50-year-old twins

Epigenetic differences in homozygotic twins 

Fraga et al.  PNAS (2005);102(30):10604-9..Epigenetic differences arise Epigenetic differences arise 
during the lifetimeduring the lifetime of 
monozygotic twins



Obesity/Metabolic 
Syndrome

Neurobehavioral 
Deficits 

and DiseasesCANC
ER

Reproductive 
Diseases/Dysfunctio

ns

Multiorgan Effects of 
Endocrine Disruptors

In Vitro Fertilization 

Semen Abnormalities 

Obesogens
DOHA

D

Asthma and allergies

Psychiatric Diseases

Cardiovascular 
Diseases

Ipertension

Developmental Time Windows of 
Vulnerability 

Pesticides

Lung Development 

Placenta: 
Prediction 

of Future Health

Materno Fetal Stress



3°  Journée annuelle de l’Impact de l’environnement sur 
la santé de la femme & de l’enfant

Focus sur la nutrition

Mercredi 10 avril 2013

3°  Journée annuelle de l’Impact de l’environnement sur 
la santé de la femme & de l’enfant

Focus sur la nutrition

Mercredi 10 avril 2013

Origine embryonnaire, fœtale et  transgénérationnelle 
e la pandémie d’obésité et diabètepandémie d’obésité et diabète

ERNESTO BURGIO
ISDE Scientific Committee

ECERI - European Cancer and 
Environment Research Institute



When Pembrey, Bygren and 
Golding looked at the sons of 
those 166 early smokers, it 
turned out that the boys had 
significantly higher body 
mass indexes than other boys 
by age 9. That means the sons 
of men who smoke in 
prepuberty will be at higher 
risk for obesity and other 
health problems well into 
adulthood … 

Pembrey, Bygren, Golding and 
their colleagues concluded in 
the European Journal of Human 
Genetics paper. In other words, 
you can change your 
epigenetics even when you 
make a dumb decision at 10 
years old. 
If you start smoking then, 
you may have made not 
only a medical mistake but 
a catastrophic genetic 
mistake. 



Obesity Trends* Among U.S. Adults 
1985

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 2001;286:10.  



Obesity Trends* Among U.S. Adults 
1987

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 2001;286:10.  



Obesity Trends* Among U.S. Adults 
1989

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 2001;286:10.  



Obesity Trends* Among U.S. Adults 
1991

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 
2001;286:10.  



Obesity Trends* Among U.S. Adults 
1993

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 2001;286:10.  



Obesity Trends* Among U.S. Adults 
1995

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 2001;286:10. 
 



Obesity Trends* Among U.S. Adults 
1997

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 2001;286:10.  



Obesity Trends* Among U.S. Adults 
1999

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 2001;286:10  



Obesity Trends* Among U.S. Adults  
2001

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 2001;286:10.  



Lund, E. M., Armstrong P. J., Kirk C. A., Klausner  J. S. Prevalence and risk factors for obesity in adult 
dogs from private US veterinary practices. Int. J. Appl. Res. Vet. Med. 2006 .4:177-186 Laflamme DP. 
Obesity in dogs and cats: what is wrong with being fat? J Anim Sci. 2011 Oct 7

Une donnée apparemment secondaire, en fait Une donnée apparemment secondaire, en fait 
extrêmement indicative concerne  les animaux de extrêmement indicative concerne  les animaux de 
compagniecompagnie, touchés par l'obésité ... 

C’est en effet une donnée en faveur de la C’est en effet une donnée en faveur de la 
prévalence des facteurs exogènesprévalence des facteurs exogènes (culture.. 
alimentation..environnement.. modes de vie) plutôt plutôt 
que endogèneque endogène (génétique). 

La prévalence augmente avec l'âge: près de 50% des près de 50% des 
chiens et des chats entre 5 et 10 ans sont en chiens et des chats entre 5 et 10 ans sont en 
surpoids ou obèsessurpoids ou obèses, alors que le risque de diabèterisque de diabète 
2 est deux fois plus élevé chez les chats obèses 
et augmenté d'environ 8 fois chez le chien.augmenté d'environ 8 fois chez le chien.



En outre, le risque d'obésité le risque d'obésité 
chez les chiens est plus chez les chiens est plus 
grand si les propriétaires grand si les propriétaires 
sont obèsessont obèses, tandis que l'on 
n'enregistre pas une 
corrélation similaire entre les 
chats et leurs propriétaires. 
Le risque de diabète de type 
II est deux fois plus élevé 
chez le chat obèse et 
d'environ 8 fois + chez le d'environ 8 fois + chez le 
chienchien
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US DHHS, 2001; Hedley et al., 2004; Ogden et al., 2006, 2008

Matthew W. Gillman, MD, SM
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Le premier à expliquer en termes de Le premier à expliquer en termes de 
«adaptation» ou «non-adaptation»«adaptation» ou «non-adaptation» 
l'augmentation de l'obésité enregistrée 
après la Seconde Guerre Mondiale était le 
généticien américain J. NeelJ. Neel, qui 
développa (1962) la théorie du génotype génotype 
d’épargned’épargne ( (thrifty génotypethrifty génotype):

au cours de l'évolution humaine au cours de l'évolution humaine 
certains gènes certains gènes économeséconomes (dont 
l'identité, d'ailleurs, n'a jamais été définie), 
auraient acquis un rôle important auraient acquis un rôle important 
pour la survie dans des conditions pour la survie dans des conditions 
nutritionnelles défavorables..nutritionnelles défavorables.. une une 
""stratégiestratégie" qui allait se révéler " qui allait se révéler 
dangereuse en période d'abondancedangereuse en période d'abondance..

.. il ne faut pas oublier que pendant le premier 99%ou plus de vie de 
l'homme sur terre, en tant que chasseur-cueilleur, il était souvent la 
fête ou la famine (Neel JV. 1962. Diabetes mellitus: a ‘‘thrifty’’ genotype 
rendered detrimental by ‘‘progress’’? Am J Hum Genet 14:353–362.

La théorie du “génotype génotype 
d’épargned’épargne” 



En effet, c’est au moment où les peuples c’est au moment où les peuples 
passent d’une alimentation et d’un passent d’une alimentation et d’un 
rythme de vie traditionnelsrythme de vie traditionnels 
(agriculteurs, éleveurs, chasseurs 
cueilleurs) à un mode de vie plus « un mode de vie plus « 
moderne »moderne »  
que les maladies telles que le diabète 
et l’obésité font leur apparition.

Il semble que l‘« occidentalisationoccidentalisation » 
(passage à une alimentation plus riche en riche en 
sucres rapides, graisses saturées et sucres rapides, graisses saturées et 
plus pauvre en fibresplus pauvre en fibres, réduction de 
l’activité physique par la mécanisation 
des moyens de transport et du travail) 
représenterait 
un facteur déclenchant majeur ..facteur déclenchant majeur ..



Facteur d’autant plus puissant si cette Facteur d’autant plus puissant si cette 
transition se fait rapidementtransition se fait rapidement: 
l’exemple le plus étudié sont les tribus 
indiennes des Etats-Unis, et notamment 
les indiens Pimales indiens Pima américanisés américanisés, vivant 
dans une réserve.. qui présentent une 
prévalence du diabète dès l'âge de 
trente ans voisine de 40 à 50 % . 
D'autres exemples ont été rapportés: les 
japonais émigrés.., les habitants de l'Ile 
Maurice, les aborigènes australiens 
transplantés en ville .

Bennett PH, Burch TA, Miller M  Diabetes mellitus in American (Pima) Indians Lancet. 1971 Jul 
17;2(7716):125-8; Savage PJ, Bennett PH, Senter G, Miller M. High prevalence of diabetes in young Pima 
Indians. Evidence of phenotypic variation in a genetically isolated population. Diabetes 
1979;28:837–942; Pettitt DJ, Aleck KA, Baird HR, Carraher MJ, Bennett PH, Knowler WC. Congenital 
susceptibility 
to NIDDM. Role of intrauterine environmentintrauterine environment. Diabetes 1988; 37: 622–8





Du génotype au phénotype phénotype 
économiseur/ économiseur/ d’épargned’épargne

L’hypothèse de Neel était intéressante, mais L’hypothèse de Neel était intéressante, mais 
simplistesimpliste. Elle ne pouvait expliquer que en partie 
la transformation epidemio…

Dans les années 70 certains groupes de recherche 
ont suggéré que les origines de l'obésité que les origines de l'obésité 
étaient à chercher dans les premiers stades étaient à chercher dans les premiers stades 
de développementde développement, dans une différenciation 
adipocytaire perturbée. 

Dans les années 80 Frienkel suggera  que la 
super-exposition embryo-fœtale au glucose super-exposition embryo-fœtale au glucose 
chez les enfants de mères diabétiques chez les enfants de mères diabétiques aurait 
pu altérer de façon permanente le 
métabolisme et appela son hypothèse fuel 
mediated teratogenesis 

Freinkel N. Banting Lecture. Of pregnancy 
and progeny Diabetes 1980; 29: 1023–35 .
Freinkel N. Banting Lecture. Of pregnancy 
and progeny Diabetes 1980; 29: 1023–35 .





Comme il arrive souvent dans la recherche 
scientifique 
une une étude qui semblait contredire son étude qui semblait contredire son 
hypothèse hypothèse 
donna à Barker la solutiondonna à Barker la solution. 

En analysant En analysant la cohorte des survivants de la la cohorte des survivants de la 
faim après le siège de Stalingradfaim après le siège de Stalingrad, il apprit que 
l'incidencel'incidence des maladies chroniques y était   des maladies chroniques y était  
beaucoup plus faiblebeaucoup plus faible que dans les Pays-Bas

La solution de l'énigme était désormais à portée de 
main: Barker comprit que les enfants russes, 
programmés (eux aussi) pour une vie 
caractérisé par le stress et les carences 
nutritionnelles, avaient pu mieux répondre à 
leurs vie difficile

Le vrai problème était donc Le vrai problème était donc l'écart entre la l'écart entre la 
programmation (carentielle) et la vie réelle ..programmation (carentielle) et la vie réelle ..

Mismatch !



En 1992, Hales et Barker proposèrent  une nouvelle hypothèse concernant 
les causes et les origines de diabète de type 2, en insistant sur les 
conditions nutritionnelles en début de vie : l’«’«hypothèse phénotype hypothèse phénotype 
d'épargned'épargne» » suggère que pendant la gestation et au début de la vie 
postnatale, dans un contexte de ressources limitées l’on devient dans un contexte de ressources limitées l’on devient 
programmé pour l'épargne nutritionnelle afin de s'adapter (programmé pour l'épargne nutritionnelle afin de s'adapter (insulino insulino 
résistance périphériquerésistance périphérique)).. .. et qu’une fois établi, ce phénotype  qu’une fois établi, ce phénotype  
métabolique métabolique acquis est maintenu pendant toute la durée de vie  



Exposure during a critical period in development 
may influence later metabolic functions in adult life

+

philo-genetic  > ontogenetic ?



Agouti  mice
Questi 2 topini sono 
geneticamente identici, 
ma fenotipicamente assai 
diversi
Quello di sinistra non è 
soltanto grasso e giallo 
(agouti), ma predisposto a 
diabete 2 e cancro
Tutto questo essenzialmente 
a causa del fatto che un 
singolo gene mutato può 
essere espresso o meno.. 
a seconda del fatto che sia 
stato o meno 
epigeneticamente marcato 
/silenziato nelle primissime 
fasi della vita (il topino di dx 
ha il gene metilato grazie 
alla somministrazione alla 
madre nel corso della 
gravidanza di genisteina, 
un componente della soia 
che dona gruppi metilici) 



In the healthy mice, a tag, called a methyl group, binds to the agouti 
gene, silencing it during the majority of development (figure 1). 
No methyl groups are present at the agouti gene of the yellow mice 
and the gene remains active.



Dr. Dana Dolinoy 
of Duke University 

We used the Agouti mice to 
study how maternal 
nutrients and 
environmental factors affect 
the epigenome. 
Specifically, we wanted to 
know whether a mom's 
exposure 
to a contaminant found 
everywhere in the 
environment could alter the 
fetal epigenome, and 
eventually the long-term 
fate of her offspring.

** Bispenol  A - BPA: a 
common chemical found in 
certain plastics, in many 
commonly used products, 
including food and beverage 
containers, baby bottles, 
dental sealants 

About four years ago, the CDC studied approximately 400 people, and in 95 

percent of these 400 people, they measured detectable levels of bisphenol-A.



Methyl donors Methyl donors 
supplementation supplementation 
( folic acid folic acid or 
genistein)genistein)

So we started a second 
study in which pregnant pregnant 
mothers were exposed to mothers were exposed to 
BPA plus nutritional BPA plus nutritional 
supplementation such as supplementation such as 
methyl donors methyl donors like folic folic 
acid acid or genisteingenistein, which is 
a common ingredient found 
in soy products.
.. the offspring were no 
longer predominantly 
yellow and more obese.. 
there were more offspring 
with the slender brown 
coat color phenotype: 
maternal nutrient 
supplementation can 
counteract the negative 
effects of exposure to 
that chemical.













Environmental exposures 
have been found to 
promote several 
transgenerational 
disease states or phenotypes

The reproducibility and 
frequency of these disease  
phenotypes  suggests they 
are likely epigenetic  
rather than due to DNA  
sequence mutations.



The exposure of a gestating mother exposes 
the F0 generation mother, 
the F1 generation embryo and 
the germ-line  of the F2 generation.

The F3 generation would be the first unequivocal 
transgenerational generation not exposed.

Research has demonstrated that 90% of all male progeny
for four generations (F1–F4) developed these disease 
states after the direct exposure of the F0 gestating rat 

This transgenerational phenotype was only transmitted 
through the male germ-line (sperm) and  was not passed 
through the female germ-line (oocyte).

These  animals had the following disease state 
frequencies; 20% tumor development,
50% prostate disease, 40% kidney disease, 
30% immune abnormalities, and 30% severe 
infertility in males from F1 to F4 generations



Cheryl Lyn Walker UT MD Anderson Cancer Center

Studi sempre più convincenti dimostrano  come anche per ciò 
che concerne i tumori vale lo schema.. DOH + flogosi cronica 
non soltanto i tumori dell’infanzia, ma molte neoplasie 
destinate a manifestarsi in età adulta  avrebbero origine da 
alterazioni  dell’assetto (epi)genetico verificatesi nelle prime 
fasi dello sviluppo embrio-fetale, 
o addirittura a carico  dei gameti  ( trasmissione 
transgenerazionale del cancro) …

Dal paradigma genetico/neo-darwinista.. 
…al modello neo-lamarchiano/epi-genetico
Dal paradigma genetico/neo-darwinista.. 
…al modello neo-lamarchiano/epi-genetico



Do the somatic cells of a single tissue undergo regression for intrinsic, 
accidental reasons (mutations or epi-mutations) and de-differentiate 
…

What is Cancer ?

Is cancer a
 Genetic 
Disease ?

Is cancer a
 Genetic 
Disease ?



Over your lifetime, random gene changes are passed along 
as your body cells grow and divide, so they accumulate

Nature

The Somatic 
Mutation 
Theory of 
Carcinogenesis



Chemicals and radiation act by damaging genes, viruses introduce their 
own genes into cells, 
and heredity passes on alterations in genes that make a person more 
susceptible to cancer 

Genes are altered, or "mutated," in 
various ways 
as part of the mechanism by which 
cancer arises. 

The Somatic 
Mutation 
Theory of 
Carcinogenesis



Tumor development proceeds via a process 
formally  analogous to Darwinian evolution, 
in which a succession of genetic changes, 
each conferring one or another type of growth 
advantage, leads to the progressive conversion 
of normal human cells into CA-cells… 

CA-cells have defects in regulatory circuits 
that govern normal cell proliferation and 
homeostasis… the vast catalog of CA-cell 
genotypes is a manifestation of six essential 
alterations in cell physiology that 
collectively dictate malignant growth:

1

3

4

5

2

6

Hanahan D, Weinberg RA The hallmarks of cancer  Cell. 2000 Jan 7;100(1):57-70Hanahan D, Weinberg RA The hallmarks of cancer  Cell. 2000 Jan 7;100(1):57-70

We suggest that the vast catalog of cancer cell 
genotypes  is a manifestation of six essential 
alterations in cell physiology 
that collectively dictate malignant growth 
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Alterations in three types of genes are responsible for tumorigenesis: 
oncogenes, tumor-suppressor genes and stability genes 
Unlike diseases such as cystic fibrosis or muscular dystrophy, 
wherein mutations in one gene can cause disease, no single gene defect 
'causes' cancer. Mammalian cells have multiple safeguards to protect them 
against the potentially lethal effects of cancer gene mutations, 
and only when several genes are defective does an invasive cancer develop 

The revolution in cancer research can be summed up 
in a single sentence: cancer is, in essence, a genetic disease 

What’s Cancer ?   
2

Vogelstein B, Kinzler KW. Cancer genes and the pathways they control Nat Med. 2004 Aug;10(8):789-99.Vogelstein B, Kinzler KW. Cancer genes and the pathways they control Nat Med. 2004 Aug;10(8):789-99.





Attributable proportions are a measure of risk delicate to interpret and 
potentially misleading

Boffetta et al. from the IARC focuses on one disease group, cancers: it 
notes the worldwide estimate of 19% of all cancers attributable to 
environment produced by Prüss-Üstün and Corvalan and argues that 
this may be a gross overestimation

There is instead a substantial difference in the definition of 
environment..Boffetta et al.'s 
conclusion is about pollutants which they define as "air, water, soil or food 
pollutants,..", 
while Prüss-Üstün and Corvalan define environment as eight broad classes of 
agents …



1

2

3



The GWAS efforts are 
certainly creating 
bigger haystacks …

In a recent editorial 
on Nature
Heidi Ledford stated 
that the millions of 
genetic sequences 
and SNPs 
accumulated in an 
attempt to decipher 
the genetics of 
cancer have built 
giant haystacks
in which researchers 
have gone lost …

The full genome sequence of a lung cancer cell line, 
for example, yielded 22,910 point mutations, 
only 134 of which were in protein-coding regions

The full genome sequence of a lung cancer cell line, 
for example, yielded 22,910 point mutations, 
only 134 of which were in protein-coding regions





• .. there is now ample evidence that some specific 
epigenetic alterations, (primarily the 
hypomethylation of DNA, with activation of 
oncogenes and increased mobility of mobile 
sequences) ** are the result of protracted are the result of protracted 
genomic genomic stressstress (eg chronic inflammation and  (eg chronic inflammation and 
persistent oxidative stress)persistent oxidative stress) and generally 
anticipate, to some extent preparing it, genetic 
modification and an overall genomic instability

• … could these data change our way of 
representing cancer ? 

** and  hypermethylation of tumor 
suppressor genes promoters

towards an epigenetic paradigm towards an epigenetic paradigm 



Cancer cells present a gain 
of methylated streches at 
regions that are usually 
unmethylated 
(hypermethylation) 
concomitantly with
loss of methylation at 
genomic loci   that are 
normally methylated 
(global) (hypomethylation),

The ‘‘methylation 
paradox’’ 
of cancer cells. 

Retrosequences 
activation

R Villa, F De Santis, A Gutierrez, S Minucci, PG Pelicci, L 
Di Croce Epigenetic gene silencing in acute 
promyelocytic leukemia Biochem Pharmacol (2004) 
68: 1247-54



Notes on the epigenetic epigenetic 
(transplacental and (transplacental and 

transgenerational) origins transgenerational) origins of  
childhood cancerchildhood cancer

ERNESTO BURGIO
ECERI - European Cancer and 
Environment Research Institute
ISDE Scientific Committee
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the significant increase significant increase  in the  in the Less Developed CountriesLess Developed Countries & in in 
young people all overyoung people all over

the worldthe world demonstrates the limits of the SMT (limits of the SMT (necessary link necessary link 
between between agingaging & &CA)CA)

1111



    Incidenza di tumori (anno/100.000)Incidenza di tumori (anno/100.000)  
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It is generally  
argued that 
childhood 
cancers are a 
rare 
condition. 

But it should be 
reminded 

that CANCER is 
the main 
cause of 
death  by 
disease in 
childhood

that  there is a 
constant and 
significant 
increase of 
tumors in the 
world for this 
age group

that 1 : 5-600 
children falls  
ill with 
cancer

That more than 
13 000 children  

fall ill with 
cancer each 
year  in the 
U.S. 

Bleyer A, O’Leary M, Barr R, Ries 
LA,

editors. Cancer epidemiology 
in older 

adolescents and young adults 
15-29 

ears of age, including SEER 
incidence 

and survival: 1975-2000. NIH 
Pub. No.

06-5767. Bethesda (MD): National
Cancer Institute; 2006. Jemal A, 

Siegel
R, Ward E, et al. Cancer 

statistics,
2008. CA Cancer J Clin 

2008;58:71 – 6.

Alberto Tommasini, 
Laboratorio 
Immunologia 
Pediatrica, IRCCS 
Burlo Garofolo

is  is  the leading cause of the leading cause of 
death due to diseases death due to diseases 
among children over the among children over the 
first year of agefirst year of age



Cancer incidence in childhood and 
adolescence - EUROPE

( 1970-1999)( 1970-1999)

mother

latency

A first draft of the report, published on the Lancet in 2004, 
demonstrates an annual increase of 1-1,5% for all cancers (with more 
marked increases in lymphomas, soft tissue sarcomas, tumors of the 
nervous system…) .

As we may easily argue from the recent project ACCIS (Automated Childhood Cancer 
Information System) - a comprehensive monitoring conducted by a team of epidemiologists 
IARC on 63 cancer registries from 19 European countries, for a total of over 130 thousand 
tumors of all types (113 thousand children and 18 thousand teenagers)

Steliarova-Foucher E, Stiller C, Kaatsch P, Berrino F, 
Coebergh JW, Lacour B, Parkin M. Geographical 
patterns and time trends of cancer incidence 
and survival among children and adolescents 
in Europe since the 1970s (the ACCISproject): 
an epidemiological study. Lancet. 2004 Dec 
11-17;364(9451):2097-105

http://www-dep.iarc.fr/accis.htm
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Cancers in adults predominantly arise in (epithelial) 
tissues chronically exposed to environmental stress 
and in cells and tissues continually urged to respond/react to it

Cancers in adults predominantly arise in (epithelial) 
tissues chronically exposed to environmental stress 
and in cells and tissues continually urged to respond/react to it

While almost all childhood cancers  belong to three major groups:
45% oncohaematologic  tumors (leukemias and lymphomas) 
25% brain tumors
25% neoplastic degeneration of embryonal residuals

While almost all childhood cancers  belong to three major groups:
45% oncohaematologic  tumors (leukemias and lymphomas) 
25% brain tumors
25% neoplastic degeneration of embryonal residuals

The increase particularly 
affects children in their first 
 life year (the incidence 
rate increased by> 2%)



1

Trasmissione 
transgenerazionale 2

3

Il n’y a que deux possibilités:
1) l’exposition du fœtus à des agents physiques (X-rays), chimiques ou biologiques 
(virus) (transmis par transmission trans-placentaire ) qui puissent endamager  
directement le foetus 
2) la transmission trans-generationelle d’une ou plusieurs lesions genètiques ou 
epi-génetiques

The real question is: 
are these 
(epi) mutations 
stochastic
or provoked by 
environmentally 
induced stress ?!?

The real question is: 
are these 
(epi) mutations 
stochastic
or provoked by 
environmentally 
induced stress ?!?

(epi)mutations 
in gametes

Transgenerational 
Carcinogenesis



The first unambiguous evidence for a 
prenatal origin of leukaemia was 
derived from studies in identical 
twins with leukaemia.  A case of 
identical (monozygotic) infant twins 
with leukaemia was recorded in 
1882, and, since that time, more than 
70 pairs have been published albeit in 
variable detail ... 

The concordance rate of leukaemia 
varies according to subtype and age. 
For infants with  ALL, the rate is 
exceedingly high (> 50%), for 
“COMMON” child-ALL, is ~10%. 

Adult leukaemia (ALL/ AML), 
in contrast, has a very low rate 
of concordance (< 1%).

Chromosomal translocations and preleukaemic clones arise at a 
substantially higher frequency (~100 X) before birth than the 
cumulative incidence or risk of disease, reflecting the requirement 
for complementary and secondary genetic events that occur 
postnatally. A consequence of the latter is a very variable and 
occasionally protracted postnatal latency of disease (1—15 years).

~1% of newborns had TEL-AML1 positive B lineage clones…
This represents 100 times the incidence of TEL-AML1 positive ALL (~1 in 12,000).

2

1



Even if leukaemia fusion gene formation is 
spontaneous, the risk of this occurring may be 
modified by other factors, including folate 
availability. There is dietary  and genetic  
evidence  that  folate has an impact 
on the risk of infant and childhood leukaemia ..

MLLrearranged leukemias are 
associated with poor prognosis and 
very brief latency for MLL-AF4+ infant 
B ALL. This raises the question of how 
this disease can evolve so quickly,3

4



Translocations typical of myeloid leukaemia, probably due to maternal exposure to 
some toxic compound, were shown to be present at birth in children who developed the 
disease years later  (while not sufficient per se to cause the disease, they might increase the risk for 
leukaemia by inducing genomic instability)    Tomatis L.  Identification of carcinogenic agents and 
primary prevention of cancer. Ann N Y Acad Sci. 2006 Sep;1076:1-14

Translocation involving 
band 11q23 in AML 
may  occur as a result  of 
a deletion or 
trans-locations 
with a number  of other 
chromosomes and is 
usually associatedwith 
M4 or M5 and a poor 
prognosis 



Nakamura T, Mori T, Tada S, et al. ALL-1 is a histone 
methyltransferase that assembles a supercomplex of 
proteins involved in transcriptional regulation. Mol Cell 
2002;10:1119-1128. 

IN ALL AND AML, THE 
ALL1 (ALSO NAMED 
MLL) GENE CAN FUSE 
WITH 1 OF MORE 
THAN 50 GENES. ALL1 
IS PART OF A 
MULTIPROTEIN 

COMPLEX. MOST OF 
THE PROTEINS IN THE 
COMPLEX ARE 
COMPONENTS OF 
TRANSCRIPTION 
COMPLEXES; OTHERS 
ARE INVOLVED IN 
HISTONE 

METHYLATION AND 
RNA PROCESSING. 
THE ENTIRE COMPLEX 
REMODELS, 

ACETYLATES, 
DEACETYLATES, AND 
METHYLATES 
NUCLEOSOMES AND 
HISTONES. THE 
FUSION OF ALL1 
WITH 1 OF these  50  
PROTEINS RESULTS IN 
THE FORMATION OF 
THE CHIMERIC 
PROTEINS THAT 
UNDERLIE ALL AND AML. 

ALL1 (MLL) FUSION 
PROTEINS 
DEREGULATE 
HOMEOBOX GENES 
(WHICH ENCODE 
TRANSCRIPTIONS 
FACTORS)..and 
microRNAs GENES 
SUCH AS MIR191.

AF9 Location 9p22

MLL  Location 
11q23

Several lines of evidence point to a mishap in non-homologous end joining of double strand breaks as the most likely reason for 
11q23 translocations.

The first and most striking property of MLL fusion proteins is their incredible 
diversity. MLL has been found in 73 different translocations and 54 
partner genes have been cloned 
(http://atlasgeneticsoncology.org/Genes/MLL.html).

histone 
methyltransferase
histone 
methyltransferase



Our study has supported the 
hypothesis that in utero exposure to 
chemicals causes MLL* infant 
leukemia and has generated specific 
hypotheses that require further testing. 
Exposure to dipyrone is widespread, 
particularly in Central and South 
America where it is available as an 
inexpensive, nonprescription drug. 
Mosquitocidals are similarly in general 
use in these same settings. Propoxur  
(Baygon°) is also widely used against 
cockroaches, fleas, and similar pests. 
Therefore, it is important that the 
associations observed in this study are 
reevaluated in an extended 
case-control study



IN THE CANCEROUS B CELLS, THE PORTION OF CHROMOSOME 18 CONTAINING THE BCL-2 LOCUS 
HAS UNDERGONE A RECIPROCAL TRANSLOCATION WITH THE PORTION OF CHROMOSOME 
14  CONTAINING THE ANTIBODY HEAVY CHAIN LOCUS. THIS T(14;18) TRANSLOCATION THIS T(14;18) TRANSLOCATION 
PLACES THE PLACES THE BCL-2BCL-2 GENE CLOSE TO THE HEAVY CHAIN GENE  GENE CLOSE TO THE HEAVY CHAIN GENE ENHANCERENHANCER. . 

H Chain-enhancer is very active in B cells... 



Figure 2. t(14;18)+ cells in HI are actively transcribing BCL2 from the 
translocated allele

Agopian et al. Journal of Experimental Medicine 
2009:206:1473-1483

We can find exactly 
the same (reactive) 
translocation (++ 
expression of the 
anti-apoptotic gene 
BCL-2)
in many subjects 
chronically exposed 
to pesticides ..

We can find exactly 
the same (reactive) 
translocation (++ 
expression of the 
anti-apoptotic gene 
BCL-2)
in many subjects 
chronically exposed 
to pesticides ..



This is the first demonstration that 
transplacental benzene exposure 
can induce hepatic and 
hematopoietic tumors
in mice, which may be dependent on 

fetal benzene metabolism 
capability





Cancer cells present a gain of 
methylated streches at 
regions 
that are usually 
unmethylated 
(hypermethylation) 
concomitantly with loss of 
methylation at genomic loci 
that are normally 
methylated 
(global) (hypomethylation),

The ‘‘methylation 
paradox’’ 

of cancer cells. 

Retrosequence
s 
activation

R Villa, F De Santis, A Gutierrez, S Minucci, PG Pelicci, L 
Di Croce Epigenetic gene silencing in acute 
promyelocytic leukemia Biochem Pharmacol (2004) 
68: 1247-54





MOLECULAR WEIGHT  OF DIFFERENT PROTEINS PRESENT IN ZEBRAFISH 
EMBRYO

 DURING GASTRULATION PERIOD

1) 37%  molecular weight of about 
97KDa
2) 14.6% molecular weight of about 45 
KDa
3+4) 27.4%  molecular weight of about 
30-25 KDa
5) 4%  molecular weight of about 20 KDa
6+7) 14% molecular weight of about 14 
KDa 

Biava M. et al Embryonic morphogenetic field induces phenotypic reversion in cancer cells. 
Current Pharmaceutical Biotechnology Volume 12, Issue 2, 2011, Pages 243-253

..placing tumor cells into a 
"normal" morphogenetic field - 
like that of an embryonic tissue - 
one can reverse malignant 
phenotype, "reprogramming" 
tumor into normal cells. 



HSPs 
Activatio
n HSPs/petidesDanger Theory

(Auto)Immunity

Autoinflammation

ROS

Rivoluzione 
Epidemica 

del XX Secolo

Environment

mRNAs

fluid (epi)genome

developmental 
plasticity

In this 
interesting 
article (EHP 
2007) John 
Peterson 
Myers stressed 
an altered 
embryo-fetal 
programming 
as the origin 
of  this 
continuous 
increase of 
chronic 
degenerative 
diseases 







God does not play dice 
È la celebre affermazione che suggella l'acceso dibattito tra 
Einstein e i sostenitori di una certa interpretazione della 
fisica quantistica…

God is subtle but not malicious

I believe in Spinoza's God who 
reveals himself in the orderly 
harmony of what exists

“A clever man solves a 
problem, 
a wise man avoids it” 

‘‘We can’t solve problems by 
using the same kind of thinking 
we used when we created them’’ 
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