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The Childhood Obesity Epidemic

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

Yet the most dramatic increase
concerns children and adolescents



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

Genetics: 2 DQ2 – DQ8
(CELIAC Disease)

2 Low Grade Inflammation
GUT PERMEABILITY

3 GUT ECOSYSTEM



CA incidence in childhood and adolescence IN EUROPE ( 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 - for all cancers in the very first year of life (apparently due to transplacental or even trans-generational exposure)

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

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



A Silent Pandemic
Industrial Chemicals Are Impairing

The Brain Development of Children Worldwide
For immediate release: Tuesday, November 7, 2006

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

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

Grandjean P. Landrigan Ph



In fact the reports of autism cases per 1,000 children had increased
dramatically over the years in the U.S. from 1996 to 2007

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



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 was of
8-12 cases/1000 children in 2012..

Chart showing the increase in autism
diagnosis (A) versus all disabilities (B)
(statistics based on data from the
National Center for Health Statistics)





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

2014 1 : 68

2014 1 : 68

2008 1 : 88

2006 1 : 110

2002  1 : 150

1980  1 : 1500



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

The same two authors returned to the problem seven years later,
with a broad review published the Lancet Neurology (2014)



Autism. Lai MC, Lombardo MV, Baron-Cohen S. Lancet. 2014 Mar.

.

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%

1:119 Finlandia Mattila et al., 2011

1:87 Svezia Idring et al., 2012

1:59 Gran Bretagna Russel et al., 2014

And it is
increasingly
evident that
the increase
continues
unabated







.. yet many continue to define
autism (and schizophrenia) as
"genetic" diseases !!??!!

As in this case: The risk of autism
connected to unexpected exonic
mutations ...!!??!!



..or here: Autistic children
have > 3 mutations
if compared to unaffected
siblings ...!!??!!



…or in this case: new
mutations disturbing motor
functions could be important
in autism ...!!??!!



Heritability estimates ranged from
81.2%(73.9%-85.3%) to 82.7%
(79.1%- 86.0%). Maternal effect was
estimated to range from 0.4% to 1.6%.



Autism, ADHD
and OCD have
common
symptoms
and are linked
by some of
the same
genes.

Yet they have
always been
considered
as separate
disorders

a continuum…



Adolescence is a time of increasing vulnerability for severe
mental health disorders such as depression.
Epidemiological studies show that the incidence of new
cases of depression drastically increases with puberty..
Importantly, there is growing evidence that sleep
disturbance in adolescence may predict the development of
depression.. In addition to the increase in the prevalence of
depression with the transition from childhood to
adolescence, there is also a secular trend of an increasing
incidence of depression during adolescence since the 1960s



http://psychcentral.com/blog/archives/2009/10/05/prevalence-of-common-mental-disorders/

http://www.slideshare.net/CMoondog/depression-powerpoint-13945746



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 are living with the disease.
15-20 million more Americans will be diagnosed by 2040

An equally dramatic
trend show
neurodegenerative
diseases and
in particular

Alzheimer's
disease
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to
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Evolution of DOHaD: the impact of environmental hazards
on the origins of current “pandemics”

It has been well known for many years that prenatal life is not fully protected in the uterine microenvironment. But only over the last decade
we have been focusing on mechanisms and modalities of maternal and foetal exposure to an impressive range of chemicals (eg .: endocrine
disruptors) , physical factors (eg .:EMFs) and biological agents (eg .: viruses) able to induce potentially adaptive and predictive epigenetic
changes in the embryo-fetal genome, thus interfering with the programming of tissues and organs in an often irreversible way.



The key-term in this context is
certainly primary prevention



The gift our mothers
never wanted to give us

CHEMICAL FALL OUT

ULTRAFINE PARTICLESENDOCRINE DISRUPTORS 1
2 3

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

HEAVY METALS

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



Giuseppe Giordano

Monitoring Body-Burdens

> 700 different synthetic chemicals or heavy metals
are found in the cord blood and in the placenta.

POPs



ERNESTO BURGIO
ECERI - European Cancer and
Environment Research Institute

A significant, dramatic case: for some years I have been invited to
Martinique, a small paradise in the Atlantic Ocean,  to investigate the
origins of the continuous increase of Cancer (in Martinique there is the
world record of prostate CA) and Autism in children…

Last year, at the last congress, I asked three questions:



Question 1
• To what extent the exposure

of moms and fetuses to
endocrine disruptors and other
epigenotoxic molecules that
interfere with fetal
programming represents
a serious threat to the health
of children and future
generations ?

https://www.sciencedirect.com/science/article/pii/S0303720711006356



Question 2

What is the role of the ever increasing
exposure of moms and fetuses to epi-
genotoxic molecules in the genesis of
the current Epidemiological Transition:
Pandemics of obesity and juvenile
diabetes 2 , continuous increase in
allergic and autoimmune diseases,
neuro-developmental disorders,
neurodegenerative diseases and
cancer (especially in infants and young
people)?

http://www.env-health.org/news/latest-news/article/health-costs-in-the-eu-how-much-is



Question 3
Can we still doubt that the presence for many
years of epi-genotoxic molecules such as
dioxin in Seveso or Taranto and chlordecone
in Martinique and Guadeloupe..

in the food chains and aquifers of a country
and therefore in the organisms of young
people at the age of procreating and in their
gametes is a primary cause of poor fetal
tissue and organ programming and thus of
increasing tumors’ rates (especially prostate
cancer) and neurodevelopmental disorders?

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



• Kepone (Chlordecone) is an obsolete insecticide
related to Mirex and DDT: Martinique is heavily
contaminated, following years of its unrestricted
use in the banana plantations

• It is a known Persistent Organic Pollutant (POP),
classified among the "dirty dozen": its use was so
disastrous that it is now banned in the Western
World by the Stockholm Convention on Persistent
Organic Pollutants (2011) but only after many
millions of kilograms had been produced

• Kepone bio-accumulates in animals and food-
chains by factors up to a million-fold

• Workers with repeated exposure suffer severe
convulsions resulting from degradation of the
synaptic junctions.



This is an official website of the European Community that lists many studies related to
the problem of maternal-fetal exposure to pollutants and toxics (in particular to
pesticides): scientists found that all xenobiotics cross the placental barrier by passive
diffusion and reach the fetus..... In the main fetal organs (especially in the blood, spleen,
bone marrow, brain and liver) the concentration of these pesticides is higher than in the
corresponding maternal organs. The implications are of great significance: the
accumulation of these compounds in the fetal tissues will have an impact on the
development of the child's immune and nervous systems

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



Choriocarcinoma

In fact placental alterations are
more and more frequent

1

The placenta accreta is an insertion/invasion of/by the
placenta into maternal tissues: there are three types according
to the insertion depth into the endo/myometrium
- the proper placenta accreta : the villi  penetrate more or less
deeply into the myometrium;
- the placenta increta: the villi invade the whole myometrium;
- the placenta percreta: the villi go beyond the myometrium,
sometimes invading neighboring organs (bladder) ...

... it is, in fact, as if the (immunological) mechanisms of
maternal-fetal tolerance were weakening !
... we must not forget that the placenta is largely an embryo-
fetal organ (that the embryo himself produces to connect
to the mother to get oxygen, nutrition, information... certainly
not to invade her)

(evolutionary mechanisms that are millions of years old)



2 ... even more common all over the world
has become prematurity (today one child
out of 10 is born prematurely ... which
represents an increase of 30% over the
last 35 years ....) .. another symptom of
growing maternal-fetal intolerance that
should not be underestimated..

L'INSERM today defines different stages of
prematurity:
extremely preterm (less than 28 weeks)
very preterm (28 to 32 weeks)
moderate to late preterm (32 to 37 weeks).



Chlordecone is an organochlorine pesticide that has been widely used ... in the French West Indies. Data from the Timoun
Mother-Child Cohort Study conducted in Guadeloupe between 2004 and 2007 examined combinations of chlordecone
concentrations in maternal plasma with gestational duration and preterm birth rate in 818 pregnant women ... 1-log10
increase in chlordecone concentration was associated with decreased duration of pregnancy (-0.27 weeks, 95% confidence
interval: -0.50, -0.03) and increased risk premature labor (60%; 130). ... These results are relevant to public health because
of the prolonged persistence of Chlordecone in the environment and the high rate of preterm birth in this population.



In such a
context, the
organ that
acquires a truly
extraordinary
importance is
the PLACENTA:
an organ that
has been poorly
studied until a
few years ago
and that
emerges as
a sort of
"Black Box" for
epigenetically
programming
fetal tissues and
organs



For all these reasons we’ve got an important funding from the Italian Ministry of Health for a major project
to study the placentas (especially from Taranto, the city with the largest iron and steel plant in Europe):
- Mass spectrometry (IZS - Bologna)
- Immunohistochemistry (University of Cagliari)
- Epigenetics (University of Pisa)
- Mitochondria (University of Milan)
- Metabolomics (University of Cagliari)
- follow-up of children at risk by the Italian Federation of Pediatricians (FIMP): - early diagnosis !! - personalized treatment !!



(reconnaissables dans les
premières années de la vie)

.. since every intrauterine adverse
events might interfere permanently
with the epigenetic programming
of organs and tissues (DOHaD theory)

But most importantly, it is becoming increasingly obvious that the most serious consequences of the increasing embryo-foetal
exposure to toxics will become evident after decades (and sometimes only in the following generations)



Fetal programming

1

3

2

Ontogeny*

Phylogeny*

Developmental Plasticity

Devo Evo

4

Epi-genetic
Mismatch
DOHA

6

7

XXI Century
Epidemiological

Transition

Environment

From Genetics
to Epigenetics

Evolutionary
Medicine

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

The 7 keywords: from genetics to epigenetics

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

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 three-
dimensional structure
(Chromatin)

5



istoni
repressivi

istoni
attivi

REGOLAZIONE EPIGENETICA

PROTEOMICA

NUCLEOSOMI

Geni Attivi



I microRNA (miRNA) comprendono una specie di RNA corto non codificante che regola
l'espressione genica a livello post-trascrizionale

1,5-2%

90 %



… a technical term that refers to the
capability and, at the same time, the
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..

Dioxin and
Dioxin-like
molecules

(Ultra)-fine
particles

Heavy  Metals

Polycyclic Aromatic
Hydrocarbons (PAH)

Benzene

1

2

3

The third key word is fetal programming …

MATERNAL
STRESS

ONTOGENY



Fetal Programming

Differentiation

epi-mutations

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)

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 ..)

1
2

Nature 447, 425-432 (24 May 2007)

The fourth keyword is developmental plasticity Cellular Differentiation: an epigentic process

Developmental
PLASTICITY

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
morpho-
functional
characteristics)
..

3

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

**



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

The fourth keyword is developmental plasticity

Neuroblasto

Linfoblasto

Committed
Cells



The Epigenome learns from its
experiences

• Epigenetic tags act as a kind of cellular
memory.

• A cell's epigenetic profile -- a collection of
tags that tell genes whether to be on or off
-- is the sum of the signals it has received
during its lifetime

http://learn.genetics.utah.edu/content/epigenetics/epi_learns/



Brodmann areas

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

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

The human Connectome

Neurodevelopmental disorders

Neuro-psychiatric diseases
Neurodegenerative diseases

Ancestral cablage Individual cablage



EXPOSOMA



Neurogenesi

??STAMINALI



Embrionali Adulte

STAMINALI



NEURONE

ASTROCITI OLIGODENDROCITI

NICHE

Arch Biochem Biophys. 2013 Jun;534(1-2):71-87.

Neural stem cell survival factors.
Ramasamy S et al.



STEM CELL NICHE



G0

1-U s c i t a  d a l  c i c l o



G0

1-U s c i t a  d a l  c i c l o

2-Proliferazione



G0

1-U s c i t a  d a l  c i c l o

2-Proliferazione

3-Migrazione



G0

1-U s c i t a  d a l  c i c l o

2-Proliferazione

3-Migrazione

4-Differenziamento



Fattori di sopravvivenza

Fattori di
crescita

Morfogeni

Proteoglicani

Citochine

Ormoni

NEURONE

ASTROCITI OLIGODENDROCITI



METILAZIONE

ISTONI

RNA

RNA
RNA

RNA



Brain plasticity and modulation of its structure and its functions

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

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

The Individual wiring

Disturbing the CONNECTOME INSTRUCTION



Sistema di navigazione
Navigator

Dove andare ?
A che velocità ?

Secondo quale strategia ?



Controlli EPIGENETICI

Neurosci Res. 2014 Sep;86:3-13.
50 years of research on the phenomena
and epigenetic mechanism of neurogenesis.
Fujita S. In 1960s,



Substrato migratorio



Morfogeno

Morfogeno

Morfogeno

SIGNALS
Nature. 2001 Oct 25;413(6858):797-803.
Morphogen gradient interpretation.

Gurdon JB, Bourillot PY

Dev Cell. 2002 Jun;2(6):785-96.
Do morphogen gradients arise
by diffusion?

Lander AD, Nie Q, Wan FY.



MIGRATION ROAD

1018

Un milardo di miliardi
Neuroblasti in migrazione



APOPTOSI



Timeline of Key
Human
Neurodevelopmental
Processes and
Functional
Milestones **

Silbereis JC, Pochareddy S, Zhu Y, Li M, Sestan N. The Cellular and Molecular Landscapes of the Developing Human Central Nervous System. Neuron. 2016;89(2):248–268. doi:10.1016/j.neuron.2015.12.008

postnatal years (y).

Post-conceptional days (pcd),

Post-conceptional weeks (pcw)

Synaptogenesis’ beginning
between 10 and 20 weeks

.. Most of the
neuronogenesis of
the central
nervous system
(about 86.1 billion
neurons) occurs in
781 days, from
32nd to 813th day
from conception
[234 prenatal +
547 postnatal
days: up to the
18th post-natal
month] which
means about 4.6
million neurons
generated every
hour ..

Cfr slide 117 **



Early critical periods in the development
of SYNAPTOGENESIS and brain functions

Formation of new synapses following stimulation..

The Individual wiring

Disturbing the CONNECTOME INSTRUCTION



Connessioni interneurali
dall’infante all’adulto umano



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, an excess of cell/synaptic growth rate and inhibitory
currents could increase the risk of ASD.



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 old, the brain is
about 80% of the adult size

A stegosaurus dinosaur weighed approximately 1,600 kg but had a 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 stegosaurus

Synaptogenesis



Genes 2017, 8, 150; doi:10.3390/genes8060150

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.



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

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

©2015 by American Physiological Society

stress hormones

cytokines



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



Diagrammatic representation
of how stimulation of mast
cells and microglia could lead
to multiple effects that
contribute brain
inflammation and the
pathogenesis and symptoms
of autism.

MCP, monocyte chemotactic protein



Urs Meyer

Developmental neuroinflammation and schizophrenia

Progress in Neuro-Psychopharmacology and Biological Psychiatry, Volume 42, 2013, 20–34

http://dx.doi.org/10.1016/j.pnpbp.2011.11.003



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 ?

Dioxines & Furans

Incinerators, landfills.. primitive
waste recycle, etc.



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.

PCBs



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).

Giuseppe Giordano ISDE
Palermo







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 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)



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 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



Tiny particles (UPs 0,1 ) enter the brain after
being inhaled

Oberdarster, G. et al. Translocation of
inhaled ultrafine particles to the brain.
Inhalation Toxicology (Nature Jan 2004 )

Brain cells that pick up smell can carry nanoparticles inside

http://www.nature.com/news/2004/040105/pf/040105-9_pf.html



UPs pass
easily
through
the
olfactory
nerve
and
the BBB
into
the brain



In the most
polluted cities
even dogs
have
Alzheimer's
disease



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.

And a similar condition has been
documented in the brain of young
people dead for accidental causes..
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Alzheimer’s Disease (AD)-Like Pathology in Aged Monkeys after Infantile Exposure to Environmental
Metal Lead (Pb): Evidence for a Developmental Origin and Environmental Link for AD

Environmental Trigger

Early life exposures

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

The cause for most Alzheimer's
cases is still essentially unknown
(except for 1% to 5% of cases
where genetic differences have
been identified)………….

The Journal of Neuroscience,  2008 • 28(1):3–9 • 3



Increased amyloid
A-deposition

Accumulation of  hyperphosphorylated
microtubule associated protein  “tangles”

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

Even Alzheimer's Disease
has early, fetal or infantile origins



Child Dev. 2018 Jan;89(1):129-136. doi: 10.1111/cdev.12824



Specific DNA sequences on the promoter of the HSP70 stress gene are responsive  to EMF...

Hsf-1

Synthesis of this stress protein is initiated in a region of the promoter where a transcription factor known as Heat Shock
Factor 1 (HSF-1) binds to a Heat Shock Element (HSE).
The EMF sensitive region on HSP70 promoter is upstream from the thermal domain of the promoter and is not sensitive
to increased temperature. The binding of HSF-1 to HSE occurs at −192 in the HSP70 promoter relative to the transcription
initiation site.

The EMF domain contains three nCTCTn myc-binding sites −230, −166 and −160 rela ve to the transcrip on ini a on site
and upstream of the binding sites for the heat shock (nGAAn) and serum responsive elements…. The electromagnetic
response elements (EMREs) have also been identified on the c-myc promoter and are also responsive to EMF

HSP70 stress gene

Pathophysiology
Volume 16, Issues 2-3, August 2009, Pages 71-78



Sci Rep. 2019 Feb 4;9(1):1333. doi: 10.1038/s41598-018-37372-2.

…campi ipomagnetici (HMF) influenzano la determinazione del destino cellulare…
interferendo sulla differenziazione in vitro delle cellule staminali embrionali (ESC).
…attraverso la disregolazione dell'espressione di DNA metiltransferasi 3b (Dnmt3b),
con conseguente metilazione incompleta del DNA



Sci Adv. 2019 Jan 30;5(1):eaau7201. doi: 10.1126/sciadv.aau7201.

Campi magnetici statici deboli (WMF <1 mT) producono
alterazioni della proliferazione delle cellule staminali
e della successiva differenziazione attraverso cambiamenti
nell‘accumulo di specie reattive dell'ossigeno (ROS) e
nell'espressione della proteina di shock termico 70 (Hsp70).

Questi dati rivelano che sulla base della forza del campo,
l'esposizione al WMF può aumentare o diminuire
la formazione di nuovo tessuto in vivo...





Francisco_de_Goya,_Saturno_devo
rando_a_su_hijo_(1819-1823)

Child abuse is an
environmental factor that
leaves an epigenetic mark on
the brain

In a comparison of suicide
victims who were abused or
not, only the abused victims
had an epigenetic tag on the
GR gene

Interestingly, the GR gene
receives a similar epigenetic
tag in rat pups who receive
low quality care from their
mothers.

http://learn.genetics.utah.edu/content/epigenetics/brain/

Abuse Leaves Its Mark on the Brain
http://news.sciencemag.org/biology/2009/02/abuse-leaves-its-mark-brain









Maternal care influences the
programming of the
hypothalamic-pituitary-
adrenal Axis (HPA) through
epigenetic programming of
glucocorticoid receptors
expression...

We found a greatly increased
methylation of cytosine in
the promoter of a gene
codifying for a
Glucocorticoids-Neuro-
Receptor (NR3C1) in the
hippocampus  of suicide
victims with a history  of
childhood abuse .. (post-
mortem examinations)



Another transgenerational
effect, is based on a broad
longitudinal cohort study

(Nurses' Health Study II)
which identified maternal
exposure to abuse in early
childhood (!!) as a risk factor
for having a child with autism e
(Nurses 'Health Study II)



L. Stuppia, Genetica Medica Università “G. d’Annunzio” Chieti-Pescara



The Holocaust left its visible and invisible marks not only
on the survivors, but also on their children. Instead of
numbers tattooed on their forearms, however, they may
have been marked epigenetically with a chemical coating
upon their chromosomes, which would represent a kind of
biological memory of what the parents experienced.



Childhood Adversity Effects on FKBP5
Intron 7 Methylation in Offspring



FROM BREAST MILK TO BRAIN

Hosseini SM Neurol Res Int 2014

Differentiation of breast-milk stem
cells to neural stem cells and neurons

Neurons

Oligodendrocytes

Astrocytes

Metabolomica liquido
cellule staminali



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

Please pay attention to
this date (1996-1997)



Please pay attention to
this date (1996-1997)



The microbiome is the most powerful "epigenetic internal modulator" of early childhood
A quick search for “Microbiome” in scientific journals online demonstrates how significantly
this field of research has been growing over the past ten years

Please pay attention to
this date (1996-1997)



Published papers about Endocrine Disruptors
between 1993 and november 2006 (Gies)

Colborn, vom Saal, Soto (1993): EHP

Endocrine Disruptors

EDCs are among the most powerful epigenetic perturbators of
development (cell differentiation) (pseudo-morphogens)

Please pay attention to
this date (1996-1997)



Silbereis JC, Pochareddy S, Zhu Y, Li M, Sestan N. The Cellular and Molecular Landscapes of the Developing Human Central Nervous System. Neuron. 2016;89(2):248–268. doi:10.1016/j.neuron.2015.12.008

Psychiatric and Neurological disorders Have Discrete Ages of Onset (but represent a continuum)..
the most interesting and mysterious aspect of the DOHaD model is that their origin is during the fetal-embryo period
(fetal programming) as for all other chronic diseases that are dramatically increasing in the world (Obesity & Diabetes 2..
Allergies & Autoimmune diseases.. Cancer..) ... which means: EPIGENETICS > GENETICS

OBESITY &….. DIABETES 2..
ALLERGIES &……….. AUTOIMMUNE DISEASES

CHILDREN/JUVENILE CANCER

….it’s almost like a time bomb ..



Autism and autism spectrum disorders (ADS) are developmental
disorders of neural connections and of synaptogenesis
This affects the way in which the brain "processes information"

The Human Connectome Project



Cereb Cortex. 2017 Dec 1;27(12):5739-5754.

Dysregulation of Cortical Neuron DNA Methylation Profile
in Autism Spectrum Disorder.

Nardone S et al.
Bar Ilan University Faculty of Medicine, Israel.

Department of Twin Research and Genetic Epidemiology, King's College London,

Campioni di cervello
congelato da 15 casi
di ASD e 16 controlli

Banca del cervello di Harvard
Banca autismo Britannica

Corteccia prefrontale anteriore
BA10

Corteccia frontale
BA9 e BA8,

Illumina Infinium
HumanMethlation27
BeadChip
target> 450.000
siti di metilazione.

Misura dei livelli di
metilazione a 27.578
dinucleotidi CpG
in 14.495 geni.

Sono state  identificate
58 regioni differenzialmente metilate
che includevano loci associati ai geni del sistema GABAergic

Usando il 450 K BeadArray

ABAT e GABBR1
e MicroRNA specifici del cervello.



Histone/Autism: 297

DNA/Methylation/Autism:350

miRNA/Autism/: 149

Markers clinici

323

 158

373

06.09.18
01.08.18



Variation of global DNA methylation in autistic children.

The box plot shows methylation levels in healthy children (black) and
autistic children (red). ..
Here, we have demonstrated that the global methylation in autistic
children was increased compared to healthy children…
Moreover, in comparison with the time profile for methylation,
the higher methylation level is that expected of young to middle-aged
adults and this could be interpreted to suggest an abnormally
advanced methylome in autistic children.
This is reflected in that no significant difference in methylation was
found between autistic children and their parents.



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 5



Three families of human retrotransposons remain active
today: LINE1, Alu, and SVA elements. Since 1988, de
novo insertions at previously recognized disease loci have
been shown to generate highly penetrant alleles in
Mendelian disorders. Only recently has the extent of
germline-transmitted retrotransposon insertion
polymorphism (RIP) in human populations been fully
realized. Also exciting are recent studies of somatic
retrotransposition in human tissues and reports of
tumor-specific insertions

(Stochastic versus Active/Reactive
or even Pro-evolutive)



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 self-
reinforcing epigenetic pathways.

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)].



+ Somatic Hypermutation !

Kinoshita K., Honjo T. Linking class-switch recombination with somatic hypermutation
Nature Reviews Molecular Cell Biology (2001) 2, 493–503









Cell 164, February 11, 2016 ª2016 Elsevier Inc. 593

Many of the identified genes are expressed in NSPCs located in the
brain regions responsible for higher functions such as short-term
learning, and mutations in these genes in humans are associated with
(and maybe predispose to) psychiatric and neurological disorders
manifested in mind functions—autism, manic depressive and
depressive disorders, schizophrenia, and others



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





L'autismo è difficile da diagnosticare, soprattutto all'inizio della vita. Un
nuovo studio su Scientific Reports mostra che EEG (oltretutto poco costosi)
predicono accuratamente o escludono il disturbo dello spettro autistico
(ASD) in neonati di appena 3 mesi.



Gli algoritmi computazionali hanno analizzato sei diverse componenti (frequenze) dell'EEG (high
gamma, gamma, beta, alpha, theta, delta) usando una varietà di misure di complessità del
segnale.
Queste misure possono riflettere le differenze nel modo in cui il cervello è cablato e in che modo
elabora e integra le informazioni



Le differenze precoci di complessità
del segnale, mostrano molteplici
aspetti dell'attività cerebrale, e
corrispondano all'idea che l'autismo
sia un disturbo che inizia durante lo
sviluppo precoce del cervello, ma
può assumere diverse traiettorie.

I risultati sono stati sorprendenti..
l'accuratezza predittiva a 9 mesi è
stata quasi del 100%, inoltre si è
potuto prevedere la gravità dell'ASD,
come indicato dal punteggio di gravità
calibrato ADOS..









La Fig. 3 mostra la mappa di connettività semantica dei fattori in studio ottenuti con la rete neurale
Auto-CM dai dati utilizzati per generare la Tabella 2 . Il nodo di autismo, alla varianza del nodo tipico,
funge da hub (variabile con tre o più collegamenti) che riceve la convergenza da più fattori,
suggerendo l'esistenza di un effetto cumulativo multi-causale.




