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Number of New York Times articles mentioning obesity and related comorbidities

In the past 10 years, according to 
PubMed, 22 277 articles   with the word 
obesity in the title have been published. If 
the search is extended to articles with 
obesity in the title or abstract, the 
number triples to 66 159  
Lancet (2011) 378(9793):760





A quick search for “Microbiome” in scienctific journals online demonstrates how 
significantly this field of research has been growing over the past ten years 



Published papers about endocrine disruptors
between 1993 and november 2006 (Gies) 

Colborn, vom Saal, Soto (1993): 
EHP

endocrine 
disruptors
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Le septième mot clé: La transition épidémiologique du XX siècle 
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This is a graph taken from a famous article published 10 years ago on NEJM, showing the rapid 
decrease of the infectious/acute diseases and the simultaneous increase of the 
chronic/inflammatory diseases in the North of the World (Hygiene Hypothesis ?)
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This is a figure taken from the same article, showing the presence 

of a South  North Gradient concerning this epidemiological transition

This is a figure taken from the same article, showing the presence 

of a South  North Gradient concerning this epidemiological transition



 ENVIRONMENTAL FACTORS 
>> DNA  

TIPE I DIABETES

X 
10

&  Non-
Communicable 
Diseases

Here we see that environment and lifestyles have, in this epidemiological transition,
 a much greater role that the DNA: migrants from the South to the North 
 will soon get sick of the typical, chronic “Non-Communicable Diseases” 
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Obesity Trends* Among U.S. Adults 1985

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

In the next 6 slides (taken from JAMA) 
we’ll follow, in quick succession, the 
dramatic, TRULY EPIDEMIC SPREAD
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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 
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.  
Today the situation has further deteriorated: further deteriorated: 
65% of Americans are overweight, 35% morbidly obese
Today the situation has further deteriorated: further deteriorated: 
65% of Americans are overweight, 35% morbidly obese



The Childhood Obesity Epidemic
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US DHHS, 2001; Hedley et al., 2004; Ogden et al., 2006, 2008

Matthew W. Gillman, MD, SM

in the 70s  
childhood 
obesity 
virtually did 
not exist 
(it was 
associated 
with rare 
genetic 
syndromes):
 since then 
the increase 
has been 
rapid and 
relentless

in the 70s  
childhood 
obesity 
virtually did 
not exist 
(it was 
associated 
with rare 
genetic 
syndromes):
 since then 
the increase 
has been 
rapid and 
relentless

Yet the most dramatic increase 
concerns children and adolescents
Yet the most dramatic increase 
concerns children and adolescents



In Italia il fenomeno ha proporzioni preoccupanti tra i bambini dai 6 ai 12 anni proporzioni preoccupanti tra i bambini dai 6 ai 12 anni 
che presentavano un tasso di obesità del 7% tra il 1976 e il 1980, del 12%  
tra 1988 e 1994 e del 15% nel 2000. I dati più aggiornati (Istituto Superiore 
di Sanità), hanno rivelato una spiccata variabilità interregionale: le 
regioni in cui l’incremento è più netto sono quelle meridionalimeridionali

NOTA: è 
opportuno 
sottolineare che 
l’obesità infantile 
era un evento 
raro fino a 
pochi anni fa e 
generalmente  
associata  a associata  a 
sindromisindromi

http://www.google.it/imgres?imgurl=http://www.topnews.in/health/files/obesity2_0.jpg&imgrefurl=http://www.topnews.in/health/fat-kids-young-3-show-early-warning-signs-future-heart-disease-26364&usg=___MewtiO77-04N6u-e55KaWescVo=&h=319&w=250&sz=12&hl=it&start=6&zoom=1&um=1&itbs=1&tbnid=kO1VSPvlK2EUIM:&tbnh=118&tbnw=92&prev=/images%3Fq%3Dobese%2Bchild%26um%3D1%26hl%3Dit%26sa%3DN%26rls%3Dcom.microsoft:*:IE-SearchBox%26rlz%3D1I7SKPB_it%26tbs%3Disch:1


… with a constant anticipation of the age of onset …… with a constant anticipation of the age of onset …

The most serious consequence of the epidemic of obesity is the association with many 
chronic diseases: first of all with diabetes 2 ( today affecting 180 million people)
The most serious consequence of the epidemic of obesity is the association with many 
chronic diseases: first of all with diabetes 2 ( today affecting 180 million people)



http://arstechnica.com/science/2012/04/new-autism-studies-find-new-mutations-many-genes-behind-the-disorder/

2014 1 : 68 !?2014 1 : 68 !?

1980  1 : 15001980  1 : 1500

2002  1 : 1502002  1 : 150

2006 1 : 1102006 1 : 110

2008 1 : 882008 1 : 88

2014 1 : 682014 1 : 68





AUTISME AUTISME 
(ASD :Autism Spectrum Disorders)(ASD :Autism Spectrum Disorders)

ASD is  the fastest-growing developmental disorder 
in the world, 
the prevalence of diagnosis having increased by prevalence of diagnosis having increased by 
600% over 600% over 

the last 20 yearsthe last 20 years
New diagnosed cases (incidenceincidence) in US increased from 
15,580 in 1992 
to 163.773 in 2003to 163.773 in 2003

The estimated prevalenceprevalence is
of 8-12 cases/1000 
children (2012)

http://it.wikipedia.org/wiki/File:Increase_in_autism_diagnosis.png


http://www.autismconsortium.org/blog/detail/cdc-releases-new-prevalence-numbers-of-
1-in-68-for-asd





  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



A Silent Pandemic
Industrial Chemicals Are Impairing 

The Brain Development of Children Worldwide 

For immediate release: Tuesday, November 7, 2006

Grandjean P. Landrigan Ph



The Lancet Neurology, Volume 13, Issue 3 , Pages 330 - 338, 
March 2014

Since 2006, epidemiological studies have documented 
six additional developmental neurotoxicants — 
manganese, fluoride, chlorpyrifos, manganese, fluoride, chlorpyrifos, 
tetrachloroethylene, tetrachloroethylene, 
dichlorodiphenyltrichloroethane,, and the dichlorodiphenyltrichloroethane,, and the 
polybrominated diphenyl etherspolybrominated diphenyl ethers. 
We postulate that even more neurotoxicants remain 
undiscovered

http://www.thelancet.com/journals/laneur/issue/vol13no3/PIIS1474-4422(14)X7040-7


Since 2000 there has been a 66% increase in Alzheimer's 
diagnoses.
6th leading cause of death in the United States.
5.4 million Americans 5.4 million Americans are living with the disease.
15-20 million more Americans will be diagnosed by 204015-20 million more Americans will be diagnosed by 2040

An equally dramatic 
trend show 
neurodegenerative 
diseases and
 in particular 
Alzheimer's 
disease

An equally dramatic 
trend show 
neurodegenerative 
diseases and
 in particular 
Alzheimer's 
disease



Type 1 diabetes

Organ specific autoimmune disease
•  85% of patients have islet cell antibodies at presentation
• Beta cell destruction takes place over a prolonged period of time
• Diabetes develops when 80% of beta cells have been destroyed
Genetics
• Up to 98% of patients are HLA DR3 or HLA DR4
• Even stronger association with DQ alleles (HLA-DQB1)
• Concordance rate in monozygotic twins only 30%
Increasing Incidence
• Incidence doubling every 30 years
• The incidence is rising particularly quickly in children under the 

age of 5
Enteroviruses
• Coxsackie B virus cultured from the pancreas of one diabetic child. The 

virus caused diabetes when injected into mice.
• 30% of newly diagnosed diabetic patients and 5% of controls have IgM 

antibodies to Coxsackie B virus.
• 27% of newly diagnosed diabetic children and 5% of controls have 

enteroviral RNA in serum at diagnosis.
• 51% of pre-diabetic children have evidence of enteroviral infection in 

the 6 months before autoantibody seroconversion compared with 
28% in controls



Trends in prevalence of asthma and 
allergy  in Finnish young men
http://www.bmj.com/content/330/7501/1186

The prevalence of asthma increased 12-fold between 1966 
(0.29%) and 2003 (3.45%), showing a continuous rising trend ... 
The average annual increment in prevalence during this period 
was 0.1%. By contrast, the trends for indicators of disabling 
asthma turned downwards in 1989



1 GLIADIN

2 DQ2 – DQ8

3 GUT 
PERMEABILITY
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The dysbiosis impacts on health: the microbiomemicrobiome
  a main epigenetic factor in development

?

Metabolism 
Immunity 

Auto-Immunity 

IBDs-Metabolic Syndrome-Atherosclerosis-Depression…



No one likes to talk about a CANCER PANDEMIC.. But we must 
not forget that today,  practically all over the North of the world, 
one person  out of two is likely to have a cancer ..

No one likes to talk about a CANCER PANDEMIC.. But we must 
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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)

(1) Cancer continuous increase(1) Cancer continuous increase



We should always consider the epidemiological data in the medium and long termepidemiological data in the medium and long term, not to be 
deceived by the inevitable fluctuations. It's evident that the incidence rates have increased incidence rates have increased 
dramatically over the past 30 years in the US, from 130 to 170-180 new cases/year per million dramatically over the past 30 years in the US, from 130 to 170-180 new cases/year per million 
inhabitantsinhabitants (to demonstrate the importance of these data, it is useful to remember it is useful to remember 
that a very similar increase occurred in Europe in the same period)that a very similar increase occurred in Europe in the same period)



CA incidence in childhood and adolescence IN EUROPE 
( 1970-1999)( 1970-1999)

mother

latency

A first draft of the report, published on the Lancet in 2004, demonstrated an 
annual increase of 1-1,5% for all cancers (with more marked increases in 
lymphomas, soft tissue sarcomas, tumours  of the nervous system…) . But the 
most troubling was the increase - almost  the  double most troubling was the increase - almost  the  double - for all cancers - for all cancers in the in the 
very first year of life (apparently due to transplacental or even trans-very first year of life (apparently due to transplacental or even trans-
generational exposure)generational exposure)

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

http://www-dep.iarc.fr/accis.htm

http://www.ncbi.nlm.nih.gov/pubmed/15589307?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15589307?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15589307?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15589307?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www-dep.iarc.fr/accis.htm


Fetal programming

1

5

3

2

Ontogenesis Phylogenesis

Developmental Plasticity

Devo-
Evo

4

Mismatch/D
OHA

6

7
XX Century 

Epidemiologic
Transition

Environment

From Genetics 
to Epigenetics

EpigeneticEpigenetic versus genetic origins of 
health and health and diseases: the 7 key words

Evolutionary Medicine

Is  DNA a sort of Project 
inscribed in our cells?
Is  DNA a sort of Project 
inscribed in our cells?

At this point,having quickly mapped out the 
dramatic epidemiological transition epidemiological transition underway, 
we can briefly examine the other 6 key words ..

At this point,having quickly mapped out the 
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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 ?
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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 



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,  
dans une dans une forme revivifiée et soigneusement moléculaire du déterminisme génétiqueforme revivifiée et soigneusement moléculaire du déterminisme génétique

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,  
dans une dans une forme revivifiée et soigneusement moléculaire du déterminisme génétiqueforme revivifiée et soigneusement moléculaire du déterminisme génétique

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)



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 a dynamic-epigenetic networks have a 
life of their own —they follow 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...



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

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



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

The “meeting-point” between the information 
coming from the environment and the 
information encoded in the DNA (hardware) is the 
epigenome (software): mimetic molecules 
(EDCs) and other pollutants or danger-signals 
induce the epigenome to change

Chromatin itself is the direct target of many toxicants * 
… toxicant-induced perturbations in chromatin structure 
may precipitate adverse effects.. Forcing genome to change

Chromatin itself is the direct target of many toxicants * 
… toxicant-induced perturbations in chromatin structure 
may precipitate adverse effects.. Forcing genome to change



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)



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
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TCDD

Viruses

HERV
s

EMF

3

2
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SYNERGISM 
!!

“FLUID EPI-
GENOME”

4

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

The second keyword: Environment



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)



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.





this is not a generic concept, not a generic concept, 
concerning the way in which concerning the way in which 
the "genetic program" the "genetic program" 
contained in DNA is contained in DNA is 
translatedtranslated, during the nine 
months of the ontogenetic 
process, in a specific 
complex phenotype. 

on the contrary,this is  a precise precise 
technical term that refers to technical term that refers to 
the ability, and  at the same the ability, and  at the same 
time to the necessity, of time to the necessity, of 
embryo-fetal cells to define embryo-fetal cells to define 
their epigenetic setting in their epigenetic setting in 
adaptive (and predictive) adaptive (and predictive) 
responseresponse    to the informationto the information  
coming from the mother and, coming from the mother and, 
through her,  from the outer through her,  from the outer 
world.world.

Dioxin and 
Dioxin-like 
molecules

(Ultra)-fine 
particles

Heavy  Metals

Polycyclic 
Aromatic 
Hydrocarbons 
(PAH)

Benze
ne

1

2

3

The third key word is fetal programming



Fetal Programming

Differentiation 

epi-mutations 

Cellular Differentiation: an Epigentic process The actual genetic program of a actual genetic program of a 
particularparticular individual is actually  the individual is actually  the 
product of nine months of product of nine months of 
epigenetic adaptive-predictiveepigenetic adaptive-predictive 
“formattingformatting” of billions of cells)..

This is the stage of life which is  far more sensitive to 
information coming from the environment information coming from the environment 
(particularly to maternal-fetal stress,(particularly to maternal-fetal stress, to nutritional 
errors, to  pollutants ..)

1

2

Nature 447, 425-432 (24 May 2007)

PLASTICITY



This image clearly shows the "power" of the epigenome and the 
predominant role of environmental information in the phenotypic 
shaping of cells, tissues , organisms .. the huge phenotypic (morpho- 
functional) difference between a lymphocyte and a neuron is not due to 
DNA, which is virtually identical in the two cells , but to the manner in 
which the same genome has been  utilized by the two cells, on the 
basis of the information (positional and environmental) received formation (positional and environmental) received 
during the first months of life (for neuron in the first 2 years) during the first months of life (for neuron in the first 2 years) and 
processed by the epigenetic networks

The fourth keyword is developmental plasticity



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

The fifth key word is phylogeny 



The sixth key word is (epigenetic-phenotypical) mismatch 
 DOHA (Developmental Origins of Health and Diseases)



Dutch famine   versus   Leningrad Siege 

La  programmation fœtale implique que pendant les périodes critiques de croissance prénatale, des changementsdes changements
permanents dans le métabolisme et / ou structures peuvent résulter des conditions intra-utérines défavorables permanents dans le métabolisme et / ou structures peuvent résulter des conditions intra-utérines défavorables ...
Quoi qu'il en soit, les changements  épigénétiques étant potentiellement adaptatives.. Ces sont plutôt les
discordances (discordances (mismatchmismatch))    entre l'information que l'enfant reçoive avant et après la naissance  à produire  une 
augmentation de maladies chroniques (obésité, diabètes 2,  maladies cardio-vasculaires,  maladies neuropsychiques maladies neuropsychiques …

Stanner SA, Yudkin JS Fetal programming and 
the Leningrad Siege study Twin Res.(2001 ); 
4(5):287-92

Roseboom TJ et al. Effects of prenatal 
exposure to the Dutch famine on adult 
disease in later life: an overview  Twin 
Res. (2001);4(5):293-8

http://images.google.it/imgres?imgurl=http://www.lezebre.lu/images/Danger-general.gif&imgrefurl=http://www.lezebre.lu/index.php?cPath=90&h=354&w=354&sz=11&hl=it&start=4&tbnid=hS5T8nd_4VlB-M:&tbnh=121&tbnw=121&prev=/images?q=danger&gbv=2&svnum=10&hl=it&sa=G
http://images.google.it/imgres?imgurl=http://www.lezebre.lu/images/Danger-general.gif&imgrefurl=http://www.lezebre.lu/index.php?cPath=90&h=354&w=354&sz=11&hl=it&start=4&tbnid=hS5T8nd_4VlB-M:&tbnh=121&tbnw=121&prev=/images?q=danger&gbv=2&svnum=10&hl=it&sa=G


Nous pouvons résumer tout cela en 
disant que les principaux 
différences phénotypiques 
(notamment comportementaux) entre 
Homo sapiens et les autres 
primates (et entre les individus de 
notre espèce ) ont des origines des origines 
épigénétiques plutôt que épigénétiques plutôt que 
génétiquesgénétiques

Ce qui signifie également que les  les  variations variations dede notre phénotype  notre phénotype (à la fois (à la fois 
physiologiques physiologiques 
et pathologiques)et pathologiques) ont leur  première origine dans la programmation 
fœtale et sont 
induites par l'environnementinduites par l'environnement  (constamment changeant ) et modulées modulées 
par l'épigénome  par l'épigénome  …

Ce qui signifie également que les  les  variations variations dede notre phénotype  notre phénotype (à la fois (à la fois 
physiologiques physiologiques 
et pathologiques)et pathologiques) ont leur  première origine dans la programmation 
fœtale et sont 
induites par l'environnementinduites par l'environnement  (constamment changeant ) et modulées modulées 
par l'épigénome  par l'épigénome  …



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....

Ontogenèse 

MismatchMismatch ? ? 



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

..recently, the fetal programming mismatch theory has been 
transformed into the key-moodel theory of DOHAD..
..recently, the fetal programming mismatch theory has been 
transformed into the key-moodel theory of DOHAD..

OBESITY
DIABESITY
PANDEMICS



The gift our mothers 
never wanted to give us

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

CHEMICAL FALL 
OUT

ULTRAFINE PARTICLES
HEAVY 
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



Giuseppe Giordano

Monitoring Body-
Burdens

 700 different synthetic chemicals or 
heavy metals found in human blood, 

POPs

“Diossina di Seveso”:  sino a  10 anni negli 
adipociti !   



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?



Chemosphere. 2004 Mar;54(10):1459-73. Infant exposure to polychlorinated 
dibenzo-p-dioxins, dibenzofurans and biphenyls (PCDD/Fs, PCBs)--correlation 
between prenatal and postnatal exposure.   Wang SL, Lin CY, Guo YL, Lin LY, Chou 

WL, Chang LW.
 

Giuseppe Giordano ISDE Palermo

Higher PCDD/F levels were found in placenta 
(10.3 TEq-pg/g lipid) and venous serum (9.1 
TEq-pg/g lipid),  compared to those in breast 
milk (7.6 TEq-pg/g lipid). 

pre or postnatal 
exposure ? Diossine e 

Furani 

Discariche storiche, inceneritori, 
 primitive waste recycle, etc. 

http://www.google.it/url?url=http://www.sanvincenzo5stelle.altervista.org/diossine.htm&rct=j&frm=1&q=&esrc=s&sa=U&ei=LFEDVMtkhp7sBqrvgMAH&ved=0CDoQ9QEwEjgo&usg=AFQjCNFSwQ8g4Rba-FdbUeAwXBPqOxz87w


Giuseppe Giordano ISDE Palermo

 pre or postnatal exposure ? 

on a lipid basis, the highest concentration of PCB 
in placenta (5027 ng/g fat) was 2.8 times 
higher than the highest concentration of PCB in 
breast milk (1770 ng/g fat)

 J Expo Anal Environ Epidemiol. 2000 May-Jun;10(3):285-93. PCB exposure in utero and 
via breast milk. A review.  DeKoning EP, Karmaus W. Et al. 

 

POLICLO-
BIFENILI d. l.

Vernici,  lubrificanti,  
pesticidi

Vietati  in Francia  dal  
1987

http://www.google.it/url?url=http://buildingindustry.org/issues&rct=j&frm=1&q=&esrc=s&sa=U&ei=SFsDVJGKH4mg7AaVpYGwBQ&ved=0CDQQ9QEwDziMAQ&usg=AFQjCNETOWFQ--0CF5ix0F7EdUA2_B9RoQ




B Weiss, P J Landrigan 
The developing brain and the 
environment: an introduction.  Environ 
Health Perspect. 2000 June; 108(Suppl 3): 
373–374.
B Weiss 
Vulnerability of children and the developi
ng brain to 
neurotoxic  hazards. Environ Health 
Perspect. 2000 June; 108(Suppl 3): 375–381.J W Olney, N B Farber, D F Wozniak, V Jevtovic-
Todorovic, C Ikonomidou Environmental 
agents that have the potential to trigger 
massive apoptotic neurodegeneration in 
the developing brain. Environ Health 
Perspect. 2000 June; 108(Suppl 3): 383–388.E A London 
The environment as an etiologic factor in 
autism: a new direction for 
research.Environ Health Perspect. 2000 June; 
108(Suppl 3): 401–404
D C Rice Parallels between attention 
deficit hyperactivity disorder and 
behavioral deficits produced by 
neurotoxic exposure in monkeys.Environ 
Health Perspect. 2000 June; 108(Suppl 3): 
405–408
G J Myers, P W Davidson Does 
methylmercury have a role in causing 
developmental disabilities in children? 
Environ Health Perspect. 2000 June; 108(Suppl 
3): 413–420. S P Porterfield Thyroidal dysfunction and 
environmental chemicals--potential impact 
on brain development. Environ Health Perspect. 
2000 June; 108(Suppl 3): 433–438.

SG Selevan, CA Kimmel, P Mendola 
Identifying critical windows of exposure for 
children's health. Environ Health Perspect. 
2000 June; 108(Suppl 3): 451–455.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637828/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637834/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637834/
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637810/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637810/


Brain plasticity Brain plasticity and modulation of its 
structure and its functions

Motility of neurons and in particular 
the formation of new formation of new 
connections (synapses) can be connections (synapses) can be 
modified (perturbed) by modified (perturbed) by 
exposure exposure to environmental 
stressors

Wingate Imagining the brain cell: the neuron in visual culture. Nature Rev Neuroscience 

2006; 7: 745-752. 

The IndividualIndividual wiringDisturbing the CONNECTOME INSTRUCTION

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


Early critical periods in the 
development 

of SYNAPTOGENESIS and brain 
functions

Formation of new synapses following 
stimulation..

The IndividualIndividual wiring

Disturbing the CONNECTOME INSTRUCTION



The brain grows at an amazing 
rate during development. At 
times during brain development, 
250,000 neurons are added 
every minute! 
At birth, 
almost all the neurons that the 
brain will ever have are present. 

However, the brain continues to 
grow for many years after birth. 

By the age of 2 years By the age of 2 years old, the 
brain is about 80% of the adult 80% of the adult 
sizesize

A stegosaurus dinosaur weighed approximately 1,600 kg but had a stegosaurus dinosaur weighed approximately 1,600 kg but had a 
brain that weighed only approximately 70 grams (0.07 kg). brain that weighed only approximately 70 grams (0.07 kg). 
Therefore, the brain was only 0.004% of its total body weight. In 
contrast, an adult human weighs approximately 70 kg and has a brain that 
weighs approximately 1.4 kg. Therefore, the human brain is about 2% 
of the total body weight. This makes the brain to body ratio of the 
human 500 times greater than that of the stegosaurus500 times greater than that of the stegosaurus

Disturbing the CONNECTOME INSTRUCTION

https://faculty.washington.edu/chudler/neurogen.html


09 A synaptic trek to autism

Schematic representation of the different phases of synaptogenesis 
in the human brain. During the first three years of life, During the first three years of life, an excess of an excess of 
cell/synaptic growth rate and inhibitory currents could increase cell/synaptic growth rate and inhibitory currents could increase 
the risk of ASD.the risk of ASD.



Rischio ASDs molto 
aumentato (OR > 50%) 
ed in modo 
statisticamente 
significativo tra le 
mamme esposte ad 
inquinamento 
atmosferico da polveri polveri 
(PM 2.5)  e(PM 2.5)  e
non da PM 2,5-10non da PM 2,5-10
durante il il terzo terzo 
trimestre di gravidanzatrimestre di gravidanza
(sinaptogenesi!) .. (sinaptogenesi!) .. 

altri due studi caso-altri due studi caso-
controllo 2013 controllo 2013 avevano 
mostrato la correlazione 
JAMA Psy 
2013;70(1):71-7; 
EHP 2013;121(3):380-6



JAMA Psychiatry. 2013 January ; 70(1): 71–
77. doi:10.1001/jamapsychiatry.2013.266

Living near a freeway, based on the location of the birth, 

and third trimester address, and autismautism 
PM2.5, PM10, and NO2 at residences were higher in children with 
autism. 

The magnitude of these associationsassociations appear to be most pronounced most pronounced 
during during late gestation late gestation (OR=1.98, 95%CI 1.20–3.31) and and early life / early life / 
first year of life first year of life (OR=1.98, 95%CI 1.20–3.31)

Giuseppe Giordano ISDE Palermo

http://www.google.it/url?url=http://www.giornalettismo.com/archives/458227/car-pooling-vuoi-risparmiare-con-la-tua-auto/auto-nel-traffico/&rct=j&frm=1&q=&esrc=s&sa=U&ei=ckwDVNzIMIXG7AbE54CQCA&ved=0CCQQ9QEwBzgU&usg=AFQjCNH43FxgTLDPUUPVfq-RGaRDCEPSxw
http://www.google.it/url?url=http://www.verona-in.it/2013/01/28/la-polizia-controlla-i-gas-di-scarico-multa-e-di-84-euro-per-chi-passa-i-limiti/&rct=j&frm=1&q=&esrc=s&sa=U&ei=0kwDVPPoKubH7Aav_IDAAg&ved=0CBYQ9QEwAA&usg=AFQjCNGb-WjP_nx_MoUDDb3-If1eyhnqsw


Date of download:  4/6/2015 Copyright © 2015 American Medical 
Association. All rights reserved.

From: Effects of Prenatal Exposure to Air Pollutants (Polycyclic Aromatic Hydrocarbons) on the Development of 
Brain White Matter, Cognition, and Behavior in Later Childhood

JAMA PsychiatryJAMA Psychiatry. Published online  March 25, 2015Published online  March 25, 2015. doi:10.1001/jamapsychiatry.2015.57
Abbiamo rilevato 
una  correlazione 
dose-risposta tra 
-esposizione 
prenatale a IPA e 
-- riduzione della  riduzione della  
sostanza bianca sostanza bianca 
nella tarda infanzia  nella tarda infanzia  
nell'emisfero  
cerebrale sinistro 
(coinvolgente
l’intera corteccia)



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 inflammation and an acceleration of Alzheimer’s-like pathology, 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 of COX2 and IL-1β 
expression and Aβ42 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 other neurodegenerative diseases.



Increased amyloid 
A-deposition

Accumulation of  hyperphosphorylated 
microtubule associated protein  “tangles”

And even in this case we have many evidences of an 
early origin of the disease and of a progressive progressive 
anticipation in the age of onsetanticipation in the age of onset (LEARn) model
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 The overlooked heritage: 
the genetic transmission 
by the father

 The overlooked heritage: 
the genetic transmission 
by the father

Everything You Always Wanted to Know 
About Sex (But Were Afraid to Ask) 

Woody Allen dressed as a sperm (1972) 

Tout ce que vous avez toujours voulu savoir 
sur le sexe (sans jamais oser le demander) ERNESTO BURGIO

ECERI - European Cancer 
and Environment Research 
Institute
ISDE Scientific Committee



Exosomes are small membrane bound vesicles containing mRNA 
and miRNA, and a vast array of different proteins depending on their 
host cell...Scientists that are actively researching the role that 
exosomes may play in cell-to-cell signaling, hypothesize that 
delivery of their cargo RNA molecules can explain many 
biological effects

http://www.frontiersin.org/files/Articles/25554/fphys-03-00124-HTML/image_m/fphys-03-00124-g002.jpg



..que des CNVs de nCNVs de novoovo  (i. e. des mutations réactives-mutations réactives-
défensives**) défensives**) 
dans les gamètes dans les gamètes soient les plus fréquentes et les plus 
importantes 
mutations génétiques mutations génétiques pour ce qui concerne les troubles du 
spectre autistique.. est une découverte jusqu'ici 
extrêmement sous-estiméeextrêmement sous-estimée.. d’autant que ça pourrait:
- expliquer toute seule l'augmentation spectaculaire des l'augmentation spectaculaire des 
cas cas 
de ces dernières années
- se connecter à toutes les théories concernant 
l'origine «toxique» de l'autismel'origine «toxique» de l'autisme
-conduire à une nouvelle augmentation des cas 
(par transmission transgénérationnelle)

La plupart de ces mutations sont des variations des variations 
de novode novo du nombre de copies des gènes ou des  du nombre de copies des gènes ou des 
segments de gènes (CNVs):segments de gènes (CNVs): c’est dire des 
mutations réactives et défensives localisésmutations réactives et défensives localisés dans 
des zones chromosomiques caractérisés par la 
présence des des clustersclusters de gènes soumis à  de gènes soumis à 
l'empreintel'empreinte ..).

Tout cela dit.. il est absolument nécessaire de reconsidérer le problème reconsidérer le problème 
des plusieurs expositions environnementales précocesdes plusieurs expositions environnementales précoces ou même 
gamètiques, gamètiques,  et leur leur synergie possible..synergie possible.. qui peut induire soit une 
instabilité épigénétique,instabilité épigénétique, soit des telles mutations « réactives **»..



Cheryl Lyn Walker UT MD Anderson Cancer Center

Ce sont des quantités minimales de molécules (epi)génotoxiques, 
induisant 
des transformations continuelles de la chromatine, qui constituent le 
véritable problème. C’est un processus très lent pouvant démarrer lors des 
premières 
étapes du développement fœtal. Et, même dans les gamètes.  
Si les tissus du fœtus sont mal programmés au début et s’il y a un 
stress épigénétique progressif, les mutations génétiques et 
chromosomiques vont davantage se produire



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



Tumor development proceeds via Tumor development proceeds via 
a process formally  a process formally  analogous to analogous to 
Darwinian evolution, Darwinian evolution, 
in which a in which a succession of 
stochastic mutations, 
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 six essential alterations in cell 
physiology that collectively physiology that collectively 
dictate malignant growth:dictate malignant growth:
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We suggest that the vast catalogues of cancer cell genotypes 
is a manifestation of six essential alterations in cell manifestation of six essential alterations in cell 
physiology physiology that collectively dictate malignant growthdictate malignant growth  

What’s Cancer ?   
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sustained angiogenesis is a feature of both 
benign and malignant tumours

some benign tumours can weigh many 
kilograms at the time of diagnosis

RB protein is deficient both in retinoblastoma, a malignant tumour 
of the eye, and in retinoma, a benign tumour of this organ.

evasion of apoptosis has been implicated in the 
pathogenesis of malignant and benign tumours 

insensitivity to antigrowth signals and evasion of cell death also seem to be 
characteristic of both benign and malignant tumours

five of the proposed hallmarks of cancer are 
also characteristic of benign tumours

La seule caractéristique distinctive du cancer est la capacité à métastaser 
(qui n’est pas, comme nous le verrons, le résultat des mutations, mais 
la réactivation d'un programme génétique embryonnaire !!) 

La seule caractéristique distinctive du cancer est la capacité à métastaser 
(qui n’est pas, comme nous le verrons, le résultat des mutations, mais 
la réactivation d'un programme génétique embryonnaire !!) 



The GWAS efforts are 
certainly creating 
bigger haystacks …

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

The full genome sequence of a lung cancer cell linefull genome sequence of a lung cancer cell line, 
for example, yielded 22,910 point mutations22,910 point mutations, 
only 134 of which only 134 of which were in protein-coding regions

The full genome sequence of a lung cancer cell linefull genome sequence of a lung cancer cell line, 
for example, yielded 22,910 point mutations22,910 point mutations, 
only 134 of which only 134 of which were in protein-coding regions





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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Aujourd'hui, nous savons que .. l'exposition précoce au 
DESDES  induit des changements dans l'expression de induit des changements dans l'expression de 
plusieurs gènesplusieurs gènes  impliqués dans la structuration des 
tissus, tels que Wnt7a, HOXA9, HOXA10 Wnt7a, HOXA9, HOXA10 et  HOXA11HOXA11  
qui qui contribuent à la programmation de l'architecture 
des tissus et de leur morphologie ...

Aujourd'hui, nous savons que .. l'exposition précoce au 
DESDES  induit des changements dans l'expression de induit des changements dans l'expression de 
plusieurs gènesplusieurs gènes  impliqués dans la structuration des 
tissus, tels que Wnt7a, HOXA9, HOXA10 Wnt7a, HOXA9, HOXA10 et  HOXA11HOXA11  
qui qui contribuent à la programmation de l'architecture 
des tissus et de leur morphologie ...

Que s'est-il passé? Chez les filles l'exposition au DES à Chez les filles l'exposition au DES à 
l'âge de fœtus l'âge de fœtus augmenta  considérablement le risque du 
cancer du sein et du vagin du vagin (++), chez  les  garçons cela 
conduit à un développement  anormal des testicules et 
un risque accru de 20 fois pour hypospadias   



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



Non  può essere 
ridotto a fenomeno 
para-fisologico 
(accumulo di lesioni 
ossidative a carico del 
Dna)



.. 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…
which represents 100 times the incidence of TEL-AML1 positive ALL (~1 
in 12,000).

1

2

3



Competing models of 
TEL-AML1+ 
leukemogenesis.

TEL-AML1 in cord blood: 
1% or 0.01%?



Even if leukaemia fusion gene leukaemia fusion gene 
formation isformation 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 ..

MLL rearranged 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,

!

!!



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 

http://www.ncbi.nlm.nih.gov/pubmed/17119190?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum


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

http://atlasgeneticsoncology.org/Genes/AF9.html
http://atlasgeneticsoncology.org/Genes/MLL.html
http://atlasgeneticsoncology.org/Genes/MLL.html


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



Dans un tel contexte: les translocationstranslocations devraient être 
considérés des  aberrations chromosomiques aberrations chromosomiques 
ou des réarrangementsréarrangements actifs?



Exposure to NHL-associated 
carcinogens, 

such as dioxin or pesticides, may 
cause 
expansion of  t(14;18)-positive 

clones.





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 ..



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... 



…. les mêmes 
mutations génétiques 
et chromosomiques, 
d’ailleurs toujours 
assez complexes 
(aneuploïdie, 
translocations, 
mutations des 
oncogènes et des 
gènes suppresseurs) 
se trouvent
non seulement dans les 
cellules du clone 
néoplasique primaire 
(dans ce cas, les 
lymphocytes), mais 
dans plusieurs tissus 
intéressés …





Ces données suggèrent 
que, même dans les 
lymphomes, les 
cellules endothéliales 
(telles que les cellules 
du stroma dans les 
tumeurs solides) sont sont 
liées au cancer …liées au cancer …



• .. there is now ample evidence that some some specific epigenetic specific epigenetic 
alterationsalterations,, (primarily the hypomethylationhypomethylation of DNA of DNA, with , with 
activation of oncogenesactivation of oncogenes and  and increased mobility of mobile increased mobility of mobile 
sequencessequences)) ** are the result of protracted genomic are the result of protracted genomic stressstress  
(eg chronic inflammation and persistent oxidative stress)(eg chronic inflammation and persistent oxidative stress) 

• and generally anticipate, to some extent preparing preparing it,it, genetic  genetic 
modificationmodification and  and an overall genomic instabilityan overall genomic instability

• Should these data change our way of representing cancer 
? 

** + an  hypermethylation of tumor 
suppressor genes promoters

Towards an epigenetic epigenetic model in carcinogenesis Towards an epigenetic epigenetic model in carcinogenesis 



In fact cancer cells 
present a gain of 
methylated streches 
at regions 
that are usually 
unmethylated 
(hypermethylation) 
concomitantly with
lloss of methylation at oss of methylation at 
genomic loci that are genomic loci that are 
normally methylated normally methylated 
(global (global 
hypomethylationhypomethylation),),

The ‘‘methylation 
paradox’’ of cancer 

cells. 

Retrosequences Retrosequences 
activationactivation

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

http://www.epidna.com/showcitationlist.php?surname=Villa&initials=R
http://www.epidna.com/showcitationlist.php?surname=De%20Santis&initials=F


Is the carcinogenic process  the 
ontogenic development gone awry ?

Is the main cause of cancer a block in 
cell differentiation programs (just 
the “hallmark”, inexplicably neglected 
by major theorists of SMT) ?

Some Virckow’s followers  (1870 ca) formulated the theory that adult tissues
contain dormant embryonic remnants that could be activated to become cancer
Perhaps the most intriguing aspect of the theory concerned the hypothesized 
trigger of the process: ..a change in the environment, a “disequilibrium” in the 
surrounding tissue, that would induce these embryonic remnants to resume cell 
proliferation and to produce masses of cells resembling  fetal tissues (field theory)

Some Virckow’s followers  (1870 ca) formulated the theory that adult tissues
contain dormant embryonic remnants that could be activated to become cancer
Perhaps the most intriguing aspect of the theory concerned the hypothesized 
trigger of the process: ..a change in the environment, a “disequilibrium” in the 
surrounding tissue, that would induce these embryonic remnants to resume cell 
proliferation and to produce masses of cells resembling  fetal tissues (field theory)

The Embryonic Rest Theory and the field theories of cancer



Virchow, Rudolf. Cellular Pathology as Based Upon Physiological and 
Pathological Histology. London, 1860

The Embryonic Rest Theory and the 
field theories of cancer

Virchow and other well known pathologists, 
on observing cancer tissue under the 
microscope, noted the similarity 
between embryonic tissue and 
cancer, and suggested that tumors tumors 
arise from embryo-like cells arise from embryo-like cells [[105]. On 
this basis, some Virckow’s followers 
[106-107] formulated the theory that 
adult tissues contain dormant 
embryonic remnants that could be 
activated to become cancer. 

Perhaps the most intriguing aspect of the 
theory concerned the hypothesized 
trigger of the process: it would be a 
change in the environment, a 
“disequilibrium” in the surrounding 
tissue, that would induce these would induce these 
embryonic remnants to resume cell embryonic remnants to resume cell 
proliferation and to produce masses proliferation and to produce masses 
of cells that resembled fetal tissues of cells that resembled fetal tissues 
((field theoryfield theory).).

From Cellular Pathology: 
Development of cancer from 
connective tissue in the 
carcinoma of the breast





Le cancer est de plus en plus considérée comme une maladie des 
cellules souches .. L'association connue depuis longtemps entre le L'association connue depuis longtemps entre le 
cancer et les lésions tissulaires chroniquescancer et les lésions tissulaires chroniques, et les rôles compris, 
plus récemment, des voies de signalisation Wnt et Hedgehog 
dans la régénération des tissus, le renouvellement des cellules 
souches et le développement du cancer suggèrent que la 
carcinogenèse se produit en détournant les mécanismes en détournant les mécanismes 
homéostatiques qui régissent la réparation des tissus et de homéostatiques qui régissent la réparation des tissus et de 
l'auto de cellules souches –renouvellement.l'auto de cellules souches –renouvellement.

Nature. 2004 Nov 18;432(7015):324-31.



Modèle de carcinogenèse résultant de la persistance d'un persistance d'un 
état de réparation des lésionsétat de réparation des lésions

1

2

 Wnt or Hh signalling

des changement génétiques ou génétiques ou 
épigénétiques épigénétiques dans une cellule cellule 
souche longuement activé souche longuement activé peuvent 
produire une cellule souche du cancer 
 

3

3



J Clin Invest. 2009;119(6):1438–1449. 

La seule 
caractéristique 
fondamentale 
(hallmark) du cancer 
est sa tendance à la 
métastase qui n'est 
pas due à des 
mutations, mais 
à la réactivation réactivation 
d'un programme d'un programme 
embryonnaire, embryonnaire, 
la transition la transition 
épithéliale-épithéliale-
mésenchymateuse mésenchymateuse 
(EMT) qui permet (EMT) qui permet 
aux cellules foetales aux cellules foetales 
de l'embryon de de l'embryon de 
migrer migrer vers leur 
destination finale 
dans les divers 
tissus

Les inducteurs de EMT sont bloqués chez l'adulte.. Mais ils sont activées 
dans la fibrose d'organes et dans les fases invasives des cancers 









Our common ways of evaluating the risks for our health and 
the risks for the new generations' health, directly connected 
to environmental pollution, are absolutely insufficient. As a 
matter of fact “classic” epidemiological and toxicological 
studies are not the right way to evaluate the threat posed by 
“global” environmental pollution to our health, to new 
generations' health, to ecosystems. ..Epidemiologists generally evaluate the 

diseases' burden directly connected with 
environmental pollution by comparing 

two populations - the one more 
directly exposed to a known source 
of pollution 

(a factory/industrial implant or incinerator..
 or a highway with high traffic rate)

the other supposed to be much 
less exposed..  Systematically

forgetting that nowadays we are 
all exposed (through the 
nutritional chains and through 
direct transgenerational 
transmission of pollutants 
from our mothers) 

to a constantly growing burden 
of xenobiotics (more than 
100.000 synthetic molecules) 
that cannot be recognized by our 
cellular and nuclear receptors 
and that may interact in a 
wrong way with our 
biochemical pathways and 
sometimes even with the 
genetic expression of our cells 
and tissues.



Limits and problems with traditional 
toxicology: 

dose-response or exposure-response 
relationship 

 acute/direct toxicity
Collective and ubiquitous exposure 

to minimal doses; synergism..
Daily bioaccumulation and biomagnification 
EDCs /Barker Hypothesis /Transgenerational 

transmission

Limits and problems with (classic) epidemiology
(Difficult) comparison among populations directly exposed
Collective and ubiquitous exposure to minimal doses 

Daily bioaccumulation and biomagnification 
(Barker Hypothesis/Transgenerational transmission/long latency)

SOLUTIONS: Calculating Emissions and Chemical Global Burden

Endocrine disruptors have also been cited with 
producing 
one effect at high dose and a different effect at 
low doses



HSPs 
Activatio
n HSPs/petidesDanger Theory

(Auto)Immunity

Autoinflammation

ROS

The 
Epidemiological 

Transition 

Environment

mRNAs

fluid (epi)genome

developmental 
plasticity

Pharmaceuticals, 
pesticides, 
air pollutants, 
industrial chemicals,
heavy metals, 
hormones, 
nutrition, 
and behavior 
can change 
gene expression 
through 
a broad array of 
gene regulatory 
mechanisms..
highlighting 
the potential 
role for altered 
DNA methylation 
in fetal origins 
of adult disease 
and inheritance 
of acquired 
genetic changes

Pharmaceuticals, 
pesticides, 
air pollutants, 
industrial chemicals,
heavy metals, 
hormones, 
nutrition, 
and behavior 
can change 
gene expression 
through 
a broad array of 
gene regulatory 
mechanisms..
highlighting 
the potential 
role for altered 
DNA methylation 
in fetal origins 
of adult disease 
and inheritance 
of acquired 
genetic changes

NOW WE CAN BETTER UNDERSTAND.. The seventh key 
word (XXIth ET)



Genes
(Fluid) Genome

Phenotype 

Phenotype 

Random Mutations

Neodarwinistic Paradigm

Neo-Lamarckian-Constructive
Paradigm 

Natural 
Selection

Natural Selection

Environment

(Fluid) Epigenome 

Proteome

(Environment)

(microevolution)

microevolution

Macroevolution

Ribotype
Reverese 

Transcriptase

Mobile 
Sequences

Symbiogenesis 

Horizontal gene transfer 

(ecosystems)Natural Genetic 
Engineering

Rs: Receptors

Cells Rs

Molecules 

Organisms

HATs

HDACs

NRs

DMTs

TFs

Rs

GRNsMaster 
Genes

A

B

EMERGENT 

PROPERTIES Environmental
crisis

NEW DEVELOPMENTAL PATTERNS 



A new scientific truth does not 
triumph by convincing its 

opponents and making them 
see the light, 

but rather because its opponents 
eventually die, and a new 

generation grows up that is 
familiar with it.

Max Planck (1858 - 1947)

Une nouvelle vérité scientifique ne 
triomphe pas en convainquant 

ses adversaires et en leur faisant 
voir la lumière, 

mais plutôt parce que ses 
opposants meurent et qu’ils 

sont remplacés par une 
nouvelle génération pour qui elle 

est familière 
Max Planck (1858 - 1947)
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