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We are currently facing a paradigm shift in biomedicine

For the last 50 years it was agreed to consider DNA as the code
and the key project for the assembly of our phenotype.
In the last ten years and especially since the appearance of the first
molecular epigenetic studies we have begun to understand
that the construction of the phenotype is the result of the interaction
between the information coming from the environment
and the information deeply inscribed inside the DNA
thanks to a very complex molecular network
surrounding DNA: the epigenome

Therefore it can be argued that there is no stable change in our
phenotype (both physiological and pathological) which is not
- environmentally induced
- modulated by the epigenome
- conditioned by the DNA

Other key concepts (obviously interdependent) are:
- developmental plasticity
- fetal programming
allow ing us to understand how the fetus epigenetically program
(for life) all its cells in a predictive and adaptive way
responding to information coming from the environment
(through the mother bias )

It is important to note that in this period
incorrect information ( pollutants, endocrine disruptors ..) and /or
discrepancies between the information that the baby receives before and after
birth (mismatch)
may create epigenetically bad programmed cells (including gametes), thus
causing chronic diseases in adulthood or even in subsequent generations

This theory (DOHaD Developmental Origins of Health and Disease)
could help us to explain the current epidemiological transition ..
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Eventually, during the last years, the fetal programming mismatch theory
has been transformed from a theory essentially useful to explain the
pathogenic mechanisms causing certain diseases of adulthood,
into the key-model theory of the embryo-fetal origins of adult diseases
(DOHA-Developmental Origins of Health and Diseases)
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Let’s start by the
seventh key word
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The XXth Century
Epidemiological transition

Barker Hypothesis (1989)
Insulino-resistance
Diabetes
Cardiovascular Diseases

… from a prevalence of acute exogenous (infectious and parasitic)
to a prevalence of chronic endogenous diseases (immuno-mediate,
neurodegenerative, neuro-endocrine, cardiovascular and neoplastic)
c
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The Obesity
and Diabesity
Pandemics

For the first time in human history, the number of overweight people rivals the
number of underweight people.… While the world’s underfed population has
slightly declined since 1980 to 1.1 billion,
the number of overweight people has surged to 1.1 billion

.. a pandemic of obesity / diabesity?

Obesity is not a disease due
to accumulation of fat in
adipose tissue, but a
progressive systemic
endocrinopathy affecting
hypothalamus, pituitary and
adrenal gland, adipose tissue,
muscles ..

Obesity Trends* Among U.S. Adults 1985

In the next 6 slides
(taken from JAMA)
we’ll follow, in quick
succession, the
dramatic, TRULY
EPIDEMIC SPREAD

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

4

26/05/2015

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.
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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

Today the
situation
has
deteriorated:
65% of
Americans
Source:
Mokdad
A H, et
al.further
J Am Med
Assoc 1999;282:16,
2001;286:10.
are overweight, 35% morbidly obese
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The Childhood Obesity Epidemic
Matthew W. Gillman, MD, SM

US DHHS, 2001; Hedley et al., 2004; Ogden et al., 2006, 2008
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Many scientists and researchers claim that Autism is
the fastest-growing developmental disorder in the world,
with the prevalence of diagnosis having increased
by 600 per cent over the last 20 years.. And from
1:1500 to 1:80 children in US in the last 30 years

1980 1 : 1500
2002 1 : 150
2006 1 : 110

2014 1 : 68

2008 1 : 88
2014 1 : 68

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

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

In 1997, the prevalence in the US was 2.32 million

Alzheimer_and_other_dementias_world_map_-_DALY_-_WHO2004_svg
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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 ..

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

Cancer incidence in childhood and adolescence - EUROPE
( 1970-1999)

latency

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

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

Notes on the epigenetic (transplacental and
transgenerational) origins of childhood cancer
ERNESTO BURGIO
ECERI - European Cancer and
Environment Research Institute
ISDE Scientific Committee
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Fetal programming

Epigenetic versus genetic origins of
health and diseases: the 7 key words
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Evolutionary Medicine
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At this point,having quickly mapped out the
dramatic epidemiological transition underway,
we can briefly examine the other 6 key words ..
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Mismatch/DOHA
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XX Century
Epidemiologic
Transition

1
From Genetics
to Epigenetics
Is DNA a sort of Project
inscribed in our cells?

The first keyword: Epigenetics

Mitotic chromosome

Heterochromatin

Euchromatin
Interphase chromosome
Our proposal is not to consider epigenetics just as a (minor) part of genetics
(the marks of DNA, the histone modifications, the interference of microRNAs modulating
in various ways the transcription and translation of the message contained in the DNA),
but to recognize in the study of epigenetics the most appropriate and powerful tool to
build up a new systemic and molecular model of genome, finally understood as a
dynamic and fluid network which can interact inside itself and with the outside
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The
Central
Dogma
of
Molecular
Biology
depicts
one
directionflow of
genetic
information

A)The Central Dogma

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

©2009 by The Royal Society

Bromham L Biol. Lett. 2009;5:503-505
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Le Dogme Central de Crick: Une fois l'information a
pénétré dans une protéine ne peut pas sortir à
nouveau (one direction-linear flow of information)

Pour citer le biologiste moléculaire Richard C. Strohmann : l'ère de Watson et Crick, qui a commencé comme
une théorie du gène a évolué à tort dans une théorie et le paradigme de la vie: c'est a dire,
dans une forme revivifiée et soigneusement moléculaire du déterminisme génétique

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

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

Strohman R. , April 2001 Beyond genetic determinism

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
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we now know that things are quite different:
information flow is circular between genome and
environment

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

SYSTEMS
GENOMICS
(BIOLOGY)

REVERSE
TRANSCRIPTION

GRNetworks

TRANSPOSABLE ELEMENTS

NATURAL GENETIC ENGINEERING

TRANSCRIPTION
FACTORS
(and COFACTORS)

EPIGENETIC
CHANGES

The “Fluid
Genome”
ENVIRONMENT

..configuring a new model of genomic molecular network composed by DNA, epigenome, proteome
sequences communicating in cis and trans
and, above all, reactive /interactive (in a continuous dialogue with the environment)

VIRUSESs
Hormons
Xenobiotics
CEM

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

DNA
double
helix
(2-nm
diameter)

Euchromatin
Histones

“Beads on
a string”

Nucleosome
(10-nm diameter)

Nuclear DNA is
normally tightly
wrapped around
histones

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
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