Evoluzione e Sviluppo del Cervello
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Apocalypse Now ?

Die Off/Out!?

(OLOCENE)
31 DICEMBRE - ULTIMO MINUTO
•
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ore 23,59'15" --> i Sumeri in Mesopotamia
ore 23,59'43" -->Alessandro Magno - Primo “Impero”
ore 23,59'46" --> Gesù Cristo
ore 23,59'49" -->Caduta Impero Romano d'Occidente
ore 23,59'57" --> Scoperta dell'America

• ore 23,59'59" --> Rivoluz. Industriale * e Francese Colonialismo- Guerre Mondiali- Globalizzazione
*“Antropocene”: con la I (Carbone/Macchine) e soprattutto con
la II (Chimica/Petrolio) Rivoluz. Industriale l’Homo S. Sapiens
si è trasformato in potenza tellurica (Stoppani1873-Crutzen 1995)

The fifth key word is phylogeny
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
Evo
in chimpanzee

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

Species phylogeny

Orangutan

Gorilla

Chimpanzee

From the Tree of the Life Website,
University of Arizona

Human

Sanger Institute

ERNESTO BURGIO
ECERI - European Cancer and
Environment Research Institute

Trois Questions

Question 1
• Dans quelle mesure l'exposition
des mamans et des fœtus aux
perturbateurs endocriniens
• et à d'autres molécules epigénotoxiques qui interfèrent
avec la programmation fœtale
fœtale
• représente une grave menace
pour la santé des enfants et des
générations futures?
https://www.sciencedirect.com/science/article/pii/S0303720711006356

Question 2
Quel est le rôle de cette exposition
de mamans et des foetus aux
molécules epi-génotoxique
dans la genèse de la Transition
Epidémiologique actuelle:
Pandémies d’obésité et de diabète
juvenile, augmentation continuelle
des pathologies allergiques et
auto-immunes, des troubles du
neuro-développement,
des maladies neurodégénératives,
et du cancer (surtout chez
les nourrissons et les jeunes) ?
http://www.env-health.org/news/latest-news/article/health-costs-in-the-eu-how-much-is

Question 3
Peut-on encore avoir des doutes
que la présence dans les chaînes
alimentaires et les aquifères d'un pays et
donc dans les organismes de jeunes à
l'âge de procréer et dans leurs gamètes
de molécules epi-génotoxiques telles que
la dioxine à Seveso ou à Taranto et
la chlordécone en Martinique et en
Guadeloupe est-elle une cause primaire
de la mauvaise programmation fœtale
des tissus et organes et donc de
l'augmentation des tumeurs (en
particulier du cancer de la prostate)
et des autres maladies chroniques
dégénératives et inflammatoires?

https://www.sciencedirect.com/science/article/pii/S1084952115001056

Evolution of DOHaD: the impact of environmental hazards
on the origins of current “pandemics”
ERNESTO BURGIO
ECERI - European Cancer and Environment
Research Institute
from
to

On sait depuis de nombreuses années que le fetus n'est pas entièrement protégé dans le microenvironnement utérin. Mais seulement au
cours de la dernière décennie nous nous sommes concentrés sur les mécanismes et les modalités de l'exposition maternelle et fœtale à
une gamme impressionnante de produits chimiques (ex: perturbateurs endocriniens), physiques (ex: CEM) et biologiques (ex: virus)
capable d'induire des changements épigénétiques potentiellement adaptatifs et prédictifs dans le génome embryo-fœtal,
interférant ainsi avec la programmation des tissus et des organes de l’enfant de manière souvent irréversible.

Le placenta accreta est une insertion du placenta (fait de
villosités) dans le myomètre.
On en distingue trois types selon la profondeur d'insertion des
villosités dans le myomètre
- le placenta accreta proprement dit : les villosités sont en
contact du myomètre et pénètrent plus ou moins profondément
dans le myomètre ;
- le placenta increta : les villosités envahissent le myomètre ;
le placenta percreta : les villosités dépassent le myomètre,
envahissant parfois les organes voisins (vessie)…
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Les altérations placentaires sont
de plus en plus fréquentes

…c'est comme si les mécanismes (immunologiques) de
la tolérance materno-fœtale s'affaiblissaient.
… il ne faut pas oublier que le placenta est en grande
partie un organe embryo-fœtal (que l'embryon produit
pour se connecter à la mère… certainement pas pour
l'envahir)
Choriocarcinoma

Le placenta est une "éponge" qui absorbe et
accumule des traces de pesticides présents dans la
chaîne alimentaire.
Malheureusement, 100% des femmes enceintes
logent dans leur placenta au moins un type de ces
substances toxiques et cancérigènes maintenant
omniprésentes

https://cordis.europa.eu/result/rcn/84240_fr.html

Les scientifiques ont constaté que tous les xénobiotiques traversaient la
barrière placentaire par diffusion passive et atteignaient le fœtus, le DCB
(dichlorobenzène) étant celui se diffusant le plus rapidement.
Dans les principaux organes de fœtus, la concentration de certains de ces
pesticides était plus élevée que dans les organes maternels correspondants.
Notamment dans le sang, la rate, la moelle osseuse, le cerveau et le foie.
Les implications de cette recherche sont d'une grande portée car l'accumulation
de composés organochlorés dans les tissus fœtaux pourrait avoir une incidence
sur le développement des systèmes immunitaire et nerveux de l'enfant à naître.

Taranto est devenue la capitale de l'acier grâce à la plus grande aciérie d'Europe, mais a également payé un prix
très élevé en termes de pollution. L'usine d'Ilva est presque deux fois plus grande que la ville de Tarente. Ses
dimensions énormes ont conditionné la relation entre l'usine et la ville. Pour le construire, des milliers d'oliviers
ont été explantés et la mémoire historique de la zone proche du quartier Tamburi a été presque effacée ... Ces
derniers mois, un examen médico-épidémiologique réalisé dans le cadre d'une procédure judiciaire a permis
d'établir une corrélation entre émissions nocives, maladies et mort ....

A Taranto, 30% d'enfants de plus que dans les autres villes
tombent malades et meurent du cancer

A Taranto, la nouvelle alarme du ministère: l'autisme augmente chez les enfants
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CHEMICAL FALL OUT
ENDOCRINE DISRUPTORS

1

HEAVY METALS

3
ULTRAFINE PARTICLES

The gift our mothers
never wanted to give us

.. at present many studies, in various parts of the world, are evaluating the
http://www.ewg.org/reports/generations/

global chemical body burden .. especially in women, embryos/fetuses
and children, providing dramatic results.

Monitoring Body-Burdens
> 700 different synthetic chemicals or heavy
metals found in cord blood..

POPs

Giuseppe Giordano

Dans ce contexte,
l'organe qui acquiert
une importance
vraiment
extraordinaire est le
PLACENTA: un organe
qui a été très peu
étudié jusqu'à il y a
quelques années et qui
émerge comme une
sorte de "salle de
contrôle" pour la
programmation
(épigénétique) de
différents tissus et
organes foetaux

Étude du placenta (Taranto, Cagliari, Milano, Pisa):
- Spectrométrie de masse (IZS - Bologna)
- immunohistochimie (Université de Cagliari)
- épigénétique (Université de Pise)
- mitochondries (Université de Milan)
- métabolomique (Université de Cagliari)
Follow-up des enfants à risque (FIMP):
- diagnostic précoce !!
- traitement personnalisé !!

L'INSERM définit aujourd'hui différents stades de prématurité :
faiblement prématurés (de 35 à 37 SA),
modérément prématurés (de 32 à 34 SA),
grands prématurés (de 27 à 31 SA),
extrêmes prématurés (de 22 à 26 SA)
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… encore plus fréquente c'est la prématurité
(aujourd'hui un enfant sur 10 naît
prématurément ... ce qui représente une
augmentation de 30% au cours des 35
dernières années….) qui est un autre
symptôme d'intolérance materno-fœtale
(qui ne devrait pas être sous-estimé)

Le chlordécone est un pesticide organochloré qui a été largement utilisé …dans les Antilles françaises. Les données de
l'étude de cohorte mère-enfant Timoun réalisée en Guadeloupe entre 2004 et 2007 ont permis d'examiner les associations
de concentrations de chlordécone dans le plasma maternel avec la durée de gestation et le taux de prématurité chez 818
femmes enceintes…Une augmentation de 1-log10 de la concentration de chlordécone a été associée à une diminution de
la durée de gestation (-0,27 semaines, intervalle de confiance à 95%: -0,50, -0,03) et à un risque accru d'accouchement
prématuré (60%; 130). …Ces résultats sont pertinents pour la santé publique en raison de la persistance prolongée du
chlordécone dans l'environnement et du taux élevé de naissances prématurées dans cette population.

Mais surtout, il est de plus en plus évident que les conséquences les plus graves de la souffrance embryofoetale
d'un enfant s’observent après des décennies (et parfois seulement dans les générations suivantes)
(reconnaissables dans les
premières années de la vie)

(Les événements indésirables intrautérins programment en permanence
la structure, les fonctions
et l’homéostasie des organes
et des tissus  DOHaD theory)

Most studied
disease/organ
endpoints and
associated
toxicity
endpoints.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4393755/figure/F3/

Vincenzo Cordiano
Vincenzo Cordiano

Vincenzo Cordiano

The key-term in this context is
certainly primary prevention

Finalement, au cours des dernières années la Barker Hypothesis a été transformée
a partir d'une théorie utile pour expliquer l'origine de certaines maladies de l'âge adulte,
dans la théorie-clé des origines embryo-fœtales des maladies chroniques
(DOHA-Developmental Origins of Health and Maladies)
Obesogens

Obesity/Metabolic Syndrome/Diabetes 2

Multiorgan Effects of
Endocrine Disruptors
Pesticides
In Vitro Fertilization
Materno Fetal Stress

Cardiovascular
Diseases

Developmental Time Windows of
Vulnerability

Reproductive
Diseases/Dysfunctions
Semen Abnormalities

Ipertension

Placenta: Prediction
of Future Health

CANCER
DOHAD

Asthma and allergies
Lung Development
Neurobehavioral Deficits
and Diseases

Psychiatric Diseases

The 7 keywords: from genetics to epigenetics

6
Epi-genetic
Mismatch
DOHA

Ontogeny*

4

3

Developmental Plasticity

Fetal programming

2

the capability and, at the same time, the
necessity for embryo-foetal cells to
define their epigenetic setting in a
predictive and adaptive way …

Environment
The environment
should be considered
as a continuous flow
of information
coming from outside
and reaching the
epigenome, causing it
to activate and to
continuously change
its molecular threedimensional structure
(Chromatin)

Devo  Evo

7

Phylogeny*

Evolutionary
Medicine
5

According to a Neo-Lamarckian paradigm,
the environment not only selects, but also
actively induces the main changes that shape
the evolution of living beings ..

XXI Century
Epidemiological
Transition

1
From Genetics
to Epigenetics

the controlling software
of the genome

Towards a paradigm shift in biomedicine.
Environmental interference with the human (epi)genome

Towards a paradigm shift in biomedicine…

In a seminal article published on Bioessays in 1996, Adam
WIlkins wondered why in the twentieth century theoretical
physics had faced its Kuhnian Revolution (from the
Newtonian model to quantum mechanics and the theory of
relativity) whereas biology (by definition the science of
complexity) had not yet experienced its paradigm shift ...
.. I will try to show that the twenty-first will be the century
of the Kuhnian Revolution in biology, evolutionary biology
and biomedicine and that the keywords are: epigenome /
epigenetics, microbiome / metagenomics / hologenomics,
DOHaD / fetal programming, stress-induced/epigenetically
modulated evolution ...

Towards
a Kuhnian
Revolution
in Biology

2

1
In 1997 the well known molecular biologist R. Strohman attempted an oblique attack against the central dogma of molecular
biology; the deterministic, linear, uni-directional pathway from DNA to RNA to proteins to phenotype..

We have 3
wrongly
extended the
linear theory of
the gene to the
“realm”
of the gene
management...
but the gene
management is
an entirely
different
process,
involving
interactive
cellular
processes that
display an
interactive
complexity…
which is
epigenetic
in nature

From directing the fate of stem cells to determining how.. we grow, the genes in our body act
in complex networks.. the whole Genome is a Complex and highly dynamic molecular Network
of interacting Genes and non-codifying sequences.. and proteins
….Genes Know How to Network…BUT...

http://news.sciencemag.org/sciencenow/2009/04/21-03.html

IN FACT Genes need to be told to switch “off” and “on”:
• Genes need to be told how much expression (protein)
is required and where.
• Genes need to be regulated – this regulation is not
performed by DNA but by many other controls arranged
in a complex 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 collection of words
from which a meaningful story of life may be
assembled…
• In order to assemble that meaningful story, a living cell
uses a second informational system. (...) The key concept
here is that these dynamic-epigenetic networks have a
life of their own —they follow network-rules not
specified by DNA
Strohman R. , April 2001 Beyond genetic determinism

Nous nous trouvons actuellement face
à une véritable révolution conceptuelle en biomédecine
Depuis 50 ans il est convenu de considérer l’ADN comme le code/projet
fondamental de la construction de notre phénotype.
Depuis une dizaine d’années et surtout dès l’apparition des premières
études d’épigénétique moléculaire, on a commencé à comprendre
que la construction du phénotype est le résultat de l’interaction des
informations provenant de l’environnement
sur les informations contenues dans l’ADN
grâce a un véritable réseau moléculaire qui entoure
l’ADN et qui constitue l’épigénome
En conséquence on pourrait affirmer qu’il n y a aucun changement
stable de notre phénotype (aussi bien physiologique que
pathologique) qui ne soit à la fois
- induit par l’environnement
- modulé par l’épigénome
- conditionné par l’ADN

Les autres concepts-clés (par ailleurs interdépendants) sont :
• celui de plasticité développementale (developmental plasticity)
• celui de programmation fœtale (fetal programming)
qui nous permettent de comprendre comment dans cette période
le fœtus programme épigénétiquement (pour la vie) toutes ses
cellules d’une façon prédictive et adaptative en réponse aux
informations qui lui arrivent de l’environnement (par le biais maternel)
souligner que dans cette période des informations incorrectes
(polluants, perturbateurs endocriniens..) et/ou des discordances (mismatch)
entre l'information que l'enfant reçoit avant et après la naissance
peuvent induire une mauvaise programmation des cellules (y compris les
gamètes) et, par là,
provoquer des maladies chroniques à l’âge adulte ou même chez les générations
suivantes
Il est important de

Cette théorie des origines développementales de la santé et des maladies
chroniques (DOHaD pour Developmental Origins of Health and Diseases)
peut nous aider à expliquer la transition épidémiologique actuelle ..

Mais les découvertes les plus importantes et capables d'imposer une
révision radicale du modèle dominant
• à la fois dans le domaine bio-médical
• et biologique (modèle néodarwinien)
concernent les mécanismes épigénétiques de transmission
transgénérationnelle des caractères acquis sous forme de
modifications d'adaptation ciblée du génome des gamètes
sur la base des informations provenant des parents
(et probablement transmises aux gamètes par des microRNAs ou des
exosomes)

In such a fluid and systemic model the epigenome (also defined by some scientists as the controlling software of the genome)
behaves as a sort of compensation chamber - the specific place where the flow of information that comes from outside (environment
and microenvironment) meets and interacts with the information encoded in the genes for millions years (the hardware)

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

EMF

The second keyword: Environment
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

TCDD
Viruses
1

3
“FLUID EPI-GENOME”
HERVs

4

SYNERGISM !!
2

Everyday levels matter
At high levels… arsenic kills people
At moderately low levels… it causes a range of diseases
At truly low levels …
it interferes with gene
activation, changing the
epigenetic program
Many of these pollutants (EDCs, Heavy
Metals, Polycyclic aromatic
hydrocarbons (PAHs)) are mutagens or
epi-mutagens, carcinogens or cocarcinogens at infinitesimal doses,
It is universally known that their
dangerousness is linked to daily
exposure to very-small doses
rather than to massive exposure

Kaltreider et al. 2002

The first keyword: Epigenetics

Mitotic chromosome

Heterochromatin
Epigenetics
appears to be
the most
appropriate
and powerful
tool to build
up a new
systemic
model of
genome ..

.. a dynamic
and fluid
molecular
network
which can
interact within
itself and with
the outside

Euchromatin
Interphase chromosomes

.. it has become
evident that the
genome
is a complex molecular
system (network)
made up not only by
DNA sequence,
but also by a dynamic
and responsive
structure of histones
and an "epigenetic"
cloud of molecules
(methyl and acetyl
groups, enzymes,
transcription factors,
microRNAs )..

DNA
double
helix
(2-nm
diameter)

Euchromatin
Histones

“Beads on
a string”

Nucleosome
(10-nm diameter)

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

Heterochromatin
Tight helical fiber
(30-nm diameter)

Supercoil
(200-nm diameter)

Metaphase chromosome

700
nm

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

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
Histone Deacetylases.

Histone Acetyltransferases;
Histone Methyltransferases

Histone
Lysine
Acetylation

H3-K9

P
H3-S10

ATP-dependent Nucleosome
Remodeling Complex

Nuclear Receptor
DNA Response Element

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

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

The
Histone tails
are a critical
determinant
of chromatin structure

They could be
regarded as the
sensory /
receptive
component of the
genome

Histone Tails are subject to
a variety of covalent
modifications
The 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
DNA methylation is a very stable/covalent modification of the DNA, very important for gene
silencing in human cells. Most genes have GC rich areas of DNA in their promoter regions, that
are also referred to as CpG islands. Methylation of the C residues within the CpG islands leads
to gene silencing.

(highly unstable base)

3

The vast majority
of human DNA
does not encode
proteins,
but microRNAs:
hundreds of these
ncRNAs have
already been
discovered
that play roles
of natural genetic
engineering

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 circumstances

1

2
3
4
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1

Adaptation to Global Change:
A Transposable Element–
Epigenetics Perspective

Trends in Ecology & Evolution
Volume 31, Issue 7,
p514–526, July 2016
3

2

Evolutionary Outcomes of Activation of the
TE–EC Engine in Somatic and Germinal Cells in
Response to Stress. Mge, modified gene expression.

Trends in Ecology & Evolution
Volume 31, Issue 7,
p514–526, July 2016

(A) Under stress, the activation of the TE–EC
engine in somatic cells induces plastic responses
through: (i) DNA methylation and/or
modifications of histone tails; (ii) transcription of
TE-encoded regulatory noncoding RNAs
(ncRNAs); and (iii) lifting of epigenetic silencing
and mobilization of TEs in somatic cells,
leading to somatic mosaicism.
(B) Stress induces epigenetic
modifications in germline cells.
The resulting phenotypes can be
stabilized over generations
(transgenerational epigenetic
inheritance) through selfreinforcing epigenetic pathways.

Trends in Ecology & Evolution
Volume 31, Issue 7,
p514–526, July 2016

Stress perceived in somatic cells
can also induce the production of
circulating ncRNAs that may
modify the epigenome of remote
germline cells
[dashed arrow from (A) to (B)].

… a technical term that refers to the

The third key word is fetal programming …
Polycyclic Aromatic
Hydrocarbons (PAH)

(Ultra)-fine
particles
Heavy Metals

Benzene

Dioxin and
Dioxin-like
molecules

MATERNAL
STRESS

ONTOGENY

2

3

capability and, at the same time, the
1 requirement, for embryo-foetal cells to
define their epigenetic setting in a
predictive and adaptive way , in relation
to the information coming from the
mother and, through her, from the outer
world ..
A predictive adaptive response (PAR) is a
developmental trajectory taken by an
organism during a period of
developmental plasticity in response to
perceived environmental cues..

Cellular
Epigentic process
The fourth keyword
is Differentiation:
developmentalanplasticity

Cellular Differentiation: an epigentic process
The actual genetic program of a single multicellular
organism is the product of nine months of epigenetic
adaptive-predictive “formatting” of trillions of cells)

Nature 447, 425-432 (24 May 2007)

1
2

Differentiation
Fetal Programming

3

**

Developmental
PLASTICITY

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

The brain** is by far the most plastic organ during all (human) life

epi-mutations

Differentiation
is the process
through wich
the organism
changes from a
zygote to a
complex
system of
tissues and 200
cell types
(genetically
identical.. each
with its own
epigenetic and
morphofunctional
characteristics)
..

The fourth keyword is developmental 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 during the first months
of life (for neuron in the first 2 years) and processed by the epigenetic networks

of 4 billion years of molecular
coevolution * (in particular, our DNA
is the product of this long journey) ..

Mismatch

We should never
forget that we are
at the same time
the product

and of 9 months of an
individual development
Ontogeny

Devo-Evo

Phylogeny

Ontogeny
Recapitulates
(anticipates)
Phylogeny
A major risk: the EDCs and other xenobiotics (not being the product of
molecular coevolution) can interfere at this level, acting as pseudo-morphogens

The epigenome being
the product of nine
months of cellular and
tissue programming
(adaptive to an
environment that is
rapidly changing)..

Chimpanzee-human
divergence
Evo
The ancestral wiring

Brain:
a rapidly
evolving
Organ ?

6-8
million
years

Hominids or hominins

The Individual wiring !!

Chimpanzees

Humans

+ Soft Wired-memory

Evolutionary Medicine
Ontogeny

Phylogeny
Devo-Evo

The Obesity
pandemics is the
very first
phenotypical
transformation
of an entire
species

Mismatch

We can summarize all this by saying that the main phenotypic (in particular behavioural) differences between
Homo sapiens and the other primates (and between single individuals) have epigenetic rather than genetic
origins: in the actual, epigenomic programming and in its ongoing transformations.
Which also means that the main variations in our phenotype (both physiological and pathological) have their
origins in the fetal programming, are induced by the changing environment and modulated by the epigenome

Relative frequency of articles with epigenetic or epigenetics in their title
David Haig Int. J. Epidemiol. 2012;41:13-16

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

Articoli scientifici su PFAS e rischi per la salute umana

http://pubs.acs.org/doi/pdf/10.1021/acs.jafc.6b04683

Vincenzo Cordiano

La transition épidémiologique du XX siècle
Pandemie d’obésité,
syndrome
métabolique
diabète II
Allergies
maladies
auto-immunes
(diabète de type I,
maladie coeliaque),
Athérosclérose
Troubles du
neurodéveloppement
neurodegeneratives
Cancer.
Ceci est un graphique tiré d'un article publié il y’a 10 ans sur le NEJM, qui montrait
la diminution rapide des maladies infectieuses / aigues et l'augmentation simultanée
des maladies chroniques / inflammatoires dans le Nord du monde

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 2001

Today the situation has further deteriorated:
Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16, 2001;286:10.
65% of Americans are overweight, 35% morbidly obese

The Childhood Obesity Epidemic
Yet the most dramatic increase
concerns children and adolescents

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

Recent researches point out
the continuous increase of
‘‘obesogens’’, in the environment
and food chains, above all
endocrine disruptors, that may
have an important role in the
obesity and diabesity pandemics.

Environmentally driven epigenetic effects
Genetic makeup
(mother and fetus)

Effects across multiple
generations (obesity, T2D)

Gametes

Main fetal targets

Fetal plasticity
and programming
Hypothalamus
Neuroendocrine system
Adipocites
Gametes

Epigenetic
modifications can be
passed across
generations – a
“memory”
of environmental
influence that occurred
many years previously.

Birth

Youth

Adulthood

Prenatal environment / Early life environment
• Nutrient deficiencies/excesses
• Obesogens
• Oxidative stress

Life course
Periods of major epigenetic plasticity

OBESITY AND DIABETES: FROM GENETICS TO EPIGENETICS (Mol Rep 2015)
Ernesto Burgio1,2, Angela Lopomo3,4 and Lucia Migliore3

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

Hypersensitivity begins in the womb

In a study examining umbilical cord blood, it was shown that babies born
to allergic mothers had a reduced number of Tregs…and were at high risk
to develop sensitivity to food allergens and atopic dermatitis (the start of
atopic march) during the first year of life
Hinz D, (2012). Cord blood tregs with stable foxp3 expression are influenced by prenatal
environment and associated with atopic dermatitis at the age of one year. Allergy. 67:380-389

Parental atopy history, particularly
maternal hay fever and paternal
asthma were related to lower Treg
numbers in cord blood

Maternal cytokines (IL-13, IL-17E and IFN-γ)
and maternal smoking/exposure to tobacco
smoke during pregnancy were also associated
with decreased cord blood Treg numbers

Children with lower Treg numbers at birth had a
higher risk to develop atopic dermatitis
(adj. OR = 1.55, 95% CI = 1.00–2.41) and
sensitization to food allergens (adj. OR = 1.55,
95% CI = 1.06–2.25) during the first year of life.

Esiste infatti una serie di fattori di rischio che possono già intervenire durante la vita
fetale: l’immaturità del polmone, le infezioni virali, l’atopia, inquinamento
atmosferico e fumo passivo sono in grado di modificare la curva del declino di FEV1.

Cancer des enfants: de la génétique
à l'épigénétique
(vers un paradigme épigénétique dans la
carcinogenèse)

ERNESTO BURGIO
ECERI - European Cancer
and Environment Research
Institute (Bruxelles)

What is
Cancer ?

The Somatic Mutation
Theory of Carcinogenesis

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

What’s Cancer ?

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

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

What’s Cancer ?
We suggest that the vast catalogues of cancer cell genotypes is a
manifestation of six essential alterations in cell physiology that
collectively dictate malignant growth

Tumor development proceeds via a process
formally analogous to Darwinian evolution,
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 physiology that collectively
dictate malignant growth:
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some benign tumours can weigh many
kilograms at the time of diagnosis
sustained angiogenesis is a feature of both
benign and malignant tumours
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

The only distinguishing feature (HALLMARK) of cancer is
its ability to metastasize (which is not the result of mutations,
but the reactivation of an embryonic genetic program !!)

The GWAS efforts are
certainly creating
bigger haystacks …

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

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 ‘‘methylation
paradox’’ of cancer cells.

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),

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

Retrosequences
activation

Towards an epigenetic model in carcinogenesis
• .. 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 genomic stress
(eg chronic inflammation and persistent oxidative stress)
• and generally anticipate, to some extent preparing them, genetic
modifications and an overall genomic instability
• Should these data change our way of representing cancer ?

** + an hypermethylation of tumor
suppressor genes promoters

ONE OR MORE OF THE GENES STUDIED IS HYPERMETHYLATED IN EVERY TUMOR TYPE. HOWEVER, THE PROFILE
OF PROMOTER HYPERMETHYLATION FOR THE GENES DIFFERS FOR EACH CANCER TYPE, PROVIDING A TUMORTYPE AND GENE-SPECIFIC PROFILE. SOME GENES, SUCH AS THE CELL CYCLE INHIBITOR P16INK4A, ARE
HYPERMETHYLATED ACROSS MANY TUMOR TYPES INCLUDING COLORECTAL, LUNG, AND BREAST CARCINOMAS

Other changes, such as for the
DNA repair gene MGMT and
DAPK, also have a wide
distribution

THE CAUSES OF CHROMOSOMAL
ABNORMALITIES REMAINS POORLY
UNDERSTOOD.
STUDIES OF VARIOUS TYPES OF
LEUKEMIA HAVE SHOWN THAT CERTAIN
ENVIRONMENTAL AND OCCUPATIONAL
EXPOSURES AND THERAPY WITH
CYTOTOXIC DRUGS CAN INDUCE
CHROMOSOMAL ABERRATIONS.
FOR EXAMPLE, CASES OF
MYELODYSPLASTIC SYNDROME OR AML
THAT ARISE AFTER TREATMENT WITH
ALKYLATING AGENTS ARE FREQUENTLY
ASSOCIATED WITH
UNBALANCED ABNORMALITIES, PRIMARILY
DELETION OR LOSS OF CHROMOSOME 5
OR 7 (OR BOTH), WHEREAS THERAPY
WITH TOPOISOMERASE II INHIBITORS IS
TYPICALLY ASSOCIATED WITH
BALANCED ABNORMALITIES,
MOST COMMONLY TRANSLOCATIONS
INVOLVING THE MLL GENE ON
CHROMOSOME
BAND 11Q23.1

Are TRANSLOCATIONS chromosomal aberrations
or reactive/positive rearrangements ??

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

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

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

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 PLACES THE BCL-2 GENE CLOSE TO THE HEAVY CHAIN GENE ENHANCER.

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 liées au cancer …

+

+
+

THE FIRST EVIDENCE THAT
CANCER ARISES FROM
SOMATIC GENETIC
ALTERATIONS CAME FROM
STUDIES OF BURKITT'S
LYMPHOMA, IN WHICH ONE
OF THREE DIFFERENT
TRANSLOCATIONS
JUXTAPOSES AN
ONCOGENE, MYC, ON
CHROMOSOME 8q24
TO ONE OF THE LOCI FOR
IMMUNOGLOBULIN GENES.
CHROMOSOMES 14q, 22q,
AND 2q
— THE TRANSLOCATION
PARTNERS —
EACH CARRIES ENHANCER
ELEMENTS IN THE
IMMUNOGLOBULIN LOCI,
THEREBY ACTIVATING THE
JUXTAPOSED C-MYC
ONCOGENE

Are the antibody gene loci
quite“dangerous places” for
proto-oncogenes to take up
residence ?
Croce CM. Oncogenes and Cancer. N Engl J Med 2008;358:502-11.

… in Bielorussia l’incidenza aumentò di 30 volte nel ’95 e nelle zone più vicine a Chernobyl di 100 volte…
inoltre, per dosi molto alte il rischio di CA diminuiva, mentre aumentava il rischio di ipotiroidismo, per
distruzione di tessuto tiroideo…

nella quasi totalità dei casi era implicato uno specifico oncogène (c-RET), coinvolto in traslocazioni
interpretabili come reattivo-adattative …

Children cancer increase
Child cancers are generally considered as a rare disease. But it is worth remembering
• that, statistically, about 1 in 5-600 children will develop cancer before the age of 15;
• that, in spite of the decisive improvement in diagnosis and therapy in the last
decades, cancer is the leading cause of death due to diseases among children over
the first year of age;
• that, even at this age, a continuous and
significant increase has been seen
during the last decades.

TEN LEADING CAUSES OF
DEATH
(Children aged underCAUSE
15 years)
U.S. 2006
OF DEATH
RANK ALL CAUSES

1
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3
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5
6
7
8
9
10

Accidents (unintentional injuries)
Cancer
Congenital anomalies
Assault (homicide)
Heart diseases
Intentional self-harm (suicide)
Influenza & pneumonia
Septicemia
Chronic lower respiratory diseases
Cerebrovascular disease
All other causes

NO. OF DEATHS

% OF TOTAL DEATHS

DEATH RATE*

10780

100.0

19.0

3868
1284
859
756
414
219
193
172
158
149
2708

35.9
11.9
8.0
7.0
3.8
2.0
1.8
1.6
1.5
1.4
25.1

6.8
2.3
1.5
1.3
0.7
0.4
0.3
0.3
0.3
0.3
-

100
* Rates

are per 100,000 population and age adjusted to the 2000 US standard population.

Based on US Mortality Data, 2006, National Center for Health Statistics, Centers for Disease Control and Prevention, 2009

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.

Incidenza di tumori (anno/100.000)
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Cancer is the leading cause of death
due to diseases among children over
the first year of age
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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 - for all cancers in the very first year of life (apparently due to transplacental or even trans-generational exposure)

CA incidence in childhood and adolescence IN EUROPE ( 1970-1999)
http://www-dep.iarc.fr/accis.htm

latency

mother
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):2097105

(4) Tomatis legacy

1

2

3

(5) Pro-leukemic translocations in foetuses

.. 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 ...

1

2
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).

3

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%).

~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).

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

Interestingly, the typical translocations
of leukemias of the first year (those
with the highest increase and worse
prognosis) concern a histone
methyltransferase, that is, a key
enzyme of epigenetic programming

!

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 ..

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,

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.

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).

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.

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.

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

The dynamic (epi)-genome
In fact only in a genome conceived as a unitary
and complex (at the same time, dynamic
and responsive) molecular network,
9
it is possible to suggest that all the epigenetic (global
DNA hypomethylation, hyper-methylation of promoter
sequences of tumor suppressor genes, ncRNA networks
modifications..), genetic (genomic instability,
mobilization of transposable sequences..), and
chromosomal (translocations) mutations,
determining the cancer progression
should be seen as steps in a (failed or distorted)
evolutionary/adaptive and defensive process ….
Esteller M. Cancer epigenomics: DNA methylomes and histone-modification maps Nat Rev Genet (2007);8(4):286-98;
Karpinets TV, Foy BD. Tumorigenesis: the adaptation of mammalian cells to sustained stress environment by epigenetic
alterations and succeeding matched mutations. Carcinogenesis. (2005); 26(8):1323-34; Hauptmann S., Schmitt W.D.
Transposable elements - Is there a link between evolution and cancer? Medical Hypotheses (2006), 66 (3):580-591;

Is the carcinogenic process the
ontogenic development gone awry ?
… and the main cause of cancer a block
in cell differentiation programs (just
the “hallmark”, inexplicably neglected
by major theorists of SMT) ?

The Embryonic Rest Theory and the field theories of cancer
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
From Cellular Pathology:
Development of cancer from
connective tissue in the
carcinoma of the breast

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

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 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
embryonic remnants to resume cell
proliferation and to produce masses of cells
that resembled fetal tissues (field theory).

The great lesson of teratocarcinoma
and the stem cell theory of cancer
• the transplantation of pluripotent or embryonic stem cells into adult mammals,
frequently leads to the growth of teratocarcinomas
• the microenvironment was central to this paradigm-breaking findings: the origin
of the teratoma was a “dissonance”..
• intriguingly, putting the teratocarcinoma cells into an early mammal embryo at
the blastocyst stage.. they can generate normal tissues in viable mosaic
individuals ..
• normal offspring could result from a… cancer cell
• normal germinal stem cells who became cancerous, showed the potential to
revert to normal cells if placed in embryo

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

Cancer is increasingly being viewed as a stem cell disease.. The longknown association between cancer and chronic tissue injury, and the
more recently appreciated roles of Hedgehog and Wnt signalling
pathways in tissue regeneration, stem cell renewal and cancer
growth
suggest that carcinogenesis proceeds by misappropriating
homeostatic mechanisms that govern tissue repair and stem cell selfrenewal.

Model for carcinogenesis resulting from persistence of a
state of injury repair.
2

1

Wnt or Hh signalling

3

3

Further genetic or epigenetic change in such a
persistently activated stem cell might produce a
cancer stem cell.. aggressively propagating a CA

J Clin Invest. 2009;119(6):1417–1419.

Cancer is a wound
which never heals
Rudolf Virchow

During embryogenesis, epithelia are considered to be highly plastic and able to switch back
and forth between epithelia and mesenchyme, via the processes of EMT and mesenchymalepithelial transition (MET), respectively
.. terminally differentiated epithelia can change their phenotype (EMT  MET) under the
influence of repair-associated or pathological stress
Epithelial-mesenchymal transition
(EMT) is critical for appropriate
embryonic development… reengaged in adults during wound
healing, tissue regeneration, organ
fibrosis, and cancer progression.

J Clin Invest. 2009;119(6):1438–1449.

La télomérase est exprimée dans plus de
90% des cancers humains. Le maintien des
télomères par cette enzyme est censé protéger
l'intégrité du génome dans les cellules
néoplasiques. Néanmoins, de nombreuses
tumeurs exprimant la télomérase
présentent une instabilité chromosomique
déclenchée par courts télomères
dysfonctionnels, ce qui implique que la
télomérase n'est pas suffisante...

REMARK
• Those who adhere to the paradigm of stochastic
mutations
• and more generally to a linear and gene-centric
model of DNA have obviously some difficulty to
accept all this…

Ontogeny

Philogeny

Ancestral cablage
Brodmann areas

Individual cablage
The human Connectome

(I) The building of the hardware
is under genetic control

(Ib) The building of the software (the
connectome) is epigenetically modulated

Neurodegenerative diseases

Neurodevelopmental disorders
Neuropsychiatric diseases

1980 1 : 1500

2002 1 : 150

2014 1 : 68

2006 1 : 110
2008 1 : 88

2014 1 : 68
http://arstechnica.com/science/2012/04/new-autism-studies-find-new-mutations-many-genes-behind-the-disorder/

Newschaffer CJ, Croen LA, Daniels J et al. The epidemiology of autism spectrum disorders . Annu
Rev Public Health. 2007;28:235–58.

Reports of autism cases per 1,000 children
grew dramatically in the U.S. from 1996 to 2007

Many
scientists and researchers claim that Autism is the fastest-growing developmental disorder
http://www.autismconsortium.org/blog/detail/cdc-releases-new-prevalence-numbers-of-1-in-68-for-asd

AUTISM
(ASD :Autism Spectrum Disorders)
ASD is the fastest-growing developmental disorder in the world,
the prevalence of diagnosis having increased by 600% over
the last 20 years
New diagnosed cases (incidence) in US increased from 15,580 in 1992
to 163.773 in 2003
The estimated prevalence is
of 8-12 cases/1000
children (2012)

Centre for Disease Control (CDC)
Autism and Developmental Disabilities Monitoring Network 2014

1 of 68 children aged 8 years had been diagnosed as autistic
.

Prevalence of Autism Spectrum Disorders in EU: 0,62 - 0,7%
Autism. Lai MC, Lombardo MV, Baron-Cohen S. Lancet. 2014 Mar.
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A Silent Pandemic
Grandjean P.

Industrial Chemicals Are Impairing
The Brain Development of Children Worldwide

Landrigan Ph

For immediate release: Tuesday, November 7, 2006

*

**

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

Seven years ago two well known experts in Environmental Health,
a pediatrician and an epidemiologist, launched an alarm from the
pages of the Lancet, saying that a silent pandemic of ADHD, autism
and other neurodevelopmental disorders was spreading also due
to the shortage of funds in this area of research

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, tetrachloroethylene,
dichlorodiphenyltrichloroethane,, and the polybrominated diphenyl ethers.
We postulate that even more neurotoxicants remain undiscovered

?

Neuropathology (autopsy and imaging) studies of brains of individuals with autism found evidence of
dysregulated neurogenesis, neuronal migration and neuronal maturation .. processes that generally
occur in the first half of pregnancy. Figure shows windows of critical periods indicated by evidence from
epidemiological studies of environmental factors demonstrating an association with ASDs.
Int J Epidemiol. 2014 Apr; 43(2): 443–464.

Neurodevelopmental Disorders and Prenatal Residential Proximity
to Agricultural Pesticides: The CHARGE Study
Janie F. Shelton,1 Estella M. Geraghty

Environ Health Perspect; DOI:10.1289/ehp.1307044: 23 June 2014

970 participants, California Pesticide Use Report (1997-2008) linked to the addresses
during pregnancy. Pounds of active ingredient …
aggregated within 1.25km, 1.5km, and 1.75km buffer distances from the home

•Organophosphates higher 3rd trimester expos: 60% increased risk ASD
•Pyrethroid insecticide just prior to conception or for 3rd trimester at greater

risk for both ASD and DD (developmental delay)
•Carbamate: risk for DD increased (Arprocarb : Undene, Propoxur = Baygon).
De grandes études de cohorte ont documenté le lien entre
l'exposition précoce aux pesticides et les troubles du spectre autistique

Giuseppe Giordano
ISDE Palermo

L’autisme, une épidémie ?

Estimating Burden and Disease Costs of Exposure to EDCs in the EU:
" The neurodevelopment panel estimated a strong probability (70–100%)
that each year in Europe, 13.0 million IQ points are lost (sensitivity
analysis, 4.24–17.1 million) due to prenatal organophosphate exposure"

Pre or postnatal exposure ?

Dioxines & Furans
Incinerators, landfills.. primitive
waste recycle, etc.

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).
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

Pre or postnatal exposure ?

PCBs

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.
Giuseppe Giordano ISDE Palermo

Living near a freeway, based on the location of the birth,
and third trimester address, and autism

PM2.5, PM10, and NO2 at residences were higher in children with autism.
The magnitude of these associations appear to be most pronounced during late
gestation (OR=1.98, 95%CI 1.20–3.31) and early life / first year of life (OR=1.98, 95%CI
1.20–3.31)

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

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 Psychiatry. Published online March 25, 2015. doi:10.1001/jamapsychiatry.2015.57

We detected a dose-response
relationship between
increased prenatal PAH
exposure (measured in the
third trimester but thought to
index exposure
for all of gestation) and
reductions of the white
matter surface in later
childhood that were confined
almost exclusively to the left
hemisphere of the brain and
that involved almost its entire
surface
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It is well established that the regulation of epigenetic factors, including chromatin reorganization, histone modifications, DNA
methylation, and miRNA regulation, is critical for the normal development and functioning of the human brain.
There are a number of maternal factors influencing epigenetic pathways such as lifestyle, including diet, alcohol consumption, and
smoking, as well as age and infections (viral or bacterial).
Genetic and metabolic alterations such as obesity, gestational diabetes mellitus (GDM), and thyroidism alter epigenetic
mechanisms, thereby contributing to neurodevelopmental disorders (NDs) such as embryonic neural tube defects (NTDs), autism,
Down’s syndrome, Rett syndrome, and later onset of neuropsychological deficits.
This review comprehensively describes the recent findings in the epigenetic landscape contributing to altered molecular profiles
resulting in NDs. Furthermore, we will discuss potential avenues for future research to identify diagnostic markers and therapeutic
epi-drugs to reverse these abnormalities in the brain as epigenetic marks are plastic and reversible in nature.

Figure 1 Smoking in mothers alters neurodevelopmental processes in the fetus. Maternal smoking alters the DNA methylation
of genes involved in placental and fetal development, leading to neurodevelopmental disorders in the offspring.

Exposure of the germline to nicotine
produces epigenetic changes in the
germline... they are permanent, and
passed from one generation to the next

F2 Epigenetic targets of alcohol exposure in the fetus. Gestational alcohol exposure induces histone modification, alteration in DNA methylation
pattern and miRNA targets, and expression of genes associated with fetal developmental process, leading to neurodevelopmental disorders.

F3 Effect of maternal dietary deficiency on fetal development.
The absence of essential dietary supplements in maternal diet during gestation leads to a disruption in metabolic pathways and several
epigenetic alterations in the fetus, triggering abnormal uterine development and neurodevelopmental disorders.

F4 Effect of maternal metabolic conditions on fetal development.
Metabolic conditions at gestation such as GDM, obesity, and hypothyroidism induce epigenetic alterations in the fetus, leading to a series of
metabolic and immunogenic changes triggering neuroanatomical and neuropsychological deficits in the developing brain.

F5 Several lifestyle-related metabolic factors and infection at gestation play a critical role in the epigenetic modification and in turn the altered
expression of many genes associated with abnormal fetal development. This may lead to a series of neurodevelopmental disorders in the offspring.

©2015 by American Physiological Society

Possible mechanisms mediating the pathological effects of maternal infection on the developing organism in utero

cytokines

stress hormones

Marie A. Labouesse et al. Am J Physiol Regul Integr Comp Physiol 2015;309:R1-R12

Maternal immune activation and abnormal brain development across
CNS disorders
Nature Reviews Neurology 10, 643–660 (2014)

Epidemiological studies have shown a clear association between maternal infection and
schizophrenia or autism in the progeny.
Animal models have revealed maternal immune activation (mIA) to be a profound risk factor
for neurochemical and behavioural abnormalities in the offspring.

Infection but also environmental stressors during gestation/early life activate microglia,
perturbing neuronal development, thereby setting the stage for vulnerability for later
psychotic disorders.
A second hit, such as endocrine changes, stress, or infection, could further activate microglia,
leading to functional abnormalities of the neuronal circuitry in the brain and psychosis

Hypothesis for neuroimmune
interactions in triggering the
development of ASD.
This hypothesis considers the presence of
environmental risk factors during
pregnancy, followed by
immunoneuroendocrine response from
the mother to the developing
embryo/fetus.
The risk factors (such as VPA) would
influence central and peripheral neural
responses in the context of a crosstalk
with the immune system, followed by
gradual changes in neural plasticity and
function, resulting in behavioral
impairment during development,
ultimately leading to ASD.

Evidence for neuroimmune interactions
in autism spectrum disorder (ASD).
Blood and postmortem brain alterations
in individuals with ASD.
(1) Antibody production in blood against
brain antigens.
(2) Brain cell infiltration of Th1
lymphocytes, monocytes and mast cells.
(3) Increase in blood brain barrier (BBB)
permeability.
(4) Increase in IgG and IgM levels.
(5) Less antioxidant defenses. Increase in
oxidative stress.
(6) Changes in cytokine levels.
(7) Decrease in cell adhesion molecules,
such as Selectins and PCAM-1.
All these alterations can promote
neuroinflammation, followed by neuron–
glial response and brain connectivity
dysfunction that ultimately can influence
behavioral features in ASD.

There has been growing evidence that BBB disruption is associated with brain inflammatory conditions such as
Alzheimer’s disease and multiple sclerosis.
Considering the increasing role of inflammation and oxidative stress in the pathophysiology of bipolar disorder
(BD), here we propose a novel model wherein transient or persistent disruption of BBB integrity is associated
with decreased CNS protection and increased permeability of proinflammatory (e.g., cytokines, reactive oxygen
species) substances from the peripheral blood into the brain.
These events would trigger the activation of microglial cells and promote localized damage to oligodendrocytes
and the myelin sheath, ultimately compromising myelination and the integrity of neural circuits.

Proposed model of blood-brain barrier
(BBB) disruption in bipolar disorder

Increased BBB permeability through the endothelial cells (pink) and basal membrane (dark pink) may facilitate increased
migration of inflammatory molecules into the brain. Activation of microglial cells (light orange) and an increase in reactive
oxygen species (ROS) would amplify neuroinflammatory processes and ultimately induce damage in the myelin sheath, either
directly via lipid/protein oxidation or indirectly via oligodendrocyte dysfunction (dark orange)

When Brian Dias became a father last October, he was, like any new parent, mindful of the
enormous responsibility that lay before him... But, unlike most new parents, Dias was also
aware of the influence of his past experiences — not to mention those of his parents, his
grandparents and beyond, whether they smoked, endured famine or fought in a war. As a
postdoc he had spent much of the two years before studying these kinds of questions in mice:
specifically, he looked at how fear associated with a particular smell affects the animals and
leaves an imprint on the brains of their descendants.

Nature Neuroscience 17, 2–4 (2014)

A study shows that when
mice are taught to fear an
odor, both their offspring
and the next generation
are born fearing it.
The gene for an olfactory
receptor activated by the
odor
is specifically
demethylated in the germ
line and the olfactory
circuits for detecting the
odor are enhanced

What is most striking is that the same CNVs
have been found, at least in some cases, in the
semen of parents, showing that autism could
be the consequence
of a parental exposure to pollutants
and a transgenerational transmission: which
could provide an explanation for the
unremitting "pandemic" increase of these
disorders.

All that said .. it is absolutely necessary to reconsider
the problem of many early environmental exposures
or even gametic, and their possible synergy ..
which can induce an epigenetic instability,

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

A similar situation is emerging from CNV
studies of schizophrenia. There is a high
frequency of de novo CNVs.. a large
heterogeneity in rare variants…
Which indicates that similar pathways
may be involved in phenotypically
distinct outcomes

Highlights
1) 27 Recurrent DSB clusters
(RDCs) are identified
in neural stem/progenitor
cells
2) All RDCs are within genes,
most of which are long,
transcribed, and late
replicating
3) Most RDC genes are
involved in synapse function
and/or neural cell adhesion
4) A nucleotide-resolution
view of replication
stress-associated
fragile sites is provided
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The Penrose–Hameroff theory of “orchestrated objective
reduction (Orch OR)”

The Penrose–
Hameroff theory of
“orchestrated
objective reduction
(Orch OR)” identifies
discrete conscious
moments with
quantum
computations in
microtubules inside
brain neurons

THOUGHTS

As observers, we are
personally involved with
the creation of our own
reality…
Physicists are being forced
to admit that the universe is
a “mental” construction…
the universe begins to look
more like a great thought
than like a great machine.
Mind no longer appears to
be an accidental intruder..
we ought rather hail it as
the creator and governor of
the realm of matter
R.C. Henry The Mental
Universe Nature
436:29,2005

http://www.collective-evolution.com/2014/11/11/consciousness-creates-reality-physicists-admit-the-universe-is-immaterial-mental-spiritual/

“All matter originates and exists only by virtue of a force which brings the particle of
an atom to vibration and holds this most minute solar system of the atom together.
We must assume behind this force the existence of a conscious and intelligent mind.
This mind is the matrix of all matter.”
“The external world of physics has thus become a world of shadows.
In removing our illusions we have removed the substance, for indeed
we have seen that substance is one of the greatest of our illusions..
In the world of physics we watch a shadowgraph performance of the
drama of familiar life. The shadow of my elbow rests on the shadow
table as the shadow ink flows over the shadow paper.
It is all symbolic, and as a symbol the physicist leaves it.
Then comes the alchemist Mind who transmutes the symbols.
The sparsely spread nuclei of electric force become a tangible solid;
their restless agitation becomes the warmth of summer; the octave
of aethereal vibrations becomes a gorgeous rainbow…
The frank realization that physical science is concerned with a world
of shadows is one of the most significant of recent advances".
Eddington A. The Nature of the Physical World (1928)

“I regard the physical world as made of information,
with energy and matter as incidentals." - John Wheeler

http://wsimag.com/science-and-technology/20365-the-intuitive-evidence-of-being-awareness
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