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Yet the most dramatic increase
concerns children and adolescents
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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
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Trends in prevalence of asthma and

allergy in Finnish young men
http://www.bmj.com/content/330/7501/1186
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The prevalence o\f 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




THE INSIDE STORY
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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
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A Silent Pandemic

Grandjean P. Industrial Chemicals Are Impairing Landrigan Ph

The Brain Development of Children Worldwide

[L¥ L]

For immediate release: Tuesday, November 7, 2006

/‘\ A few industrial chemicals (eg, lead, methylmercury;

T H E L A N C E T polychlorinated biphenyls [PCBs], arsenic;.and toluene)

Yalame J60, lssue 552, 16 Decetber 2006-22 Decernber 2006, Meces 21 67-2170 were recognized causes of neurodevelopmental disorders and
. - subclinical brain dysfunction.

Developmental neurotoxicity of industrial chemicals

Twelve years ago two well-known

experts in Environmental Health, a
Neuradevalopmental disorders such as autisat, arentlon deficht disordet, mental retardarion, and cerebeal palsy are pediatrician and an epidemio|ogist’

comman, enatly, and can canse lifelong disabilibe Their causes are mostly unknawn. A few industrial chemicals fep,
leied, mmethyhmerury, pobchlormated biphemn s JPCBs] arsenic il Wluene) are pecugnised causes ol meure launched an alarm from the pages
developmental disorders and subclinical brain dysfunction. Exposurc to these chemicals during carly fetal deselopment | of the Lan cet, affirming that.a

can causs brain injury at doses niuch lower than these atfecting adult brain huction. Recognition of these risks Lias = -
led 1 evidence-based programmes of prevention such ac eliminafion of lead addirives in petrol. Although theee silent pandemlc of

prevention campaizns are highly successful. most wére intriated onby after substantial delays, Anether 200 chemicals neurodevelopmental disorders

are known to cavse clincal nevrcbonic effects in adulls Despale an absence of systematic testing, many additicnal

chemivals have been shuwn t be neurolosic i lboratorymodels, The woic eleus of such chemicals in the devdluping § WaAS SDreadinq, also due to the

huean brain are not known and they arc not regalated 10 peoteet children. The two main impediments to prevention Shortage of funds in this area of
of peyrodevelopmental deticits of chemical origin are the great gaps in-testing chemicals- for development

neyrronicite and the hish bevel of proof required for regulation. Mew, precatitionary appreaches that recoghice the research

uninue vulnerahility of e developing hrain are needed for festing and control of chemicals.
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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

6 -

1 §

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Newschaffer CJ, Croen LA, Daniels J et al. The epidemiology of autism spectrum disorders Annu Rev Public Health. 2007;28;235-58.
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ASD is the fastest-growing developmental disorder in the world, the prevalence
of diagnosis having increased by 600% over the last 20 years. New diagnhosed
cases (incidence) in US increased from 15,580 in 1992 to.163.773 in 2003

The estimated prevalence was of
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Figure 1. Reported prevalence of autism and autistic spectrum disorders (ASDs), by midpoint year of birth,

United Kingdom and United States, 1954-1994

United Kingdom*

60 4 o

& O ASD 00
8 ® Autism
E‘ 40 -
< 20 > ’
4] -
& oo ®
J g o » o3

0 - T T T g

1950 1980 1970 1780 1920

Midpoint year of birth

2000

United Statag™

o O
&0 -
4 ®
O
20 -
® @
0 —i T Lﬂ T T
1950 1960 1970 1980 1990

Midpoint year of birth

2000

MOTE: These graphs show prevalence estimates from 11 UK. and B U.5. studies: For studies with survey populations spanning a range of birth
years, the midpoint of the birth year fange is used.
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The Lancet Neurology, Volume 13, Issue 3, Pages 330 - 338, March 2014

Neurobehavioural effects of developmental toxicity

Philippe Grandjean, Philip] Landngan

Neurodevelopmental disabilities, including autism, attention-deficit hyperactivity disorder, dyslexia, -and other
cogmitive impairments, affect millions of children worldwide, and some diagnoses seem fo be increasing in frequency.
Industrial chemicals that injure the developing brain are among the known causes for this rise in prevalence. In 2006,
we did a systematic review and identified five industrial chemicals as developmental neurotoxicants: lead,
methylmercury, polychlorinated biphenyls, arsenic, and toluene. Since 2006, epidemiological studies have documented
six additional developmental neurotoxicants—manganese, fluoride, chlorpyrifos, dichlorodiphenyltrichloroethane,
tetrachloroethylene, and the polybrominated diphenyl ethers. We postulate that even more neurotoxicants remain
undiscovered. To control the pandemic of developmental neurotoxicity, we propose a global prevention strategy.
Untested chemicals should not be presumed to be safe to brain development;and chemicals in existing use and-all
new chemicals must therefore be tested for developmental neurotoxicity, To coordinate these efforts and to accelerate
translation of science into prevention, we propose the urgent formation of a new international clearinghouse.

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




And it is
increasingly
evident that
the'increase
continues
unabated

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 i

EU: 0,62 -0,7%

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

1:119 Finlandia

1:87 Svezia

Mattila et al., 2011

Idring et al., 2012

Gran Bretagna Russel et al;; 2014
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Community Report from the
Autism and Developmental Disabilities

Monitoring (ADDM) Network
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Why is this information important and how canitbe used?
| 1. Lower the age of first evaluation by community providers, 2. Increase awareness of ASQD among black and Hispanic
families,.and identify and address barriers in order
to ensure that all children with ASD are evaluated,
diagnosed, and connected to services.

and
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The Prevalence @f Parent-
Reported Autlsm Spectmm
Disorder Among US Children

ichael I Logan, Phil ® Catherine J Viadufiu, Phil MPH® [Bersd Schieve, PhD® Rosm M
Ghandour, DrPH? Stophen J - Almberg. PhOL* Bergamin Zabictaiy. PhD® Jamen M. Perrin, MO Foal
Shattwok, Thi? karen A, Kuhlthae, PAB? Robin L. Harwood, PhiL® Michael C. Lo, MT, MPH!

OBJECTIVES: To estimate the national prevalence of parent-reported autism spectrum disorder

[ASD) diagnosis among US children aged 3 to 17 years as well astheir treatment and Kéalth

care experiences using the 2016 National Survey of Children’s Heajth (NSCH).

METHODS: The 2016 NSCH 184 nationally representative survey of 50212 chifdrén r&;uﬂ%l

on the health aml well- beingqﬁthlidren aged 0 to 17 years. The NSCH collected pgﬁ!nt—

reported information on whether children ever recelved an ASD diagﬁuﬂis by eare

provider, current ASD status, health care use, acoess and challenges, and methods of

treatment. We calculated weighted prevalence estimatesof ASD, compared health care

experiences of children with ASD to other children, and examined factors assoclated with;

Increased likelthood of medication and behavioral treatment.

RESULTS: Barents of an estimated 1.5 million US ehildren aged:3 to 17 vears [2.50%) reported

that their child had ever recelved an ASD diagnosis and currently had the condition.
revalence of US children wl‘:h?a parent-reported ASD

'* 515 1% now 1 in rates of ASD-speeiffctretatment usage varying by children's

Ll AT erurring conditions, . 5
American Academy of Pediatrics |

TED TTHES Yolumss 182 rumber €, lommoer 2018

gl B
DETMCATED TO THE HEALTH OF A1LL CHILDWEN" e

Townleaded from www 2appublications. oz news by Euesion B'EEEJM' 3, 218




New genetic risk factor for developing autism spectrum dis-

order identified

Date:
Source:

Summary-

August 31,2047

Oregon Health & Science University

Autism risk due to unexpected mosaic mutations

L n

A new systematic analysis has been applied to a cohort of 2,300 families who have a .. yet many continue to. define

single child affected with-autism. The study focused on identifying and characterizing autism (and schizophrenia) as
: : : " 0 e T O §‘||'7')||
low-lying genetic mutations that may have been missed m-previous research, given genetic u,d ISeases 177!

these mutations are only present in a fraction of the bulk DNA of an individual

tematic analysis to a cohort of 2, 300 families who have a single
child affected with autism. The study focused on identifying and
characterizing low-lying genetic mutations that may have been
missed in previous research,‘given these mutations are only
present in a fraction of the bulk DNA of an individual.

Known as postzygotic mosaic mutations, or PMMs, these \genetic
changes-occur after the.conception of the human zygote during
the development cycle of a fetus. An individual will contain a mo-
saic — or assoriment — of mutated and non-mutated cells with the
level of mosaicism depending on the time and location of the mu-
tation's occurrence. This emerging class of genetic risk factors has
recently been implicated in vanous neurologic conditions, -however,

“As in this case: The risk of autism¢
connected to unexpected exonic. '
' mutations ...!1?7?! |

Deidre R. Krupp, Rebecca A. Bamard, Yannis Cuffourd, Sara
A. tvans, Ryan M. Mulgueen, Haphael Bernier, Jean-Baptiste
Rii¢re, Enc Fombonne, Bran J. O'Roak. Exonic Mosaic Mu-
tations Contribute Risk for Autism Spectrum Disorder.
The American Joumal of Human Genefics, 2017, DOL:
10.1016/].ajhg-2017.07 016



Whole genome sequencing identifies new genetic signature

for autism

Date:  October 12,2017 * &

Source: Howard Hughes Medical Institute

- o

..or here: Autistic children’
have > 3 mutations

if compared to unaffected
siblings ...11?7?211

Summary: An analysis of the complete genomes of 2,064 people reveals that multiple genetic vari- e S
ations could contribute te autism. The work suggests that scanning whole genomes may /
one day be-useful for clinit::al diagnostics. ,’
200 - I'
180 Tychele N. Turner, Bradley FP. E)!e, Diane E. Dickel, Kendra
B Proband :
60 + | Hoekzema, Bradley J Nelson/Michael C. Zody, Zev N. Kro-
. 160 .145 & 3+Jr‘|d|'u|_c§y_eil_s"_ g 8 Sibling — : ¥t !}'_ : ?r' K
§ 140 1134 121122 nenberg, Fereydoun Hmmg!d;an, Archana Raja, Len A Pen-
% 120 1 nacchio, Robert B. Dame}( Evan E. Eichler. Genomic Pat-
- 100 =+ terns of De Novo Mutation in Simplex Autism. Cell, 2017,
g 80 1 DOI: 10.1016/)'cell 2017 .08 047
€ 601
=
L 23
20 1 85 4
- B  =C oo o1
0 5 6 7 &

Number of de novo variants of interest

Children with autism (red bars) were significantly more likely to
have:three or more genetic vanations than theirunaffected sib-
lings (blue bars).



Autism genetics study calls attention to motor skills, general

—————

N =

cognitive impairment

Date: February 7, 2018

Source:  Cold SpringHarbor Laboratory

Summary: A new study of the:genetic factors involved in the causation of autism spectrum disar-
ders (ASD) draws fresh attentionlo the impact these ilinesses-have on mator skills, and
more broadly en cogmitive function. Careful inference from the dala suggests 1o re-
searchers-that the genetic factars causing ASD broadly diminish the-brain's cognitive

functions.

vk SNy gy

Mutations that appearin’a child which are not present in either
parent — called de nove mutatibhs2- &an be important in

autism. Severe, gene-disrupting de ngvo mutations are thought
to be capable of causing the disorder in certain instances. New

research shows that diminished motor skills, like low non-verbal

10}, correlate withi'the severnty of de novo mutations. More
broadly the study calls attention to role played by genetics in di-

...0r in this case: new
mutations disturbing motor
// functions could be important

,' in autism ...11??211
, ki
/
7
/
/
/
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Andrea;lauja, Natalia Volfovsky, Abba M. Krieger, Catherine
Lord, ﬁex E. Lash, Michael Wigler, lvan lossifov. Damaging
de novo mutations diminish - motor skills in children on the

autism spectrum. Proceedings of the National Academy of
Sciences, 2018; 201715427 DOIL:-10.1073/pnas. 1715427115
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FORTANCE The origins and development of autism spectrum disovder (ASD] remaiy :m&m AL eI
urwesolved: No Individual-level study has provided estimatas of additive penetic.rmatemal, )
and environmental effects n AS0 acros:s sewecal couniries. I:mapﬂ.'h‘.lng_.ﬁuma': Sven sandin,
Phi, Departmont of Madical
s Epademiology and Biostatistics,
OMECTVE Toestimate the additive genetlc, matarpal and environmentz] effects in ASD, Karolinska nstitutit, Nobels vag 6,

] SE-I7177 Stockhokn, Sweden
DESIGN. SETTING. AND PARTICIPANTS 'Population-based, rultnational cohort study Including fsvian sandingik) sa),
full hirth cohorrs of children friom enmark, -inland, Sweden, ssael, and Westerr ausTalia
bom bebween January 1, 1908, and Decamber 31, 201, and tollowed up to age 16 vears. Data
were amalyzed fram Septembar 23 2015 thraugh February 4, 2018

MAINDUTCOMES AND MEASURES ACmoss.5 counbries, modelswere Mibed 10 estiinale varance
components describing the fotal variance inrise for ASCIo0currence WAIng maddirve
genatics] matamal; and chared z2nd nonshared emvironmental effects.

RESULTS The anaytic sample included 2 007 631 individuals, of whom 1027 546 (51.3%)

wier e abe Ao e entive sanmpbe. 22 156 wet e i osed with ASD. Thenedhan (95% C) H erl ta‘bl I I ty estimates ranged from

ASD heft=biliy was 80.8% (73.2%-55.5%) for country-specific point estimates. ranging from 81.2% (73. 004-85. 30/0) 10 82.7%

B3O 125 1%.-75.5%) (Fmland) to BE_ 8% (B9, 8%-100.0%) (1srael), For the Nordic countries.

combined herlkability estimates rangec from 81.29% (73.9%-85,39%) to 82.7% (79.1%- 86.0%). Maternal effect was
{7915 96.0%). Maternal effect was estimated te range fram 0484 th 16%. Estimates of .

gepetic, maternal, and enviranmental effects for autistic disorder were similar with ASD! estimated to range from 0.4% to 1.6%.

COMC LISHINS AND RELEYARCE Hased EH.DQ?;i_IlaTlﬂn fatafrom & cannties, ths herrability of
ASD was estimated 1o be approximataly 809, indicating that the variation In ASD cecurrence
in the popalation is mostly owing to inharited genetic mfluences, with no suppors far
comntribution from matamal effects. The result: suggest possiole modest differences in the
sonr ces U ASDHT ik eetwee: s counl ies.



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

genes.

Yet they have
always been
considered
ds separate
disorders

a continuum...
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Children with autism and ADHD showed more severe impairments affecting more of the brain's white matterthan

those with OCD. This finding may reflect the fact that both autism and ADHD typically have an onset at a' much younger age
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Volume 49, Issue 12, 15 June 2001, Pages1002-1014

The unmet needs in diagrosis and fregtmentofineocd disorders in children aad adolescents

Mood disorders in children and adolescents: an
epidemiologic perspective

Ronald C Kessler @ &, Shelli Avenevoli P, Kathleen Ries Merikangas ©
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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 0.00 1
incidence of depression during adolescence since the 1960s

Cumulative Prevalence of Mania
=1
8




http://lwww.slideshare.net/CMoondog/depression-powerpoint-13945746
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PREVALENCE OF ALZHEIMER'S DISEASE
(BY DECADES INU.S.A. FROM 1800-2050) An equally d

trend show = = o+
neurodegenerative

dlseé‘ses and
in part&,cular
;Alzhelmer S

NUMBER OF VICTIMS

YEARS
 acees74 YEARS [JJ] Ace 7584 vears [ AcE 85+ YEARS

JS"[pr ZQQQ’Ehere has been a 66% inéf&gsg i[n\Aﬁ’I;eimer's diagnoses.
ARREon portreye ,h:;,:mfh" ',,"mm'::i',?' /'y 6th leading cause of death in the United States. waliana

5.4 million Americans are I|V1@W|th the disease. 2478
15-20 million mgre Amertcans mll be diagnosed by m4_0 (& O A
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Evolution of DOHaD: the impact of environmental hazards
on the origins of current “pandemics”

genetics.

ERNESTO BURGIO

ECERI - European Cancer and Environment

Research Institute

?-fECERI

disruptors) , physical factors (eg ..EMFs)- and biological agents (eg .:
changes in the embryo-fetal genome; thus interfering with the programming of tissues and organs in an often irreversible way.

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
viruses) able to induce potentially adaptive and predictive epigenetic
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Environment and fetal

programming: the origins of some
current “pandemics”

Ernesto Burgio

ECERI — Eupopean Cancer and Environment Instituie, Brukefles, Belgmm

ISDE — Intemational Society of Doctors for Environment (Scientific Office), Arezzo, lialy

This new paradigm is important not only 1o
explain 1 a more exhaustive way the embryo-foetal
origins of all the above mentioned ‘disorders and

2] IC ] zades, but
also to try to effectively face this epidemiological
transitign. The key-term in this context is certainly

primary prevention: only by reducing the maternal- The key-term in this contextis
foetal factors ol distress {ind the exposure ol the certainly primary prevention

foetus (and of its gametes) to-poliutants, it would
be possibleto protect the correct programming of
cells, ussues and organs.




| CHEMICAL FALL OUT The gift our mothers

never wanted to give us

BodyBurden

A benchmark investigation of industrial

chemicals, F_"?"L'tants‘ and FEEt'E'dEE N e present many studies, in various parts of the world, are evaluating the
human umbilical cord blood lobal chemical body burden .. especially in women, embryos/fetuses
http://www.ewg.org/reports/generations/ and children, providing dramatic results.
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Environment Research Institute
W A significant, dramatic case: for some years | have been invited to
:_}-ﬁ;}; E c E R I Martinique, a small paradise in the Atlantic Ocean, to investigate the
- el y =4 ‘ A

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, | 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 ?

Endocrine -disrupting compounds

FO mather Effeﬂ-‘!\!ﬂ exposed generation

(N - F1 fetus Effects in childran

“FZ germ cells | Effects in grahdehiidnen’

/

| F3 NOT ﬂm&ﬂrxéﬂmd :
i .
L
D

Effects in great-grandchildren = epigenetic

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



QU € St lon 2 M ENEGerIn Systamn: The Endocrine System:
! | & k! . £ X £
althiproblems for man relaled to EDCs? % iairh sadbicls Tor woovian relitedt 10 EDCSH

Autism and ADHD
Autism and ADHD

What is the role of the ever increasing

Yoyréid problems

exposure of moms and fetuses to epi-

Thyroid problems

genotoxic molecules in the genesis of

Breast cancar

the current Epidemiological Transition:

Obesity

Diabates
Ob-asity

Pandemics of obesity and juvenile

Fartil ty pro hloms

diabetes 2 , continuous increase in R T

Endometrial cancar

Prestate cancer

allergic and autoimmune diseases, Testicular cancer
neuro-developmental disorders, @j
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

vears 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?

N

4

&

Gencmic | MNor-gerigmic | Anen_ad caliular
/ i i environnent

v e

Epigenome (rejprogramming
Altered gene expression

Increased disease
susceptibility

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.




== :**: https://cordis.europa.eu/result/rcn/84240 fr.html
o - CORDIS

i Servizio Comunitario di Informazione in materia di Ricerca e Sviluppo

europea
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ﬁ ACTUALITES ET EVENEMENTS PROJETS ET RESULTATS MAGAZINES RESEARCH*EU

PLUTOCRACY — Résultat en bref

Project ID: QLK4-CT-2000-00279
Financé au titre de: FP5-LIFE OUALITY

Le placenta transmet les pesticides au feetus

L’incidence des allergies comme 'asthme a augmenté au cours des derniéres décennies. Dans le
cadre des efforts menés pour.en trouver la raison, les scientifigues ont étudié le transport des
composés chimiques a travers-e placenta, du milieu environnant vers' le feetus.

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




@ In fact placental alterations are
more and more frequent

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) ...

J

... itis, 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 yearsold) @ >

Choriocarcinoma




.. even more common allover 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..

Epidémiologie [ modifier | modifier le code |

En 2012, plus dun bebé sur dix nait prematurement dans le monde® sans évidence de décroissance avec le tempsa.

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).

Lesnaissances prematurees concernent 11 a 13 % des naissances sux Etats-Unis, soit prés du dnume du tawdes.autres pays industrialisés et une augmentation,de 30 % par

rapport & 1981,

Plus du quart des déecés néonataux seraient la conséguence de la prematurlte

Les données sont probablement assez solides et permettent d'avoir zujourd'hui un apercu évolutif concernant les trois/derniéres décennies en France

EUEIlLI"IEIrI ﬂES ".'ELIK d' II'II'.‘-IdErIDE dE la prematurlte EI'I France

1

15?2 1981 1533 1985 -
Trés grande prmaturlte[de 22 a 2? EA} - | - D 4 %
Grande prématurité (de 28 a 32 SA] T 3 'Ef: - 1% 1 2 %

Prematurite (de 33 a 37 SA) 82':?: 5?% 48% 59%

2I]I]3
DE%
13;*-:-
?2':}":-

el

Lincidence est donc en augmentation, ce que confirme les chiffres d'autres pays. en particulier américains '
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American Journal of

Epidemiology

Chlordecone Exposure, Length of Gestation, and

Risk of Preterm Birth &

I|' Pt
Philippe Kadhel 28, Christine Monfort, Nathalie’Costet, Florence Rouget, Volume 179, dssue 5

Jean-Pierre Thomé, Luc Multigner, Sylvaine Cordier 1 March 2014

American Journal of Epidemiology, Volume 179, Issue 5, 1 March 2014, Pages 536-544,
https://dohorg/10.1093 /aje/kwt313

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
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Lasting Impact of an
Ephemeral Organ
The Role of the Placenta in
Fetal Programming
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THE PLACENTA IS THE CENTER OF THE CHRONIC DISEASE
UNIVERSE

Kent L. Thomburg'<~ and Nicole Marshall®.3
'Department of Medicing, School of Medicine, Oregan Health & Sclence University Portiand,
Oregon 97238

K night Cardipvasoular Instide, Center for Developmema! Health, School of Medicine, Oregon
Haalth & Science Univarsily Portland, Ovegon 97230

‘Departmant of Obstetrics & Gynecology, Cragon Health & Science University Portiand, Sregon
a723a

Abstract

Civer the sl aparber century i1 has becomie cleas tht adult onset chronig desenses like heart
tisense mnd tvpe I dishieses hayve'thevr roots in early development. The repont by Duvid Borker and
collesgtizs shiywing armversd relifionship between binhweight and mortality from ischemic hignr
disseise was shie first clear-cut dembnstraion of fetal programming, Becase fetal growth depenids
upon the plocenssl capacity o iraiEpon nuirients from matemnal Mood, it has been & sispected
casstive agent Since the sriginal Barker repons, Epidemialogienl studies have shown that
placental size and shape lave powerful associations with offspring discsse, More receni studies
have skown thar matemel phenopic choracieristices; sudi s hody mass Wdex gnd height, interacs
with placeninl iz and shape 1 predict disesse wivimuch more precision fiareoes binbweight
dfone. For example. mmong people i the Helsinke Bink Cobort, who uﬁhm%:@ 1424—
PO, the rigk for scquiring colosectal eancer mbreased og-thiphicenint Surkics hatume longes and
imoee ol Amone people in whim the diffefente between the [enoth and bresdeh of the serfbee
vieeeded 6 cm, the hazml rain for the cmeer was 2.0 (955500 1.2=-4,T¢ p-!‘.H.'H'ﬁ'l biampuirel with
thase m whom there was o differemce, A Mo Fromsh men, tie hacard e for woranary hear
desease was 10T (LO2-115, P=d.01) per 1" ineteasdqin the phicents] “ti'ﬂiLL']ﬁﬂiLﬂt1_u|n1 FH]
Thus, it wppears thit i watfo of birthweighi o plaeital weight, known s piicenm] efficiency,
prechices eandicvancular mskias well. Robies bom with plicentig at the gstremes of efliciency are
meore yildmershle G ol omset chronio diseases. Recenl evibence sugaests that placenind growth
patlerns are sex speeiic Fbak” plpgentas are, in general, mone efficient than those made by girls
Annther reoen discovery is thit T gige. shape ind efficiencies off the placenin con chimge o
WS ﬂrﬁc with very mu‘ﬁﬁﬁﬂ‘&g limbs. This suggests that the groweh of the plagenia
within & population of women 15 stronghy atfected by their nunbonal environment. Even though i
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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 (1ZS - 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 !!




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)

__________ (reconnaissables dans les
Le tableau ci-dessous offre une vision g premieres années de la vie)

Données générales chez les nourrissons de moins de 32 SA et/ou
moins de 1 500 g (en %)

Sequelles majeures Séquelles mineures Total

de-

Psychomotrices 17 | 28 45
Visuelles | 2 | 26 éza
I;léspiratuire; J-T | 26 ) ;2;

" Langage | 20 l20 & N Qdo <
P Al i, | — = q= -

Auditive 2 A [

Les données de I'tude épidémologique francaise EPIPAGE sur |25 petits Ages gestationnels permettent de déceler un lien évident entre la survenue d'un handicap et [ importan
de la prématurité Prés de 40 % des grands prématures présentent des séquelles - troubles moteurs, sensaoriels ou cognitifs - a I'age de § ans, sevéres dans 5 % des cas

i o 22 . . I N 23
modérées pour 9 % des enfants, |égéres pour les autres™ Ces données sont cohérentes avec celles issues d'avtres éludes d'autres pays™ .

Adverse infrauferine events , ; :
perfanently "program" postnatal .. since every intrauterine adverse
structure/function/homeostasis events might interfere permanently

The Barker HYPOThESiS 1 with the epigenetic programming

_ of organs and tissues (DOHaD theory)
Fetal Origins of Adult Disease B

* Better chance of fetal survival
* Increased risk of adult disease




‘ The 7 keywords: from genetics to epigenetics

©

@

/J Fetal programming

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 three-
dimensional structure

(Chromatin)

From Genetics

to Epigenetics

Ontogeny*

e

Meadifio nban of ohrarrntin okruchure By hicbong
erecridihylog i Dachecsones remmodeliog peodolis,

£ HDACE )

i _j 5y _..t ) Epi-genetic
By Mismatch
ismatc
; -

Developmental Plasticity

Phylogeny*

Evolutionary

Medicine

©,

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

Inlem:iiy auass

i D

Incidence of prototype infectious disease
and immune disorders over 4 decades

Branurie dive s

Huch, NEIW, Z00

XXI Century
Epidemiological

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

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

DNA Typical gena
| fllly - assembly iein >,
™ 5
Messanger RNA




The third key word is fetal programming ...

Tﬁﬁ. Polycyclic Aromatic
(Ultra)-fine Ecosyste Hydrocarbons (PAH)
particles N - - , \
= \ . Society - /
Heavy Metals “ e L
: = ~
RS iﬁhlﬂ“ﬂﬂ ,,’ Bemiér;e'a'_':-

Dioxin and |[ERNGERS
Dioxin-like 0y

N
molecules ~

S

Internal
environment

ONTOGENY

\ = - ] V4 s
\
u\ Behavior y

/
4 MATERNAL
STRESS

External
environment

{?’ IB*'_ ’]?w*’

... a technical term that refers to the

9

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..

FETAL
\NT |L
S I \J"\. l

Gy

F1G. 1. Thefetus is partieularly vulnerable to changes in the external

‘hich interact to influence fetal devel-
opment and have both immediate and life-long eonsequences. Sueh
environmentally induced changes can occur at all levels of bio
organization, from the molecular tothe organism’s belvavior and place

and | ' T

ogical

in_society, and tend to'be amplified in their consequences ag they
ascend through these levels, Ultimatelv

epi

these influences mav be




The fourth keyword is developmental plasticity

— Cellular Differentiation: an epigentic process

Stability and flexibility of epigenetic gene
regulation in mammalian development

The actual genetic program of a single multicellular
organism is the product of nine months of epigenetic
adaptive-predictive.“formatting” of trillions of cells)

g L ez @b20n

g : = ; ; ; JL @
g | HAELS methplation : |

i Differentiation
% | K mothy i =S| PP S@ is the process
g | Huﬁmmﬂiﬁiﬁr S 5 enY Deveduinitil genes 55 e | through wich

the organism

Developmental
PLASTICITY

b
Sp=rm

This is the stage of life which-is far-more sensitive to
information coming from the environment (particularly to

changes from a

lef‘;:rentlatlon ) a N P zygote to.a
: = WRL g Ig_: complex
tlast>c Fetal Programming __Jh ’#‘_“‘- : ; system of
a f 5 tisstes and 200
R - 5 Adult G calls cell types cS
Q\‘}ig \ _(gene_tlcally
o identical.. each
¥ roce ; . with its own

epigenetic and
morpho-
functional
characteristics)

ES eellz Emiboryonie

: garmeells i
P OHNA kb Lt

;L\\_ﬁ_m DL e S

maternal-fetal stress, to nutritional errors, to pollutants ..)

A3K27 methylation |

Gorm =tlle

l.rr -
,p‘r":"g Danweloproenta | peowes

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

methylation During the earbr development of PGOs, DINA methylation and




The fourth keyword is developmental plasticity
Same DNA, Different Look

* We are made up of over 200 cell types.
+ Each cell has the same .f‘.'NA! Committed
» How can they look so differe Cells
Epigenetics!
« Genes turned on or off J‘_a \
\r | \
Neuroblasto
Linfoblasto
Wikimedia Commons, ORNL . gov, Fhcks: richdelux HARVARD & \

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 o




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

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

ﬁ //// ) My

Stem Cell //—\\ r’\ Q \H
\“-‘
| ) . ¥ e X ol
(Deafe) >/ =] > (ofF
\___,,/ [y o .,
Sigral; “Becone Signal "Hﬂ!j’ﬂ.‘i‘_l:\‘k_;/ Signal: ‘Dot Signal; Bond our BNy Make %qu‘ [ -‘\I:l
onnections! v

MEFVAUE Sy S TR spinal sora begome glial an axon!
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The Exposome

A Primer
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Arch Biochem Biophys. 2013 Jun;534(1-2):71-87.
Neural stem cell survival factors.

Ramasamy S et al.
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1-Uscita dal ciclo




1-Uscita dal ciclo

2-Proliferazione
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1-Uscita dal ciclo




1-Uscita dal ciclo

4-Differenziamento




Fattori di sopravvivenza

Proteoglicani

Morfogeni Citochine
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The Individual wiri

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

Disturbing the CONNECTOME INSTRUCTION
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Navigator
Sistema di navigazio§

Dove andare ?
A-chevelocita?
secondo quale strategia ?




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




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.

Morfogeno

. T

R 'ﬁ?ir
. :,Ei == Morfogeno

Morfogeno
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Human oy
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postnatal years (y).

.. Most of the
neuronogenesis of
the central
nervous system
(about 86.1 billion
neurons) occurs in
781?'d$ys, frgom~ ;
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 ..

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




Early critical periods in the development
of SYNAPTOGENESIS and brain functions

The Ind|V|duaI erlnl

- i e L.

Formation of new synapses following stimulation

s._ a Eh_lll*ah'

Disturbing the CONNECTOME INSTRUCTION
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Connessioni interneurali
dall’infante all’adulto umano
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Newborn 1 Month 9 Months 2 Years Adult



Detection of sutistic features 09 A synaptic trek to autism

Synaptic
pruning > contact

Synaptic
contact > pruning 53

Density of synapses

Excess of
cellfsynaptic growth rate
[

Birth 6mo 1y 2 3y 5y . 10y 15y 20y 30y 40y 50y

Current Opindon I Nadrobealogy

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.
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3

f weeks 11 weeks
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»

Synaptogenesis

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
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Maternal Factors that Induce Epigenetic Changes
Contribute to Neurological Disorders in Offspring

Avijit Banik . Deepika Kandilya 1, Seshadn Ramya 1 Walter Stiinkel 1, Yap S5eng Chong 3
and S. Thameem Dheen +*

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 nheuropsychological 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.

Mﬁteal Smoking

Altﬂﬁgiqi;;i"gé ﬁ@&ﬁéthylaﬁnﬂ pattern H%fciai?gengﬂ?ﬂugls
Placental Function: LINE-1[43], AluYb$8 [9]
Neurodevelopment: NR3CI [50], HSD1IB2 [51], GPRI3, LRFN3 [53]
Neurotransmission: HTR2A4, ADA [47.48]
* Immune development: ADA, PTPN22 [48]
Transcriptome regulator: RUNX3{46], PURA, GTF2H2, HKR1 [49]
Calcium binding: GCA[45]
Metabolism of aromatic hydrocarbon: CYP1A41 [49]

.

— Mother - 15t ganeration

» Felus® Znd genaration

RaprodJective oels - 3ro genErasion

L]

Exposure of the germline to nicotine
produces epigenetic changes in the
germline... they are permanent, and

Placental abruption, Miscarriage, stillbirth, preternt’ delivery e I, e e

Neurobéehavioral disorders: ADHD, Autism, Tourette’s syndrome. Tic
disorder , Obsessive-compulsive disorder



F2 Epigenetic targets of alcohol exposure in the fetus. Gestational alcohol exposure induces histone modification, alteration in DNA methylation

attern and miRNA targets, and expression of genes associated with fetal developmental process, leading to neurodevelopmental disorders.

Gestational Alcohol
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miR-10b, miR-30a-3p, CBP [83]
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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.

-._‘{,-E'I- e 03 5 3 \t‘ahand ol

1.,1‘ ks A e i A
Absence of dietary methyl group donors such as folate. choline, methionine,
betain and methylcobalamitie

* Imbalance in folate-mediated one-carbon metabolism (FOCM) pathway [98]

¢ Mutation in-methionine synthase reductase (M#i7) gene, essential for

FRipeneT L shannss

deployment of methyl groups from the folate cycle [104] & < s
» Downsregulation of genes related to fetal brain development: BDNF. | ﬁ'ﬁ |
CREB. NGF and TrkB [105] | |
» H3K9 and H4K20 methylation [114] AR e e
L
* Altered expression of miRNASs linked to FOCM pathway : miR-29¢, miR- E _m o L o 4
183, miR-422b, miR-189 [115]: miR-22, miR-24, miR-29b. miR-34a, e ARm = e
miR-125, miR-344-5p/484.miR-488 [116-118] !

. Deyvelopmantal outcomas ?

X

Abnormal uterine development and congenital malformation [104]




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.

» Gestational DlabEIES Melhms (GDM)
* Maternal Obesity
» Maternal Hypothyroidism

; a']n

Trigger ‘epigenetic imbalance in the fetus
[149,150,157,158,172]

» Induces oxidative stress [148]
» ROS accumulation [148]
Inflammatory response [155]

Cytokine production [156}
Decreased T3 levels [169]
Altered levels of metabolic genes [172]

.

UNeumana‘r&mlcal fnemopsychnlugfcal
deﬁmts in developing brau;
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©2015 by American Physiological Society
Possible mechanisms mediating the pathological effects of maternal infection on the developing.organism in utero

e Vaternal infection it
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Genetic vulnerability

+ First hit Figure 1< An immune-mediated two-hit model for psychosis.
macliion in ulano
- giresg in ulso

monocyte activalion

HP A axis
cylokines
developing | viulnerable . Autoimmunity
CNS ” CNS a.g. SLE vasculitis; M5
) — primed limbic encephalitis, due to
r mlﬁi‘qqﬁ MMDA-R abs
T3/ potassium channa abs
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Second hit abnormal
- microbial danger —pe function .
- giress

of neurans
- sa slarpids g
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: Infection

= cylokines Direct ard indired

1 tryptophan nauroioxic effects

¥ besakdown (e.g HIV, Syphilis. Toxoplasma |

Gondii, Chlamydia psittac,

@ ChMY , Harpes Simplex wius)

meonocyte activation
T c=l altaration

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




Environmental and neuropeptide triggers and
susceptibility genes

|

Mast cells/Microglia
Activation & proliferation

| G

{ Focal Brain Inﬂammatiun

-

Learn'm‘g defects l Sodial defects
Seizures \ / Language loss

— Neurons /

— Activation

= (linical effect

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
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Pre or postnatal-exposure ?

' Dioxines & Furans |

I REE o
ljpaiie. g {HW ' Incinerators, landfills.. primitive
CAHIAR 1]

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 Gigrdano,ISDE-Palermo



Pre or postnatal exposure &
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; PCBs |

e — e o —

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



Neurodevelopmental Disorders and Prenatal Residential Proximity

to Agricultural Pesticides: The CHARGE Study
Janie F. Shelton, Estella M. Geraghty Environ Health Perspect; DOI1:10.1289/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 3 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)
eCarbamate: risk for DD increased (Arprocarb : Undene, Propoxur =

Baygon).

Giuseppe Giordano ISDE



"Tohacco smoke is

_ without & doubt Environmental tobacco
the most significant
envitonmental contaminant sim Dke (ETS)
o whioh ehlldran
arggEposed indoors' gy ‘ Sudden infant death

syndrome

Lower respiratory tract
: illness

Your actions effect | Middle ear disease

vour baby .
T P | ) Asthma

| 2 million children exposed
to secondhand smoke in
homes

itndd athers aras
® Fxposure to environmental robacco smoke (ETS) causcs

more than 35,000 deaths annuallv among non-smolkers.
i . i

® Smoking by pregnant wormen is responsible for about

I.:> 1000 infant deaths each year in the 11§

Children whose mothers smoke: )
) = ® Children f:xp-:ised to LTS sutfer lligher rates of asthma,
+70% more respiratory problems IF> bronchitis, and pneumonia.
“Pneumonia and hospitalization in year 1 is 38% higher  Smolkeless tobacco use hastripled since 1972, and cigar
< Infant mortality is 80% higher use has increased 50%4 since 1993,
*»20% of all infant deaths could be avoided if all pregnant
smokers stopped by the 16th week of gestation
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House dust mites produce e pfallergen, a2 potent : < 2.5 gmacrons) in dnmeler

sensitizer

Good evidence of increased risk of sensitization with ;
increasing allergen exposure, but this does not Y Y Dust, potien, mold, ete.
necessarily lead to asthma s
Small reductions in exposure will not necessarlly Iead to
reduced incidence andf/or symptoms
Indoor humidity is important
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Living near a freeway, based on the location of the birth,
and third trimester address, and aUtlSm

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%Cl 1.20-3.31) and early life / first year of life (OR=1.98, 95%ClI
1.20—3.31)

First Yaar of Life

Frivmndily af fism
a4

(IS

Tomul TRF

iy

Sty ol ."aliie_inj.
4

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, C ognition, and
Behavior in Later Childhood

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

A Cesebral sirfsce

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

I reductions of the white

Legt mwrshal

G

Ledt Lafeval

:f‘> matter surface in later
childhood that were

confined almost exclusively

to the left hemisphere of the

brain and that involved
almost its entire surface

Hight lsferal

o
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DOES AIR POLLUTION . |
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Scientists now suspetfthat dfhajor cause of oy o B,
nlzheimer s and Parkiasen’s could be the air we breathe. °s 5 eat®” )
“BY AKRON REUBEN B %,

.}MI )

PHOTOGRAPHS BY MACIEK JASIK

Tiny:particles (UPs 0.1 w)‘enterrthe’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 Nnews @ nature.com

The best inscience journalizm
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In the most
polluted cities
even dogs
have
Alzheimer's
disease

Toxicologic Pathology

hitp://tpx.sagepub.com

Air Pollution and Brain Damage o
Lilan Calderan-Zarcidusnias Biagio Azzarelll, Hilda Acuna, Raguel Garcia. Todd M. Gampling, Morma Osnaya,
Sylvia Monroy. Maria Del Rosario Tizapaniz., Jahnny L. Carson. Arna Villarrea-Caid=ron and Barry Rewecastle
Toxizal Pathel 20027 30; 373

i the upper and [ower respiratory fract. Becanse the nasal cavity 15 a sommion
afe vilnerable targets for toxicological damage. This smdy has evaluated, by hight and electron
rfession of nuclear factor-kappa beta (INF-xB) and inductb! 2 nirris oxid 2 synthase (INOS), the offactory and
respiratory nasal mmeesag, 1y bulb, and corticaland subcortical stroctures from 32 healthy mon erel caning residents in Southwest Metropalitan
Mexico City (5 Loa bigghtly polluted urbvan region. Findings were compared (o thoee i 8 dogs rom Tlaacalis a less polluted, conol ity Tn
SWMMC do3s . expression of nuclear nemronal NF-xP and 1NOS in cortical endothe lial cells occured ot ages 2 and 4 weeks; subsequent damagz
mclude o altzrations of the blood- brain barrier (DDDY, deceneraim
fapok -postive lipud droplets insmocth ms

portal of antry, respiratory and olfactory, epithel
mictoscopy and immunolistochemic

» eortical newrons, apoptotic ehial whice ma;!lser cells. deposttion of apolipoprotel n T
ond perieytes, nonneuritie plagues, and neurahballary tangles. Persistont pulmenary mfammation
and deteriorating olfactory and respizatory barriers amay plav a role in the rbemqmtll- Jogy i:semd in rhe orais of these highly exposed canines,
Neurodegeneraty e disorders such as Alzbeimer's may begip earlv 1o life with air
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And a similar condition has been . .
documented in the brain of young TDXICDIDQIC PEithD'OQy

people dead for accidental causes..

hitp://tpx.sagcpub.com

Pediatric Respiratory and Systemic Effects of Chronic Air Pollution Exposure: Mose, Lung. Heart, and
i . Brain Pathelogy ) i
Lilian Calderon-Garciduenas, Maricela Franco-LUira, Ricardo Torres-Jardon, Carlos Henriquez-Faoldan, Gerardo
Barragan-Mcjia, Cildardo Valcncia-Salazar, Angelica Gonzalez-Macicl, Rafacl Reynoso-Robles, Rafacl
Yillarreal-Calderdn and William Reed
Toxfcol Pathol 2007, 35, 154

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-16 (IL-18) in olfactory bulb and frontal cortex, as
well as neuronal and.astrocytic accumulation of the 42 amino acid form of 8-amyloid peptide (A842), including diffuse amyloid plaques in frontal cortex.

The pathogenesis of Alzheimer’s disease (AD) is characterized by brain inflammation and the accumulation of A842, 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-18 expression and AB42 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.

1] = .
The frontal cortex of an 11-month-old healthy MC & - i U%-if;’v‘* et LUl S # b
dog exhibits AB42 staining of a diffuse plaque, fﬁ—h.} o o il
surrounded by a microglia-like-nucleus Pk ﬁ, : '
|-...I. h " hﬂﬂ - §
L | .. .'t' Q (o i il
”% Lhoe R G
. 1 ! 1 e 5.\ @ng _—

The frontal cortex of a 36-year-old MC male with an E3/E4 ApoE genotype
The frontal cortex of a 17-year-old MC boy... shows a diffus .. shows abundant mature and diffuse AB42 plaques (red stain) along
AB42 plaque (red product) and GFAP-negative astrocytes with GFAP-positive reactive astrocytosis
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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

The Journal of Neuroscience, 2008 ¢ 28(1):3-9 ¢ 3

Environmental Trigger

4 lli- 5 ~

: :"i«__ s | J=1*S 2 DOHA -Developmental
> 15 . “okr " | (Embrio-Fetal) Origin of AD.
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.

Early life exposures
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*  “¢ The cause for most Alzheimer’s

» cases is still essentially unknown
(except for 1% to 5% of cases
where genetic differences have

& been identifiedy.....a. 55,
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Even Alzheimer's Disease (LEARN) model early environmental factors.such-as

h lv. fetal infantil 2, exposure to Pb, nutritional deficiencies (e.qg., folate or
as.early, tetal or infantile origins B12), or oxidative stress alter DNA epigenetically, by

reducing the activity of enzymes as DNMTSs...

Increased amyloid
Ab-deposition 7
letary/chemica
(.Itr;c;reased Ap Epigenetic
Factors

lzhmmer's%
Disease

AN

Ap-mediated
Hypophaosphorylation

<

@urphusphnryl ated Oxidative
e Stress
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CHILD DEVELOPMENT

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

Electromagnetic Fields, Pulsed: Radiofrequency Radiation; and
Epigenetics: How Wireless Technologies May Affect Childhood Development

Cindy Sage Ernesto Burgio
Sage Associales International-Society of Doctorsfor Environment (ISDE)
Scientific Office

Mobile phones and other wireless dewvices that produce electromagnetic fields (EMF) and pulsed radiofrequency
radiation (RFR)-are widely documented to cause potentially harmful health impacts that can.be detrimental to
young pedple. New epigenetic studies are profiled in this reviéw to account for some neutodevelopmeéntal and
neurobehavioral changes due to exposure to wireless technologies. Symptoms of retarded memory, learning,
cognition, attention, and behavioral problems have been reported in numerous studies'and are similarly-mani-
fested in autism and attention deficit hyperactivity disorders, as a result of EMF and RFR exposures where both
epigenetic drivers and genetic (DNA) damage are likely contnbutors. Technology benefits ¢an be realized by
adopting wired devices for education to avoid health n_hk and promote academic achievement.



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

HSP70 stress gene

HSP \ HSP  HSP
MYC A MYC G MYC B
-320 230 192 466 <160 107 -100 68 +1  (bp)
[ = e PS> ATF =S | P
= L O CH O TATA T HsP7o |
Spl|  AP-2 HSE . Sp1 ' AP-2 | HSE SRE |Spt AP-2
EMF Domain Temperature
(non-thermal) Domain

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 relative to the transcription initiation site
and upstream of the binding sites for the heat shock (nGAAnN) and serum responsive elements.... The electromagnetic
response elements (EMREs) have also been identified on the c-myc promoter and are also responsive to EMF

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

o




Sci Rep. 2019 Feb 4;9(1):1333. doi: 10.1038/s41598-018-37372-2.
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Effects of a hypomagnetic field @
on DNA methylation during the

_differentiation of embryonic stem
cells

: 1nnr|hnng Haﬂkﬂ Hwan l'hni“‘, Hanseul F'arlu:"Ir Byungulk f'hnl, ﬂiynung Kim'& Iongpil Kim%?
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It has been reported that hypomagnietic fields (HMFs) have a negative influence on mamimalian
physielogical functions. We previously reported that HMFs were detrimentel to cellfate changes during

M s

rapragramming into pluripotency. Ihase studies led us to insastigate whether HMFe affect call fate
T Cdeterminationduring direct differentiation. Here, we found that an HMF environment attenuates
differentiation capacity and is detrimental te cell fate changes during the inwvitro ditferentistion of

- M TV )

embryonic stem cells (ESCg). Moreovar, HMF conditons cause abnormal DNA methylation through tha
dysregulation of DNA methyltransferase3b (Bnmt35) expression, eventwally resulting in incomplete
DMA methylation during differentiation. Taken together, these results suggest that an appropriate
electromagnatic fiald (EMF} environmaent may be escential for favorable epigeneticremodeling dunng

HMF{-) HMF(+)

cell fate determination via differentistion.
[.lr'l.l'l‘t'llﬂ-l:l*
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...campi ipomagnetici (HMF) influenzano la determinazione del destino cellulare...
interferendo sulla differenziazione in vitro delle cellule'staminali-embrionali (ESC). e

&

...attraverso la disregolazione dell'espressione di DNA metiltransferasi 3b (Dnmt3b),
con conseguente metilazione incompleta del DNA




SCIENCE ADYAMNCES | RESEARCH ARTICLE Sci Adv. 2019 Jan 30;5(1):eaau7201. doi: 10.1126/sciadv.aau7201.
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Weak magnetic fields alter stem cell-mediated growth rights ieserved,
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Alanna V. Van Huizen', Jacob M:Morton’, Luke J. Kinsey', A, i
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Biological systemns are constartly exposed to electromagnetic fields (EMFs) in the form of natural geomagnetic under s Creathe

fields and EMFs emitted from technology. While strong magnetic fields are known to change chemical reaction Carnmans Anribution

rates and free radical concentrations, the debate remains about whether static weak magnetic fields (WMFs; <1 mT) Firenssd 0 [CC BY),

alse produce biological effects. Using the planarian regeneration model, we show that WMFs altered stem cell

proliferation and subsequent differentiation via changes in reactive oxygen species [RO5) accumalation and

downstream heat shock protein 70 (Hsp70) exprassion. |hese data reveal that on the basis of field strength, Wmk

EXpOSUre can ncrease or decrease new tissue formarion In vivo, suggesting WMFE a5 a potentlal therapeutc toal

to manipulate mitotc actvity.

ROS lewvels at
anterinr hlrsrama
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Campi magnetici statici deboli (WMF <1 mT) producono
alterazioni della proliferazione delle cellule staminali

e della successiva differenziazione attraverso cambiamenti T

nell‘accumulo di specie reattive dell'ossigeno (ROS) e s
nell'espressione della proteina di shock termico 70 (Hsp70). ;
i = 1

Questi datirivelano che sulla base della forza del campo, Urtroated Iniys

I'esposizione al WMF puo aumentare o diminuire
la formazione di nuovo tessuto in vivo...
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Abuse Leaves Its Mark on the Brain

http://news.sciencemag.org/biology/2009/02/abuse-leaves-its-mark-brain

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

L

In a comparison of suicide

victims who were abused or
not, only the abused victims
had an epigenetic tagon the

GR gene

Interestingly, the GR gene
receives a similar epigenetic
tag in rat pups who receive
low quality care from their
mothers.
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http://learn.genetics.utah.edu/content/epigenetics/brain/




Traumatic war experiences,
natural disasters, death of husband

Prenatal Stress

Repeated experimental
stressors

Elevated
risk of

schizophrenia
in children
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+ Altered DNA mathylation
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Eplgenetlc mechanisms of stress responsiveness
Nature, June 14 - 20{]9
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Epigenetic regulation of the .
neuroscience

in human brain associates with childhood abu

fatrick O MeGowan'?, Aya Sasaki', Ana C IYAlessio’, Sergiv. Dymov?, Benoit Labonté!, Moshe Szvf*?,
Gustave Turecki!™" & Michael | Meaney!®®
Hstase Turecks™ SeMichact J Meanes [VOLUME2 [ NUMBER 3 | MARCH 2009 NATURE NEUROSCTENCE]

Matermnal care influences hypothalamic-pituitary-adrenal (HPA) function in the rat through epigenetic programming of

glucocorticoid receptor expression. In humans, childhood abuse alters HPA stress responses-and increases the nsk of suicide. .

We examined epigenetic differences in a neuron-specific glucocorticoid receptor (NRIC1) promoter between postmortem Maternal care |nﬂuences the
hippocampus obtained from suicide victims with a history of childhood abiise and those from either suicide victims with no .

childhood abuse or controls. We found decreased levels of glucocorticoid receptor mRENA, a5 well as mRMA transcripts bearing th programmlng Of the

glucocorticoid receptor 1 Sphice variant and increased cytosine methylation of an NR3C1 promoter, Patch-methylated NR3C1 Y : .
promoter canstructs that mimicked the methylation state in samples fram abused suicide victims showed decreased NGFI-A hypothalamlc pItUIta ry
transcription factor binding and NGFI-A-inducible gene transcription. These findings translate previous results from rat to human adrena| AXis (HPA) th rough
and sugpest a common effect of parental.care on the epigenatic regulation of hippocampal glucocorticoid receptor expression. X X :
epigenetic programming of

b glucocorticoid receptors
expression...

BO - Ciantral = Suicide nanshasac B Snicide akise

w4

We found a greatly increased
methylation of cytosine in
g the promoter of a gene

88, 4 B2 54 kst

Mt bl it on dreguen e
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" Glucocorticoids-Neuro-
Receptor (NR3C1) in the

Figure 2 -Methylztion of the NR3ICT premeter In the hippocampus. Twanty-tlones were sequented for each subject for methylation mapr hippocampus of suicide
percentage of methylated clones forsvicide victims with a history of childhosd abuse (=22, suicide victims without a history of child Se_ 2. . .

end controls (= 221, The methylztion percentage wes calzulated as the numbsr of clonzs with at lezst one methylzted CpG site didze victims with a hlStOl‘V of
numbar of clanes (* indicates £ < 0.05; ns indicate not statisticzlly significant). (b) Methvlation of the NRICT rromater region, shoa childhood abuse .. (pOSt-
of methylztion observed at each 2pG site for sLic e victims ‘with a history of childhood abuse, suicide victims with no histony'af childho . .

controd subjects (*P < 0.05, ** P < Q.002, atus=d sulcides versus controls; 57 < 0.05, %P < 0.001, non-abusad suicides versus cor mortem examlnatlons)
P « 0,001, abusad suicides wersas non-abused suicioes; Bonfzmoni pos! hoc comparisons).




ORIGINAL ARTICLE

Association of Maternal Exposure to Childhood
Abuse With Elevated Risk for Autism in Offspring

JAMA Psychiatry. 2013;70(5):508-515.
Andrea L. Roberts, PhD; Kristen Lyall, 5cD; Janet W. Rich-Edwards, ScD; Published online-March 20. 2013,

AlberiAschierio, DrPH; Marc G. Weisskopf, PhD, ScD doi:10.1001/jamdpsy chiatry. 2013447

Importance: Adverse perinatal circumstances have been

associated with increased risk for autism in offspring.

Women exposed tg@'childhood abuse experience more ad- AnOthe_r transgenerational

verse perinatal cifcumstances than women unexposed; effect, is based on a broad
but whether maternal abuse is associated with autism in longitudinal cohort study
olfspring is unknéwn.

(Nurses’ Health Study 1)
\ which identified maternal

exposure to abuse in early
childhood (!!) as a risk factor

for having a child with autism e
Conclusions and Relevance: We identify an inter- (Nurses 'Health Study II)

Design and Setting: Nurses' Health Study 11, a popu-
lation-baseéd longitudinal cohort of 116430 women,

generational association between maternal expesure to
childhood abuse and risk for autism‘in the subsequent
generation. Adverse perinatal circumstances accounted
for only a small portion of this, increased risk.
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Epigenetic Transmission of Holocaust Trauma:
Can Nightmares Be Inherited?

Matan PF Kellermann

AMCHA, the hational lsroefi Center forPsychoesscial Support of Survivors of the Holocaust and the Second Generation, Jerusofem, lsroel

Hhedsiacats sl sl Doy e e s Aotk The Holocaust left its visible and invisible marks not only
an the survivors, but also on'their children. Instead of . . .

H0bers tattooed on thelr forearmis, however, Hreyihs” on the survivors, but also on their children. Instead of

have higenmarked epigenetically with a chemigal coating numbers tattooed on their forearms, however, they may
upan their chromosomes, which would represent akind have been marked epigenetically with a chemical coating

‘of hiﬂ[ﬂgltﬂ’rmemﬂw of what the parent$@xperienced.
As a result, some suffer from a general vulnerability
talstrbss while others are mare resilient. Previolrs
rESEarJ:h assumed that such transmission wa!ﬂ;a u5-|=_l-|:i
h',' environmental factors, such as the parents! " child-
rearing behavior. HEWI‘"ES-E‘EI'd'I- h‘l}'.'n'E\"EF indicates that
these transgenerational effects may hﬂu‘& beenalso{epi)
genetically transmitted to their children.dntegrating both
hereditary andefvironmental factars, epigenetics adds a
newand morecomprehensive |:|5‘fd‘mhm|ugita! dimension
tothe ExplanatlﬂnuTtranigErEfaimna[tmnsrnlﬂ sion of
trauma. Specifically, ‘epigenetics my&xp[am why latent
transmission becomes manifest under stress. A general
theoretical overview of epigenetics andits relevantefo
researchan trauma transmissian is presented.

upon their chromosomes, which would represent a kind of
blologlcal memory of What the parents experienced.
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Holocaust Exposure and Intergenerational FKBPS Methylation

Childhood Adversity Effects on FKBP5

Intron 2 Intron 7 Methylation in Offspring
I_’, rs1360780 SNP/ 4 GREs
promaoter transcription siart |
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Figure 1. Schamatic representation of the human FKBPS locus with intron 7 glusoearticold receptor binding sequence investigated in this study. The upper
pansl dapicts the-FKEBPS locus in §'-3° orentation. Black bars represent the 11 exons. The wam::npﬁnn start site iz highlightad in green. The lower panel
reprezenis the intron T amplicon(&76 bass pai) chosen for DA methylation analysis I}prlmﬁ sequance dark blusfitalicized). Since pyroseguencing can ooy
refiably generate short reads, the six cytosine-phosphate-guanine (CpG) sites (red) analyzed in three bins based on the. proximity to three consensus
rglucocorticoid response elaments {GARES) ane represgnted in bald underdfined [pyrosequencing primens are described in'Klengs atal. (35 The two CpGs of
bin1 were upstream of all GREs, the three CpGs of bin 2 are surrounding the first GRE, and bin 3 represents the Cpd within the third GRE. The chromosomal
positan (Ho19 of the CpG sites is indicated on the left and the right of-the lower panel. SMNP, single nucleotide poabyrmorphism.



FROM BREAST MILK TO BRAIN

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

Metabolomica liquido
cellule staminali

Hosseini SM Neurol Res Int 2014



Relative frequency of articles with epigenetic or epigenetics in their title International Journal of
| . - Epidemiology
David Haig Int. J. Epidemiol. 2012;41:13-16
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Number of ASD Publications
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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

Incidence of "Microbiome" in Scientific Papers
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Published papers about Endocrine Disruptors

pro between 1993 and november 2006 (gies)

700 {
EDCs are among the most powerful epigenetic perturbators of

development (cell differentiation) (pseudo-morphogens)
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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

....It's almost like

AdlolescenceE
Inteleetal desaliilities

"4

Autism spettrum disarder

Attention deficst hyperactivity disarder

Anmuety disorders TRLTETS LI~ Sy walang .
Schizophrenia & = (2} Fr
Substance abuse VS R
Moo disorders : T vt
OBESITY &..... DIABETES 2..
' - i ™ W it
Huntington's disease ALLERGIES &,.:.". ... AUTOIMMUNE DISEASES 9 Or
Parkinson's disoase CHILDREN/JUVENILE CANCER walidha
Alrheimers diseasa
= T T ! r T I ; T T |
il 5 10 15 20 25 30 40 a0 &0 70

Age of diagnosis (years)

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



The raise of Neurodevelopmental Disorders [ND5): from genetics to Eelﬁenetlt:a

Ernesto Burgio, ECERI European Cancer and Environment Research Institute, Bruxelles
e mail erburg@libero.it

|
The NDS are a set of conditions with onset in the early stages of development and variously associated
with cognitive and psychiatric dysfunction. The high heritability of these conditions argues in favor of a &
genetic component. On the other hand, the impressive increase'of NDS calls into question environmental
factors and epigenetic mechanisms.

From a neurobiological point of view autism invoives early brain overgrowth and ﬁs’fﬂncﬁnn that may be

related to abnormal laminar development and cortical disorganization of neurons, in prefrontal and
temporal cortical areas, where social, emotional, communication and language functions are |located.

he Human Connectome P"OJeCt Autism and autism spectrum disorders (ADS) are developmental
I —‘“r‘“" = N\ / disorders of neural connections and of synaptogenesis
This affects the way in which the brain "processes information"

44 25

[“We know that synapses are essaniial 'f-:?r fearning, memory, and perception Y

| |and suspect that imbalances in synapse formation impact disorders of the

e ;bmm such as autism and schizophrenia,” says Elva Diaz, assistant professor(
{of pharmaceiogy at UG Davis, “Our study is the first to identify SyniNGT as.5

|

Lritical regulator of these important hrain connectigns.”




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 Banca del cervello di Harvard

congelato da 0 BA10
e 16 controlli : R Corteccia.frontal

IHlumina Infinium
HumanMethlation27
BeadChip

Misura dei

a27.578
dinucleotidi CpG
in 14.495 geni.

Usando il 450 K BeadArray

Sono state identificate ABAT e GABBR1

che includevano loci associati ai geni del sistema GABAergic
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Variation of global DNA methylation in autistic children.
* %k

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.
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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

Available anline at wwwesciencedirect.com
S CIENCE dﬂllll’.‘.‘l‘" GENE
C SECTTON

FAOILUTWIN ALY GENOMICS
Ciana 15 (2005 91 100 —

L ERL T I"l STy il’l el il II. 1 .'-ii.rl.'\'-.:" o
Roview

A 21st century view of evolution: genome system architecture,

S

repetitive DNA., and natural genetic engineering

James A, Sha pim

Creprirtoment of Bure iy and Modecmiad 3!’*I|'r.'w' Cnirpetraiy of Chrcaga. 520 . 356 Siveet, Chicage. I8 6067, Lty el Dicites

The last 50 years of molgeular genetics have produced an abundance of new discoveries and data thatmake it useful to revisit soms basic
concepts and assumpig®ain our thirking about genomes and evolution. Chief among these observations are the_commlex modularity of
genome urgammmm hmif‘- sical ubiguity of mobile and repetitive DNA sequences. and the fundamental importance of DNA

: ments in olution of s
‘ ways of thinking about genomes a

s sopaisticated mformatic storage systems and about evolution as a systems engineering process.
‘
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?;5*&*35 Current Opinion in Genetics & Dewelnpment
& =4} Wolume 23, Issue 3, |une 2013, Fages'284-270
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Functional impact of the human mobileme

Timathy O Babatz & 2, Kathlep HhBurns 55 H

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 shownto 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 3

(Stochastic versus Active/Reactive

or even Pro-evolutive) e %
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_ Stress

(A) Phenotypic
plasnicity

-

(B) Transgenerational
epigenetic inheritance

ahanr v

I

e
e

Somatic cells

ncRNAs control

- -y

(A) Under stress, the activation of the TE-EC

- g engine in somatic cells induces p[astlc responses
DNA methylation Lifting of epigenetic
(H:ismne tails mdiﬁcannnza)_ TE silencing -, thro‘_‘gh' (I) DNA._m.chwa.:“(_)n a.r.1d/or Lo
‘ 4;;; modifications of histone tails; (ii) transcription of
i‘-'wﬁ“h'f' groups "7 dasiGaiea | § TE-encoded regulatory noncoding RNAs
Mge y[HNAS - byneRNAs | & | (ncRNAs); and (iii) lifting of epigenetic silencing
Tf‘j I ﬁ’ ‘.; f. | and mobilization of TEs in somatic cells,
= e f\ | leading to somatic mosaicism.
Mobilization I\
. / Lomatic mosaicism el m““‘
(" Germinal cells N (neRNAs) (B)
mn !
Self re-inforcing Epigenetic I\ The resulting phenotypes can be
epigenetic pathway TEsllencing | of £1 stabilized over generations
("'} ! Mnthﬂ groups / I \
ncRNAs I'nhmrt‘d Mge { | | ) through self-
1| reinforcing epigenetic pathways.
JE D
Histone tails |1 Stress perceived in somatic cells
modifications o can also induce the
K, .

Trends in Ecology & Evolution

Volume 31, Issue 7,
p514-526, July 2016

[dashed arrow from (A) to (B)].




Generation of neuronal variability
and complexity

Alysson R. Muotri' & Fred H. Gage'
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NEURODEVELOPMENT

Somatic mutation in single human
neurons tracks developmental
and transcriptional history

Michael A. Lodato," Mollie B. Woodworth,"” Semin Lee,™ Gilad D. Evrony,'
Bhaven K. Mehta,! Amir Karger,” Soohyun Lee,” Thomas W. Chittenden,**}
Alissa M. D'Gama." Xuyu Cai,'f Lovelace J. Luquette,” Eunjung Lee, ™’

Peter J. Park,””§ Christopher A. Walsh'§

Neurons live for decades in a postmitotic state, their genomes susceptible to DNA damage.
Here we survey the landscape of somatic single-nuclegtide variants (SNVs) in the human
brain. We identified thousands of somatic SNVs by single-cell sequencing of 36 neurons from
the cerebral cortex of three normal individuals. Unlike germline and cancer SNVs, which are
often caused by errors in DNA replication, neuronal mutations-appear to reflect damage
during active transcription. Somatic mutations create nested lineage trees, allowing them

to be dated relative to developmental landmarks and revealing a polyclonal architecture of the
human cerebral cortex. Thus, somatic mutations in the brain represent a durable and ongoing
record 'of neuronal life history. from development through postmitotic function.
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A Mechanism for Somatic Brain Mosaicism

Irving L. Weissman'" and Fred H. Gage®'

‘Institute of Stem Cell Biolocy and Regznerative Medicine, Stanford Universty School of Medicine, Stenford University, Palo Alto,
CA B4305, USA

TThe Salk Institute for Biological Studies, Laboratory of Genetics, La Jolla, CA 92037, USA

"Comrespondence inv@stanford. edu (LL W) oage@salk edu(FH.G)

hitpy/dx .doi.org/1 01076/ .call 2071607 .048

Double-strand break rrf.-pa;ir is required for neural development, and brain cells contain somatic
genomic variations. Now, Wei et al. demonstrate that neural stem -and progenitor-cells undergo
very frequent DNA breaks in a very restricted set of genes involved inneural cell adhesion and syn-
apse function.

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 %&%, L
(and maybe predispose to) psychiatric and neurological disorders s B
manifested in mind functions—autism, manic depressive and
depressive disorders, schizophrenia, and others
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Long Neural Genes Harbor Recurrent DNA Break

Clusters in Neural Stem/Progenitor Cells

Graphical Abstract

Recurrent DSB Clusters in Neural Stem/Progenitor Cells
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In Brief

Neural stem and progenitor cells undergo
massive genomic alterations in a very
restricted set of genes involved. in
synapse function and neural cell
adhesion, processes that are likely to
govern the special behavior of brain calls.
Many of these genes have also been
implicated in mental disorders.

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

|



Capitolo 3. Disturbi del neurosviluppo: dalla genetica all'epigenetica,
di Ernesto Burgio, Daniela Lucangeli e Maria Antoniétta De Gennaro

I. I disturbi delo spettro autistico nell'ambito dei disturbi

del neurosviluppo

2. Dati eprdemiologici: aumento reale o semplice incremento
di diagnosi?
Verso un nuovo paradigma: dalla genetica lineare alla genomica
sistemica (epigenetica, metagenomica, ologenomica)
Nurture ¢ Nature
Filogenesi e ontogenest: genetica ed epigenetica
[ fattori dirischio
1l cervello nell’adolescente
Epigenetica vs genetica
In sintesi
Domande per l'autoverifica
Bibliografa
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EEG Analytics for Early Detection of
Autism Spectrum Disorder: A
data-driven approach

! William 1. Boslt22 Halen TagerFlusberg® & Charles A. Nelson’25

¢ Autism spectrunrdisorder (ASD) is a complex and heterogereous disorder, diagnosed on the basis

: of behavioral symptoms during the sacond year of life or later. Finding sealable biomarkers for early
. detection is challenging because of the vanability in presentation of the disorder and the need for
simple measurements that could be implemented routinely during well-baby checkups. EEG s a

relatively easy-to-use, low cost brain measurement tool that is being increasingly exploredas a

; potential clinical toeolfor monitonng atypical brain development. EkG measurements were tolfected
¢ from 93 infarts with an older sibling disgnosed with ASD, and 83 ow risk controls;, beginning at 3

maonths of age and continuing untl 26 months of age. Monlinear featuras were computad from kG

1o signals and used as inpul to statistical fearning met hods. Prediction of the clinical diagnostic ovlcome
© ot A5D or not ASDywas highly accurate when using EEG measurements trom as early as 3 months of age,

Specificity, sensitivity and PPV were high, excesding 35% at some ages. Prediction of ADOS5 calibrated

sevarity scoras torall infants in the study vsing only EEG data taken as early as 3 months ot age was
L stivngly correlated with the actual messured scores. This suggests that useful digital biomarkers might
! beextracted from EEG measuraments.

L'autismo e 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.
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Gli algoritmi computazionali hanno analizzato sei diverse componentn (frequenze) dell’'EEG (high
gamma, gamr‘na(S Be&a, alﬁha, theta, delta) usando u§a ‘vfrlgt@r misure di complessita dél
segnale.

Queste misure possono riflettere le differenze nel modo in cui il cervello € cablato e in che modo
elabora e integra le informazioni
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| risultati sono stati sorprendenti..

' I'accuratezza predittiva a 9 mesi e

stata quasi del 100%, inoltre si

potuto prevedere la gravita dell'ASD,
come indicato dal punteggio di gravita
calibrato ADOS..

Le differenze precoci di complessita
del segnale, mostrano molteplici
aspetti dell'attivita cerebrale, e
corrispondano all'idea che I'autismo
sia un disturbo che inizia durante lo
sviluppo precoce del cervello, ma
puo assumere diverse traiettorie.
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Ahstract

ﬂa&kqmund and Gbiactive. |n a previous study, we shmﬁd a new CCG processing methodalogy called Muli-Scale Ranksd Oirgamizing
Map'tmphzd Function A= sguashing hmg (M2 ROKIESS ) performing anslmost perrect distinction between computenzed EbG of ltalian
children with autism specirim disorder (85770 and typically develaping children In this study, we aszessen this system in distinguishing
A50 subjects from children affected with other neuropsychiatric disorders {NPDY Ldethods At a payehiatric practice in Texas, 20 crldran
dizgnosad with ASD and 20 children diagnosad with NPD ware entered into the study: Continuous segments of artifac: free EES data
lssting 10 minules were cndencd in MS-ROMAEAST Fuun the vew senables croated by MS-ROMIFAST ooy 12 has Leon seleclol
according o & cormelation critarion. The selected feattires represant the input on wwch supervised machine learning systems (MLS) acted
a5 bhind classitiers. Results.: Theoverall predictive capabidity in distncuishing ASL tromrother ML cases ranged trom 5% to 94 5. The
results wers confirmed i further expesimeits in which ltalian and U3 data have been combined, (nthis-analysis, the best MLS reached
05 (1% ginbal accuracy in ot of 3 rlassos disfiretinn (ARSI MED, rontrais] This stidy pirraneratos i Value of FEG precnssing with
advanced MLSin the diffzrential diagnozis hetween ASD and MCD cases. The results were not affectea By age, ethnicity and r2chnicalitias
of B acquishion, continming the exastence of & spechc EeG signature m ASL cases. 1o further support these tindings, it was decdad
totesMha hehavier of almady trained neoral networks on 10 #alian wery youme ASD childron (25-37 manths) Inthis test Sout of 10 cases
have been comecly recognized as ASD subjercts in the Dast case. Canclusions These results confirm the possibility. of an early automatic
autiem detection Dazed on standard EEG.
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La Fig. 3 mostra la mappa di connettivita 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 piu c.ollqgamentl) che riceve la convergenza da . piu fattori,
suggerendo l'esistenza di un effetto cumulativo multi-causale.
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