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Does Obesity Begin in the Womb?

The Hygiene Hypothesis
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L’incremento delle patologie cronico-degenerative

[immunomediate, neuro-degenerative, endocrine, neoplastiche,

cardiocircolatorie]
y.ale rodotto di una drammatica trasformazione ambientale
e 4 una (conseguente) alterazione del Programming embrio-fetale

Environmental factors Incidence of prototype infectious disease

Inflammation Mitogens foniz rugs and immune disorders over 4 decades
Phagocytes_ Pathogens Cytokines Iron  raiation . >
I %
NAD 4] "

MPO
Metabolism
) ——,

}

erculosis
2004
Damages

50

N

mutations peroxidation carbonylation

DNA Lipids Proteins

100
elease of reactive T T T T T
oxidation products 55 65 75 85 95 55 65 7 85 95

@ Infectious disease Immune disorders

CELLULAR DYSFUNCTION Bach, NEJM, 2003




Incidence of prototype infectious disease
and immune disorders over 4 decades
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IBD & Industrialization and urbanization
INFLAMMATORY BOWEL DISEASES




Diabetes Increasing Rapidly Worldwide
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* Perche la celiachia (glutine + DQ2-DQ8 +
Permeabilita Intestinale + Gut
Ecosystem/TLRs) ha un incremento
di circa il 10% annuo in ltalia..?

* Perché asthmay/allergie di I tipo GC sono
passate da una prevalenza dell'1% a 25-30% in
meno di un secolo (allergens + genes +
flogosis/remodeling) ecc..

* Che legame c'e tra I'incremento epidemico di

obesita.. sindrome metabolica.. diabete Il..

atarncecla
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IDDM incidence in children of
migrants from Pakistan to Yorkshire
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Incidence of prototype infectious disease
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The
Obesity
and
Diabesity
Pandemic

Gore anoints Dean
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The shape of things
to come

1:6 of the world’s population are
malnourished-a billion people go
hungry

~ In the rich world
' 1:4 are obese and

1:3 of us are

Il‘ overweight
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Disease Models & Mechanisms 5, 563-554 (2012) doi:10.1242/dmm.010611 Fo R Ewo R D

The Obese Species: a special issue on obesity and
metabolic disorders

DMM

Ditaade Model jrpnn s

Alessandro Bartolomucci'*, Stefano Parmigiani?, R. John Rodgers?, Antonio Vidal-Puig®, Mechanisms 1 ca-
Sarah E. Allan® and Vivian Siegel®®

Remarkably, Homo sapiens sapiens seems to be the only species
that consistently shows an obese phenotype. With the exception P GPENACCESS -
of hibernating and migrating animals (in which weight gain is a
physiological adaptation linked to the absence of caloric intake
during a defined period), only domesticated animals are known to
display obesity-related problems. Why are we the only obese
species on the planet? Answering this fundamental question would
help us treat and ultimately prevent obesity.




The Childhood Obesity Epidemic

Matthew W. Gillman, MD, SM
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Diabetes and Obesity
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30071 —— Chemical Production - T

250d Diabetes Prevalence 6

Diabetes Prevalence (%)

Synthetic Organic Chemical
Production (billions of kilograms)

1 1 1 1 1 1
1940 1950 1960 1970 1980 1990 2000 2010
Year

FI1G. 2. U.S. synthetic chemical production and diabetes prevalence.
Synthetic chemical production in the US. from 1939 to 1994 was
obtained from the U.S. Tariff Commission reports (72). Production
from 1995 to 2008 was extrapolated nsing the annual index of chemical
production published by Chemical & Engineering News from 1989 to
2008 (7V3,74), with kKilograms calculated frnm linear regression analysis
of overlapping data from 1989 to 1994 (r = 0.948). Diabetes preva-
lence was obtained from the Centers for Disease Control and Pre-
vention (75 ).

Particulierement convaincant est le graphe qui montre le parallélisme

presque parfait entre I'augmentation de la production de molécules
cvunthaéariainac at dec cac de diahate de Ffvne 9
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Cracking Dovm on Wall Street's Analysts
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= r
P ro s e r It s P I a u e emerged i the past decade, and two compet-
mg theories have gained wide support. One
1 that cells essentially become powsoned by

Researchers have linked a growing number of chronic diseasestothe  fat- This lipotoxicity or lipid overload

metabolic disorder known as insulin resistance; two general theories ..k down when fat (adipose) issue cannot

have emerged about its mechanism store excess fat, and fat accumulates inap-
propriately in muscle and hver cells.
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Is There Really an Autism
Epidemic? [Preview]

A closer look at the statistics suggests something more than a simple rise in

" has a familiar
ring, perhaps ‘s because you recently
heard it on a television cormmercial or read it

in a magazine. Pu:::u:::u:::nr-::liru;r to widely 1_n_1l 11- iEe

= '.aI"-:he -z had accepted for dec

Across a mere 10-year I:Z"E:I"i':"j—l':l 5

s—statistics from the .S, [IHI' artmen

of Education revealed a 657 percent iner:

in the nationwide rate of autism.



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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An Alzheimer's 'epidemic’ could hit the USA by 2050

Janice Lloyd, USA TODAY G 3860 ehruans 6, 20173

The number of peopfe with the brain disease could nearly tripfe
during the next three decades.

A new government-funded report confirms what
advocacy groups have been warning for years: The
number of people in the LISA with Alzheimer's
disease will almost triple by 2050, straining the
health care system and taxing the health of

caregiv

Mumbers are projected to rise from about S million
now ta 138 million. The disease robs people of their
Mermory, erases personality and mak e routine
tasks like dressing and bathing impossible.

USATODAY | wnews SPORTS LIFE MONEY TECH TRAVEL OPINION & Y W



Mo. of Persons With Alzheimer Disease, Millions

Alzheimer_and_other _dementias _world_map_- DALY - WHO2004 _
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Men’s cancer risk is climbing: what can we do

about it?

Fosted on December 19, 2012 by Oliver Childs

A boy born in 2027 in the UK will have a one in two
chance of developing cancer over the course of his
lifetime, according to new figures we released today.

In other words, 50 in every 100 UK men in the future
are likely to hear the words “you have cancer” at
some point in their lifetime. However you say it, that's
clearly not a positive headline.

But crucially, this increasing lifetime risk of cancer is
balanced by another powerful force — that of
increasing survival rates. Against a backdrop of
increasing cancer risk over the past 40 years,
survival rates have doubled in the UK.

This is thanks to our greatest weapon against cancer
—research, be it new treatments or new ways to
prevent people getting cancer in the first place.
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| numeri dei tumori

Associazione
hallana di

Oncologia Medica

(Ogni ora in [talia s1 ammalano di tumore

ne € 18 ne muoiono: s1 calcola

colpiti da una neoplasia 270.0

cittadini, uno ogmi 220, e che 16

stano 1 decessi. Le proleziom dicono
inoltre che nel 2010 saranno 400.000 1
casi registratl nell’arco dei 12 mesi, vale a
dire pia di 1.000 al giorno. Un bambino
che nasce oggl e morird all’eta di 78 anmi
(durata media della vita 1n Itahia) avra
visto ammalarsi di tumore 21 miliom di
suol connazional.
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I TUMORI IN ITALIA - DOCUMENTO AIRTUM 2000

Il rischio di ammalarsi di tumore
The risk of developing cancer

RISCHIO CUMULATIVO )
OGNI QUANTE PERSONE UNA E DESTINATA AD AMMALARSI O MORIRE DI CANCRO?

UOMINI

Totale (escluso epiteliomi della cute) 2 3 2 (4]
Prostata T 33
Mammeta e . =
Cute non melanomi a 14
N . 0 .

Colon Retio

Complessivamenta, in meadia,
1 uomo su 2 e 1 donna su 2 saranno colpiti da tumore nel corso della vita
1 uomeo su 3 e 1 donna su 6 ne Moriranno
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We can stop the cancer epidemic

By Dravid Servan-Schreiber

There iz an epidemic of cancer today. One in three Americans will be
diagnosed with cancer, often before the age of 65. I have been on the
wrong side of this statistic sinee I was 91 years old, when I discoverad

I had brain cancer.

Since 1940, we have seen in Western societies a marked and rapid
increase in comumon types of cancer. In fact, cancer in children and

adolescents has been rising by 1 to 1.5 percent a year since the 1960,

And these are cancers for which there is no screening.
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Movimento Difesa della Sanita Pubblica.
La riorganizzazione dei servizi territoriali

SPECIALE

B Lesposizione al carico complessivo di inquinanti e il rischio per le future penerazioni.

Un intervento di Emesto Burgio, presidente del Comitato Scientifico ISDE
(International Society of Doctors for Environment)

LA SFIDA DELLA SALUTE 0GG
E PER LE FUTURE GENERAZIONI



IN EUROPA GLI STUDI DELLA IARC
SULLINCIDENZA DEL CANCRO
TRA BAMBINI E ADOLESCENTI

Il recente "Surveillance, Epidemiology, and End
Results program data” per il periodo 1992-2004
documenta chiaramente guesto trend. Se i dati
degli Stati Uniti sono preoccupanti, in Europa e
soprattuttoin Italia la situazione non & migliore,
anzi: come risulta chiaramente dal recente progetto
ACCIS ("Automated Childhood Cancer Information
Ssystem”™) = un ampio monitoraggio condotto dalla
|ARC (Associazione Intermnazionale di Ricerca sul
Cancro) su 63 registri oncologici di 19 paesi
europei, per un totale di oltre 130 mila tumon di
tutti i tipi (113 mila pediatrici e 18 mila di eta
adolescenziale). Un pnmao report del progetto, a
pubblicato sy Lancet nel 2004 evidenzio un
incremento annuo dell'l-1 5 % per tulte le neoplasie

(con aumenti pia marcati per alcuni linfomi,
sarcomi dei tessuti molli, tumor i delle cellule
germinali e del sistema nerveseo). Queste cifre, in un
primo tempo accolte con qualche perplessita dalla
comunita scientifica internazionale, furono
pienamente confermate dalla successiva revisione
(la pib completa a tutt'oggi) dei dati emersi dallo
stesso studio, che costituisce il pil ampio database
europeo sul cancro, pubblicata due anni dopo, in un
numero monografico, da lo "European Journal of
Cancer™ 18 articoli in tutTs, Che contengono anansi
dettagliata dei dati sui tassi di incidenza e sui
trends di prevalenza e sopravvivenza delle principali
neaplasie infantili e adolescenziali.

IL RAPPORTO DELLAIRTUM DEL 2008:

PIU TUMORI INFANTILI IN ITALIA RISPETTO
A STATI UNITI ED EUROPA

MNon & evidentemente possibile approfondire, in
questa sede, l'argomento. Pud esser sufficiente
sottolineare come in 20 anni (tra il 1978 e il 1997) si
sia assistito, in Europa, ad un incremento medio
generale di neoplasie ad insorgenza in eta pediatrica
dell'L1% annuo (ma del 2% annuo circa nel primo
annodi vita e dell'],3% in eta adolescenziale). 5e
possibile ancora peggiori sembrano essere le notizie
concermnenti i bambini italiani. | recenti dati del

Rapporto AIRTUM (Associazione ltaliana Registri
Tumori) 2008 sui tumor i infantili, dimostrano infatti
come | dati di incidenza e gli andamenti temporali
siano in Italia peggiori che negli altri paesi europei e
negli USA (il che, sia detto per inciso, toglie valore
allipotetico fattore "miglioramento diagnostice™).
Sembra che si stia registrando un leggero
rallentamento di questi trend: un dato certamente
positivo, ma che andra attentamente valutato
nel’ambito dei dati summenzionati.






IL POSSIBILE RUOLO DELLAMBIENTE
"UTERINO NELLO SVILUFFO DELCEMERIONE
E DEL FETO
Anche [a tesi di una possibile origine del cancro da
particolari cellule staminali, dap prima teorizzata,
poi confermata in varie forme e localizzazioni
neoplastiche potrebbe ricollegarsi all'ipotesi di
unorigine (epigenetica) embrio-fefalel pel senso
che una parte delle cellule staminali in dotazione a
un determingto tessuto potrebberp esserstate
_epigeneticamente marcate/programmate in utero
in risposta a particolari situazioni nutrizionali
(carenziali o comunque poco idonee a un corretto

embrionale o fetale e le cui conseguenze si
rivelerebbero dopo (molti) anni. Paradigmi tutto
sommato poco noti e fondati su un assunto di base
che sembra assumere sempre di pid i caratteridi

svilupp_a:rfetale} © a esposizioni a molecole un paradigma patogenetico “universale” in base al
potenzialmente (epi)geno-tossiche. quale le alterazioni del microambiente uterino
Quanto detto fin qui rappresenta un richiamo (legate a carenze nutrizionali, all'inguinamento
pressante allo studio dei nuovi paradigmi progressivo dell'ambiente e delle catene alimentari
cancerogenetici, che propendono per un'origine o ad altre situazioni di stress matemo-fetale)
sempre pil precoce del processo neoplastico, sembrerebbero poter indurre alterazioni dello
riconoscendo in esso la conseguenza diun sviluppo ontogenetico e, in particolare, dell’assetto
processo di sviluppo imperfetto: cioé di un difetto di epigenetico divari tessuti ed organi.

programmazione dei tessuti che avverrebbe in eta
POSSIBILI ORIGINI FETALI E TRASMISSIONE

TRANSGENERAZIOMNALE DEL CANCRO

Il fETo & particolarnenie vanerabike al carmbiamenti
ambientali interni ed esterni, che interagiscono
influenzando lo sviluppo fetale e hanno
conseguenze immediate e a lungo termine. Tali
influenze sono essenzialmente di natura
epigenetica, ingrado cioe di indurre specifiche
marcature ed alterazioni ereditarie dell'espressione
genica, senza modificazioni del DNA. Esistono
revisioni sufficientemente approfondite e complete,
che prendono in considerazione tanto gli aspetti pid
generali, che | meccanismi molecolar implicati in
questi nuovi modelli patogenetici, che potrebbero e
dovrebbero cambiare in modo radicale la nostra
rappresentazione delle origini di molte malattie e
del cancro.




ALLARME TUMORI A TARANTO. DONNE E BAMBINI TRA 1 PIU" COLPITI

Hedazione

TARANTO - Secono lo studio
"Sentieri” dell'lstituto Superiore di
Sanita con 'Oms, Dal 2003 al 2009

I'incidenza dei tumori nella zona di

Taranto dove si trova [llva, e

| !jivﬂ:ffq:iar,."rr-.‘l'..i; k| aumentata tragicamente in

b ﬂ;_iﬁ o

particolare tra donne e bambini.

" Per questa ragione il ministero

della Salute lancia l'allarme e da il

via al biomonitoraggio della

popolazione.

" residenti nei quartieri Tamburi, Borgo, Paolo VI e nel comune di Statte mostrano una mortalita e

morbosita pid elevata rispetto alla popolazione di riferimento, in particolare per le malattie per le quali le

esposizioni ambientall presenti nel sito possono costituire specifici fattori di rischio”, ha detto il ministro della

Salute Renato Balduzzi.




In generale | casi di cancro nelle donne passano da +24% (rispetio al resto della provincia) del periodo 1995-

2002, al +100%, owero quattro volte tanto, rispetto al periodo successivo, fino al 2009.

Per | bambini i dati del progetto "Sentieri” mostrano un eccesso di mortalita del 20% nel primo anno di vita

rispetto al resto della Puglia. Aumentano anche le patologie in gravidanza, da +21% a +47%.
"Sono un po' sorpreso perché | dati a Taranto tendono a non scendere”, ha detto Balduzzi."Ho la sensazione

che si debba fare qualcosa di pit. In sede Aia - ha spiegato il ministro - siamo andati per chiedere una svolta,

che era gia nelle intenzioni del ministro per Ambiente. Tutte le nostre proposte sono state accolte. Fra queste

guella di aviare un biomonitoragagio sui lavoratori dell'liva e sulla popolazione di Taranto con pariicolare

riguardo ai bambini. Abbiamo chiesto ed oftenuto la possibilita di rivedere le prescrizioni dell'Aia in funzione dei

risultati del biomonitoraggio. Il ministero concorrera a coprire le spese per 'awio di questo sistema di

monitoraggio sanitario” ILVA: ALLARME DIOSSINA NEL LATTE DI CAPRA E NELLE COZZE
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Deaths from urban air pollution in 2000, as estimated by the WHO

World Health Report, 2002
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The WHO estimates that air pollution is responsable
for 3 million premature deaths each year.




Th c NGVV Eﬂ gl 1n d There is consistent evidence that the

levels of fine particulate matter in

~ . e the air are associated with the risk of
]O urn al Of Me dlClne death from all causes and from
cardiovascular and respiratory
© Copyright, 2000, by the Massachusetts Medical Society i"nesses- These findingS Strengthen
the rationale for controlling the
levels of respirable particles in
outdoor air. (N Engl J Med
2000;343:1742-9.)
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FINE PARTICULATE AIR POLLUTION AND MORTALITY IN 20 U.S. CITIES,
1987-1994

JoNATHAN M. Samet, M.D., Francesca Dominicl, PH.D., Frank C. Curriero, PH.D., Ivan Coursac, M.S.,
AND ScoTT L. ZEGER, PH.D.
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Los Angeles Los Angeles 8,803,104 148 87 14.3 70,0 79
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L'associazione tra particolato fine e malattie cardiache emerse negli anni novanta del
secolo scorso, allorché le evidenze epidemiologiche del nesso tra inquinamento dell'aria

e ricoveri ospedalieri per malattie cardiovascolari si andarono accumulando ... si
osservo che I'esposizione annuale media a PM2.5 si associava ad un aumentato
rischio di mortalita da cardiopatia ischemica e aritmie... a dimostrazione che le
concentrazioni di particolato non solo causavano un aggravamento a breve termine della

malattia cardiovascolare, ma avevano un ruolo patogenetico negli eventl coronarlc

particle-induced vulnerability might operate are unknown.
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=2.5 prm in diameter
Human Hair

~70 ym average diametsr

Standards and monitoring are now being
introduced for PM2.5 particles, termed ‘fine

particles’ and mostly 1,000 to 2,500nm in
size,

but there is nothing to cover the much
smaller ones

<10 pm in diameter

90 um in diameter
Fine Beach Sand
image courtesy of EPA. Office of Research and Development
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The current standards are in terms of total mass, yet UFPs are generally around only

one percent

of the total mass but present the majority of the surface area that is reactive to
human tissues.

If the mass of a single inhaled 2.5 pm particle is divided into typical nanoparticles

~80nm, they would have 1000 times more surface area.
Ear Fhat rencan alone fhe mnoacec_bhacad PM ckFandarcde are far from annronrintre for




Bronchus

Eronchiolus

Respiratory
bronchiolus

]
Alveolar duct
and alveoli

Figure 3. Distribution of PM in the airways. PM = 10
Hm in diameter enter the nose and mouth. The tho-
racic fraction, PM,, passes the larynx and pene-
trates the trachea and bronchial regions of the
lung, distributing mainhy at pulmonary bifurcations.
The respirable fraction, PM2 s, and ultrafine PM,
PMy ;. enter the nonciliated alveolar regions and

deposit deep within the lungs.
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Figure 1 Relation between uitrafine paricles and celular
siructures in the lung. ldeabsed particles of 10. 1, and 0.1 pym ars
shown compared with a bronchial epithelium; note that the top end

of the range of ulirafine particles (0.1 pm, 100 nm} is not really
visible. On the nght are shown the same three particles relative to

oo




Ultrafine particles have a high specific surface area, which can
catalyse

reactions and adsorb high amounts of toxic substances (like PAH..)

Lils alFimee |.'|..I.H.J'.]|.".l. Particles i Eradisanal dusty trades

———— e—
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10 100 10000 Am Box 2 Surface area, parficle number, and size

The table shows the physical charactenstics of 8 clouwd of

F 10 gt when
meatars. Thea number
creases gramaticaly

clume of S as the

Farticle
digmetar (L

= 3 Relative size of ulirafine pariicles compared with . 153
: ] . e,
25 in traditional dusty trades. e 2400000

Table modified from daws of G Oberdorster.

The relevance of this lies in the £ac { momiter collecting all of these
particles in these three different conditic " the zame air-
borme msss concenmation of 10 pgim®, However, thephysical characreristics
af the cloud are very different for popficle mambér and sudface area and bach
af these are properties that mighg fove impdstont impact on the hng.

A given mass of ultrafine particles
has

a much greater surface area than
the same

mass of fine, yet respirable,
particles and so is more likely to
cause overload,



The adverse effects of ultrafine particles may be mediated in part by their ability to inhibit
phagocytosis.. in part by their pro-inflammatory 0

Airwiay

PM10 PM < 1y

“ Particle trapped -

# and being cleared B,

& S Uitratine -
on the mucus narticles
. Inot to
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Alveolus | | Particle being (1 Robease of | | urtictas
\ phagocytosed by an I [ atas
' alveolar macrophage | ' - epithelial
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o 1N
> are less well phagocytized
y alveolar macrophages
1an larger particles and -
hibit their phagocytlc ab“'ty the hypothetical events after exposure fo uitrafine particles (gight] ! compar ed with fine particles
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macrophages and epithels activation gnalling pathways mediated by oxidafive stre€s I'|'E|;1."E'I'||Ea::||IIII'I|EII'|'|I'|'EI|IIEII'I ne
enhanced mteraction of parln::IEE. u1h1]'| epit helium leads to their transfer to the interstitium

The-mechanism for the effect on macrophages may be the increased

C2,<idative stress from the large surface area of ultrafine particles.



Air Pollution and Cardiovascular Disease

A Statement for Healthcare Professionals From the Expert Panel on
Population and Prevention Science of the American Heart Association

Robert D. Brook, MD:; Barry Franklin, PhD, Chair; Wayne Cascio, MD: Yuling Hong, MD, PhD;
George Howard, PhD; Michael Lipsett, MD: Russell Luepker, MD; Murray Mittleman, MD. SecD:
Jonathan Samet, MD; Sidney C. Smuth, Jr, MD; Ira Tager, MD

Abstract—Air pollution 15 a heterogeneous, complex mixture of gases. liquids, and particulate matter. Epidemiological
studies have demonstrated a consistent increased risk for cardiovascular events in relation to both short- and long-term
exposure to present-day concentrations of ambient particulate matter. Several plausible mechamistic pathways have been
described, including enhanced coagulation/thrombosis, a propensity for arthythmias. acute arterial vasoconstriction,
systemic inflammatory responses. and the chronic promotion of atherosclerosis. The purpose of this statement is to
provide healthcare professionals and regulatory agencies with a comprehensive review of the literature on air pollution
and cardiovascular disease. In addition, the implications of these findings in relation to public health and regulatory
policies are addressed. Practical recommendations for healthcare providers and their patients are outlined. In the final
section, suggestions for future research are made to address a number of remaiming scientific questions. (Circulation.

2004:109:2655-2671.)

L'inquinamento atmosferico consiste in una miscela
eterogenea, complessa di gas, liquidi e particolato.

Studi epidemiologici hanno dimostrato un

consistente aumento di rischio di eventi B M,
cardiovascolari in relazione sia alle esposizioni a B Thorcic particles
breve che a lungo termine alle concentrazioni di
particolato usuali_delle nostre citta... RS

. PM ,;

~  Fine particles

~smENEER UFP ¢v,)

Ultrafine particles




Ambient PM

Pulmonary Pulmonary
Reflexes B Inflammation

Autonomic Nervous T A\ | Systemic Inflammation
System | bt N |

iyt Oxidant Pl Endothelial PR -oukocyte & -
Conduction Str Pvataiedion Flatelet Figure 2. Possible biclogical mecha-
Repolarization it Y Activation nisms linking PM with cardiovascular

‘\ disease.
Acute Phase

Heart Rate Atherosclerosis ﬁesmrlwste &
L.oaguiaton
Rhythm Progression and ol

Plaque Instability Diversi meccanismi

* sono stati descritti, tra cui
|'attivazione di processi
trombotici, aritmie,
vasocostrizione
arteriosa acuta, risposta
infiammatoria sistemica
(endotelite...) con
promozione
dell’aterosclerosi

A Plaque Rupture | ¢ [Thrombosis

Arrhythmia Myocardial Infarction




Atherosclerosis Timeline

Endothelial Dysfunction >
Foam Fatty Intermediate Fibrous Complicated
Cells Streak Lesion Atheroma Plague Lesion/Rupture

Stary et al. Circulation. 1995,92:1355-1374.

Nanoparticles could interact with the vascular endothelium or have direct effects on

atherosclerotic plaques and cause local oxidative stress and proinflammatory effects similar to

those seen in the lungs. Increased inflammation could destabilize coronary plaques, which

might result in rupture, thrombosis, and acute coronary syndrome.




(3) the hypothesis of a Systemic-chronic (low grade) Inflammation that involves most of the
northern country inhabitants (starting by a low-grade systemic endotelithis)

LOW GRADE SYSTEMIC
INFLAMMATION
Research

Systemic Microvascular Dysfunction and Inflammation after Pulmonary
Particulate Matter Expusure

Timothy R. Nurkiewicz,"? Dale W. Porter,"® Mark Barger,? Lyndell Millecchia,® K. Murali K. Rao,? Paul J. Marvar,'#
Ann F. Hubbs,? Vincent Castranova,™® and Matthew A. Boegehold'?

Department of Physiology and Pharmacology, and “Center for Interdisciplinary Research in Cardiovascular Sciences, West Virginia
University School of Medicine, Morgantown, West Virginia, USA; *Pathology and Physiology Research Branch, Health Effects
Laboratory Division, National Institute for Occupational Safety and Health, Morgantown, West Virginia, USA
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... Recent scientific results increasingly point to chronic inflammation which may be
clinically unobtrusive (silent inflammation),



Pathology score

0

Saline contral 0.1 mg ROFA

Figure 1. Histologic evidence of focal pulmonary alveolifis 24 hr after P exposure. (4) and (B) are repressqtative findings from five saline-treated rats and five rats\exposed
to 0.1 mg ROFA. (4) Saline control showing no morphologic alterations. Abbreviations: AD, alveolar duct; TBerminal bronchioles. Bar = 50 ym. (B) Histopathologic alter-
ations in a ROFA-eXposed rat Aggiomerate particies imam aiveolar space can be seen near an alveolar dutt.The ROFA particles do not transmit light and therefore

appear black when viewed in the light microscope. AMs are frequently observed in alveoli near ROFA particles and are intimately associated with the agglomerated ROFA.
PMNLs are present in lesser numbers near ROFA particles, most frequently in the interstifum. Bar = 20 pm. (C) Mean alveolitis pathology scores.
*p < 0.05 compared with saline; similar results were obtained with Ti0,.

.. due to fine particulates and especially ultrafine particles (0,1 ) which
easily cross all biologic membranes..




.. penetrate the walls of blood vessels resulting in a systemic endothelitis > atherosclerosis

&)

Figure 5. PMNL identification in the spinotrapezius muscle microcirculatjon of PM-exposed rats 24 hr after
IT exposure. (A) Representative H&E-stained section from a saline-treated rat. Abbreviations: CT, connec-
tive tissue; SM, skeletal muscle fiber. (B) Representative H&E-stained section from a rat exposed to 0.1 mg
ROFA. Note the deeply lobed nuclei that are characteristic of PMNLs. Bars = 25 ym; similar results were
obtained with Ti0,.




Fine particles (PM 2,5-10) in healthy children white cells (NEJM 2004)

UP form
complexes with
proteins and
biomolecules
which may result
in functional
changes of the
ITtter !!

Figure 1. Representative Images of

Panel A shows a macrophage with no carbon. Increasing levels of carbon are shown in Panels B through E. Airway

macrophages were obtained from sputum, stained with Diff-Quik, and viewed with an oil-immersion lens. For each
child, the area occupied by carbon in 100 randomly selected airway macrophages was determined by means of im-
age analysis, and the median area (in square microns) per cell was calculated.

passing both the cellular and nuclear membranes
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Inhalation of Ultrafine Particles Alters Blood Leukucﬂe ExEressiun % n

of iIn Humans

Mark W. Frampton,'? Judith C. Stewart,” Giinter Oberdérster,? Paul E. Morrow,? David Chalupa,’
Anthony P. Pietropaoli,’ Lauren M. Frasier,’ Donna M. Speers,? Christopher Cox,? Li-Shan Huang,* and
Mark J. Utell 2

Department of Medicine, and ?Department of Environmental Medicine, University of Rochester School of Medicine, Rochester, New
York, LISA:; 3Department of Biostatistics, BEloomberg Scheool of Public Health, Johns Hopkins University, Baltimore, Maryland, USA;
4Department of Biostatistics, University of Rochester School of Medicine, Rochester, New York, USA

.. changing the

Research

Ultrafine particles (UFDs; aerodynamic diameter < 100 nm) may contribute to the respiratory and

cardiovascular morbidity and mortality associated with particulate air pollution. We tested the

clusters of hypothesis that inhalation of carbon UFPs has vascular effects in healthy and asthmatic subjects,

ifferentiation detectable as alterations in blood leukocyte expression of adhesion molecules. Healthy subjects
(lymphocyte inhaled filtered air and treshly generated elemental carbon particles (count median diameter
subpopulations).. .. ~ 25 nm, geometric standard deviation ~ 1.6}, for 2 hr, in three separate protocols: 10 |.1.g.lrn'r:i at
altering the rest, 10 and 25 p.g.lrrrn3 with exercise, and 50 pg;"rrn3 with exercise. In a fourth protocol, subjects with
immune asthma inhaled air and 10 pg/m?* UFPs with exercise. Peripheral venous blood was obtained before
mes and at intervals after exposure, and leukocyte expression of surface markers was quantitated using

n'l.l'IIi':rl.-'an'l..:ll'.:l.r! l:l.nﬂ:r P B o Y e ¥ Tl'l I‘l..:lnll"'l.'!r i:-l'II'l.:-:l.ﬂi-l.- nnrl—:.ﬂl..:. .:ru':-l.nn-l'um tl.r:l-l‘l. I:I'I.l'l:ll'.i":lﬁ -[Ed_uc,ed 'EH.P["E-E—

sion of adhesion molecules CD54 and CD18 on m::n-nac].rtes and CD18 and CD49d on granulo-

(which means that

the UP interfere cytes. There were also concentration-related reductions in blood monocytes, basophils, and

with DNA and eosinophils and increased lymphocyte expression of the activation marker CD25. In subjects with
. __________________ _____ __ _ _________ ____ ____________ __ ___ ______________________ |

gsns_exp_r_e_s_sig_n) asthma, exposure with exercise to 1U pg/m* UFs reduced expression of CLV11b on monocytes and

" u r  ___ __ __ __________________ _______ _____ _____________________ __ ____ _ ]
Mll’arncle exposure also reduced the percentage of CLIg"
T cells, basophils, and eosinophils. Inhalation of elemental carbon UFPs alters peripheral blood

leukocyte distnbution and expression of adhesion molecules, in a pattemn consistent with increased

. u - ____ ______________ __________________|
retention of leukocytes in the pulmonary vascular bed J K¢y words. blood leukocytes, human, mono-
. ___ ] . .

cytes, ultrahne particles. Enveron Health Perspect 114:51-58 (2006). doi:10.128%ehp.7962 avail-

able via Arrpefidy. dei.org’ [Online 20 September 2005]
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Nanoparticles in the lungs
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paving the way for a state of chronic systemic oxidative stress
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Ambient PM causes oxidative stress
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(A) Dose dependent induction of the antioxidant enzyme,
hemeoxygenase-1 by ambient PM. Ultrafine PM most active.

(C) Change in GSH/GSSG ratios with different size fractions; ultrafine

most potent.

(D) Correlation of HO-1 induction with PM redox activity, assayed by
consumption of the dithiol, DTT, a measure of redox activity.




Uptake of ultrafine PM by mitochondria

A) Untreated cells;
maghnification x8,500
B) UFP-treated cells;
maghnification x8,500
C) UFP-treated cells;
maghnification x26,300

Figure shows formation of myelin figures (MF), and presence of particles (P)

inside mitochondria (M). | The diminishing of the supply of energy by the mitochondria is
mentioned as an important pathophysiological mechanism.

1
Table 4. Comparison of DEP and wa‘ effects on isolated mitachondria.

Assay DEP particle Ambient UFPs
AW¥'m Dose-dependent delayed or rapid Rapid depolarization
depolarization
CsA insensitive CsA insensitive
Mitochondrial Ca=* retengon Decreased retention capacity Decreased retention capacity
capacity CsA sensitive CeA sensitive
Mitochondrial swellipQ Dose-dependent inhibition of Inhibition of Ca?*-induced
Ca?t-induced swelling swelling at low doses (1 pg/mL)
No spontaneous swelling effects Spontaneous swelling at
at any dose doses > 1.9 pg/mL

Partially CsA sensitive

All assays/were performed as described in "Materials and Methods™; DEPs were sonicated and tested in the dose range

Diesel exhaust particles and ultrafines change membrane potential,
Lalcium fluxes and the permeability of transition pores in mitochondria.




‘ | Ultrafine PM exposure l
¢ 2

Pulmonary deposition | Interstitial translocation to circulation :|
< Redox-active PM components > which explains why
cardiovascular_and
X r \‘ neurodegenerative
Pulmonary oxidative stress * | Phaselandllenzyme | =, PEJ;?Q;F?,L?;;;;“ diseases are
responses from ROSs polymorphisms responses from ROSs increasing in areas

.Y

N
Mononuclear cell activation

air pollution even
more than the

respiratory
diseases

with high levels of
1. | @

Endothelial cell activation

Pulmonary neuroinflammation:
tachykinins and catecholamines

|
. ®

@

N
Release of cytokines, Up-regulation of
e.g., IL-1B, IL-8, and TNF-cc endaothelial adhesion
molecules: VCAM-1
ICAM-1

Liver hepatocyte release of acute
phase proteins, e.q., CRP

protein and fibrinogen \
® [ 3 ®

— _ Increased endaothelin-1 and
Hemostasis and clot formation | decreased NO;

+ oxidation of phospholipids
L L !

Acute:  Increased systolic and diastolic BP; decreased HRY: angina and associated ECG abnormalities
(ST segment elevation/depression); cardiac arrhythmias; cardiac arrest.

Chronic: Progression of atherosclerotic lesions.
e

Figure 1. Hypothesized pathways leading to adverse cardiovascular health effects from exposure to UFPs.



Combustion-derived nanoparticulate matter causes

® ® ®

Combustion-derived
nanoparticulate

Oxidative stress and inflammation

Atheroma Endothelium ‘ Heart rhythm

Plaque Vasomotor  Fibrinolytic Activation and Reduced heart
progression dysfunction imbalance aggragation rate variability

Plaque rupture \Vasoconstriction k—-- hrombogenesis

| N |
\‘—-- Myocardial ischemia and infarction *--/ = Arthythmia

Cardiovascular death

Mills NL et al. Nat Clin Pract Cardiovasc Med
do0i:10.1038/ncpcardiol399 (2008)




Inquinamento e cuore

Learn and Live..

) o

American Heart
lrc l I a 10 I I Associatione '
JOURNAL OF THE AMER H

ICAN HEART ASSOCIATION

Residential exposure to traffic is
associated with coronary

4,494 individuals living in close proximity to a major urban road

Increased coronary artery calcium scores.
(@ marker of coronary atherosclerosis) by 60%

Hoffmann B et al. Circulation (2007)
116: 489-496



Inquinamento e ictus

Associations of Fine and
Ultrafine Particulate Air
Pollution

With Stroke Mortality

in an Area of Low Air Pollution Levels
Jaana Kettunen et al. Stroke 2007;38;918-922

We therefore evaluated the effects of several particle measures
including, for the first time to our knowledge, ultrafine particles
(<0.1 um) on stroke.

..PM2.5, but also ultrafine particles and carbon
monoxide,




Effetti sulla salute umana in % per ogni
incremento di 10 yg/m? di PM10 e PM2.5

Effetti

PM10*

PM10**

PM2.5***

Mortalita generica

0.6

1.3

e

Mortalita per patologie
respiratorie

1.3

2.1

Mortalita per patologie
cardiovascolari

0.9

1.4

Ricoveri ospedalieri
Pazienti over 65 anni

0.7

Mortalita per cancro al
polmone

*Anderson HR WHO Regional Office for Europe 2004

**MISA Meta Analisi Italiana su otto grandi citta italiane

*+* Pope A.C., Journal American Association 2002

**+* Pope Circulation 2004
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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 depositin this area of olfactory dendritic cilia. Subsequent uptake and translocation of solid
M5P[s] along axons of the olfactory nerve has been demonstrated in non-human primates and rodents.
Surface chemistry 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.
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Air Pollution and Brain Damage
Lilian Calderon-Garciduefias, Biagio Azzarelli, Hilda Acuna, Raguel Garcia, Todd M. Gambling, Norma Osnavya,
Sylvia Monroy, Maria Del Rosario Tizapantzi, Johnny L. Carson, Anna Villarreal-Calderon and Barry Rewcastle
Toxicol Pathol 2002; 30; 373
DOI: 10.1080/01926230252929954

Exposure to complex mixmures of air pollutants produces inflammatio in the upper and lower respiratory tract. Because the nasal cavity is a common
portal of entry, respiratory and olfactory epithelia are vulnerable targets for toxicological damage. This study has evaluated. by light and electron
microscopy and immunohistochemical expression of nuclear factor-kappa beta (NF-xB) and inducible nitric oxide synthase (INOS), the olfactory and
respiratory nasal mucosae, olfactory bulb, and cortical and subcortical structures from 32 healthy mongrel canine residents in Southwest Metropolitan
Mexico City (SWMMC), a highly polluted urban region. Findings were compared to those in 8 dogs from Tlaxcala, a less polluted, control city. In
SWMMC dogs. expression of nuclear neuronal NF-xB and INOS 1n cortical endothelial cells occurred at ages 2 and 4 weeks: subsequent damage

included alterations of the blood-brain barrier (BBB), degenerating cortical neurons, apoptotic glial white matter cells, deposition of apolipoprotein E
(apoE)-positive lipid droplet s in smooth muscle cells and pericytes, nonneuritic plaques, and neurofibrillary tangles. Persistent pulmonary inflammation
and deteriorating olfactory and respiratory barriers may play a role in the neuropathology observed in the brains of these highly exposed canines.
Neurodegenerative disorders such as Alzheimer’s may begin early in life with air pollutants playing a crucial role.
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Low High Low High
Frontal Cortex Hippocampus

Figure 3

Aﬁgﬂ accumulation in frontal cortex and hippocampus. AB42 was localized in sections of paraffin-embedded tissues by IHC.

_ stained pyra naurens (pl, astrocytes (arrows) and astrocytic processes (arrowheads) around blood vessals
). (B) In addition vo accumulatien in pyramidal neurons A 42 was deposited in smooth muscle cells (arrows) in cortical
arterioles (*). A dead neurcn surrounded by glial cells is indicated (arrowhead). {(C and D) Quantitative image analysis of AJ42
IHC showed a significant increase in AF42 immunoreactivity (ARF42 IR) in both frontal cortex (C, * p = 0.04) and hippecampus
D, * p=0.001) in the high exposure group. (E) Ap42 IHC of frontal cortex from a 38 year old subject from Meaxico Cicy
showing diffuse plaque-like staining with surrounding reactive astrocytes (arrows). Scale = 20 pm.
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and Systemic Effects of Chronic Air Pollution Exposure: Nose, Lung, Heart, and
_ _ rain Pathology ] )
Lilian Calderon-Garciduefias, Maricela Franco-Lira, Ricardo Torres-Jardan, Carlos Henriquez-Roldan, Gerardo
Barragan-Mejia, Gildardo Valencia-Salazar, Angelica Gonzalez-Maciel, Rafael Reynoso-Robles, Rafael
Villarreal-Calderan and William Reed
)sures to particulate matter and gaseous;airp u;l:g;rrls@a\aa een associated with respiratory tract

inflammation, disruption of the nasal respiratory and olfactory barriers, systemic inflammation, production o
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-18 (IL-18) in
olfactory bulb and frontal cortex, as well as neuronal and astrocytic accumulation of the 42 amino acid
form of B-amyloid peptide (AB42), including diffuse amyloid plaques in frontal cortex. The
pathogenesis of Alzheimer’s disease (AD) is characterized by brain inflammation and the accumulation
of AB42, 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 AB4a2 accumulatlon in brain suggests that sustalned exposures to
'_F 4,!44‘J4,!4,A'! J PDOIIULATIL UC T _FAJ,,A_,_H,AAJ LOUIU_DE d K 1AdCLC DIL.AL. ahNg

piheRneunodegenerative é R ..,w‘ 2

Pediatric Respirato

oy i3 ,-l”*

The frontal cortex of an 11-month-old i iy | iz i i 4
healthy MC T> " i '

dog exhibits AB42 staining of a diffuse o A B S % ' ; g
plaque, o S

surrounded by a microglia-like nucleus

wl i ahd

The frontal cortex of a 36-year-old MC m?le with an E3/E4 ApoE
genotype .. shows abundant mature and diffuse AB42 plaques
(red stain) along

The frontal cortex of a 17-year-old MC boy... shows
dlffuse




Alzheimer’s Disease (AD)-Like Pathology in Aged Monkeys after Infantile Exposure to Environmental
Vietal Lead (Pb): Evidence for a Developmental Origin and Environmental Link for AD

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

Environmental
Trigger

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

Early life exposures

The cause for most Alzheimer's
cases is still essentially unknown-
(except for 1% to 5% of cases
where genetic differences have

+» been identified)

N wm [ he Journal of Neuroscience

Copyright ©2008 Society for Neuroscience



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

AB-deposition

Dietary/chemica
Epigenetic
Factors Cholinergic
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Hyperphosphorylated T Oxidative
Stress

Accumulation of hyperphosphorylated
microtubule associated protein T “tangles”




Epigenetics and Alzheimer disease

Several studies point to a possible contribution
of epigenetic modifications in AD

Folate and vitamin B12 restriction

induced demethylation of PSEN1
gene and increased af8 production

in both mice and neuronal cell
cultures (Fuso et al., 2008)

A marked reduction in DNA
methylation was observed

in post-mortem brain
(Mastroeni et al., 2010)

Aberrant methylation of genes related
___ : to a3 production and deposition
Prenatal exposure of monkeys . PSEN1, APOE) and to DNA methylation
to lead resulted in epigenetic (DNMT1, MTHFR) was found in DNA
modifications of genes related to a from blood or brain of AD patients
Production (APP, PSEN1) and increased (Wang et al., 2008)

af deposition later in life (Wu et al., 2008)




In 1997, the prevalence in the US was 2.32 million
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B Weiss, P ] Landrigan
The developing brain and the

o ;
environment: an introduction. Environ EnVlronmental Health

B Weiss
Vulnerability of children and the develop s FECTIVES

ng braln to

J W Olney, N B Farber, DFWonakV S
Jevtovic- ¥odorowc C Ikonomljo:J UPPLEMENTS

neurodedeneration in the developina
E A London

Environmental agents that have the
potential to trigger massive apoptotic

\ Developing Brain

and Environment

Critical Windows

The environment as an etiologic factor in

autism: a new direction for thﬁ;f::“’“ for

research.Environ Health Perspect. 2000 June;

1TNO/C.ional P\. AN ANA Volume 108
Supplement 3

D C Rice Parallels between attention
deficit hyperactivity disorder and
behavioral deficits produced by
neurotoxic exposure in monkeys.Environ
Health Perspect. 2000 June; 108(Suppl 3):

G ] Myers, P W Davidson Does

methylmercury have a role in causing
developmental disabilities in children?
Environ Health Perspect. 2000 June; 108(Suppl

S P Porterfield Thyroidal dysfunction and /
environmental chemicals--potential impact
on brain development. Environ Health Perspect.
2000 June; 108(Suppl 3): 433-438.

June 2000

SG Selevan, CA Kimmel, P Mendola % NATIONAL INSTITUTES OF HEALTH 1) 3

Identifyi ng C ritical Wi ndOWS of exposu re fOI" Matianal lnstituta of Erwiranmental Health Snignnes

children's health. Environ Health Perspect.
SNNN liivmAa: 1TN00/Ciinnl DY 11 A0 E



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637828/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637834/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637834/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637813/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637814/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637819/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637830/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637839/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1637810/

Plasticité du cerveau et modulation de
sa structure et de ses fonctions

La motilité des neurones et en

particulier la formation de
nouvelles connexions (synapses)
peuvent étre modifiés (perturbés)
par une exposition a des facteurs
environnementaux de stress

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


http://www.kcl.ac.uk/depsta/biomedical/mrc/Researcher.php?PersonID=19

Périodes critiques precoces dans le developpement
des fonctions cérebrales

Formation de nouvelles synapses a la suite des stimulations..

Human brain development

I
I I Bxperience-dependent synapse formation

Meurogenesis in the hippo@ampus

[18-24 prenatal days)

8 Cell migration P — T (-3 months to 15-18 yearsT)

] -

2 6-24 prenatal = \I

i% ¢ WET:EI; ——— Adult levels of synapses
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T LT T T T T T T 1
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Figure 1: Human brain development

Reproduced with permission of authors and American Psychological Association™ (Thompson RA, Nelson CA. Developmental science and the media: early brain
development. Am Psychal 2001; 56: 5-15).
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= A Silent Pandemic 9

Industrial Chemicals Are Impairing
The Brain Development of Children Worldwide

Landrigan Ph

Wolume ! =k i ce s 2167-2178

Developmental neurotoxicity of industrial chemicals

%
P Grandjean, P| Landrigan

Neurodevelopmental disorders such as autism, attention deficit disorder, mental retardation, and cerebra
common, costly, and can cause lifelong disability. Their causes are mostly unknown. A few industrial che; )
lead, methylmercury, poly chlorinated biphenyls [PCBs), arsenic, and toluene) are recognised causes of neuro-
developmental disorders and subclinical brain dysfunction. Exposure to these chemical fetal development
can cause brain injury at doses much lower than those affecting adult brain funct; of these risks has
led to evidence-based programmes of prevention, such as elimination of lead addi 1 petrol. Although these
prevention campaigns are highly successful, most were initiated only delays. Another 200 chemicals
are known to cause clinical neurotoxic effects in adults, Despite ystematic testing, many additional
chemicals have been shown to be neurotoxic in laboratory models. The toxic effects of such chemicals in the developing
human brain are not known and they are not regulated to protect children. The two main impediments to prevention
of neurodevelopmental deficits of chemical origin are the great gaps in testing chemicals for developmental
neurotoxicity and the high level of proof required for regulation. New, precautionaty approaches that recognise the
unique v ulnenbﬂm of the developing brain are needed for testing and control of chemicals.

* Department of Environmental Health, Harvard School of Public Health,

** Department of Pediatrics, Mount Sinai School of Medicine, New
i York, NY, USA

in the environment can damage the developing

brain

and can lead to neurodevelopmental disorders

(NDDs)

g ® g _ _g® g gm mg g=_ N _ O mmaE i\ N | e

A few industrial chemicals (eg, lead,
methylmercur olychlorinated
biphenyls PCBs arsenic, and toluene)
are recognised causes of

neurodevelopmental disorders and subclinical
brain dysfunction.

Exposure to these chemicals durin
earl fetal development can cause brain

injury at doses much lower than those
affecting adult brain function

Another 200 chemicals are known to
cause clinical neurotoxic effects in
adults... The toxic effects of such

chemicals in the developing human
brain are not known and the

regulated to protect childrer
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Figure 1: The effects of a neurotoxic chemical on a population over time TV T EE e | neurotoxic in experiments
For identification of chemicals toxic to neurodevelopment, the first evidence [ chemicals known to be neurotaxic B chemical universe
. . in human beings
dealtwith adverse effects of high doses on the adult nervous system, and was

followed by case reports and epidemiclogical evidence on developmental Figure 2: Diagram of the extent of knowledge of neurotoxic chemicals
tC':{IEIt}f at successiv E'|}" lonwver IflEISE'S, towhich childhood pﬂ'ﬂU'ﬂthﬂS of Ofthe thousands of known cheln?lcalls, only a small fraction Il1avel been proven to
. cause developmental neurctoxicity in humans. Although this evidence does not
increasing magnitude were exposed. Recognition of inorganic lead, represent the true potential for industrial chemicals to cause
meth}rlmercury and 'pC'|_‘_;|'C|"'I|C'I’iI'I ated E'I‘I}"|5 as neuratoxic followed this cupve ™ rodevelopmental disorders, assessments of need for preventive measures

! nonetheless rely on that information.
towards the right, and arsenic and toluene Wsge later seen to match this curve.
Documentation of most neurotoxicants is directdWoward adults only and
therefore many compounds remain far to the left on i timescale.




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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Il 17% dei bambini US < 18°a. ha un
disturbo dello sviluppo, per lo pil a
carico del SN

Disturbi dell'apprendimento
ADHD

Disordini dello spettro autistico
Ritardo mentale

Problemi comportamentali

Il cervello € un organo prezioso e
vulnerabile e, poiché il suo funzionamento
ottimale dipende dalla sua integrita,
anche danni limitati possono avere
conseguenze serie ( Grandjean 2006)

ISDE Palermo - Maria Vittoria Di Matteo

Analoghe sono le
cifre europee



°T nuovi casi di autismo diagnosticati (incidenza) negli US
sono passati da 15.580 nel 1992 a 163.773 nel 2003.

I idence Cumu]ative Grosth
£ uE, fohood Yesrs 3953 - S0k ]

* Prevalenza stimata :
6-7-(12) casi/1000
bambini

YerrTviLy
EETELER T

ISDE Palermo - Maria Vittoria Di Matteo
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Normal Autism Rett

Fig. 2. Schematic representation of pyramidal neurons
from control, autism, and Rett brains. In autism, the

céll body is small and there is reduced dendritic
branching. Similar changes occur in Rett, along with
reduction in basilar dendritic branching. The reported
changes are subtle and apply to a few neurons in
selected brain regions in each disorder (50, 87).

Contrairement aux enfants
Rett, les autistes ont tendance
a avoir la téte plus grande
taille que prevu pour un age
donné.

Dans les cerveaux des autistes

est [a substance blanche qui
augmente sa taille, tandis que le

cortex cérébral, I'hippocampe
et I'amygdale sont plus petits

que chez les autres enfants

(Il est intéressant de noter que, a
la naissance, les cerveaux de
enfants autistes ont tendance
a étre plus petits que ceux des
autres nourrissons, mais entre 6

et 14 mois d'age, ils subissent
une croissance anormalement

accélérée)




Update
Trends in Neuroscience Vol 32, 2, 2009, 69-72 C—el

|Hesrch Focus

Contact in the genetics of autism and schizophrenia

J. Peter H. Burbach and Bert van der Zwaag

Rudolf Magnus Institute of Neuroscience, Department of Neuroscience and Pharmacology, University Medical Center Utrecht,
P.O. Box 85060, 3508 AB Utrecht, The Netherlands

Although autism and schizophrenia are considered to be
distinct neuropsychiatric developmental disorders,
recent studies indicate that they share genetic factors.
The same chromosomal r
single genes have EIT‘IETQ]

Plusieurs centaines de différentes CNVs
spécifiques ont été rencontrés dans des cohortes de

ien isti .. la récurrence des CNVs les plus

disorders. One such ge
protein-2 (CNTNAP2). Thes

X o :
that these neuropsychiatric fréquentes est de 1% ou moins.

mechanisms and that simild || Y2 une forte proportion de de novo CNVs, mais les
ways of brain developmen{ CNVs hereditaires circulent dans les familles

typic spectrum of these dis| affectant les mal | | nn

Une situation tout a fait S|m|Ia|re se dessme a partir
d'études CNVs pour la

Il ya une fréquence élevée de CNVs de novo et une
grande hétérogénéité de variantes rares ..




15911.2 is the most proximal region
of the Prader-Willi/Angelman loci.
More pronounced autistic features
were observed in cases of
Angelman syndrome. The
cytoplasmic fragile X mental
retardation protein

(FMRP)-interacting protein 1 gene
(CYFIPA1).... serves functions
important for neurodevelopment

16q13.3

T a5-35.1

Schizophrania

CNTNAP2, a member of the
neurexin family, is encoded
by an extraordinarily large
gene on chromosome

7935-36.1...CNTNAPs
complex with CNTNs, which
are neural recognition
proteins .. and are thought to
mediate neuron—glial cell
interactions, neuronal
migration and dendritic
orientation /

.

Tagmooon | \\

Chld @ e

o 'illa-'.ll.lmm
Tl P

AT -:I:’:“{-I!I

e R B

ri e m o el o
L -
[ LK D B

SIEATE [ EReEs|

T |
Ny fZeq Gerea

s

A
TIT

¥

FEF 1 STT L

L/

TAEMGS &t (N schEndis

Figura 1. Ganotypéc owarispof sutism and schzophrania. Both sutism and schizophnenia ane me rodevabo g nta | disondars with high hariability. Thay ara considansd to
ba sapa miin disordars asch with & brosd spacbrum snd d et iated jphanotypbos by by clinbos | oriteis. Ascunthy, recunnant oopy U mdba ree s Sons $0MNVs] in dh nomeo somasl
g kors and linsing ke ganaes heen Desan found in cess with & utism and weth scohizophnanils that ane tha ssomea. Thimamd ocrodalations at 1921.1, 150112 and 15513 3 e baan




Berlin-Potsdam,

7-9 November 2011

EDH

Environment and Public Health SR e
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knowledgebase

From Genetics to Epigenomics
The Times They Are A-Changin'

ERNESTO BURGIO
ISDE Scientific
Committee

ECERI - European
Cancer and
Emiliano Ponzi Environment Research




m f drugs for -
I“m & chemotherapwv \ ?

hormone

We may represent the env:ronment as a irvadiation e ocorticoid)
continuous stream of information (simple: (induces

photons: individual packages of E =M =
spase { INformation) or complex (organic molecules,
| viruses etc) interacting with our cells
14| [membrane /transmembrane receptors,
signal transduction proteins, nuclear
receptors, genome (DNA + Epigenome)]

forcing them to adapt
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What's Epi-Genetics ?

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




in chimpanzee

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

Orangutan




Chimpanzee-hum
an

divergence

6-8
million

years
Hominids or hominins

Chimpanzees Humans

Brain:
a rapidly

evolving
Organ ?
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Broad phenotypic variation in humans

Their DNA sequences differ by 0.1%

(1 in 1,000 base pairs are different)




Epigenetic Regulation,
a mechanism that

allows the genome to

integrate

— intrinsic with

— environmental signals

Rudolf Jaenisch Whitehead
Institute
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COMMENTARY Le Dogme Central de Crick: Une fois l'information
a pénétré dans une protéine ne peut pas sortir a
EPIGENESIS AND COMPLEXITY nouveau (one direction-linear flow of information)

The coming Kuhnian revolution in biolo

Richard C. Strohman

The Watson-Crick era Genetic Epigenetic
which began as a narrowly ”Ts “TS *“
defined and proper theory RNAs  RNAs

and paradigm of the gene, Proteins Pr;teins
has_mistakenly evolyed into e

a revived and thoroughly ! "T"Drks (open)

molecular form of genetic Function Function
dmmmim Figure 1. Genetic and epigenetic theories

of information processina.

7

Pour citer le biologiste moléculaire Richard C. Strohmann : |'eére de Watson et Crick, qui a commencé

comme une théorie du géne a évolué a tort dans une théorie et le paradigme de la vie: c'est a dire,
dans une forme revivifiée et soigneusement moléculaire du déterminisme génétique
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MOLECULAR STRUCTURE OF
MUCLEIC ACIDS

A Structure for Deosyriboss Mucleic Acid
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So, winning a Nobel Prize only requires one

page (of very good work):



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

Ideas on Protein Synthesis (Oct. 1956)

The Doctrine of the Triad.

The Central Dogma: "Once information has got into a protein it
can't get out again". Information here means the sequence of
the amino acid residues, or other sequences related to it.
That 1s, we may be able to have .

gy

DA —— L RNA — ——5, Protein

\‘A_‘-.f >

but never

S
,..—-”"/’. \\
DNA &< RNA <£— — Protein

here the arrows show the transfer of information.

Bromham L Biol. Lett. 2009;5:503-505


http://profiles.nlm.nih.gov/SC/B/B/F/T/_/scbbft.pdf
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From directing the fate of stem cells to determining how.. we grow,

the genes in our body
act in complex networks.. the whole Genome is a Complex and highly

enes Know How to Network_"BUT Idtrohman R., April 2001 Beyond genetic

eterm:msm
Feqm—wm Ty

http://news.smencemag org/30|encenow/2009/04/21-03.htm| to switch “off” and “on”:

: : * Genes need to be told how much
expression (protein) is required and
where.
 Genes need to be regulated - this
regulation is not performed by DNA
but by many other controls arranged in
a complex network

e e /
\ ;
- - |--n.a..r_',.--" ="

 rgpdatior o s Feesdaiee

* DNA has been called the Book of Life
by the Human Genome Project
scientists, but many other biologists
consider DNA to be simply a random
collection of words from which a
meaningful story of life may be
assembled...

* In order to assemble that

mﬁﬂ“:“ﬂ‘lll ~de o nan y - I="=“ﬂ 'ﬁ.l ERFN N~

Aujourd'hui, nous savons que le génome est un réseau moléculaire unique,
complexe et dynamique et qu'il ya un flux ininterrompu d'informations au sein




... we must remember that things are quite

If the Central Dogma _of Molecular Biology depicted

one direction-flow of genetic information..._— | different: information flow is circular

between the genome and the enviros @ien
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..configuring a new model of genomic molecular network composed by DNA, epigenome,
proteome

sequences communicating in cis and trans and, above all, reactive /interactive
(in a continuous dialogue with the environment)

membrane

Affect transcription

“\l/ DNA
polymorphisms
o Translation

Affect _—_ :;j
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= & =i
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i modifications repression J : 5 modifications
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Nat. Rev. Nephrol. 6, 614-628 (2010)

aesens, M. & Sarwal, M. M Current paradigm of molecular biology




Everyday levels matter

\t high levels... arsenic kills people

At moderately low levels... it causes a range
Of diseases Glucocorticoid

hormona
( aners coll OUTSIDE CELL

Arsanic

‘/ antars cell

At truly low levels ... o
it |r_|terferes with gene 3 T S e
activation b “aclivated® 8" receplo

Many of these substances [0 ‘{‘ ;3

(Dioxins, Heavy Metals,
Polycyclic aromatic
Hydrocarbons) are

dangerous for humans health

at very low-every day-doses :
(which are very difficult to be Yiesrrdh o Arsenic blocks the receptor
assessed by the ordinary - [Ty Ores

toxicological studies)

IN3IDE CELL &

N ey Sowrrs e e, LD

Kaltreider et al. 2002



Interphase

e bk, -

L

...revolving
around it and
playing an

important role R
iﬂ l:
transferring
information

IN

modulating
the

response, to
the extent
that some
scientists
have used
the term

chromosomes

Euchromatin

natural

genetic
engineering

10 um

Figure 4-21. Molecular Biology of the Cell, 4th Edition.
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Campbell NE et al (Eds):
Biology: Concepts & Connections
4t Edition, 2003




The Epigenetic Players Instituto
de Salud
Carlos|li

Remodeling
machinery

OFF
Histone
modification

MicroRNAs

Euchromatin

The study of heritable changes in gene function
that occur without a change in the DNA sequence”

Fraga et al., PNAS.



DNA

methviation

- Covalent modification of the DNA is also important for gene silencing
human cells.

-2 Most genes have GC rich areas of DNA in their promoter regions,
referred to as CpG islands.

- Methvlation of the C | H H
o 0 MR
silenci N HyO O
H3C _H
« =N L | N
(highly unstable H N/kﬁ '1 H NJ\D
base) | NH3 |
5-methyl cytosine thymine
H“N”H

cytosine



H2B tail

The

Histone tails H2A tail H3 tail
are a critical \A

determinant H2A tail _
of chromatin H4 tail

structure
H2B tail

(A) H3 tail

Figure 4-32. Molecular Biology of the Cell, 4th Edition.



Histone Tails
are subject to
a variety of
covalent
modification
S

Histone Code”
hypothesis:
modifications

of the Histone
tails

act as marks read
by other proteins
to control the
expression

or replication of
chromoggmal
regions

E.g. generally,
Histone
Acetylation

Is associated with

transcriptionally

active genes
Deacetylation
IS associated with

- __ . =

H2A

S
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B B B A u
I | I I
H2B N e i
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Figure 4-35 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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Modification of chromatin structure by histone
modifying and nucleosome remodelling proteins

LN ]
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-
L -
&+

: HDACs:

Histone Acetyltransferases;

istone Methyltransferase Histone
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) ATP-dependent
"®es=x= Nucleosome
Remodeling Complex

Nuclear Receptor
DNA Response

Histone Deacetylases.

Element

These modifications are believed
to be essential for the full
transcriptional response to
stress-inducing chemicals

Many toxicants
cause rapid

alterations in gene

expression by

activating protein

kinase signaling
cascades.

The resulting rapid,

defensive
alterations in
gene activity
require the

transmission of a
signal directly to

the histones
present in the
chromatin of

[stress response
enes:

withyn minutes
of exposure

the
horylation
serine 10 of

V histone H3
and the




Epigenetics and environmental chemicals
Andrea Baccarelli and Valentina Bollati

Current Opinion in Pediatrics 2009, 21:243-251

Purpose of review
Epigenetics investigates hentable changes in gene expression occurring without
changes in DNA sequence. Several [n-yjtro, animal, and human investigations have identified
methylation, histone modifications, 4 sayeral classes of environmental chemicals that modify
function under exogenous influence epigenetic marks including
- - metals (cadmium, arsenic, nickel, chromium,
Recent findings
In-vitro, animal, and human investigg CH3-me_rcury), ) i
environmental chemicals that modif| - P€@roxisome proliferators (trichloroethylene,
arsenic, nickel, chromium, and meth dichloroacetic acid...),
(trichloroethylene, dichloroaceticaci{ = Air Pollutants (PM 0,1/2,5/10, black carbon,
carbon, and benzene), and endocril benzene)
(diethylstilbestrol, bisphenol A, pers{ . EDCs - Endocrine-Disrupting/reproductive toxicants

conducted so far have been center (DES, bisphenol A, persistent organic pollutants,
investigations have studied environm dioxin)

and microRMA.

Summary _ Because these epigenetic changes are
For several exposures, it has been proved that chem small |;otentially cumulative, and they

may develop over time, it may be
to determine whether exposed individuals develop epi dlffIC_UIt tO. establish the C_ause_effeCt
in turn, which such alterations increase the nsk of di relatlonshlps among environmental
needed to determine whether environmental epigeng factors, epigenetic changes, and
transgenerationally. diseases.

epigenetic alterations mediate toxic

and that the same or similar epigenetic alterations c
disease of concern or in diseased tissues. Future pros




Figure 1 Potential mechanisms linking environmental expo-
sures to epigenetic effects

Environmental epigenetics

Exposure

avallahbility

Gene exprassion,
chromatine condensation

[ Diseage risk ]




L AMERICAN JOURNAL OF Published ahead of print on January 8, 2009, doi:10.1164/rccm.200807-
American Journal of Respivatory and Crifical Care Medicine Vol 179, pp. 572-578, (2009
Re Splratory and © 2009 American Thoracic Society
dos 101164 Z00207-109700C
s Critical Care Medicines —
Rapid DNA Methylation Changes after Exposure to
Traﬂ.ic PartICIES Andrea Bal:l:arellil’z, Robert O. Wl‘ightz’s, Valentina Bu]latil, Letizia Taranﬁ.uil,
Angusto A. Litunjuas, Helen H. Suhz, Antonella Za.nubetti2, David Span'mv4,
Pantel S. Vokonas* and Joel Schwartz>

Rationale: Exposure to parficulate air pollution has been related to increased hospitalization and

death, particulatly trom cardiowascular disaasa.>L¢WE:r blood DIA methylation content 13 found

in processes related to cardiovascular outcomes, such as cxdative stress, aging, and

atherosclerasis.

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Changes in epigenetic markers, such as DNA methylation,
may mediate environmental effects on human health.
Short-term exposure to traffic pollution has been linked
with cardiovascular diseases, which are characterized by
a loss of blood DNA methylation.

What This Study Adds to the Field

Our data show that blood leukocvie DNA methvlation in
sequences with widespread genomic representation de-

creases rapidly Tollowing pcaks of higher ambient levels

Of tralfic particles. These changes may contripute to pro-
duce cnvironmental effects on human health.

Conclusions: We found decreased
repeated-element methylation-after
exposure to traffic particles.




TABLE 4. EFFECTS OF AMBIENT LEVELS OF BLACK CARBON, PMz 5, AND SULFATE ON
LINE-1 AND Alu METHYLATION

Moving Average Effects on LINE-1 Methylation Efect on Al Methylation”
Coeff” (95% CI) P Value Coeff' (95% CI) P Value

Black carbon
44 mean ~0.07 (-0.13 1o -0.01) 0.03 0,02 (0,08 0 0.04) 0.50 LINE-1 methylation decreased in
1-d mean ~0.09 (~0.15t0 ~0.02) 0.007 ~0.02 (~0.08t0 0.05) 0.58 relation to higher black carbon-and
2-d mean 010 (<016t -0.03) 0.004 ~0.02(0.09t0 0.05) 056 PM, ; ambient level ,with significant
3-d mean 0,10 (=016 t0-0.03) 0.005 ~0.02(=0.090 0.05) 062 associations for all the time windows
4-d mean ~0.08 (-0.15t0 -0.02) 0.01 ~0.01 (=0.08 0 0.06) 0.80 evaluate.d and .stronger effects at the
5-d mean 0,09 (-0.15t0-0.02) 0,008 0,01 (-0.05t0 0.08) 073 longer time windows (2-7 d).
6-d meen 0,10 (-0.17to -0.04) 0.002 0,01 (-0.06 t0 0.07) 087
7-dmean 0,11 (-0.18 10 -0.04) 0.002 0,01 (0,06 t0 0.08) 075
PMy 5
44 mean ~0.07 (=013 10 -0.01) 0.03 0,03 (0,03 t0 0.09) 028
1-d mean ~0.08 (-0.16 t0 -0.02) 0.008 ~0.01 (=0.07 0 0.05) 074
2-d mean ~0.10 (0170 -0.03) 0.003 ~0.01 (=0.07 0 0.05) 0.82
3-dmeen 0,10 (-0.17to -0.04) 0.003 0,01 (-0.07 0 0.05) 078
4-d mean 0,10 (-0.16 10 -0.03) 0.004 0,01 (-0.07 0 0.05) 075 Alu-methylation showed no significant
3-dmean 0.10{-0.16 10 -0.03) 0.004 ~0.01(-0.07100.03) 0.64 association with pollutantlevels
6-d mean 0.11(-0.17t0-0.04) 0.001 ~0.01(-0.07 0 0.05) 0.74 at any of the time windows evaluated
7-d mean 0.13 (0.19 t0 ~0.06) <0.001 0,01 (-0.07 t0 0.05) 071

o1

Hypomethylation of repetitive DNA sequences is expectedto lead to the transcriptional activation of those
repetitive-sequences that still contain active promoters, potentially resulting in disruption of transcription
factor balance, sense or antisensetranscriptional interference, and production of transcripts
complementary to endogenous transcripts or to alterations ingenomic organization and stability




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 certain _
circumstances SENOMICS

|

-

www_elsevier.comdlocate/gene

Review

A 21st century view of evolution: genome system architecture,
repetitive DNA, and natural genetic engineering

James A. Shapiro

Department of Biochemistry and Molecuwlar Biology, University of Chicago, 920 E. 38th Street, Chicago, IL 60637, United States

The last 50 years of molecular genetics have produced an abundance of new discoveries and data that make it useful to revisit some basic
concepts and assumptions in our thinking about genomes and evolution. Chief among these observations are the complex modularity of
genome organization, the biological ubiquity of mobile and repetitive DNA sequences, and the fundamental importance of DNA
rearrangements in the evolution of sequenced genomes. This review will take a broad overview of these developments and suggest some new
ways of thinking about genomes as sophisticated informatic storage systems and about evolution as a systems engineering process.



A small fraction of the chromosomal DNA codes for
proteins
percentage
SID i I‘" * ‘E” ?lf.} 8|{} QI{} l [IJO
KE% 53%\ 92%

0 10

21% 34% 42%|48% 90.5%| 100%
LINEs SINEs .
Introns
retroviral-like elements protein-coding regions
DNA-only transposon ‘fossils’ | j
segmental duplications — Jehes
simple sequence repeats — heterochromatin —
I || |
REPEATS UNIQUE NOT YET

SEQUENCED

Figure 4-17. Molecular Biology of the Cell, 4th Edition.




l ....particular awareness has
e aroused a study that

5 documented the presence of
Ecosystem Polycyclic (geno) toxic and mutagenic
- Hvdrocarbons substances in all tl’ﬁ
Society (PAH) umbilical
Heavy Metals cords tested,

— Population Benze demonstrating the ubiquity
Dioxin and : e of embryo-fetal exposure
Dioxin-like Behavior
molecules Mothers Milk: Record levels of

N 4 toxic fire retardants found in
14 American mothers' breast milk.
Washington, DC. Available at
Internal e}_\f,n Extern http://www.ewg.org/reports/mother
environment e environme smilk/

NAS (National Academy of
Sciences). 2000. Scientific
Frontiers in Developmental
Toxicology and Ris
Assessment. Committee on
Developmental Toxicology.
Washington, DC: National
Academies Press; EPA (U.S.

] ] Environmental Protection Agency).
Fic. 1. The fetusis particulas 2003a. America's children and
and internal environments. the environment. Measures of
‘ ' — contaminants, body burdens,
opment and have both imme and illnesses. Available online at
environmentally induced cha ngtr%:rlm/ www.epa.gov/envirehealth/ch
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, theze 4 g ;
i . . . oY ; ;

Physiology
Organs

EETATL,

AND

=S INFANT
- ORIGINS



http://www.ewg.org/reports/mothersmilk/
http://www.ewg.org/reports/mothersmilk/
http://www.epa.gov/envirohealth/children
http://www.epa.gov/envirohealth/children

Beginning to Explore

Current research is focused on early life

H A RH‘.&‘H-‘. HL..‘I o ::-iﬁ



XXI century: a dramatic transformation

of the environment and uterine
microenvironment

Prental Exposure to FP

e

The main problem that the myriad sources of pollution across the planet is likely
to cause

to our health and to future generations is indeed the load of toxic molecules
many of which

are incidental products of incomplete combustion.. accumulated in our
bodies: EPA

pregnancy

(Environmental Protection Agency); US Centers for Disease Control and Prevention;
Environmental



The gift our mothers
never wanted to give us

CHEMICAL FALL
ouT
) €Y

(1)ENDOCRINE ULTRAFINE
DISRUPTORS HEAVY PARTICLES

dioxin-like moleculles METALS

BodyBurden

The Pollution in Newhorn$

A benchmark investigation of industrial
chemicals, pollutants, and pesticides in

human umbilical cord Blde That’s why at present many studies in various parts of the

world are evaluating the chemical body burden .. especially in
women, children, embryos / fetuses, providing dramatic results.



Heavy metals, dioxins and other carcinogens released into
ecosphere, and conveyed in living organisms, may bio-accumulate
in tissues (bones and fat) and bio-magnify in food chains

And from tissues where they accumulate (sometimes for

decades), their release is generally slow and continuous

The mercury cycle

PRECIPITATICN

=3

B - n This is where you get your dioxin from:

TEETTMERT @ ursan INDUSTHIAL n .
"o VARSI ] Total Exposure = 119 pg/day
A l
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Water Ingestion |[Negligible : :
0.0 10.0 20.0 30.0 40.0
North American Daily Intake (pg/day) of TEQ




Inherited Pollution:

A maother’s pollution Ngers In her r.:|-‘||_|-_:||1r-.'.-| s body for years.
What is the Global Chemical Burden.. Methyl- Penta  PFOA  PFOS Leard]

mercury {Brominated  (Teflon [Scotchgard /
3

Hame chﬁm.ir.afs.r chﬂ-m.ical’}

rema:W
Industrial chemicals in mothers and " ./ \

LB | L |} | L | L%
daughters: 1yr12yr 29yr 60 yr 166 / \
the Pollution we share and inherit Daughters oge at which she has excreted $9% of her mo . s ﬂuh’c_:ﬁ._ -

~

E’ vero che nel sangue e nei tessuti di tutti gli uomini e le donne che vivono in ambienti urbani
e/o industriali e persino nel sangue cordonale e placentare e nei tessuti fetali sono presenti
questi stessi inquinanti in quantita di anno in anno, di decennio in decennio maggiori ?

Table 1. Chronology of human exposure.

Years Exposure scenario

19205-1930s BPA, PCBs, and DOT commercially introduced. Chlorine industry expanding. Discrete postnatal
and prenatal exposure.

19405 WWI| First wide-scale production and exposure to the above and other chemicals including plastics and
chlorinated compounds as technology advanced.

1940s—-1950s First generation widely exposed postnatally and some who may have been exposed prenatally.

195051970 First generation born that was widely exposed prenatally.

19705199 First aeneration that was widelv exnosed nrenatallv reached renroductive age.

1980s—present  Second ieneratiun born that was exEDsed in the womb and beginning to produce the third
generation. Froduction volume and exposure stll increasing.

Is it true that these pollutants are present in blood and tissues of all men and women

living in urban and industrial environments and even in the cord blood and placental
and fetal tissues in more and more significant amounts year after year ?




E’ vero, in particolare, che metalli, diossine e altri inquinati lipofili accumulati nei tessuti materni
possono passare, anche a distanza di anni dal loro assorbimento, nel sangue e raggiungere il feto ?

: L
| ¢ ‘___--

Is it true that metals, dioxins and other lipophilic pollutants, accumulated in maternal tissue,
may pass,




lular Differentiation: an Epigentic process Differentiation occurs numerous
times during the development of a

multicellular organism as the

Stability and flexibility of epigenetic gene organism changes from

. . . a single zygote to a complex
regulation in mammalian development system of tissues and 200 cell @

I Nature 447, 425-432 (24 May 2007) —_ types (genetically identical.. each
- - : : with its own epigenetic and

' ' ' ' morpho-functional characteristics)..

H3 K27 methylation |

Embryo and somatic cells

Developmental genes

Differentiation

Adult Germ cells

Embryonic
germ cells

v nen, epi-mutations |

H3K27 methylation

Gametogenesis. Maturation of germ cells is
characterized by an impressive degree of cellular ; : :
restructuring and gene regulat_lon t_hat involves Pl RrIerTan] T
remarkable genomic reorganization. -

These events are finely tuned, but are also susceptible

e dla o Noadamsm ol s s omder e sl v s e onn non dee rne o om ondl o nanaow ma

Germ cells

| methylation. During the early development of PGCs, DNA methylation and


http://en.wikipedia.org/wiki/Multicellular_organism
http://en.wikipedia.org/wiki/Zygote

Same DNA, Different Look

*» We are made up of over 200 cell types. cell

» Each cell has the same DNA!
* How can they look so different?
Epigenetics!

» Genes turned on or off & /

Wikimedia Commons, ORNL gov, Flickr: richdelux HARVARD &j
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2 4o Phylogenése

Lo

B A
a T de 4 milliards d'années de coévolution
e moléculaire* (en particulier, notre ADN est
le produit de ce long parcours) ..

Nous ne devrions
jamais oublier que et de 9 mois de

nous sommes développement individuel
en méme temps

(..notre epigénome est le

le produit produit de 9 mois de
T === . 7 - | programmation cellulaire

Devo-Evo | — " 2 "= | et tissulaire adaptative a un

environnement qui est en
train de changer tres vite..

l'ontogeneése
recapitule
la phylogeneéese

Un risque majeur: les EDCs et d’autres xénobiotiques (n'étant pas le produit de cette coévolution
moléculaire*) peuvent interférer a ce niveau, en agissant comme des pseudo-morphogenes..




Each Cell has an Epigenetic Signhature

* Epigenetic state 1s like a barcode:

Presence of an epigenetic mark at a particular location in the DHA

Liver Skin | Muscle

Epigenetic

mark

 Epigenome = complete epigenetic state of a cell

Wikimedia Commons HARVAR H..-.;-;;E

i



Il est au cours de ce processus délicate et complexe que I'exposition a de faibles
doses de perturbateurs endocriniens peut provoquer des changements dramatiques
et permanent dans la programmation des tissus et des organes (foetal programming)

fenétres d' exposition

Exposure of developing tissues
or organs to an adverse
stimulus or insult during

critical periods of development

that can Eermanentlx
reprogram normal

physiological responses in such

a way as to give rise fo disease

XXI e siecle: transformation later 1n llfe

spectaculaire de lI'environnement et du :




Epigenetic modifications : a molecular environmentally induced
effect

Critical determinants

of the eniaenome
Acute
enviroemental

events (low intensity

enviromental
Celiac Disease events
Why this disease is concordant
in only 60% to 70% of identical twins. Genetic

Mutations etc. Epi-Mutation
And Alzheimer Disease ? S

-
[]
g
B
2
2
<
Q

JWON3IOId3

Instituto
da Salud - 2NNK
¢ ALTHOUGH TWINS ARE EPIGENETICALLY INDISTINGUISHABLE DURING THE EARLY YEAR




Epigenetic differences in homozygotic twins E\%:

Instituto
de Salud

7

... although twins

are epigeneticall
indistinguishable
during the earl
years of life,

... older monozygou
twins exhibited
remarkable
differences in their
overall content

and genomic
distribution of
5-methylcytosine DI

and histone acetyla

affecting their [@
gene-expression portr.

=20

-
Y

il
Ll
_ T —
‘,ﬂ" | — ]

Epigenetic differences arise
during the lifetime of

Fraga et al. PNAS (2005);102(30):10604-9..
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(a@) 3° Journée annuelle de I'lmpact de I’environnement sur
t ) la santé de la femme & de ’enfant
ﬂ a QC | a Focus sur la nutrition
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Diabetes and Obesity

—4— Diabetes
—— Mean body weight
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The new science of epipenetics
reveals how the choices you
make can change your genes
—and those of your kids

When Pembrey, Bygren and
Golding looked at the sons of
those 166 early smokers, it

turned out that the boys had

significantly higher body
mass indexes than other boys

by age 9. That means the sons
of men who smoke in
prepuberty will be at higher
risk for obesity and other
health problems well into
adulthood ...

Pembrey, Bygren, Golding and
their colleagues concluded in
the European Journal of Human
Genetics paper. In other words,
you can change your
epigenetics even when you
make a dumb decision at 10
years old.

If you start smoking then,
you may have made not
only a medical mistake but
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Obesity Trends* Among U.S. Adults
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Obesity Trends* Among U.S. Adults
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Obesity Trends* Among U.S. Adults
2001
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ne donnée apparemment secondaire, en fait
extremement indicative concerne les animaux de
compagnie, touchés par I'obésité ...

C’est en effet une donnée en faveur de la
prévalence des facteurs exogenes (culture..
alimentation..environnement.. modes de vie) plutot
que endogene (génétique).

La prévalence augmente avec l'age: pres de 50% des
chiens et des chats entre 5 et 10 ans sont en
surpoids ou obeses, alors que le risque de diabete
2 est deux fois plus élevé chez les chats obeses
et augmenté d'environ 8 fois chez le chien.
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En outre, le risque d'obésité
chez les chiens est plus

grand si les propriétaires
sont obéses, tandis que I'on

n'enregistre pas une
corrélation similaire entre les
chats et leurs propriétaires.
Le risque de diabéte de type
Il est deux fois plus élevé
chez le chat obése et
d'environ 8 fois + chez le
chien
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1963 1966~ 1971- 1976 1988- 1999 2001= 2003
1965 1970 1974 1980 1994 2000 2002 2004

® 2-5 Years of Age
® 6-11 Years of Age
® 12-19 Years of Age

US DHHS, 2001; Hedley et al., 2004; Ogden et al., 2006, 2008



The Obesity Epidemic

* Obesity rate on an
unstoppable rise in
America

— 1968: 15%
— 2008: 30%

—

* Associated costs keeping
pace

— 2008: 575 billion = 9% of
all healthcare costs

— 2030: $900+ billion = 18%
of all healthcare costs

Jason Luo - Department of Biomedical Engineering University of California, Irvine
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The evolution of human adiposity and obesity
where did it all go wrong?

Jonathan C. K. Wells'

i | wPEN ACCESS <o

Because obesity is associated with diverse chronic diseases, little attention has been directed to the multiple beneficial
functions of adipose tissue. Adipose tissue not only provides energy for growth, reproduction and immune function,
but also secretes and receives diverse signaling molecules that coordinate energy allocation between these functions
in response to ecological conditions. Importantly, many relevant ecological cues act on growth and physique, with
adiposity responding as a counterbalancing risk management strategy. The large number of individual alleles
associated with adipose tissue illustrates its integration with diverse metabolic pathways. However, phenotypic
variation in age, sex, ethnicity and social status is further associated with different strategies for storing and using
enerqy. Adiposity therefore represents a key means of phenotypic flexibility within and across generations, enabling a
coherent life-history strategy in the face of ecological stochasticity. The sensitivity of numerous metabolic pathways to
ecological cues makes our species vulnerable to manipulative globalized economic forces. The aim of this article is to
understand how human adipose tissue biology interacts with modern environmental pressures to generate excess
weight gain and obesity. The disease component of obesity might lie not in adipose tissue itself, but in its perturbation
by our modern industrialized niche. Efforts to combat obesity could be more effective if they prioritized external’
environmental change rather than attempting to manipulate ‘internal’ biology through pharmaceutical or behavioral
means.






La théorie du “génotype

d’épargne”

{Le premier a expliquer en termes de

_~ «adaptation» ou «<non-adaptation»

mwm  |'augmentation de I'obésité enregistree
apres la Seconde Guerre Mondiale était le
généticien américain J. Neel, qui
développa (1962) la théorie du génotype
d’épargne (thrifty génotype):

au cours de |'évolution humaine
certains genes économes (dont
I'identité, d'ailleurs, n'a jamais été définie),
auraient acquis un role important
pour la survie dans des conditions

.. Il ne faut pas oublier gue pendant le premier 99%o0u plus de vie de
I'homme sur terre, en tant que chasseur-cueilleur, il était souvent la
féte ou la famine (Neel )V. 1962. Diabetes mellitus: a ‘‘thrifty’’ genotype




En effet, c’est au moment ou les peuples

passent d’une alimentation et d’un
rythme de vie traditionnels
(agriculteurs, éleveurs, chasseurs
cueilleurs) & un mode de vie plus «
moderne »

gue les maladies telles que le diabete
et I'obésiteé font leur apparition.

Il semble que I'« occidentalisation »
(passage a une alimentation plus riche en
sucres rapides, graisses saturéees et
Iolus pauvre en fibres, réduction de
‘activité physique par la mécanisation
des moyens de transport et du travail)
représenterait
un facteur déclenchant majeur ..




Facteur d’autant plus puissant si cette

transition se fait rapidement:
I’exemple le plus étudié sont les tribus
Indiennes des Etats-Unis, et notamment
les indiens Pima ameéricaniseés, vivant
dans une réserve.. qui présentent une
prévalence du diabete des l'age de
trente ans voisine de 40 a 50 % .
D'autres exemples ont été rappd
japonais emigrés.., les habitants &=y
Maurice, les aborigenes austrg, S
transplantés en ville .

Bennett PH, Burch TA, Miller M Diabetes mellitus in American (Pima) Indians Lancet. 1971 Jul
17;2(7716):125-8; Savage PJ, Bennett PH, Senter G, Miller M. High prevalence of diabetes in young Pima
Indians. Evidence of phenotypic variation in a genetically isolated population. Diabetes
1979;28:837-942; Pettitt DJ, Aleck KA, Baird HR, Carraher MJ, Bennett PH, Knowler WC. Congenital

susceptibility
to NIDDM. Role of intrauterine environmen@es 1988; 37: 622-8
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Du génotype au phénotype

économiseur/ d’épargne

L'’hypothese de Neel était intéressante, mais

simpliste. Elle ne pouvait expliquer que en partie
la transformation epidemio...

Dans les années 70 certains groupes de recherche
ont suggéré que les origines de l'obésité
étaient a chercher dans les premiers stades
de développement, dans une différenciation
adipocytaire perturbée.

Dans les années 80 Frienkel suggera que la
super-exposition embryo-fecetale au glucose
chez les enfants de meres diabétiques aurait
pu altérer de facon permanente le

meétabolisme et appela son hypothese fuel

mediated tera tog enesi Ereinkel N. Banting Lecture. Of pregnancy

and progeny Diabetes 1980; 29: 1023-35 .




Dutch Hunger Winter 1944-1945
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Comme il arrive souvent dans la recherche
scientifique
une etude qui semblait contredire son

hypothese
donna a Barker la solution.

En analysant la cohorte des survivants de la
faim apres le siege de Stalingrad, il apprit que
I'incidence des maladies chroniques y était
beaucoup plus faible que dans les Pays-Bas

La solution de I'énigme était désormais a portée de
main: Barker comprit que les enfants russes,
programmeés (eux aussi) pour une vie
caractérisé par le stress et les carences

nutritionnelles, avaient pu mieux rénandre a
leurs vie difficile Mismatch !

Le vrai probleme était donc l'écart entre la
proarammation (carentielle) et Ia vie reelle ..




Maternal stress !
Infection, undernutrition,
placental dysfunction,
smoking, alcohol

B-cell function |e Reduced pancreatic B
| b-cell mass
resistance adipose tissue changes in growth,
metabolism
HPA and' and vasculature
Obesity fe=——t={ Over-nutrition fe=— Ne""":x'::’c""e

Hypertension |, Kidney glomerular
Renal disease number

En 1992, Hales et Barker proposerent une nouvelle hypothese concernant
les causes et les origines de diabete de type 2, en insistant sur les
conditions nutritionnelles en début de vie : |'<hypothese phénotype
d'épargne» suggere que pendant la gestation et au début de la vie
postnatale, dans un contexte de ressources limitées I’on devient
programmeé pour l'épargne nutritionnelle afin de s'adapter (insulino




Does Obesity Begin in the Womb?

FETAL
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el philo-genetic > ontogenetic ? : Pt RIGINS

“Thrifty Phenotype”
--Hales and Barker, 1992

3

‘Predictive Adaptive Responses”
—Gluckman and Hanson, 2004

Exposure during a critical period in development
may influence later metabolic functions in adult life




Questi 2 topini sono
geneticamente identici,
ma fenotipicamente assai
diversi

Quello di sinistra non e
soltanto grasso e giallo
(agouti), ma predisposto a
diabete 2 e cancro

Tutto questo essenzialmente
a causa del fatto che un

singolo gene mutato puo
essere espresso 0 meno..

a seconda del fatto che sia
stato o meno
epigeneticamente marcato
/silenziato nelle primissime
fasi della vita (il topino di dx
ha il gene metilato grazie
alla somministrazione alla
madre nel corso della

Source: Randy  Jirtle, FhL, Duke University Medical Center 8

These inbred mice are eentical. They are each about a year old and both are
female Thaes rent characteristics result from differences in the epigenome, The moth-

gravidanza di genisteinga—
un componente della soia
che dona gruppi metilici)

er of the mouse on the left received a normal mouse diet, The mother of the mouse on the
right received a diet supplemented with genistein, the phytoestrogen found in soy prod-
ucts. Genistein increases the incidence of brown offspring by altering the epigenome rather
than mutating the genome — an example of nature via nuriure.




Agouti gene

variable
methylation
region

Agouti gene . = Agouti gene

i i
L

methylated nat methylated

= N\ s

agouti mRNA briefly made during development. agoadi gene is continually active, producing mRNA
agouti gene silenced remainder of mouse life. across the mouse lifespan.

healthy mouse with brown fur miouse with yellow fur;
develops obesity and diabetes during adulthood.

In the healthy mice, a tag, called a methyl group, binds to the agouti
gene, silencing it during the majority of development (figure 1).

No methyl groups are present at the agouti gene of the yellow mice
and the gene remains active.




Dr. Dana Dolinoy
of Duke University

We used the Agouti mice to
study how maternal
nutrients and
environmental factors affect
the epigenome.

Specifically, we wanted to
know whether a mom's

exposure
to a contaminant found

everywhere in the
environment could alter the
fetal epigenome, and

eventually the long-term
fate of her offspring.

** Bispenol A - BPA: a
common chemical found in
certain plastics, in many
commonly used products,

including food and b ‘;"“}‘ : : :
containers. babv bo bout four years ago, the CDC studied approximately 400 people, and in 95

dental sealants percent of these 400 people, they measured detectable levels of bisphenol-A.




Methyl donors
supplementation
( folic acid or

genistein)

a Dietary supplementation during pregnancy
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So we started a second
study in which pregnant
mothers were exposed to
BPA plus nutritional
supplementation such as

o

5
= @ m "
_E:F:"'ﬁ, Unsupplemented | Supplemented fP-FF

methyvl donors like folic

acid or genlstein. which is Unsupslemented B Vitandins or
e -g— . - z b 49/a offspring M

a Com mon |ng red|ent fOU nd Unsupplemenied maother Supplernented mother

in soy products. £ ke Lk

.. the offspring were no
longer predominantly
yellow and more obese..

there were more offspring

with the slender brown
coat color phenotype:

maternal nutrient
supplementation can

counteract the negative
| effects of exposure to




Plausible links to bisphenol A
based on animal experiments

Impaired brain development

' ) e
Hyvperactivity ),,;L%

Long-term memory formation

Aneuploidy: Down’s syndrome :
Dementia —_—
Prostate cancer

Breast cancer

Low sperm count
Obesity and diabetes

OEﬂviroﬂ mental Health Sciences




Fetal programming
=> Adult disease
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Perinatal exposure to
10 ppb causes adult
prostate cancer

(prostatic epithelial neoplasias)

by altering adult gene
expression.

Ho et al. 2006
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Bisphenol A causes insulin
resistance in mice
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Rapid response:

30 min after addition of
BPA or estradiol:
Blood sugar drops because
insulin increased

Slower response:
After 4 days BPA-treated
animals no longer
respond to insulin

O Environmental Health Sciences




Diabetes and Obesity

—&— Diabetes
—i— Mean body weight
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monocytes

differentiation L .
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Figure 2. Close interplay between CD8*T cells, Adipose inflammation

macrophages and adipocytes. Obese adipose tissue
activates CD8'T cells, which in turn initiate and
propagate inflammatory cascades, including the
recruitment of monocytes/macrophages into ohese
adipose tissues and their subsequent differentiation
and activation. The close interplay between
adipocytes and immune cells leads to active adipose
inflammation, which has a significant impact on
systemic metabolism.

Systemic insulin resistance
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Endocrine Disruptors and Epigenetic Transgenerational
Disease Etiology

MICHAEL K. SKINNER

Center for Reproductive Biology, School of Molecular Biosciences, Washington State University, Pullman, Washington 99164

. _ _ Environmental exposures
ABSTRACT: Exposure to an environmental factor (e.g. endocrine

: . . . . have been found to
disruptor) during embryonic gonadal sex determination can epige- t |
netically reprogram the male germ-line and subsequently promote romote severa

transgenerational adult-onset disease. Disease phenotypes resulting transgenerational
from this epigenetic phenomenon include testis abnormalities, pros- disease states or phenotypes
tate .cl.lsease, kld[].E:} dls.e‘ase, t}lm{:tr dewf el?p@ent, an.d 1m1ﬂTune abnor- The reproducibility and
malities. The epigenetic mechanism involves the induction of new :
imprinted-like genes/DINA sequences in the germ-line that appear to frequency of these disease
transgenerationally transmit disease phenotypes. This epigenetic phenotypes suggests they
transgenerational disease mechanism provides a unique perspective | are likely epigenetic.

from which to view adult onset disease and ultimately offers new | rather than due to DNA

insights into novel diagnostic and therapeutic strategies. (Pediatr sequence mutations.
Res 61: 1=-2, 2007)




Endocrine Disruptor (FO) ——— 4;,‘? o Gestating Mother (FO)

(F1)

The exposure of a gestating mother exposes
the FO generation mother,

the F1 generation embryo and

the germ-line of the F2 generation.

The F3 generation would be the first unequivocal
transgenerational generation not exposed.

o) Research has demonstrated that 90% of all male progeny

for four generations (F1-F4) developed these disease

¥ states after the direct exposure of the F0 gestating rat

This transgenerational phenotype was only transmitted

through the male germ-line (sperm) and was not passed

9~ o7, i ,W ' through the female germ-line (oocyte).

-a-ﬁ" o 9”"

L R’
Figure 1. The postulated mechanism involved in endocrine disruptor actions
during sex determination. Schematic of an FO generation mother being
transiently exposed to an endocrine disruptor, during embryonic sex determi-
nation and subsequent progeny through the male germ line, transgeneration-
ally transmitting adult onset disease states.

These animals had the following disease state
frequencies; 20% tumor development,

50% prostate disease, 40% kidney disease,
30% immune abnormalities, and 30% severe
infertility in males from F1 to F4 generations

4. Anway MD, Cupp AS, Uzumcu M, Skinner MK 2005 Epigenetic transgenerational
actions of endocrine disruptors and male fertility. Science 308:1466-1469
. Anway MD, Memon MA, Uzumcu M, Skinner MK 2006 Transgenerational effect of
the endocrine disruptor vinclozolin on male spermatogenesis. J Androl 27:868-879
6. Anway MD, Leathers C, Skinner MK 2006 Endocrine dizruptor vinclozolin induced
epigenetic transgenerational adult-onset disease. Endocrinology 147:5515-5523
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Dal paradigma genetico/neo-darwinista..
...al modello neo-lamarchiano/epi-genetico

[s Cancer Risk Determined by

Developmental Programming

Induced by Environmental
Exposures?

Studi sempre piu convincenti dimostrano come anche per cio

che concerne i tumori vale lo schema.. DOH + flogosi cronica

non soltanto i tumori dell’infanzia, ma molte neoplasie

destinate a manifestarsi in eta adulta avrebbero origine da
alterazioni dell’assetto (epi)genetico verificatesi nelle prime

fasi dello sviluppo embrio-fetale,

o addirittura a carico dei gameti ( trasmissione
transaenerazionale del cancro) ... :nter




3RD INTERNATIONAL

Cancer Control Congress

What is Cancer ?

Cancer Arises from
Gene Mutations

Cell Nucleus Chromosomes

Is cancer a
Genetic
Disease ?




The Inside Matters:
Random Gene Changes

The Somatic
Mutation
Theory of
Carcinogenesis

W = cancer  =random gene changes }Jéﬂ

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

Nature



Genes and Cancer

The Somatic

Viruses

Mutation
Theory of
Carcinogenesis

Chemicals Radiation

Chromosomes
are DNA
molecules

Genes are altered, or "mutated," in
various ways

Ch ) o 5 viruses introduce their
own genes into cells

and heredity passes on alterations in genes that make a person more
susceptible to cancer




Waolume 100, Issue 1, ¥ January 2000, Pages 57-70

Review

The Hallmarks of Cancer

£l
Douglas Hanahan ' B, 4 and Robert A. Weinberg

Hanahan D, Weinberg RA The hallmarks of cancer Cell. 2000 Jan 7;100(1):57-70

! Department of Biochemistry and Biophysics and, Hormone Research Institute, University of California at San Francisco, San Francisco, California 94143, LISA

2 \hitehead Institute for Biomedical Research and, Department of Biology, Massachusetts Institute of Technology, Cambridge, Massachusetts 02142, LISA

Tumor development proceeds via a process
formally analogous to Darwinian evolution,
in which a succession of genetic changes,
each conferring one or another type of growth
advantage, leads to the progressive conversion
of normal human cells into CA-cells...

CA-cells have defects in regulatory circuits
that govern normal cell proliferation and

homeostasis... the vast catalog of CA-cell
genotypes is a manifestation of six essential

alterations in cell physiology that
collectively dictate malignant growth:

= Acquired Capahility: Self-Sufficiency in Growth Signals

» Acquired Capahility; Insensitivity to Antigrowth Sidgnals 9
» Acquired Capahility: Evading Apoptosis @

» Acguired Capahbility: Limitless Replicative Potential ‘

» Acquired Capahility: Sustained Angiodenesis ‘

» Acguired Capability: Tissue Invasion and Metastasis

» A Enabling Characteristic: Genome [nstability

= Alternative Pathways to Cancer
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CELEBRATING OUR TENTH YEAR

HISTORITCAL PERSPECTIVE

medicine
Cancer genes and the pathways they
CO ntro' %ﬁe revolution in cancer research can be summed up

ty@/ in a single sentence: cancer is, in essence, a genetic diseass
Bert Vogelstein & ehneth W Kinzler

/

The revolution in cancer research can be summed up in a single sentence: cancer is, in essence, a genetic disease. In the last
decade, many important genes responsible for the genesis of various cancers have been discovered, their mutations precisely
identified, and the pathways through which they act characterized. The purposes of this review are to highlight examples of
progress in these areas, indicate where knowledge is scarce and point out fertile grounds for future investigation.

ons in three types of genes are responsible for tumorigenesis:

1es, tumor-suppressor genes and stability genes

seases such as cystic fibrosis or muscular dystrophy,

mutations in one gene can cause disease, no single gene defect

cancer. Mammalian cells have multiple safeguards to protect them
the potentially lethal effects of cancer gene mutations,

r when several genes are defective does an invasive cancer develop

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



Table 1 Cancer predisposition genes

Gene (synonym(s))® Syndrome Hereditary pattern  Second hit Pathway® Major heredity tumor types®
Tumor-suppressor genes
APC FAP Dominant Inactivation of WT allele APC Colon, thyroid, stomach, intestine
AXINZ Attenuated polyposis Dominant Inactivation of WT allele APC Colon
COHI (E-cadherin) Familial gastric carcinoma Dominant Inactivation of WT allele APC Stomach
GPC3 Simpson-Golabi-Behmel X-linked ? APC Embryonal
syndrome
TP53 (p53) Li-Fraumeni syndrome Dominant Inactivation of WT allele p53 Breast, sarcoma, adrenal,
| brain...
Wil Familial Wilms tumor Dominant Inactivation of WT allele pb3 Wilms'
STK11(LKBI) Peutz-Jeghers syndrome Dominant Inactivation of WT allele PI3K Intestinal, ovarian, pancreatic
PFTEN Cowden syndrome Dominant Inactivation of WT allele PI3K Hamartoma, glioma, uterus
TsC1, TSC2 Tuberous sclerosis Dominant Inactivation of WT allele PI3K Hamartoma, kidney
CDKNZA Familial malignant Dominant Inactivation of WT allele RB Melanoma, pancreas
(p16INKAA - 0] 4ARF) melanoma
CDK4 Familial malignant Dominant ? RB Melanoma
melanoma
RB1 Hereditary retinoblastoma Dominant Inactivation of WT allele RB Eye
NFI / Neurofibromatosis type 1 Dominant Inactivation of WT allele RTK Neurofibroma
Stability genes
MUTYH Attenuated polyposis Recessive ? BER Caolon
ATM Ataxia telangiectasia Recessive ? CIN Leukemias, lymphomas, brain
BLM Eloom syndrome Recessive ? CIN Leukemias, lymphomas, skin
BRCAI, BRCAZ Hereditary breast cancer Dominant Inactivation of WT allele CIN Ereast, ovary
FANCA, C, D2 E, FG Fanconi anemia Recessive 7 CIN Leukemias
MSHZ, MLHI, HNPCC Dominant Inactivation of WT allele MMR Colon, uterus
M5H6, PMS52
XPA, C: ERCC2-5; Xeroderma pigmentosum Recessive ? NER Skin
DDB2 /
Oncogenes
IHIT Familial %astrointestinal Dominant ? RTK Gastrointestinal stromal tumors
stromal tumors
MET Hereditary papillary renal Dominant Mutant allele duplication RTK Kidney

cell carcinoma
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Attributable proportions are a measure of risk delicate to interpret and

potentially misleading

(both accurately defined), the population attributable proportion s context dependent in a more involved way than other measures of absolute or relative risk, Two recent
publications highlight some of the recurring problems specifically concerning the proportion of diseases attributable to environmental exposures, The first publication by Priiss-
Ustiin and Carvalan [2] from the Warld Health Organization expands on the environment section of a previous one [4], It estimates the etiological contribution of eight classes
of environmental factors to eighty five diseases worldwide and in the world macro-regions, variably combining published information, surveyed expert opinion and "ad hoc"
calculations, Attributable proportions are derived, with 35% "confidence” limits, and the exercise is prolonged into a calculation of disability-adjusted life years, The second
paper [5] by Boffetta et al, from the International Agency of Research on Cancer focuses on one disease group, cancers: it notes the worldwide estimate of 19% of all cancers
attributable ta environment produced by Prisss-Ustiin and Corvalan and argues that this may be a gross overestimation.

Boffetta et al. from the IARC focuses on one disease group, cancers: it
notes the worldwide estimate of 19% of all cancers attributable to
environment produced by Priiss-Ustiin and Corvalan and argues that
this may be a gross overestimation

There is instead a substantial difference in the definition of
environment..Boffetta et al.'s
conclusion is about pollutants which they define as "air, water, soil or food

pollutants,..",
while Pritce-llcFiin and Corvalan define anvironmaent ac aiabht broad claccaoc nf
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We have recently proposed that lifestyle-related factors, screening and aging cannot fully acgetint for the present eerall growing incidence
of cancer. In order propose the concept that m aadition to lifestyle related ractors, exogenous ﬂlwimnm;mﬁl factors may play a more

important roke in carcisogenesis than it is expected, and may therefore account f m
environmental factors, rated as certainly or potentially carcinogenic by the Int;fuinrml Agency forResearch on Cancer (IARC).

We thus analvze the chg&nic effect of microorganisms (including viruses), radiations gincluding radioactivity, UV and pulsed
electromagnetic fields) and xenochemicals. Chemicals related to environmental pollution appear to be of cnitical importance, since they




The GWAS efforts are
_ | certainly creating : In a recent editorial
' ff‘m Qgger haystacks . R on Nature
A - Heidi Ledford stated
that the millions of
dgenetic sequences
“and SNPs
accumulated in an
attempt to decipher
the genetics of
cancer have built
giant haystacks
in which researchers
have gone lost ...

NEWS FEATURE

schallenge B

Databases could soon be flooded W 1 withgenome sequences -
from 25,000 tumours. HeidiLedfordTooks at the obstacles l’
researchers face as they search for meaning inthe data. J[l
|I

’ .'- ' - .

for example, vielded 22,910 point mutations ﬂ? f“".

The full genome sequence of a lung cancer cell line

only 134 of which were in protein-coding regions




CANCER GENOMES COMING FAST

A few examples of fully and partially sequenced cancer
genomes and their defining characteristics.

LUNG CANCER

Cancer: small-cell lung carcinoma

BREAST CANCER

&
Cancer: basal-like breast cancer l

e Sequenced: full genome

e Source: primary tumour, brain
metastasis, and tumours transplanted
into mice

$Puint mutations: 27173 inprimary, 51,710 in

» Sequenced: full genome

» Source: NCI-H202 cell line

» Point mutations: 22910 <
+ Point mutations in gene regions: 134 <
* Genomic rearrangements: 58

o Copy-number changes: 334 <

Highlights:
Duplication of the CHD7 gene confirmed in two
other small-cell lung carcinoma cell lines.

Source: E. D, Fleasance et al, Natuvre 463, 1834-1590 (2010).

SKIN CANCER

Cancer: metastatic melanoma

s Sequenced: full genome
» Source; COLO-829 cell line
» Point mutations: 33,345 <
» Point mutations in gene regions: 292 <
» Genomic rearrangements: 51
» Copy-number changes: 41 <

Highlights:
Patterns of mutation reflect damage
by ultraviolet light.

Source: E. D, Pleasance el ol. Noture 463, 191=196 (2010,

-l"# I-hl-
T

fant

@ Point mutations in gene regions: 200 in primary,

225 in metastasis, 325 in transplant
» Genomic rearrangements: 34
+ Copy-number changes: 155 in primary, 101 in
metastasis, 97 in transplant
Highlights:
The CTNNAT gene encodes a putative suppressor of
metastasis that is deleted in all tumour samples.

source: L Ding et of, Noluee 464, 999-1005 (20907)

BRAIN CANCER

Cancer: glioblastoma multiforme

» Sequenced: exome (no complete Circos plot)

e Source: 7 patient tumours, 15 tumours
transplanted into mice (follow-up sequencing
on 21 genes for 83 additional samples)

*» Genes containing at least one protein-altering
mutation; 685

» Genes containing at least one protein-altering
point mutation: 644

o Copy-number changes: 281

Highlights:

Mutations in the active site of IDHT have

been found in 12%6 of patients.

Source; £ B, Mardis ef b M. Engl, f Med. 361, 1058-1066 (2009,




towards an epigenetic paradigm

« .. thereis now ample evidence that some specific
epigenetic alterations, (primarily the
hypomethylation of DNA, with activation of
oncogenes and increased mobility of mobile
sequences) ** are the result of protracted
genomic stress (eg chronic inflammation and
persistent oxidative stress) and generally
anticipate, to some extent preparing it, genetic
modification and an overall genomic instability

. ... could these data change our way of
\
g cancer ?

representi
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e —
DNA DNMT SjBinding
proteins

** and hypermethylation of tumor . _
= silent chromatin
suppressor genes promoters ..

active ch romatin

HDACSs

transcription

coactivators HATs
factors




Normal Cell

Approximately 70% of CpG
dinucleotides are methylated
in a non-random distribution

The “methylation
paradox’’
of cancer cells.

Trigger (?)

Hypermethylation:

- Silencing of tumor suppressor genes

~UnE FUREON. N3 Cancer cells present a gain
of methylated streches at
regions that are usually
unmethylated
(hypermethylation)
concomitantly with
loss of methylation at

+—_| genomic loci that are
normally methylated

H:.rpnmathylatinn: (global) (hypomethylation),

- Potential activation of oncogenes

- Genome instability
Retrosequences
activation

Tumor Cell

Global hypomethylation
accompanied by region-
specific hypermethylation

R Villa, F De Santis, A Gutierrez, S Minucci, PG Pelicci, L
Di Croce Epigenetic gene silencing in acute
promyelocytic leukemia Biochem Pharmacol (2004)



First European Cancer and Environment Research Institute Workshop

October the 26" 2012,
Académie Royale de Médecine de Belgique,
Belgium Royal Academy of Medicine,
Salle Albert |,

Brussels, Belgium

Notes on the epigenetic
(transplacental and
transgenerational) origins of

hildhood cancer

ERNESTO BURGIO

ECERI - European Cancer and
Environment Research Institute mc
ISDE Scientific Committee
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young people all over
theaworld-demenstrates-the-limits-of-the-SMi=(=>necessary-ink—
petiween aging &CA

U

Thousands per Annum




It is generally
argued that
childhood
cancers are a
rare
condition.

But it should be
reminded

that CANCER is
the main
cause of
death by
disease in
childhood

that thereis a
constant and

significant
increase of
tumors in the
world for this
age group
that 1 : 5-600
children falls

ill with
cancer

That more than

13 000 children
fall ill with
cancer each

vear in the
11 €

Alberto Tommasini,
Laboratorio

Incidenza di tumori (anno/100.000) mmunoogia

Poumon
Sein
Colon

Estomac
Lymphome
Rein

Cerveau

Pediatrica, IRCCS
Burlo Garofolo

iIs the leading cause of
death due to diseases
among children over the

first year of age

-

Leucémie lym
Encéphale
Lymphomes
Neuroblastoma-Retinoblastoma

Tessuti molli, rene (Wilms), gonadi



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

adolescence - EUROPE
(1970-1999)

latency
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Age-specificin

Laa fwpparl . . .
. . . Steliarova-Foucher E, Stiller C, Kaatsch P, Berrino F,
A first draft of the report, published on the Lancet in 2004, Coebergh JW, Lacour B, Parkin M. Geographical

demonstrates an annual increase of 1-1,5% for all cancers (with more Ppatterns and time trends of cancer incidence

. X 0 and survival among children and adolescents
marked increases in lymphomas, soft tissue sarcomas, tumors of the Europe since the 1970s (the ACCISproject):
nervous system...) .

an epidemiological study. Lancet. 2004 Dec

PR ~~ NN\ e o~ -




A& sernce of the U5 Mational Library of Medicme

P u b ed and the MNational Institutes of Health

www.pobmead.gov

All Database FubMed Mucleotide Frotein Genome Structure QMM P Journd

Search PubMed v for | | Go || Clear |

[0 1: Matl Cancer Inst Monogr, 1979 May,;(51):159-84,

Prenatal exposure to chemical carcinogens and its effect on subsequent generations.

Tomatis L.

That exposure of pregnant animals to chemical carcinogens results in the occurrence of tumors
in the progeny s well documented, tvidence nas been accumulated on at least 56 cnemicals
pertaining to different chemical groups. The experimental evidence was followed by
obzervations in humans regarding the increased nsk of cancer in daughters of women who
recelved stilbestrol during pregnancy. Additional experimental evidence is accumulating on the
possibility that exposure during pregnancy results in an increased incidence of tumors for more
than one generation of Lnfreated descendants. StUdies dore on mice With DMEA and on rats
with MNU and ENU showed that exposure to the carcinogens during pregnancy resulted in a high
incidence of tumors in animals of the first generation and in an increased incidence of turmors at
specific sites in untreated animals of the second and third generations,

PMID: 384260 [PubMed - indexed for MEDLINE]



Cancers in adults predominantly arise in (epithelial)
tissues chronically exposed to environmental stress
and in cells and tissues continually urged to respond/react to it

While almost all childhood cancers belong to three major groups:
45% oncohaematologic tumors (leukemias and lymphomas)
25% brain tumors

25% neoplastic degeneration of embryonal residuals

Cancer Incidence by Age

The increase particularly 10000
affects children in their first
life year (the incidence
rate increased by> 2%)

. Incidence in children ’__/—’——0—-*
about 8 times higher t

han
expected from linear age-
mcidence trend

Cancer Incidence/1 0,000

D D g R P D D P D @ AR D b
TS LS E S ESE S E

Austria, 2003

Institute of Environmental Health Michael Kundi




Il N’y a que deux possibilités:
1) I'exposition du foetus a des agents physiques (X-rays), chimiques ou biologiques
(virus) (transmis par transmission trans-placentaire ) qui puissent endamager

directement le foetus
2) la transmission trans-generationelle d’'une ou plusieurs lesions genetiques ou

epi-génetiques
Prenatal Event(s) —{Postnatal Event(s)—>{Childhood ALL

‘rasmissione !
ransgenerazional | @

before during breast -
. . ) The real question is:
conception pregnancy feeding are these
/ '\ L L (epi) mutations
- - stochastic
RMmhm Fathel ;,,» Rh[ﬂﬂl&l D C Mﬂthnﬂ P, ( C hﬂd or provoked by
1 environmentally
T induced stress ?!?

- (epi)mutations Transgenerational
@ (_11111d1110the; in gametes — Carcinogenesis

Modified after
Exposure Greaves (2003)

MEIMZINISCHE . . . .
m UNVERSITAT - [nstitute of Environmental Health Michael Kundi
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Early Human Development (2005) B1, 123 -129
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In utero origins of childhood leukaemia

The first unambiguous evidence for a
prenatal origin of leukaemia was
derived from studies in identical
twins with leukaemia. A case of
identical (monozygotic) infant twins
with leukaemia was recorded in
1882, and, since that time, more than
70 pairs have been published albeit in
variable detail ...

Mel Greaves”

Abstract Chimaeric fusion genes derived by chromosome translocation are
common molecular abnormalities in paediatnc leukaemia and provide unique
markers for the malignant clone. They have been especially informative in studies
with twins concordant for leukaemia and in retrospective scruting of archived
neonatal blood spots. These gata have indicated that, in paediatric leukaemia, the
majonty of chromosome translocations arise in utero during foetal haemopoiesis.
Chromosomal translocations and preleukaemic clones anse at a substantially higher
frequency (-100x) before birth than the cumulative incidence or nsk of disease,
reflecting the requirement for complementary and secondary genetic events that
occur postnatally. A consequence of the latter 15 a very variable and occasionally
protracted postnatal latency of disease (1—13 years). These natural histories
provige an important framework for consideration of key aetiological events in
paediatnc leukasmia.

Chromosomal translocations and preleukaemic clones arise at a
substantially higher frequency (~100 X) before birth than the
cumulative incidence or risk of disease, reflecting the require
for complementary and secondary genetic events that occur

postnatally. A consequence of the latter is a very variable and

The concordance rate of leukaemia
varies according to subtype and age.
For infants with ALL, the rate is @

exceedingly high (> 50%), for
“COMMON?” child-ALL, is ~10%.

ﬁq\/

Adult leukaemia (ALL/ AML), I
in contrast, has a very low rate
of concordance (< 1%).

=




Figure 1

Concordant leukaemia in identical twins: the LRF Series (1993—2003). Figure illustrates age at diagnosis for

each twin in the 11 pairs studied, the biological subtype of leukaemia and the molecular markers of clonality used.

fwin pairs

age at diagnosis (yrs)

1 2 3 4 5 6 7 & 9 10
N N S S A AN SN IS S I I

MLLrearranged leukemias are

ﬁ Infant pro=B ALL with MLL gene fusion ]

& cALL with TEL-AMLI gene fusion

® T-ALL/NHL with TCRf marker —e

cALL with hyperdiploidy & TGH/TCRS markers

AML with multiple markers of chromosome instability

ALL with JGH/TCRS markers

Even if leukaemia fusion gene formation is
spontaneous, the risk of this occurring may be

modified by other factors, including folate

availability. There is dietary and genetic

evidence that folate has an impact
on the risk of infant and childhood leukaemia ..

associated with poor prognosis and
very brief latency for MLL-AF4+ infant
B ALL. This raises the question of how
this disease can evolve so quickly,

Diagnostic Sample Guthrie card 6
M a1 C M P C

_
l l

Breakpoint Genomic Sequence

MLL AAA GAA AAT|G
EEERRENN
derll AAA GAA AAT|G[TG AAG ATG TGA GTC

GTG AAG ATG TGA CTC

AF4

Figure 3 Detection of clonotypic fusion gene sequen-
ces (MLL-AF4) in neonatal blood spots (Guthrie card). 10,
1 pg DNA; C, control DNA; M, marker. Diagnostic DNA
amplified by long-range PCR or long-distance inverse PCR
[21]. Guthrie card DNA amplified by short-range (conven-
tional) PCR using primers based on diagnostic DNA-
derived genomic MLL-AF4 sequence. Note diagnostic
(leukaemic) DNA and Guthrie card contain the same
unigue MLL-AF4 sequence as shown here for one case.



Translocations typical of myeloid leukaemia, probably due to maternal exposure to
some toxic compound, were shown to be present at birth in children who developed the
disease years later (while not sufficient per se to cause the disease, they might increase the risk for

leukaemia by inducing genomic instability) Identification of carcinogenic agents and
primary prevention of cancer. Ann

ARl /7 A _ _ | r—~ _" ~ AN~~~ - A\~ 11

Malignant hematopoiesis ,
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v

et

Translocation involving hy
band 11g23 in AML
may occur as a result of
a deletion or
trans-locations

with a number of other

uolssaldxa-¥oH

. - Ectopic
chromosomes and is fﬁgﬁ&wm HOX expressio
usually associatedwith induced by

MLL fusions

M4 or M5 and a poor
prognosis

block of differentiation
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MLL (myeloid/lymphoid or mixed lineage leukemia)

IN ALL AND AML, THE
ALL1 (ALSO NAMED
MLL) GENE CAN FUSE
WITH 1 OF MORE
THAN- 50 GENES. ALL1
IS PART OF A
MULTIPROTEIN
COMPLEX. MOST OF
THE PROTEINS IN THE
COMPLEX ARE
COMPONENTS-OF
TRANSCRIPTION
COMPLEXES; OTHERS
ARE INVOLVED IN

HISTONE
METHYLATION AND
RNA PROCESSING.
THE ENTIRE COMPLEX
REMODELS,
ACETYLATES,
DEACETYLATES, AND
METHYLATES
NUCLEOSOMES AND
HISTONES. THE
FUSION OF ALL1
WITH 1 OF these 50
PROTEINS-RESULTS IN
THE FORMATION OF
THE CHIMERIC
PROTEINS THAT
UNDERLIE ALL AND AML.

ALL1 (MLL) FUSION
PROTEINS
DEREGULATE
HOMEOBOX GENES

~Ll Rl A~ AN

ALl
MLL
11423

telomeric to PLEFE, centromerc from ECE

The first and most striking property of MLL fusion proteins is their inc
diversity. MLL has been found in 73 different translocations and !
partner genes have been cloned
(http://atlasgeneticsoncology.org/Genes/MLL.html).

3 ]']:RK, Htl.'x ﬂllunﬂ].l tl.'it].lu:. APy Lavsaa

Nakamura T, Mori T, Tada S, et al. ALL-1 is a histone
methyltransferase that assembles a supercomplex oi
roteins involved in transcriptional requlation. Mol Ce

Bhde

2002;10:1119-1128.
Location 9p22

2] e Location
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Several lines of evidence point to a mishap in non-homologous end joining of double strand breaks as the most likely reason fc




Transplacental Chemical Exposure and Risk of Infant Leukemia with

MLL Gene Fusion®

Freda E. Ale:ander,z Sherry L. Patheal, Andrea Biondi, Silvia Brandalise, Maria-Elena Cabrera, Li C. Chan,
Zhu Chen, Giuseppe Cimino, Jose-Carlos Cordoba, Long-Jun Gu, Hany Hussein, Eiichi Ishii, Azza M. Kamel,
Silvia Labra, Isis Q). Magalhdes, Shuki Mizutani, Eleni Petridou, Maria Pombo de Oliveira, Patrick Yuen,

Joseph L. Wiemels, and Mel F. Greaves

Infant acute leukemia (IAL) frequently involves breakage and recom-
bination of the MLL gene with one of several potential partner genes.

These gene fusions arise in wfere and are similar to those found in
leukemias secondary to chemotherapy with inhibitors of topoisomerase IT

(topo-II). This has led to the hypothesis that in utere exposures to chem-
icals may cause IAL via an effect on topo-II. We report a pilot case-control
study of IAL across different countries and ethnic groups. Cases (n = 136)
were population-based in most centers. Controls (n = 266) were selected
from inpatients and outpatients at hospitals serving the same populations.

ing Baygon). Elevated odds ratios were observed for MLL™™™ (but not
MLL™™) leukemias (2.31 for DNA-damaging drugs, P = 0.03; 5.84 for
dipyvrone, F = (L001: and 9.68 for mosquitocidals, P = 0.003). Although it is
unclear at present whether these particular exposures operate via an effect on
topo-IL, the data suggest that specific chemical exposures of the fetus during
pregnancy may cause MLL gene fusions. Given the widespread use of dipy-

rone, Bavzon, and other carbamate-based insecticides in certain settings,

confirmation of these apparent associations is urgently required.

Our study has supported the
hypothesis that in utero exposure to
chemicals causes MLL* infant
leukemia and has generated specific
hypotheses that require further testing.
Exposure to dipyrone is widespread,
particularly in Central and South
America where it is available as an
inexpensive, nonprescription drug.
Mosquitocidals are similarly in general
use in these same settings. Propoxur
(Baygon®) is also widely used against
cockroaches, fleas, and similar pests.
Therefore, it is important that the
associations observed in this study are
reevaluated in an extended
case-control study




IN THE CANCEROUS B CELLS, THE PORTION OF CHROMOSOME 18 CONTAINING THE BCL-2 LOCUS
HAS UNDERGONE A RECIPROCAL TRANSLOCATION WITH THE PORTION OF CHROMOSOME

14 CONTAINING THE ANTIBODY HEAVY CHAIN LOCUS. THIS T(14:18) TRANSLOCATION

PLACES THE BCL-2 GENE CLOSE Ti THE HEAVY CHAIN GENE ENHANCER.
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Figure 2. t(14;18)+ cells in HI are actively transcribing BCL2 from the
translocated allele
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Carcinogenesis vol.31 no.6 pp.1142-1148, 2010
doi: 10,109 3/carcin/bgg) 74
Advance Access publication April 16, 2010

Transplacental benzene exposure increases tumor incidence in mouse offspring: possible
role of fetal benzene metabolism

Childhood cancer is the leading cause of disease-related death in
children aged 1-14 years in Canada and the USA and it has been
hypothesized that transplacental exposure to environme __° . .

nogens such as benzene may contribute to the etiolog 1NIS IS the first demonstration that

cancers. Our objectives were to determine if transplac transplacental benzene exposure
zene exposure increased tumor incidence in mouse offs : .

assess fetal benzene metabolism capability. Pregnant can induce -hngatIC and

CSTBI6N mice were given intraperitoneal injections o N€Matopoietic tumors

200 mg/kg, or 400 mg/kg benzene on gestational days jn mice, which may be dependent on
and 14. A significant increase in tumor incide-~- -~ -

CD-1, but not C57BL/6N, 1-yvear-old offsprit | Conception i

centally to 200 mg/kg benzene. Hepatic and b g fetal benzene metabolism

were predominantly observed in male and fe : ( capability

respectively. Female CD-1 offspring exposec I e . I

200 mg'kg benzene had significantly suppr ' l |
CD11b* cells 1 year after birth, correlating : 1 1 l :

forming unit granuloc yte/macrophage numbe ' Ll L 1] | I 1 J
CD-1 and C57BI/6N maternal blood benzene GD8 10 12 14 16 2 6 months i yoar
benzene, f, f-muconic acid, hydroguinone and 1 | : 1 /

analyzed by gas chromatography/mass spec

|
I
|
strain-, gender- and dose-related differences | Offspring liver analyzed Offspring spleen and
CD-1 fetuses had high hydroguinone levels, : for benzene and benzene bone marrow analyzed

I

I

I

|

high catechol levels after maternal exposure Lol ol e el
This is the first demonstration that transpla
sure can induce hepatic and hematopoietic tu
may be dependent on fetal benzene metabolis

I v ¥
Offspring liver analyvzed for hematopoictic
progenitor cell colony numbers

Offspring analyzed for
umor incidence




Roads, railways, and childhood cancers

E G Koo
-
' Epidemiol. Community Health 20064

Main results: Significant birth excesses were found within short distances of bus stations, railway stations,
ferries, railways, and A,B class roads, with a relative risk of 2.1 within 100 m, tapering to neutral after

3.0 km. About 24% of child cancers were attributable to these joint birth proximities. Roads exerfed the
maijor effect.

Conclusions: Child cancer initiations are strongly determined by prenatal or early postnatal exposures to
engine exhaust gases, probably through maternal inhalation and accumulation of carcinogens over many
Key points months. The main active substance is probably 1,3-butadiene.

Childhood cancer birthplaces are sirongly and closely

associated with A and B class roads, railways, bus/coach

stafions, railway stafions, vehicle ferry ports, and the

commercial and industrial environments surrounding these - - EQTT.
features. The effects are evident at ranges down to 100 afGF%d?{I?ggiJe%ﬁrgg?éig fé}égﬁ%ﬂéﬂl 2005:59,717-718 JECH :
metres, decaying rapidly with increasing distance, and the T ONLINE

relevant_pollutants_are_evidently discharged at low level.

This, and the close range potency of vehicles not using Geogmph'cfi’”)’ based UppI’OCIChES can
volatile fuels (for example, diesel buses), shows that the |denhfy environmental causes of
main carcinogens are associated with engine exhausts. The di

; ; ; ; ; o ISedse
chief carcinogenic agent is probably 1,3-butadiene and it is ; _ |
probably inhaled and accumulated by the mother over a Manclis Kogevinas, Neil Pearce
pralanged perlﬂd‘ "_ prO'biI)' Gccauni_s For msi_ Chlldhmd ......... e e .................
cancer initiations although the clinical onsets of leukaemia, There is growing evidence to suggest the potential importance of
. dicular  may somefimes be ecioitated by an sp!ecmc environmental exposures in the causation of cancer in
!nfecpi? p Y precipi Y children.
infection.




Normal Cell

Approximately 70% of CpG
dinucleotides are methylated
in a non-random distribution

Trigger (?)

Hypermethylation:

- Silencing of tumor suppressor genes

- Gene mutation w

Tumor Cell

Global hypomethylation
accompanied by region-
specific hypermethylation

Hypomethylation:

The ‘““methylation
paradox’’
of cancer cells.

- Potential activation of onco
- Genome instability
\A

R Villa, F De Santis, A Gutierrez, S Minucci, PG Pelicci, L
Di Croce Epigenetic gene silencing in acute
promyelocytic leukemia Biochem Pharmacol (2004)

geTes

Cancer cells present a gain of
methylated streches at
regions

that are usually
unmethylated
(hypermethylation)
concomitantly with loss of
methylation at genomic loci
that are normally
methylated

(global) (hypomethylation),

Retrosequence
S
activation
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Epigenetics wins over genetics: induction of differentiation
in tumor cells

Joseph Lotem and Leo Sachs*

Malignant cells are genetically abnormal, but can the
malignant phenotype revert to a non-malignant phenotype
without correcting these genelic abnormalities? It has been
Jound that this reversion can be achieved by reprogramming
tumor cells by epigenetic changes induced by differentiation.
The epigenelic suppression of malignancy by inducing
differentiation bypasses the genetic abnormalities in tumor
cells. Studies with myeloid leukemic cells have shown that some
leukemic cells can be induced to diffeventiate by cytokines that
control normal hematopoiesis, and that myeloid leukemic cells
resistant to normal cytokines can be induced to differentiale
by compounds that use allernative differentiation pathways.
The epigenetic reprogramming of tumor cells by inducing
differentiation has also been found with other types of tumors
and can be used for tumor therapy. By this reversion of the
malignant to non-malignant phenotype, epigenetics wins
over genelics.
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implications. Abbreviations: BPA, bisphenol A&; NF, 4-nonylphenal; PAHS, polycyclic aromatic hydrocarbons,
PCEBs, polychlorinated biphenlys; OP, 4-tert-octylphenal.




Early-life prevention of non-communicable diseases

Non-communicable diseases (NCDs) are major causes
of death worldwide and underlie almost two-thirds
of all global deaths’ Although all countries face
epidemics of these diseases, low-income and middle-
income countries, and the poorest and most vulnerable
populations within them, are affected the most. There
is a global imperative to create and implement effective
prevention strategies, because the future costs of
diagnosis and treatment are likely to be unaffordable.

At the UN High-Level Meeting on the Prevention
and Control of Non-Communicable Diseases, held in
New York, USA, in September, 2011, the so-called four
by four strateqy for NCD prevention was proposed.
Prevention efforts for the priority NCDs discussed at the
meeting (diabetes, cardiovascular disease, cancer, and

*John M Balbus, Robert Barouki, Linda S Birnbaum,
Ruth A Etzel, Sir Peter D Gluckman, Philippe Grandjean,
Christine Hancock, Mark A Hanson, Jerrold | Heindel,

Kate Hoffman, GénonK Jensen, Ann Keeling, Maria Neira,

Cristina Rabadan-Diehl, Johanna Ralston, Kwok-Cho Tang
National Institute of Environmental Health Sciences,

diseases, including type 2 diabetes.” In-utero and early-
life exposures to environmental toxicants, ranging
from heavy metals to endocrine-disrupting chemicals,
affect adult metabolism, immune system function,
neurodevelopment, and reproductive function.?
Although causal relations have not yet been estab-
lished, the new science of epigenetics offers insight into
mechanisms of early life predisposition to adult disease
risk. During development, epigenetic marks, such as
DNA methylation, histone modifications, and non-
coding RNA expression, undergo substantial changes.
These changes affect genes that are essential for both
early life development and later life physioclogical
functions. Epigenetic modifications are stable during
cell division and can be transmitted transgenerationally.®

www thelancet.com Vol 381 January 5, 2013




(1 1: Ann MY Acad Sci. 2002 Dec;982:190-7,

Primary prevention protects public health.

Tomatis L.

Cave 25/, 34011 Aurisina (Trieste), Italy. ltomatis@hotmail.com

It is widely accepted that epidemiclogical data provide the only reliable evidence of a /
carcinogenic effect in humans, but epidemiclogy is unable to provide early warning of & cancer
risk, The experimental approach to carcinogenicity can ascertain and predict potential cancer
risks to humans in time for primary prevention to be successful, Unfortunately, only in rare
instances were experimental data considered suthcliently convincing per se to stimulate the
adoption of preventive measures, The experimental testing of environmental agents is the
second line of defense against potential human carcinogens. The first line is the testing of
synthesized agents, be these pesticides, medical drugs, or industrial chemical/physical agents, at
the time of their development, We do not know, however, how many substances have been
prevented from entering the environment because most tests are carried out by commercial or
private laboratories and results are rarely released, & better understanding of the mechanisms=
underlying the sequence of events of the carcinogenesis process will eventually lead to a my
accurate characterization and quantification of risks, However, the wavs that mechanistic d
have been used lately for evaluating evidence of carcinogenicity have not necessarily meant oo
the evaluations were maore closely oriented toward public health. & tendency has surfaced to
dismiss the relevance of long-term carcinogenicity studies, In the absence of absolute certainty,
rarely if ever reached in biclogy, it is essential to adopt an attitude of responsible caution, in line

with the principles of primary prevention, the only one that may prewvent unlimite
exgerimentatimﬂ sl tEe entire HLHTIEH‘I sgecies.




Everything should be made

X as simple as possible,
but not simpler.

Albert Einstein

* God is subtle but not malicious

% God does not play dice

E la celebre affermazione che suggella I'acceso dibattito tra
Einstein e i sostenitori di una certa interpretazione della
fisica quantistica...

| believe in Spinoza's God who
reveals himself in the orderly
harmony of what exists

““We can’t solve problems by
using the same kind of thinking
we used when we created them”

“A clever man solves a
problem,
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