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OBESITY IS NOW A
GLOBAL EPIDEMIC!
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Yet the most dramatic increase
concerns children and adolescents
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childhood
obesity
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(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
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THE INSIDE STORY
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Grandjean P.

Developmental neurotoxicity of industrial chemicals
Pandjean, 7 i

Weurodevalopmental disordecs such as autism, attention deficlt disorder, mental rerardation, and cerebral paksy are
comman, eoatly, and can canse lifelomg disabilibe Their causes are mostly unknown. A few industrial chemicals [eg,
lesid, methylmeriury, pobchlorinated biphemls [PCBs] arsenic, aml Wwluene) are recognised causes ol neue
desclopmental dizorders and subclinical brain dvsfunction. Exposure to these chemicals during carly foral devclopment
can causs brain injury at doses niuch lower than theee atfecting adult brain huction. Recognition of these ks Las
led 1o evidence-based programmes of prevention such ac elimination of lead addirives in petrol. Although theee
prevention campaizns are highly successful, mostwere initiated only after substantial delays, Anether 200 chemicals
are known to cavse clinical nevrcbonic effects in adulls Despilte an ibsence of systematic testing, many additional
chermicals have been show lo be penrelosic o aboralory molels, The toxic ellects of such chemicals o the devdoping
huean brain ate not known and they arc not regulated 1o peoteet children. The two main impediments to prevention
of penrodevelopmental dehcits of chemical origin are the great gaps i testing chemicals for developments
neurotnicity and the high bevel of proof requiced for regulation. New, precautionary approaches thar racognice the
uninue vulnesahility of the developing hrain are needed for festing and control of chemicals.

[Home] [Calendar] [Directory] [Search]

Landrigan Ph

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

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




In fact the reports of autism cases per 1,000 children had increased
dramatically over the years inthe U.S. from 1996 to 2007
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Newschaffer CJ, Croen LA, Daniels J et al. The epidemiology of autism spectrum disorders Annu Rev Public Health. 2007;28:23558.
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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 diagnosed
cases (incidence ) in US increased from 15,580 in 1992 to 163.773 in 2003

The estimated prevalence was of Tncldncs Camilative Growth
. . £ 1,5, dphges] Wegeq 9l - Dodd
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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
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MOTE: These graphs show prevalence estimates from 11 UK. and 8 U.5. studies. For studies with survey populations spanning a range of birth

years, the midpoint of the birth year range is used.
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| aU+| Sm the great modern health concern

Autism spectrum disorders (ASD) are a grosep of developmental disataites that can caame snificant social, commumscation and behaviornal challempes
Peopie with ASDs handle Infocmation in thelr bealn dilferently than other paople, ASDs are “spectmemn disordens” Thi means ASDs alfect sach person in

different wans, ancl can cange Tronm veey melicl to severe. Thaere aee thiree different types of ASD: Autistic Disorder (alio Callsd “classic™ samisim), .
Asperger Syndroma and Pervasive Developmental Disorder - Mot Othensise Speecified (FRPO-NOS: also called “atypical autism™) 1980 1 0 1500
Autistic Disorder Asperger Syndrome Pervasive Developmental Disorder

What moat people think of when hearing The Usiaslby have wormss milder symplosms of sutietic Tie sypmpicsms kg e ondy sccial amd comemuenbc st om

woed “autism” Peopie with sutsistic disorober dinorder, They might huree social challernges and challenges. Pecple walh POO-NOS wussally huave fewer and

tarvialty Furee shge ific st languiage deleys, socisl wrnasl bebaviors soif infereets. Mo wer, il sym@ptoims Than those with autiatic dinordes

and cormenmumicabion challenges amd Larmasusl rypically do mot e probBlems with lengusge 2002 1 . 150
bethuriors and inferesti ar e Berctuad disabeliry =

1 % Wit ‘ ASD 4 to 7 timaes more likely

of vhe popualstion of childsen
aged 3-17 have an ASD o accur in BOYS than in GIRLS

2014 1: 68

20061 :110

Thenr & no Medical el 1o diagnose ASLh, Albout hall of parents of children with ASD notice about four-fAifths notice

g“ﬂ":;‘ m:::;"” ‘Ihﬂf;m:' and ‘ thardr cild s wnruswual behaviors by age 18 months by age 24 months

A, peerion with an ASD mighe Rot respond 1o their nemes by 12 montia | Asoid ey coniaot and wani o be alone | Fawe dalayed spestdh and Lnglasge skl 2008 1 . 88
Frprrat veostds o plhraces overs and over (echolalind | Give uneelated answess 20 Questons | Get up-eet by munos Changes .

RAep=wty of sutium cates s 1 000 cihdlols en

ASDn aee Thee Fastest growing 1 1 43% it 1 0-1 ?% * o8 -1"; - - o o
devetspemental disabfity gr{}wth rate annual grﬂwth
2003 2005 O T

1997 L] F20 T

Lifetimme cost to care for aof medical expencitures for .
e s s 53-2m o S84 T1T10-56,200 per year 2nindivdual with an ASD 20141 : 68

than o willhout

T — http://arstechnica.com/science/2012/04/new-autism-studies-find-new-mutations-many-genes-behind-the-disorder/
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Neurobehavioural effects of developmental toxicity

Philippe Grandjean, Philip] Landngan

Neurodevelopmental disabilities, including autism, attention-deficit hyperactivity disorder, dyslexia, and other
cognitive impairments, affect millions of children worldwide, and some diagnoses seem to 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)
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And it is
increasingly
evident that
the increase
continues
unabated

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

10f68Y)i ' 82 ¢° £~=~¥£¢=U - £~°+=

Prevalence of Autism Spectrum Disorders i EU: 0,62 - 0,7%

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

1:119 Finlandia Mattila et al., 2011

1:87 Svezia Idring et al., 2012

Gran Bretagha Russel et al., 2014




Community Report

on Autism 201 8

is the average
percentage

identified with ASD

Why is this information important and how can it be used?

| 1. Lower the age of first evaluation by community providers,
and

: 7% i

Matisnal Center on Birth Defects
and Developmental Disebiitia

Centers faor Disease Control and Prevention
Cnrviwrn Far Dimars Corvibro] und Provsafias,

HELPING
Q EB m {D @ CHILDREN

Community Report from the
Autism and Developmental Disabilities

Monitoring (ADDM) Nefwarl_(

Network

n§9

8-year-old children
were identified with ASD
by ADDM in 2014

2. Increase awareness of ASD 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.




PEDIATRICS

SlCIAL JDURNAL DF THE AMEFRICAN ACADEMY OF PECIATRICS

The Prevalence of Parent-
Reported Autism Spectrum
Disorder Among US Children

Michsel [ Cogan, Phil ® Gathering J Viadufiu, Phil MPH® laurad Schisve, Ph ® Rasm W
Ghandour, DrPH? Stephan J. Blumberg. PhIL® Bergamin Zabictaiy. PhD® Jamen M. Perrin, MDY Poul
Shattuok, Phil* Karen A. Kuhlthag, PhD, ? Robin L Harwood, Phil® Michael ©. Lu, MO, MPH!

DR TS Yolumse 142, rumber € bommoer 048

OBJECTIVES: To eéstimate the national prevalence of parent-reported autism spectrum disorder
[A5D] diagnosis among US children aged 3 to 17 years as well as their treatment and health
care experiences using the 2016 National Survey of Children’s Health {NSCH).

METRODS: The 2016 NSCH Is a nationally representative survey of 50212 children focused
on the health and well-being of children aged 0 to 17 years. The NSCH collected parent-
reported information on whether children ever received an ASD diagnosis by a care
provider, current ASD status, health care use, access and challenges, and methods of
treatment. We calculated weighted prevalence estimates of ASD, compared health care
experiences of children with ASD to other children, and examined factors associated with
increased likelihood of medication and behavioral treatment.

RESULTS: Parents of an estimated 1.5 million US children aged 3 to 17 years [2.50%) reported

that their child had ever received an ASD diagnosis and currently had the condition.
revalence of US children with a parent-reported ASD

515 1% now 1 in rates of ASD-specific treatment usage varying by children's

Bl sna s merurring conditions, .
American Academy of Pediatrics

DEIMCATED TO THE HEALTH OQF ALL CHILDRENT

Downlpaded fom www azppublications orgbews by muest on Diecember 3. 2018




New genetic risk factor for developing autism spectrum dis-

order identified

Date:
Source:

Summary-

Autism risk due to unexpected mosaic mutations

August 31, 2017

Oregon Health & Science University

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
low-lying genetic mutations that may have been missed in previous research, given "genetlc" diseases 1?2l

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 ...11??!

Deidre R. Krupp, Rebecca A. Barnard, Yannis Duffourd, Sara
A. Evans, Ryan M. Mulgueen, Raphael Bernier, Jean-Baptiste
Rivic¢re, Ernc Fombonne, Bran J. O'Roak. Exonic Mosaic Mu-
tations Contribute Risk for Autism Spectrum Disorder.
The American Joumal of Human Genefics, 2017, DOIL:
10.1016/j.ajhg.2017.07 016



Whole genome sequencing identifies new genetic signature

for autism

Date-

..or here: Autistic children
October 12, 2017 have > 3 mutations
if compared to unaffected

Source:  Howard Hughes Medical Institute siblings 1921
Summary: An analysis of the complete genomes of 2,064 people reveals that multiple genetic vari- /
ations could contribute to autism. The work suggests that scanning whole genomes may /
one day be useful for clinical diagnostics. ,’
200 7 185 / : :
180 {88 TS Tychele N. Turner, Bradley FP. G}!g, Diane E. Dickel, Kendra
L1801 | a4 individuals 85Sibiing Hoekzema, Bradley J. Ne!sﬂl}(w’nchael C. Zody, Zev N. Kro-
T 140 A . 2 nenberg, Fereydoun Hmmgfdiari, Archana Raja, Len A Pen-
E 20 + : nacchio, Robert B. Dame}( Evan E. Eichler. Genomic Pat-
§ 100 + terns of De Novo Mutation in Simplex Autism_ Cell. 2017;
fg BO + - DOI: 10.1016/).cell 2017 .08 047
297 e
@ 23
2: ly E 40 00 ot
0 1 2 3 4 5 6 7 8

Number of de novo variants of interest

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



Autism genetics study calls attention to motor skills, general

cognitive impairment

Date: February 7, 2018

Source:  Cold Spring Harbor Laboratory

Summary: A new study of the genetic factors involved in the causation of autism spectrum disor-
ders (ASD) draws fresh attention to the impact these illnesses have on motor skills, and
mare broadly on cognitive function, Careful inference from the data suggests to re-
searchers that the genetic factors causing ASD broadly diminish the brain's cognitive

functions.

vieallhy Dg

Mutations that appear in a child which are not present in either
parent — called de novo mutations -- can be important in

autism. Severe, gene-disrupting de novo mutations are thought
to be capable of causing the disorder in certain instances. New
research shows that diminished motor skills, like low non-verbal
1, correlate with the severnty of de novo mutations. More
broadly the study calls attention to role played by genetics in di-

[Or in this case: new
mutations disturbing motor
// functions could be important

,' in autism ...11?221
/

4
/

’
74
.&ndrea;’Buja, Natalia Volfovsky, Abba M. Krieger, Catherine
Lord, ﬂex 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 DOL: 10.1073/pnas. 1715427115



JAMA Psychiatry | Original lnvestigation
Association of Genetic and Environmental Factors
With Autism in a 5-Country Cohort

Dan 3a, M, Ezmamin Hon EeiYip, PhD; Gayle €, Windham, MFhD, MSPH, Andre Scurander, ThD,
Richard Francis, PRD; Rinat Yoffe, MPH; Emma Glasson, FhD; Echrang Mahjani, PED; Auki Suominon, MSc;
Halan Leona-d, MBChE, MPH: Milz Geslar, PRD; Josaph D, Burbawrn, PhD: Kingslay Wong, PhD;

Miana Srhandal PhN. Amd Kndesh MN- Michaeline Breshnahan, PhD, MPH: Staphen 7 1 evine, PH-
Frik T Barnes, Prall Stetan M. Hansen, Ph0D; Christing Hiltman, PRk

Abraham Kechenberg. Phl: Sven Sardin, Phl

JAMA Psychiatry. doi:10.100Yjamapsychiatry 20191411
Published online July 17, 2019,

2019 Amencan Medical Association, All nghts reserved.

Author Affilations: Author
IMPORTANCE The orfging and development of autism spectrum disorder (ASDY remain :z!::_m e
urnesolved. No individual-level study has provided estimates of additive genetic, matermal, )
and anvircnmantal effacts n A% acnoss saveral couniries. Corresponding Authar: Sven Sandin,
Phi, Department of Meadical
o = Eprdemiology and Biostatistics,
OMECTVE Toestimate the additive genetlc, matarpal, and environmentz] effects in ASD, Karolinska nstitutet, Nobels vag 6,

SE-I7177 Stockhokn, Sweden
BESHEN, SETTING. AND PARTICIPANTS Popalation-based, multnational cohort study Including (svensandingski se,
full hirth cohorrs of children from Denmark, =inland, sweden, israel, and Western AusTalia
borm bebween January 1, 1908, and Decamber 21, 2011, and tcllowed up to age 16 years. Data

were amalyzed from September 23, 2015 through February 4, 2018,

MAINDUTCOMES AND MEASURES Across 5 counbries, modelswere fitbed (o estiivate varance
components descrihing the tofal variance inrisd for ASDoocurrence owing m additve
genetics, maternzl, and chared 2nd nonshared environmental effects.

RESULTS The anafytic sample included 2 0071 631 individuals, of whom 1027 546 (51,2%6)

wiere abe Anrone e entive sanmpbe. 22 156 wer e i osed with ASD. The ned an (95% C1) H erltabl I Ity estimates ranged from

ASD ner_ltabllm' W_EIS&I?.B% m.z%-a_ﬁ_iw for country-specific point estimates. ranging from 81.2% (73_ 9046-85. 3%) to 82.7%

LU0, (25 1975 59%) (Fnland) to BE. 8% (B2 8Y%-10000%] (israel]. For the Nordic countries

combined haritability estimates ranged from 81.2% (72.094-85 39) to B2.7% (79 1%' 86 O%) . M atern al effeCt WaSs
(75,19 86.0%:), Maternal effect was estimated to range from 0,49 ta 16%, Estimates of .

genetic, maternal, and environmental effects for autistic disorder were similar with ASD. estl mated to range from 04% to 1 6%

COMICT LISHONS AND RELFYANCE Hased on ponddation cata from & eauntties, the bertabilivy of
ASD wag estimated (o be approsimataly 809%, indicating that the variation in ASD cecurrence
in the popualation is mostly owing to inharited geretic nfluences, with no support far
comtribution from matamal effects. The result: suggest possiole modest differences in the
sour ces Ul ASDHT ik eebwee: counl ies.
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Children with autism and ADHD showed more severe impairments affecting more of the brain's white matter than
those with OCD. This finding may reflect the fact that both autism and ADHD typically have an onset at a much younger age
than OCD, and at a time when a number of different white matter tracts are going through rapid development,
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The unmet needs in diagnosis and treatment of meod disorders in children and adolescents

Mood disorders in children and adolescents: an
epidemiologic perspective

Ronald C Kessler @ &, Shelli Avenevoli P, Kathleen Ries Merikangas ©
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from perlconception to early infancy
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ECERI - European Cancer and Environment

Research Institute
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® SN L

genetics.

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

Ernesto Burgio

ECERI — European Cancer and Environment Instituie, Bruxetles, Belginm

ISDE — Intemational Society of Doctors for Environment { Sciennific Office), Arezzo, Dy

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

1 IC ] /g > as 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 context is
foetal factors ol distress and the exposure ol the certainly primary prevention

foetus (and of its gametes) to pollutants, it would
be possible to protect the correct programming of
cells, tssues and organs.
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A benchmark investigation of industrial "

chemicals, E?"'—'tant& and pesticides in Kat 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
| 22 @WLLUPUUKEN¥K- ¥ f£and Chitdreh - proviling dramatic results
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] = CORPHS = Pro Hi & ris = (=i cferiere | pesticici al feto

ﬁ ACTUALITES ET EVENEMENTS PROJETS ET RESULTATS MAGAZINES RESEARCH*EU

PLUTOCRACY — Reéesultat en bref

Project 1D: QLK4-CT-2000-00279
Financé au titre de: FP5-LIFE QUALITY

Le placenta transmet les pesticides au feetus

L’incidence des allergies comme I'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 le placenta, du milieu environnant vers le feetus.
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En 2012, plus d'un bébé sur dix nait prématurément dans le monde” sans évidence de décroissance avec le temps”

Les naissances prematurees concernent 11 a 13 % des naissances zux Etats-Unis, soit prés du dnuble du taux des autres pays industrialisés et une augmentation de 30 % par
rapport & 1981 Plus du quart des décés 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

Evolution des taux d'incidence de la prématurité EI'I France

1872 | 1981 1533 1885 | 2003
Trés grande prématurite (de 22 3 27 SA) - - |- D 4 5'-6 0,5 % | :/

Grande prematurité (de 28 a 32 5A) 1.3 'Ef: - 1% -1 e, E'-"u 1.3%
Prématurite (de 33 a 37 SA) 82% 5.7 % 48% 59% ?.2%_

. A , . ) . Py
L'incidence est donc en augmentation, ce que confime les chiffres d'autres pays. en parficulier americains .
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Risk of Preterm Birth @

Philippe Kadhel 28, Christine Monfort, Nathalie Costet, Florence Rouget,
Jean-Pierre Thomé, Luc Multigner, Sylvaine Cordier

American Journal of Epidemiology, Volume 179, Issue 5, 1 March 2014, Pages 536-544,

https://doi.org/10.1093/aje/kwt313
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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 Medicing, Oregon Health & Science University Portiand,
Oregon 97238

*Knight Cardicvascular Inslilte, Cenler for Developmental Heallh, School of Medicine, Oregon
Haalth & Science University Portland, Ovegon 97230

IDepartmien] of Cbstetrics & Gynecnlogy, Oregon Heallth & Science University Portland, Cragon
a723a

Abstract

Civer the sl quarter century il has become cleas tht adult onsel chronig desenses hike hean
tisease nnd type I disbetes have their roots in early developmenst. The repont by Duvid Barker and
collesges showing an myverse relotionship between birhweight and mortality from ischemic henrt
diszpse was the first clenr-cut demonstraton of fetal progromming, Becaose fetn] growth depends
upon the plocental capacity o transpon nuirients from matemnal Mood, it has been & sispected
caEsive agent since the original Barker repons, Epidemialogienl studies have shown that
placental size and shape lave powerful associations with offspring disease. More recent studies
have skewn thar matemnel phenotypic characieristics, such os body mass index and height, meracs
with placenial size wnd shape 1o prodict disese with mueks e precision tas does bintweight
wlone. For example. smong peopde i the Helsinkd Bink Cobort, vwho were born during 1934=
194, the fisk Tor soquiring colosectsl cancer mereased ns the phicenta] surfice becume longer and
maee ovnl, Among people In whom the difference betwoen the lenoth and bremdth of the surfsee
exceeded 6 em, the hazml rain for the cmeer was 2.3 (95501 1,2=4.7, reChAMIS L'q:anulmll with
thase 1 whom thers was o differemce, A mong Finmzsh mien, the hacard rae for Cirimiary heart
disease was 107 (LO2-115, P =001 per 1% imersase in the plocens] weghtbirthweaph rateo
Thiss, it wppears that the ratio of birthweight 1o placentsl weijght, known s placenmd efliciency,
prechices eandicvascular mskias well. Bobies bom with placentos at the extremes of efliciency are
e vildmershle G idalt omset chronio diseases. Recent evibence sugaests that placenind growth
patlerns are sex specilic. Bovs” plicentas are, n geneml, mong efficiont than those made by girls.
Annther recen discovery is thit the size, shape ind efficiencies of the placenin con chunge over
wears ol ime with Very narnow conlidence Umis. This suggests that the groweh of the plocenia
withiin a population of women 15 strongly atfected by their nunbonal environment. Even though it
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Données générales chez les nourrissons de moins de 32 SA et/ou
moins de 1 500 ¢ (en %)

SEquellesmajeures Séquelles mineures Tutal

PS}'GthDtrIEES T 28 45
Visuelles 2 26 28
Respiratoires | 1 | 26 .2?
Langage 20 20 40

Auditive 2 4 [

Les données de I'étude épidémologique francaise EPIPAGE sur |25 petits Ages gestationnels permettent de déceler un lien évident entre la survenue d'un handicap et Iimportan

de la prématurité Prés de 40 % des grands prématurés présenteni des séquelles - troubles moteurs, sensoriels ou cognitifs - a I'4ge de 5 ans sévéres dans 5 % des cas
modeérées pour 9 % des enfants, Iégéres pour les autres®” Ces données sont cohérentes avec celles issues d'attres éfudes d'autres pays™
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Fetal Origins of Adult Disease [

* Better chance of fetal survival
* Increased risk of adult disease
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opment and have both immediate and life-long consequences. Such

environmentally induced changes can occur at all levels of biological
organization, from the molecular tothe organism’s behavior and place

in _society, and tend to be amplified in their consequences as they
ascend through these levels, Ultimatelv, these influences mav be
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The fourth keyword is developmental plasticity

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
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The fourth keyword is developmental plasticity
Same DNA, Different Look

« We are made up of over 200 cell types. P e

+ Each cell has the same DNAI £

* How can they look so differe
Epigenetics!

» Genes turned on or off

Wikimedia Commons, ORNL gov, Flickr richdelux HARVARD &

- «« 8§2

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




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

The Epigenome learns from Iits
experiences

[1 Epigenetic tags act as a kind of cellular
memory.

[1A 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

// Motor Neuron l%
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StemCell /_\\ p Q\m__ §
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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
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Figure 1: Human brain
Reproduced with permission of authors and American Psychological Assoclation® (Thompson RA, Nelson CA. Developmental science and the media: early brain

development. Am Psychal 2001; 56: 5-15).
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Maternal Factors that Induce Epigenetic Changes
Contribute to Neurological Disorders in Offspring

Avijit Banik !, Deepika Kandilya !, Seshadri Ramya !, Walter Stiinkel %, Yap Seng Chong *
and S. Thameem Dheen *
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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.

Maternal Smoking

Alteration in DNA methylation pattern of fetal gene pools

» Placental Function: LINE-1 [43], AluYb8 [9]

» Neurodevelopment: NR3C! [50], HSD11B2 [51], GPRI3, LRFN3 [53]
* Neurotransmission: HTR2A, ADA [47.48]

* Immune development: ADA, PTPN22 [48]

Transcriptome regulator: RUNX3 [46], PURA, GTF2H2, HKR1 [49]
Calcium binding: GCA [45]

Metabolism of aromatic hydrocarbon: CYPI1A41 [49]

— Mother - 15t generation
» Felus - 2nd genaration

Raproductiva oells - 3ro aenEration

bI®- 23 °£=-0=21LF7¥L2 FAES
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Placental abruption, Miscarriage, stillbirth, preterm delivery AR L L £|° ~

Neurobehavioral 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 Exposure
Susceptible targets in the fetus
* Developmental: Phinc, Neurofilament, Pale ear [68]. miR-9, miR-21, miR-153,  H3K9ac [81] DNMT, MeCP2 [67]
Hoxal [87] miR-335 [73]; miR-10a.  H3K27me3 [82]
« Cell Proliferation:  Oct4, Sox2, Nanog [72], Bubl, m!R-IDh* IR-208 90 S
Cde20, CenBl, Plkl [74] miR-145, miR-132,
; miR-29¢, miR-30e-5p,
= Cell Differentiation: Sox], Zicl, Cxcli2, BMP8bh, Dmrtl, miR-154. miR-200a. Do i braki canses  Visian Be Safe:
Meisl, Mef2c [72], Sh3bp2, Tnf. miR-296, miR-339, {;ﬁmfé;ﬁmﬂ S vy 1’_[&.":',;; 5 ]{
Adrala, Pik3rl [75] miR-362, miR-496 [87] il e woning  allcoho]-ree
* Brain development: Pten, Otx2, Slitrk2, Nmnatl [79] o, bitnes, Pregnancy
« Imprinting: H19 [76], POMC [80), Sfinbt2, DIk, I e i e
Bomes prowtl CEAT CiRdxr bl
L‘%Ejﬂ [Tg_] Bt anad difecis enel
e~ pevila damage
* Leamning & Memory: PNOC, PDYN [82] net farmied fo gesir oy
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* Attention and memory deficit
* Craniofacial malformation

* Motor function abnormalities
* Auditory and language problem ‘




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 an d several

epigenetic alterations in the fetus , triggering abnormal uterine development __and neurodevelopmental disorders .

Absence of dietary methyl group donors such as folate, choline, methionine,
betain and methylcobalamine

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

* Mutation in methionine synthase reductase (M#7’) gene, essential for

deployment of methyl groups from the folate cycle [104] A s : 2

» Down-regulation of genes related to fetal brain development: BDNF., % L W — /"E":f.ui
CREB, NGF and TrkB [105] | A ; x

* H3K9 and H4K20 methylation [114] AT =g -

¢

* Altered expression of miRNAs linked to FOCM pathway : miR-29¢, miR- ; —...Tm a L 4
183, miR-422b. miR-189 [115]: miR-22, miR-24, miR-29b. miR-34a, it et
miR-125, miR-344-5p/484. miR-488 [116-118] I

Developmental oubcomas 7

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 heuroanatomical and neuropsychological deficits in the developing brain :

* Gestational Diabetes Mellitus (GDM)
* Maternal Obesity
» Maternal Hypothyroidism

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]

Neuroanatomical /neuropsychological
deficits in developing brain




Possible mechanisms mediating the

pathological effects of

maternal infection on the developing organism

[2015 by American Physiological Society
in utero
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Genetic vulnerability

+ First hit Figure 1. An immune-mediated two-hit model for psychosis.”
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Environmental and neuropeptide triggers and
susceptibility genes

|

Mast cells/Microglia
Activation & proliferation
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infection o W

andior ‘

inflammmation

e Zinc deficiency Hypotermemiz

T

Maternal immunomodiwatory interventions

Urs Meyer

Developmental neuroinflammation and schizophrenia

Priming of microglia and

. 1T i astrocyte abnormalities
* Cytokines g s
Cxpe D =
|lI m
TS
i = Altered reurodevelopmantal
Oxidative stress trafjectories

Progress in Neuro-Psychopharmacology and Biological Psychiatry, Volume 42, 2013, 20[B4

http://dx.doi.org/10.1016/j.pnpbp.2011.11.003
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Incinerators , landfills .. primitive
waste recycle , etc.

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

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

Giuseppe Giordano ISDE Palermo



Pre or postnatal exposure ?

[ PCBs ]

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

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

Giuseppe Giordano ISDE Palermo
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[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)
[Carbamate : risk for DD increased (Arprocarb : Undene, Propoxur =

Baygon ).

Giuseppe Giordano ISDE



"Tobacco smoke 18

without & doubt Environmental tobacco
the most significant
gnvironmental contaminant sSm Dke (ETS)
o which ehildren
arggEposad indoors; mmm) Sudden infant death
syndrome
Lower respiratory tract
illness

Middle ear disease

‘ Asthma

| 2 million children exposed
to secondhand smoke in
homes

yolulnag theheart, [imbs,

® Fxposurc to environmental tobacco smoke (ETS) causes

more than 35,000 deaths annuallv among non-snolers.

® Smoking by pregnant women is responsible for about

I:> 1000 infant deaths each year in the T1.S.

Children whose mothers smoke:

/ ® Children E:K‘PDSE(] to LTS suffer highe]‘ rates of asthma,
+70% more respiratory problems [ bronchitis, and pneurnonia.
*Pneumonia and hospitalization in year 1 is 38% higher * Smolkeless tobacco use has tripled 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 - €PM25 _
. = HUMAN HAIR L s ey
House dust mites produce e p/allergen, a2 potent 50-70pum <2541 pmicrons) in darmedor

sensitizer

Good evidence of increased risk of sensitization with
increasing allergen exposure, but this does not Dust, potien, mold, ete.
necessarily lead to asthma

Small reductions in exposure will not necessarily lead to
reduced incidence and/or symptoms Ny

Indoor humidity is important

FINE BEACH SAND
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Living near a freeway, based on the location of the birth,
and third trimester address, and  @utISmM
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A Cesebral sirfsce

We detected a dose -
gy VLI : . o response relationship

" e o between increased prenatal

: PAH exposure (measured in

the third trimester but
thought to index exposure
for all of gestation ) and
reductions of the white
matter surface in later
childhood that were
confined almost exclusively
to the left hemisphere of the
brain and that involved
almost its entire surface
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DOES AIR POLLUTION
CAUSE DEMENTIA:

Scientists now suspect that a major cause of -
Alzheimer's and Parkinson's could be the air we breathe. -
[ =

BY AARON REUBEN

PHOTOGRAPHS BY MACIEK JASIK & T e

Tiny particles (UPs 0.1 u) enter the brain after
being inhaled

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

Brain cells that pick up smell can carry nanoparticles inside

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

The best in sclence journalizm
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Affarent fib N\
' i ln#::n;:r"n:m:“ 7 w
¥ : 1 e L 4
2 _ Whactory Axon
c Stern cell
fiﬁlﬂ
L Nose {
Umﬁ# — Supporting
°~ 8- | — Cilia
Inner Hard

chamber  palate
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Figure 12. Close proximity of olfactory mucosa to olfactory bulb of the CNS. Inhaled NSP[s], especially
below 10 nm, deposit efficiently on the olfactory mucosa by diffusion, similar to airborne “smell” mole-
cules which deposit in this area of olfactory dendritic cilia. Subsequent uptake and translocation of solid
NSP[s] along axons of the olfactory nerve has been demonstrated in non-human primates and rodents.
Surface l:harmstw of the particles may influence their neuronal translocation. Copyright © the McGraw-
Hill Companies, Inc. Reproduced from Widmaier et al. (2004) with permission from McGraw-Hill.

Environmental Health Perspectives « voume 113 Inumeer 7 | July 2005
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ﬁ Air Pollution and Brain Damage B
llan Ider:m Sarciduenas Biagio Azzarelll, Hilda Acuna, Ragquel Garcia. Todd M. Gambling, Norma Osnaya

Sylvia Monrov. Maria Del Rasario Tizapaniz., Jchnny L. Carson. Anna Villarrsal-Caldzsron and Barry Rewcastle’
Taxizal Pathal 2002 30; 3732

i the upper and [ower respiratory fract. Becanse the nasal cavity 15 a oommion
afe vilnerable targets for toxicological damage. This smady has evaluated, by light and elecltron
tession of nuelear Fzercr-kappa bera (INF-xB) and inducib! 2 nitric oxid 2 synthase (INOS), e olfactory and
respiratory nasal mmeesag, oy bulb, and cortical and subcortical struciures from 32 healthy mongrel canine residents in Southwest Metopalitan
Mexico City (5 Loa by polluted urbvan region. Findings were compared (o thoee 8 dogs rom Tlaacala. a less polluted, conmol aty, Tn
SWMMC doZ . expression of nuclear neuronal NF-xF and 1NOS in cortical endothelial cells oocurred at ages 2 and 2 weeks; subsequent damag =

portal of antry, respiratory and olfactory epithel
mictoscopy and immunohistochemic

iluded altzrations of the blood- brain barrier (DGD), depenerating cortical nenrons, todie elial whire macter cells, deposition of 2 roteln C
(apok}-positive lipd droplets in smooth musele cells ond perteytes, nonneuritie plagues, and neurohbnllary tangles. Persistant pult mmation
and deteriorating olfactory and respiratory barriers may plav a role in the mmopath- logy -"-i)ﬁemad in rhe brains of these highly exposed canines,
Neurodeeeneratiy e disorders such as Alzheimer ‘s may begin earlv 10 life with air
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Pediatric Respiratory and Systemic Effects of Chronic Air Pollution Exposure: Mose, Lung. Heart. and
. . Brain Pathelogy . .

Lifian Calderon-Garciduenas, Maricela Franco-Lira, Ricardo Torres-Jardon, Carlos Henriquez-Foldan, Gerardo
Barragan-Mcjia, Cildardo Valcncia-Salazar, Angclica Conzalez-Macicl, Rafacl Reynoso-Robles, Rafacl
Yillarreal-Calderdn and William Reed
Toxfcol Fatiol 2007, 35, 154
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dog exhibits A 42 staining of a diffuse plaque ,
surrounded by a microglia-like nucleus

The frontal cortex of an 11-month-old healthyMC & = R = -5_ { : * i m*« 4 r - oy

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 [(Ehows a diffuse .. shows abundant mature and diffuse A 42 plaques (red stain) along
A 42 plaque (red product) and GFAP-negative astrocytes with GFAP-positive reactive astrocytosis



Direct mechanisms Peripheral mechanisms

Soluble compaunds

reach the brain CNS pathology Cardiovascular system
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CNS Disease TRENDS in Neurosciences




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):30 I3k - o
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The cause for most Alzheimer's
cases is still essentially unknown
(except for 1% to 5% of cases

- ' r.N ' where genetic differences have
) O Sl . been identified) T

s | 1€ Journal of Neuroscience
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Increased amyloid
Ab-deposition

Ap-mediated
Hypophasphorylation

Accumulation of hyperphosphorylated
microtubule associated proteint tangles

£(LEARrr) model : early e nvironmental factors such as

exposure to Bb, Qufitignal defigy (e.q., folate or
§BlZfJ or oﬂdatlvg stregs ~alfer D&%%l n@tlcally by
reducing the activity of enzymes as DNMTs
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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 Doclors for Environment (ISDE)
Scientific Office

Mobile phones and other wireless devices 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 people. New epigenetic studies are profiled in this review to account for some neurodevelopmental 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 contributors. Technology benefits can be realized by
adopting wired devices for education to avoid health risk and promote academic achievement.
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Sci Rep. 2019 Feb 4;9(1):1333. doi: 10.1038/s41598-018-37372-2. | www.nature.comiselentificreparts.
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Effects of a hypomagnetic field @
on DNA methylation during the

differentiation of embryonic stem
cells

Sonnhong Fl.mlkll Hwan lﬂ'u':rili, Hanseul F';|rl|:1Ir Byljngijk ll."hn*', Siyoung Kim' & longpil Kim%?

It has been reported that hypomagnietic fizlds (HMFs) have a negative influence on mamimalian
physiological functions. We previously reported that HMFs were detrimentzl to cellfate chenges during
rapragramming into pluripotency. I hase studies led us to investigate whether HMFs affect call fate

determination during direct differentiation. Here, we found that an HMF environment attenuates
differentiation capacity and is detrimental te cell fate changes during the inwitro ditferentistion of

- M1V )

embryonic stem cells (ESCg). Moreovar, HMF conditons cause abnormal DNA methylation through tha
dysregulation of DNA methyltransferase3b (Dnmit35) expression, eventwally resulting in incomplete
DMA methylation during differentiation. Taken together, these results suggest that an appropriate
electromagnatic field (EMF} environmaent may be escential for favorable epigeneticremodaling dunng

HMF{-) HMF(+) F——
e

: ! ]

cell fate determination via differentiation.
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BIOPHYSICS Copyright © 2219

The Authars, some

Weak magnetic fields alter stem cell-mediated growth rights reserved,

exclusive licersee
American Assaclation

Alanna V. Van Huizen', Jacob M. Morton', Luke J. Kinsey', A —
Donald G. Von Kannon', Marwa A. Saad’, Taylor R. Birkholz . Jordan M. Czajka’. S i
Julian Cyrus’, Frank S. Barnes®, Wendy S. Beane'* sl 14 Coenpnment

Works Distributed
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 Cammans Anribution
rates and free radical concentrations, the debate remains about whether static weak magnetic fields (WMFs; <1 mT) License 4.0 [CC YL
alse produce biological effects. Using the planarian regeneration model, we show that WMFs altered stem cell
proliferation and subsequent differentiation via changes in reactive ooygen species (ROS5) accumulation and
downstream heat shock protein 70 (Hsp70) expression. |hese data reveal that on the basis of field strength, Wk
eXposure can increase or decrease new tisue formation In vivo, suggesting WMFs as a potential therapeutc toal
to manipulate mitotic actvity.
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.\\\ Prenatal Stress

Repeated experimental
stressors

Traumatic war experiences,
natural disasters, death of husband

4

Animal studies ssssessssnnnip

Alterad miRNA
expression?
Other epigenetic
changes?

Elevated

risk of
schizophrenia
in children

schizophrenia-like
phenotype in the
offspring
(cognitive deficits,
disrupted social
behaviour,

hyperactivity)

Molecular changes E

in the brain s Are molecular
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Epigenetic mechanisms of stress responsiveness
Nature, June 14 2009
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Epigenetic regulation of the
in human brain associates with childhood abu

Patrick O McGowan'?, Aya Sasaki'?, Ana C ID’Alessio?, Sergiv Dymov?, Benoit Labonté!d, Maoshe Szvi*3,
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‘ VOLUME 12 | NUMBER 3 | MARCH 2009 NATURE NEURUSCIENC[}

Matemal 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 (NR3CI) promoter between postmortem
hippocampus obtained from suicide victimzs with a history of childhood abuse and those fram either suicide victims with no
childhood abuse or contrals, We found decreased levels of glucocorticoid receptor mRNA, as well as mRMA transcripts bearing th
glucocorticoid receptor 1p splice varant and increased cylosine methylation of an NR3C1 promoter. Patch-methylated NR3C1I
promoter constructs that mimicked the methylation state in samples from abused suicide victims showed decreased NGFI-A

transcription factor binding and NGFI-A-inducible gene transcription. These findings translate previous results from rat to human ~ ¢ © £ - ~ean#\/\_‘ﬁ § f
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and sugpest a common effect of parental care on the epigenatic regulation of hippocampal glucocorticoid receptor expression.
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Figure 2 Methylztion of the NR3CI premoter n the hippocampus. Twanty clones were sequenced for cach subject for methylation mapg
percentage of mathylated clones forsvicide victims with & history of childhood abuse (= 22), suicide viclims without a history of child
end controls (0 = 2 2). The methylztion percentage wes calzulated as the numbar of clonas with at leest one methylzted CpG site divized
numbar of clanes (* indicates £ < 0.05; ns indicat= not statisticzlly significant). (b) Metbvlation of the NR3CI rromater region, shoa
of methylztion observed at each C2pG site for suic e victims with a history of childhood abuse, suicide victims with no history of childho
controd subjects (*P < 0.05, ** P < .00, atus=d suicides versus controls; %7 < 0.05, %8P < 0.001, non-abusad suicides versus cor
"« 0.001, abusad suicides wersus nor-abusad suicices; Bonfzmoni post hoc comparisons).
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ORIGINAL ARTICLE

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

JAMA Psychiatry. 2013;70(5):508-515.
Published online March 20, 2013.
doi:10.1001/jamapsychiatry.2013.447

Andrea L. Roberts, PhD; Kristen Lyall, 5¢D; Janet W. Rich-Edwards, ScD;
Alberto Ascherio, DrPH; Marc G. Weisskopf, PhD, 5¢D

Importance: Adverse perinatal circumstances have been

associated with increased risk for autism in offspring.

Women exposed to childhood abuse experience more ad- AnOther transgenerational
verse perinatal circumstances than women unexposed, effect , is based on a broad
but whether maternal abuse is associated with autism in longitudinal cohort study

offspring is unknown. (Nurses’ Health Study Il )
\ 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 1)

Design and Setting: Nurses’ Health Study 11, a popu-
lation-based longitudinal cohort of 116 430 women.

generational association between maternal exposure 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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Isr J Psychiatry RelatSci- Vol 50- No1 [2013)

Epigenetic Transmission of Holocaust Trauma:
Can Nightmares Be Inherited?

Matan PF Kellermann

AMCHA, the hational lsroefi Center for Psychosscial Suppart of Survivors of the Holocaust and the Second Generation, Jerusolem, lsrael

The Holocaust leftitsvisible and invisible marks nat only The Holocaust left its visible and invisible marks  not only
an the survivors, but also on their children. Instead of : n N

uiherstattoced o thelr fobaprers hosriver-thavoisy on the survivors, but alsq on their children . Instead of

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

of biological memory of what the parents experienced.
As a result, some suffer from a general vulnerability
to stress while others are more resilient. Previous
research assumed that such transmission was caused
by environmental factors, such as the parents' child-
rearing behavior. New research, however, indicates that
these transgenerational effects may have been also{epi)
genetically transmitted to their children Integrating both
hereditary and environmental factors, epigenetics adds a
new and more comprehensive psychobiological dimension
to the explanation of transgenerational transmission of
trauma. Specifically, epigenetics may explainwhy latent
transmissionbecomes manifest under stress. A general
theoretical overview of epigenetics anditsrelevance to
research on trauma transmission is presented.

upon their chromosomes __, which would represent a kind of
biological memory of what the parents experienced.
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Holecaust Exposure and Intergenerational FKEPS Methylation

Intron 2

e ®

I-’ rs1360780 SNP/ 4 GREs
promaoter transcription start

rrfe—ni H——=H1H

GeTETTTCTEGAATCCAAGECAAC TGREAMATTCTCTETET

TOTCTACTTGEAGAAGTATAAAAAAAA A AT GO TT COGETTAGC TGCTTTCTTTCTTGTAT Berl, ST el 21 350, - T A5 T

Bin 1

i §, DG il 2 250, J 079, 450, 470 CTCTGETCACAGAGCCTAGTGGLCCTCOAGRACTTGCAGTTRGOATAACAACTTGGRAG
Bin 1

B 3, OO ot 38 553 JBA- 54 S50 480 CCACAGTOCAGEC CTOTTCGTEACTCOTOTGAAGGOTACAATCCOTICAGC TC TRAARA B 2, S chesh 35 558 57335 585 81y
Bin 2 Bin 2 181 GRE

AGCTECACCOCAC TOLOC CAAGHEARC AL T GECAGAACE TERARCETTTE TG TCCTCA Bt 2, G5 Ch-35, 558 B8535 G5B 567
Bin 2

ACCCAGEALLAAAALMGTACAAAAAGAACALGTC TAGEAACAMATAAGGEAMCALETT
ind GRE

TTEGATTC TACCCAAAAAG TTAAAMAAAAAMASAA AL G TEACACATAG GAACAANATA

Bn 3, G ol 34 558, 10- 3 458 TP AGAACACGGEABE TECT TOGT TOTATATCAGC TG TG TATATCAGTTGT TCTATTGTTCAG
Bin 3 ard GRE

CARTGETTGOAGGCAAGAGA

Figure 1. Schematic representation of the human FKBPS locus with intron 7 glucocorticold receptor binding sequence investigated in this study. The upper
pansl depicts the FKEFS locus in 5'-3° orientation. Black bars represent the 11 exons. The transcription start site is highlightad in green. The lower panst
represents the imtron 7 emplicon (876 base par) chosen for DMA methylstion analysis (primer sequence dark bluafitalicized). Since pyroseguencing can only
reliably generate short reads, the six cytosine-phosphate-guanine (CpG) sites (red) analyzed in thees bins based on the prosimity to three consenmsus
plucocorticoid response elements (GREs) are represented in bold/underined [pyroseguencing primers gre described in Klengst ef ail. (2] The two CpGs of
bin 1 were upstream of all GAEs, the three CpGe of bin 2 ame surmounding the first GRE, and bin 3 represents the CpG within the thind GRE. The chromosomal
position (o190 of the CpG sites is indicated on the left and the right of the lower panel. SMP, single nucleotide polyrmorphism.



FROM BREAST MILK TO BRAIN

Differentiation of breast-milk stem
\/ calsto neural stem cells and neurons

Ollgodendrocytes

5 Astrocytes
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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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Mumber of ASD Publications
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=pActual Mumber of ASD-Related Publications Since 1280

—Number of Publications from Related Journal Subject Categories
Normalized to the Number of Autism Publications in 1980

1885 1980 1845

NIH Budget Doubling (1999)

2000 2010

Simons Fourndation Autlsm Rassanch

Chikdren's Haalth Act (2000) Initiative launched (2005)

Formation of the Intemational Autism Speaks (AS) founded (2005)

Soclety for Autism Resaarch/ Combating Autism Act (2006)

Inasgural Meating (2001) AS merges with National Alliance for
Autism Research (2006)

AS merges with Cure Autism Now (2007)



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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