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Generalmente si utilizza il binomio “ambiente e
salute”
o si parla di “epidemiologia ambientale” in riferimento
ad alcuni problemi specifici , connessi alla

esposizione diretta o indiretta di sinqoli

individui/popolazioni

a “fonti di inquinamento " puntuali (grandi impianti)
o diffuse sul territorio (traffico veicolare)...

trascurando  quel
una drammatica e

o che e il contesto piu generale:
rapidamente progressiva

trasformazione de

'‘ambiente fisico-chimico

degli ecosistemi biologici

(In particolare micro-biologici) e dei singoli




Generalmente si cerca di valutare Il rischio specifico
legato a singole fonti__di inquinamento

essenzialmente confrontando popolazioni  piu o
meno direttamente esposte

e trascurando il fatto che ogqi I'esposizione
aqgli agenti esogeni (fisici, (bio)chimici, biologic

piu pericolosi concerne, in misura rilevante,

I'intera popolazione umana e le generazioni future )

(e in un certo senso l'intera biosfera).

... a causa del bio-accumulo/biomagnificazione __degli X€NO -bi

O
in ambiente , catena alimentare e tessuti degli organismi comple )
e della trasmissione transgenerazionale delle modifiche epi Q¢ [j s



(in genere vengono paragonate due popolazioni)

I'altra un po’ meno

(id est piu distante

dallimpianto... ma comunque

esposta agli stessi inquinanti

study area (per via diretta o da fonti
Coriano (Forli) diffuse, in primis il traffico

veicolare... o per via indiretta

attraversn la
e e

(id est direttamente esposta
alle emissioni dell ’impianto)

Emilia Romagna: = >

area within the
circle of 3.5 km
radius from two
incinerators

located in the
industrial area

Né il discorso cambia di molto se si paragonano

I'incidenza locale di una o piu patologie _ (prevalentemente neoplastiche )..
ele che sono a loro volta il frutto

di una esposizione massiccia e progressiva agli stessi ing uinanti

(e la cui incidenza aumenta nel tempo di pari passo all’'inquinamento);




STUDI EPIDEMIOLOGICI ITALIANI SULLE POPOLAZIONI

FONTE

AREA

DISEGNO
DELLO STUDIO

RESIDENTI IN PROSSIMITA DI INCENERITORI

RISULTATI PRINCIPALI

Biggeri et al.
1996

Trieste

Caso - controllo

N

Incremento del rischio di cancro polmonare

Michelozzi et al.
1998

Roma

Mortalita
micro - geografica

Incremento della mortalita per alcune cause

Chellini et al.
2002

Prato

Mortalita
micro - geografica

\ e riduzione della sex — ratio alla nascita

Incremento del rischio di cancro polmonare

Comba et al.
2003

Mantova

Caso - controllo

Incremento del rischio di sarcoma
dei tessuti molli

Biggeri e Catelan
2005

Campi Bisenzio

Mortalita comunale

Incremento dei linfomi non Hodgkin

N
N
N

Biggeri e Catelan
2006

17 aree

della Toscana
con inceneritori

Mortalita comunale

\ Incremento dei linfomi non Hodgkin

Bianchi e Minichilli
2006

25 comuni italiani
con inceneritori

Mortalita comunale

\ Incremento dei linfomi non Hodgkin

Tessari et al.
2006

Venezia

Caso - controlio

\ nelle donne dell’area pil esposta

Ranzi et al.
2006

Coorte di residenti

Incremento di mortalita nelle donne per tutte
le cause, tumore del colon e della mammelia,
per diabete e malattie cardiovascolari

Zambon et al.
2007

3 ASL Prov.
Venezia

Caso — controlio

Incremento di rischio di sarcoma in entrambi
i generi e di tumori del connettivo e di altri
tessuti molli nelle sole donne

Incremento del rischio di sarcoma dei tessuti molli

... il che non significa che gli studi epidemiologici_perdano di valfie
anzi le evidenze assumono significato notevolmente maggiore ..




Esposizione ad emissioni di
inceneritori: Rischio Relativo (RR)

Effetto indagato

Carcinoma
polmonare

(mortalita)

Linfomi Non
Hodgkin

Sarcomi tessuti
molli

(mmdenza) e
Neopla5|e mfantlll
I(mcldenza)

... ad esempio, un RR in rapporto ad un R gia alto  assume evidentemente un significata {7

maggiore

Fonte bibliografica

p (small cell)

2.6
6.7

2.3 (Incidenza)

(large cell)

2 (Mortalita)
8.8
5.6

Comba P.,

Occupational Enviromental
Medicine 2003

(maschi) 374

?
(femmine)

2.1




A scientific challenge /

Toxicology as it has been practiced
for decades is highly likely to have
underestimated hazards. /

Human epidemiology as it is been
traditionally practiced is highly
biased toward false negatives.

(. Environmental Health Sciences




The Hygiene Hypothesis oo TS SGRENIINEL, ) ELERIE
Birth (1989) modo, Cisi dlmentlga dell_a
“rivoluzione epidemica” in
_ atto, ... evidentemente
sl Only child connessa alla drammatica
Few infections

(Th1 stimuli) trasformazione ambientale
o @ prodotta dall’'uomo

Thi Still Th2

No allergies ; Allergies Barker HypotheSIS

Insulino-resistance

La- RIVOIUZIOne Epldemlca Cardiovascular[[))igz:ztseeS
del XX Secolo

L’'incremento delle patologie cronico-degenerative

[Immunomediate, neuro-degenerative, endocrine, neoplastiche, cardiocircolatorie]

/quale prodotto di una drammatica trasformazione ambientale
d

| una (conseguente) alterazione del Programming embrio-fetale

i , Environmental factors Incidence of prototype infectious disease
MHAmmAation  wiogens o— Drugs and immune disorders over 4 decades

Phagocytes Pathogens Cytokines |Jron radiations (xenobiotics)

Oxidative burst
intracellular
NADPH oxidase i
MPO : myeloperoxidase

Metabolism g;l;:;gﬁns.:mmm

xanthine oxidase mitochondrion
8 imtan /S
lipoxygenase cellular respi

cyclooxygenase l
/ Damages \-A—
DNA Lipids Proteins
mutations peroxidation carbonylation

sclerosis

Release of reactive
oxidation products

@ Infectious disease Immune disorders

CELLULAR DYSFUNCTION Bach, NEJM, 2003



Milioni di anni

Ambiente | processi
% filogenetici
v 4

Challenge “naturale ” durano
e milioni
di anni
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Per interpretare questa trasformazione epidemica, sono stati proposti alcuni grandi

Strachan DP. Hay fever, hygiene and
household size BMJ 1989; 299: 1259-

)(2%0

=

PARADIGMI PATOGENETICI

Bufford JD, Gern JE The hygiene hypothesis revisited
Immunol Allergy Clin North Am. 2005 May; 25(2): 247-62

Il primo é la cosiddetta Hygiene Hypothesi s che, nata da una semplice
constatazione epidemiologica (il rischio di riniti atopiche e dermatiti allergiche e

inversamente correlato alle dimensioni della famiglia, all’ordine di natalita, id est
all’entita e precocita dei contatti

con agenti infettivi)... si & andata via, via trasformando in una teoria di grande
respiro , secondo cui I'esposizione sempre piu tardiva e ridotta ad agenti
microbici e parassitari

determinerebbe un incremento delle patologie immuno
ma anche sclerosi multipla ecc ...

Le formulazioni della H. H. sono state numerose..

Ogai, in estrema sintesi, si puo affermare che l'ipotesi igienica sostiene, e in certa
misura dimostra, come all’'origine dell’incremento pandemico di patologie
immunomediate sia,

da un lato la trasformazione ambientale _che si riflette essenzialmente in una
trasformazione degli ecosistemi microbici e parassi tari “ naturali " (che per
milioni di anni  hanno “allenato®

e modellato i nostri sistemi difensivi) e, soprattutto, in un’alterazione
dell’ecosistema

microbico intestinale _ (che non ha soltanto un ruolo maieutico e regolatore dello

sviluppo del sistema immunocompetente, ma partecipa attivamente alla sua attivita
vita natiiral diirante)

. allergie s.stricto,




Mechanisms of Disease N Engl ] Med, Vol. 347, No. 12 - September 19, 2002 - www.nejm.org

THE EFFECT OF INFECTIONS
ON SUSCEPTIBILITY TO AUTOIMMUNE
AND ALLERGIC DISEASES

JeaNn-Francols BAcH, M.D., D.Sc.

The New England Journal of Medicine

>
w

Incidence of Infectious Diseases (%)
Incidence of Immune Disorders (%)

T T T T 1 T T T T 1
1950 1960 1970 1980 1990 2000 1950 1960 1970 1980 1990 2000

Figure 1. Inverse Relation between the Incidence of Prototypical Infectious Diseases (Panel Al and the Incidence of
Immune Disorders (Panel B} from 1950 to 2000.

In Panel A, data concerning infectious diseases are derived from reports of the Centers for Disease Control and Pre-
vention, except for the data on hepatitis A, which are derived from Joussemet et al.i2 In Panel B, data on immune dis-
orders are derived from Swarbrick et al.' Dubois et al.,’® Tuomilehto et al.,* and Pugliatti et al.®®

NFECTIOUS agents can induce autoimmune

diseases 1n several experimental settings, some

of which have clinical counterparts. A variety of
mechanisms have been invoked to explain these ob-
servations, including molecular mimicry and an in-
crease in the immunogenicity of autoantigens caused
by inflammation in the target organ.! Paradoxically, in-
fectious agents can also suppress allergic and autoim-
mune disorders. In this review, I will summarize the
evidence that the main factor in the increased preva-
lence of these diseases in industrialized countries is
the reduction in the incidence of infectious diseases
in those countries over the past three decades. This
concept is not new. In 1966, for example, Leibowitz
et al. suggested that the risk of multiple sclerosis 1s in-
creased among persons who spent their childhood in
a home with a high level of sanitation.2 About 20 years
later, Strachan observed that the risk of allergic rhini-
tis was inversely linked to birth order and the size of
the family. He proposed that infections within house-
holds in early childhood have a role in preventing al-
lergic rhinitis.? Since then, numerous epidemiologic
and experimental studies have sought to clarify and
extend this so-called hygiene hypothesis concerning
asthma and other allergic diseases and autoimmune
disorders.




Incidence of prototype infectious disease
and immune disorders over 4 decades

%

Hepatitis A

Tuberculosis Crohn's

disease
Rheumatic

fever

Multiple
sclerosis

55 65 75 85 95
Infectious disease Immune disorders 0
Bach, NEJM, 2003




Incidence of IDDM Incidence of multiple sclerosis
(per 100,000) (per 100,000)




TIPE | DIABETES

IDDM incidence in children of
migrants from Pakistan to Yorkshire

++ ENVIRONMENTAL FACT

12

10

Incidence of 3
diabetes / 10 ©

6
4
2
0

Pakistan Migrant's Yorkshire
children

Staines A (15857) and Bodanshy H. S (T552)




IBD & Industrialization and urbanization
INFLAMMATORY BOWEL DISEASES




Diabetes Increasing Rapidly Worldwide
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Increasing prevalence of asthma & atopy
Aberdeen 1964 - 1989

schoolchildren aged & - 13 yrs inclusive

:> 30...35...51%
20 1 = 1964][1989|—{2003

% .

prevalence

10 -

11.9 12

0 —
Wheeze  SOB Asthma Hayfever Eczema

Ninan 7K, Russell G.  BMS 1992 304 8/73-5



HYGIENE HYPOTHESIS

FACTORS CONTRIBUTING TO THE
APPEARANCE OF INFECTIONS

Sources of pathogenic agents Anti-infectious defense
- drinking water - genetic factors

- food (cold storage) - nutrition
- climate - antibiotics

- housing conditions - vaccinatiu%

CHANGING GUT ECOSYSTEM ! o

I ATOPY (+ = DECREASING/CHANGING USUAL ANTIGENIC

TH2?) | CHALLENGE
I Autoimmunity  (+ TH1?)




PREVENTION OF IDDM IN NOD MICE
BY INFECTIOUS AGENTS

INFECTIONS PREVENT/REDUCE DIABETES | INCIDENCE

Bacteria streptococci

salmonella
mycobacteria (CFA, BCG, ...)

(FREE GERM CONDITI ONS > ++ AUT OIMMUNITY )

Viruses LCMV
MHYV
LDHV

Parasites schistosoma
oxyures




GUT ECOSYSTEM

Many chronic diseases , including allergy ,

may occur as a result of genetically based

or environmentally induced changes in mechanisms
regulating mucosal immunity and tolerance

this leads to impaired mucosal barrier function,
disturbed exclusion and increased penetration
of microbial, food or airborne antigens

Into the circulation and consequently to

exaggerated and generalized immune responses
to mucosally occurring antigens, allergens,

superantigens and mitogens.

Tlaskalova-Hogenova H, Tuckova L, Lodinova-Zadnikova R, Stepankova R, Cukrowska B, Funda DP, Striz |, Kozakova H, Trebichavsky
I, Sokol D, Rehakova Z, Sinkora J, Fundova P, Horakova D, Jelinkova L, Sanchez D.

Mucosal immunity: its role in defense and allergy. Int Arch Allergy Immunol. 2002 Jun;128(2):77-89. Review.

..dalla Hygienic Hypothesis (1989).. alla Barker Hypothesis (1989)

(COEVO = DEVO




Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds SJ Weight in infancy
and death from ischaemic heart disease . Lancet. 1989 Sep 9;2 (8663):577-80)

Szyf, M. The Dynamic Epigenome and its Implications in

Toxicology
Toxicol. Sci. 2007 100: 7-23

Il secondo paradigma, forse meno noto, ma non meno interessante, si
ricollega
alla cosiddetta Barker Hypothesis che,

derivata a sua volta da alcune osservazioni epidemiologiche (in primis
I'esistenza di una chiara relazione tra basso peso alla nascita___in relazione
al livello di sviluppo gestazionale e mortalita per coronaropatia ischemica
dell'adulto )

Si e andata via, via trasformando in una teoria ancora piu onnicomprensiv
della precedente, secondo cui molte patologie sistemiche dell'adulto
(aterosclerosi, patologie cardiovascolari, obesita, sindrome
metabolica, osteoporosi, insulinoresistenza/diabete , ...), In costante
incremento negli ultimi decenni sarebbero il prodotto di una inadeguatezza
del programming fetale (id est dell’assetto epigenetico programmatico.
concernente i tessuti destinati al controllo metabolico-endocrino

dell’organismo) secondaria ad alterazioni del microambiente uterino a
carenze nutrizionali e/o all'esposizione del feto a stimoli dannosi_, 0
nnnnnnnnnn AAaAanAdifiaa+ti AAarAA +A~ L Aiivranmta | mAAar~AAntl At (GfiimaAamntra N\ AAlA

| fattori ambientali sono determinanti dello sviluppo fetale... prioritari rispetto ai fattori genetici

V4




?_QFetal Origin of Adult Disease: The

Barker Hypothesis

« 1989 David Barker found an inverse relationship between birthweight and death from
heart disease in England and Wales

* Since hi

birth experienced poor maternal environment in utero

« Studies confirmed by “Dutch
Hunger Winter” when food supplies
to occupied Netherlands were cut off
by Nazis. Individuals born during
this time had high ncidence as adults
of msulin-resistance

* “Fetal Origin of Adult Disease™
(FEBAD) now confirmed for

Coronary heart disease
Hypertension
Type II diabetes

Table |. Hazard ratios for coronary hean disease

1oht 15 a surrogate for itra-uterine nutrition, idividuals who were small at

Birthweighi (g)

Hazard ratic (95% CI)

F for trend

<2500 3.63 (2.02-6.51) 24 /160
3000 1.83 (1.09-3.07) 45590

—35(X) 1.99 {126-3.15) 14471775

— 4000 2.08 {1.31-5.31) 12371558

<4000 .00 21/538

£ for mend 0.006

Ponderal index (kg m )

<25 1.66(1.11-2.48) 10471093
-7 1.44 (0.97-2.13) 135/1643
20 1.18 (0.78-1.78) 84/1260

=29 1.00 31/578

0.0006

natale

From Barker TRENDS in Endo Met 2?

SGA : LBW e unindicatore importante di sofferenza pre-

vo. of casesNo, of men

m}m body size at birtha




Developmental Programming

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

that can Eermanentlz
reprogram normal

physiological responses 1n such

a way as to give rise to disease

later 1n life

La drammatica/epocale
trasformazione
dellambiente e quindi del
microambiente uterino puo
essere meglio valutata

in termini evolutivi




Does Obesity Begin in the Womb?

philo-genetic > ontogenetic ?

i “Thrifty Phenotype”
--Hales and Barker, 1992 \

‘Predictive Adaptive Responses”
—Gluckman and Hanson, 2004

Exposure during acritical period in development
may influence later metabolic functionsin adult life




Obesity Trends* Among U.S. Adults
1985

(*BMI >30, or ~ 30 Ibs overweight for 5’4" woman)

~gor®

Dmo Data De::m% 10%-14%

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




Obesity Trends* Among U.S. Adults
1987

(*BMI >30, or ~ 30 Ibs overweight for 5’4" woman)

~gor®

Dmo Data D < 10%

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

. 109%-14%




Obesity Trends* Among U.S. Adults

(*BMI >30, or ~ 30 Ibs overweight for 5’4" woman)

,

~gor®

Dmo Data D < 10%

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

. 109%-14%




(*BMI >30, or ~ 30 Ibs overweight for 5’4" woman)

~gor®

Dmo Data [:] < 10%

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

. 109%-14% . 15%-19%




(*BMI >30, or ~ 30 Ibs overweight for 5’4" woman)

~gor®

Dmo Data [:] < 10%

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

. 109%-14% . 15%-19%




(*BMI >30, or ~ 30 Ibs overweight for 5’4" woman)

~gor®

Dmo Data D < 10%

. 109%-14% . 15%-19%

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




Obesity Trends* Among U.S. Adults
1997

(*BMI >30, or ~ 30 Ibs overweight for 5’4" woman)

~gor®

DND Diata |:| < 10%

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

. 10%0-14% . 15%0-19% .EED%




Obesity Trends* Among U.S. Adults
1999

(*BMI >30, or ~ 30 Ibs overweight for 5’4" woman)

~gor®

DND Diata |:| < 10%

I 10%0-14% . 15%0-19% .EED%

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




Obesity Trends* Among U.S. Adults
2001

(*BMI >30, or ~ 30 Ibs overweight for 5’4" woman)

“gor’

DND Diata |:| < 10%

I 10%0-14% . 15%0-19% .2[]':}’?:'—24% D =25%

Source: Mokdad A H, et al. J Am Med Assoc 1999;282:16,
2001;286:10.
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TOXICOLOGICAL SCIENCES 76, 247-249 (2003)
DOI: 10.1093/toxsci/kig255

TOXICOLOGICAL HIGHLIGHT

Endocrine Disruptors and the Obesity Epidemic

Jerrold J. Heindel

Cellular, Organs, and Svstems Pathobiology Branch, Division of Extramural Research and Training, National Institute of Environmental Health Sciences,
NIH, DHHS, POB 12233, Research Triangle Park, NC 27709

The major environmental influence on birth weight has been
considered (o be in utero nutrition. Therefore, maternal nutri-
tion has been the focus of research into the fetal basis of
diseases including obesity. However, nutrition is not the only
environmental influence that may have an effect on adult
diseases. There i1s increasing evidence that in utero exposure Lo
environmental chemicals at environmentally relevant concen-
trations may alter developmental programming via allerations
In gene expression or sene imprinting that do not resull in

' ' ] jons but in functional
deficits that do nol become apparent until later in life where
they surface as increased susceptibility to disease. With regard




Un terzo paradigma _consiste in quella che puo essere definita I'ipotesi
flogistica , che si fonda sul dato di fatto che in tutte gueste patologie
documentabile una componente flogistica cronica, che avrebbe un
ruolo patogenetico chiave

Tale paradigma e ovviamente valido nel campo delle patologie
immunomediate : tanto percio che concerne le allergie sensu stricto (I
tipo di G.C.), quanto per cio che concerne le patologie sistemiche dill e lll
tipo ...

Bisogna perod notare come pill che la componente flogistica acuta assu|@®
rilievo, in questo ambito la componente cronica, connessa al perdurare %
dell’esposizione allo stimolo ambientale flogogeno/ antigenico ed ai
processi di riparazione

del danno_(in particolare del remodeling del tessuto danneggiato)

discorso che vale non soltanto per le patologie immunomediate classiche
(asma allergico, immuno-artriti, immuno-vasculiti ... Ivi compresa, in
ambito pediatrico, la Kawasaki Disease ), ma anche per quella che e
I'endotelite-vasculite cronica-sistemica ____per antonomasia,




Atherosclerosis : an inflammatory vascular disease .

Before the 1970s. the link between lipids and athero-
sclerosis had been well established. In the 1970s and 1980s,

additional studies focused on growth factors and the prolifer-
ation of vascular smooth muscle cells (VSMCs). Since the
1990s, the role of inflammation has been considered and has
now been confirmed by many clinical studies and experimental
data (14, 24). Indeed. inflammation accompanies all the stages
of atherosclerosis from initiation to athromatous neointima

rogression and to plaque disruption and complication forma-

tion. Inflammation is reported to be involved in endothelial cell
| endothehal dvstunction wnflammatory cel

ment, VSMC proliferation, and lipid accumulation. Therefore,

atherosclerosis 18 actually an inflammatory vascular disease

(14, 24). However, there 1s no inflammatory product-elicited

neointimal model to support the causal role of inflammation in
atherogenesis,

Atherosclerosis/KD

4. Libby P. Inflammation in atherosclerosis. Nafure 420: 868 —874, 2002.

24, Ross R. _Atherosclerosis—an inflammatory disease. N Engl J Med 340:

[15—-126, 1999.

Getz GS. Thematic review series: the immune system and atherogenesis.
Bridging the innate and adaptive immune systems. J Ljp/d Res 2005;46:619-622.




‘ | Ultrafine PM exposure ‘
1 @

Pulmaonary deposition Interstitial translocation to circulation :|

< Redox-active PM components >

Pulmonary oxidative stress * | Phaselandllenzyme | =, PEDr;?Q_:ﬁLﬁfggslar
responses from BOSs polymaorphisms
responses from BOSs

— TN 4]

/ Mononuclear cell activation

( Endathelial cell activation ‘
,,." \ ./
Pulmonary neuroinflammation:
! 6 \ B

tachykinins and catecholamines
{ Release of cytokines, 1 Up-regulation of

.0., IL-185, IL-6, and TNF-ce endothelial adhesion
molecules: VCAM-1
l ICAM-1

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

protein and fibrinogen \‘

: Increased endothelin-1 and
decreased MO;
oxidation of phospholipids

|
" ¥ l ¥

Acute:  Increased systolic and diastolic BP: decreased HRY: angina and associated ECG abnormalities
5T segment elevation/depression); cardiac arrhythmias; cardiac arrest.

Chronic: Progression of atherosclerotic lesions,
|

Hemostasis and clot formation

3

Figure 1. Hypothesized pathways leading to adverse cardiovascular health effects from exposure to UFPs,
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Inhalatlon of Ultrafine Particles Alters Blood Leukucﬂe ExEressmn % n

of In 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

1Depar‘tment of Medicine, and 2Departmen1 of Envirenmental Medicine, University of Rochester School of Medicine, Rochester, Mew
York, USA; *Department of Biostatistics, Bloomberg School of Public Health, Johns Hopkins University, Baltimore, Maryland, USA;
4Department of Biostatistics, University of Rochester School of Medicine, Rochester, New York, USA

Ulerafine particles (UFPs; aerodynamic diameter < 100 nm) may contribute to the respiratory and

cardiovascular morbidity and mortality associated with particulate air pollution. We tested the
hypothesis that inhalation of carbon UFPs has vascular effects in healthy and asthmatic subjects,

detectable as alterations in blood Ieu]mcﬂe expression of adhesion molecules. Healthy subjects
inhaled filtered air and treshly generated elemental carbon particles (count. treshly generated elemental carbon particles (count median diamerter

~ 25 nm, geometric standard deviation ~ 1.6), for 2 hr, in three separate protocols: 10 pg.lrm at
rest, 10 and 25 p.g.lrrrn3 with exercise, and 50 pg;"l'n'n3 with exercise. In a fourth protocol, subjects with
asthma inhaled air and 10 |.|.g.lrmi' UEFEPs with exercise. Peripheral venous blood was obtained before
and at intervals after exposure, and leukocyte expression of surface markers was quantitated using

n'l.l'IIl- o N LN et e L l:l.ﬂn:r Pk S ooy b L =0 o SN T [5Y I‘l..:lﬂ.'i'l'l.'!:- bl'll'l PPl o - ST T L | _ﬂl_.:. el P R ':lrIi-I'l. .:ru-.:lr.ﬂl IEd-uced 'Ex_p[!'es_
L

sion of adhesion molecules CD54 and CD18 on monocytes and CD18 and CD49d on granulo-
cytes. There were also concentration-related reductions in blood monocytes, basophils, and
eosinophils and increased lymphocyte expression of the acuvation marker CD25. In subjects with

L ____________________ _______ ________________ ______ _____________________ _________________________________________ |
asthma, exposure with exercise to 10 pg/m* UFIs reduced expression of CL)11b on monocytes and
" M . ______ ___________________________ _ |
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

. = - _ ___ _____________ ___________|
retention of leukocytes in the pulmonary vascular bed J ey words blood leukocytes, human, mono-
. ______________ ______ ____ _______ ___________ _____ ____ | " "

cytes, ultrahne particles. Enveron Health Perspect 114:51-58 (2006). doi:10.1289/ehp.7962 avail-

able via Arrpeffdy. doi.org’ [Online 20 September 2005]



There 18 ongoing controversy that all patients with Kawasaki disease.
including those without any history of dilated coronary artery, may have
the potential to develop premature atherosclerosis. Our findings support
the need for long-term follow-up of these patients using various diagnostic

We found that the remodeling of the coronarv arterial lesion seen in
Kawasaki disease was different from that observed in athemsclemsi&_f”
Based on animal studies, three processes of formation of atherosclerotic
lesions were identified””: (1) the proliferation of smooth muscle cells.
' macrophages and lvmphocvtes: (2) the formation of extracellular matrix
_bv smooth muscle cells. and (3) the accumulation of lipid. In Kawasaki

N 1aeaaei there was no accumulation of llHld or macmﬂhage&.

21. | Saksela O. Raflun DB. Release of basic fibroblast growth factor-heparanate complexes from endothelial cells
by plasminogen activator-mediated proteolytic actrvity. J Cell Biol 1990; 110: 767-73.
Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s. Nature 1993; 362: 801-9.
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Ma il paradigma flogistico e utilizzabile anche

» per cio che concerne le principali malattie metaboliche oggi in rapido
incremento, a cominciare dall’'obesita , il tessuto adiposo essendo ben piu
che un semplice tessuto di riserva, un vero e proprio_tessuto/organo con
importanti funzioni_endocrino-metaboliche (con produzione di un’a’R@Te
gamma di molecole specifiche, dotate di attivita ormonale) ed immunitarie
(non solo in quanto gli adipociti _ sarebbero per molti versi equiparabili ai
macrofagi_, ma anche per la notevole presenza di macrofagi attivati nel
tessuto adiposo inflammato degli obesi )

» per varie patologie direttamente connesse all’'obesita stessa e a disordini
del metabolismo glicidico e lipidico (sindrome metabolica _, diabete Il);

» per le principali patologie neuro-degenerative croniche  (in particolare per
Alzheimer Disease, Parkinson Disease, Amiotrophic L  ateral Sclerosis );

e per numerose neoplasie (anche per cio che concerne il ruolo
predisponente

e direttamente onco-patogenetico delle flogosi cron iche locali e
sistemiche nell’ambito delle degen |razioni tessutali di tino metanlastico e
neoplastico T Review

Obesity is associated with Distinct Role of Macrophages in Different Tumor Microenvironments

macrophage accumulation
in adipose tissue

Claire E. Lewis' and Jeffrey W. Pollard®

*Academic Unit of Pathalogy, Division of Genomic Medicine, University of Sheffield Medical School, Sheffield, United Kingdom and *Center
for the Study of Reproductive Bidogy and Women’s Health, Departments of Developmental and Molecular Biology and Obstetrics &
Health, Albert of Medicine, Bronx, New York
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(Mol Cancer Res 2006;4(4):221—33) Obesity is associated with

macrophage accumulation
in adipose tissue

Subject Review

Sruart P. Weisberg,! Daniel McCann,! Manisha Desai,?

Inflammation, a Key Event in Cancer Development

i L Clin. Invest. 112:17965-1808 (Z2003).
Haitian Lu, Weiming Ouyang, and Chuanshu Huang Acute Inflammation |- Resolution of J. Clin. Inpest ( )

Nelson Institute of Environmental Medicine, New York University School of Medicine, Tuxedo, New York ][Iﬂﬂ]ﬂ]'l]ﬂ tlﬂl]
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Neuroinflammation and regeneration in the early stages
Distinct Role of Macrophages in Different Tumor Microenvironments of Alzheimer’s disease pathology

HIF-1a

“laire . is it 7 ard’ alb,%
Claire E. Lewis and Jeffrey W. Pollard 11M. Hoozemans*™*, R. Veerhuis?, I.M. Rozemuller *, P. Fikelenboom
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Infection, inflammation, height, and longevity

<>

Eileen M. Crimmins* and Caleb E. Finch

Andrus Gerontology Center, College of Letters, Arts, and Sciences, University of Southern California, Los Angeles, CA 90089-0191

Edited by Kenneth W. ‘Wachter, University of California, Berkeley, CA, and approved November 15, 2005 (received for review February 21, 2005)

Using historical data from cohorts born before the 20th century in

four northern European countries, we show that increasing lon-

gevity and declining mortality in the elderly occurred among the
=8 same birth cohorts that experienced a reduction in mortality at
‘ younger ages. Concurrently, these cohorts also experienced in-

creasing adult height. We hypothesize that both the decline in
@ W old-age mortality and the increase in height were promoted by the industrialized ** society I

[educed burden of infections and inflammation, Thus, early growth 1

and cardiovascular diseases of old age may share infectious and
1
inflammatory causes rooted in the external environment.

Diet | Infection ™ Noninfectious™
Inflaimmogens

External

aging | vascular disease | mortality | historical cohorts """-'""I“'""""""""-'"-l""- e e e e

Inflammation

Dyslipidemia

Internal

_‘: Cirowth and Atherosclerosis Other Organ
Development T™| & Thrombosis Damage
L J_'_H_,d--’""
_:-""_H-H-Hr

_‘_r"
Morbidity & Maortality

Fig. 1. Model linking infectious exposure at earlier ages and external
environment to inflammation, height, organ damage, morbidity, and mor-
tality at older ages. Barker (10} and Fogel {11) emphasize dietary influences on
growth,/development as a central mechanism.




Possiamo a questo punto mettere in rilievo

alcuni aspetti chiave concernenti | 3 suddetti
PARADIGMI PATOGENETICI

Barker Hypothesis

Prima di tutto possiamo notare come i tre paradigmi siano

complementari

(i minimo comune denominatore essendo, in tutti i casi, la repentina
trasformazione ambientale che ha disorientato i sistemi bioloqici

e in un certo senso sequenziali:




In particolare per quanto concerne l'ipotesi igienica, che propone come
principale meccanismo patogenetico un alterazione dell’equilibrio del
sistema immunocompetente, legata a un’imperfetta sequenza di
sviluppo dello stesso

il principale momento critico  cadrebbe nel periodo perinatale o
iImmediatamente post-natale allorché si dovrebbe costituire ,
essenzialmente in relazione al set microbico materno, |'ecosistema
intestinale del neonato piu idoneo a garantire

Il corretto sviluppo del suo sistema immunitario (in particolare per cio
che concerne I'equilibrio tra le componenti basilari dell'immunita
adattativa ).

| 'alterazione del sistema microbico vaginale della madre e/o della flora
tipica
dei principali alimenti__ (a cominciare ovviamente dal latte ) determinerebbe




Barker Hypothesis

Per quanto concerne l'ipotesi Barker I'origine dei problemi viene retrodatata e
collocata

nei primi_ mesi dello sviluppo embrio-fetale: In questo caso infatti le alterazioni
del macro-ambiente si ripercuoterebbero sul micro-ambiente uterino e, quindi,
sul feto determinando essenzialmente

un’alterazione del programma epigenetico, essenzial mente a _carico delle
cellule destinate a costituire i tessuti e gli orga ni che dovranno reqgolare
I'omeostasi metabolico-energetica dell’organismo st €SS0 _€ i suoi rapporti con
il mondo esterno__ ( in particolare con cio che e classicamente definibile come non

self), cioe i sistemi neuro-endocrino-metabolico _ed immunitario .

Le alterazioni del programming fetale sarebbero almeno in parte adattative
(interessante

e in tal senso l'ipotesi attinente al cosiddetto epigenomal/fenotipo metabolico
risparmiatore che, adottato dal feto che abbia dovuto affrontare situazioni carenziali
si rivela inadatto a regolare il metabolismo dello stesso individuo in eta adulta
nelle situazioni di eccesso calorico e nutrizionale in genere | tipiche delle “societa
avanzate”).

Ma appare sempre piu probabile che tali alterazioni siano da mettere anche in
relazione
ad una condizione di__stress _materno e guindi fetale : sia esso uno stress

Hales CN, Barker DJ The thrifty phenotype hypothe: Szyf, M. The Dynamic Epigenome and its Implications in
British Medical Bulletin 2001; 65; 5-20 Toxicology




 L'ambiente agisce

piu direttamente
sull’epigenoma

(assetto cromatinico-
hystone code, metilazione
DNA, RNA minori..)

e e attraverso questo
Soft -wired sul genoma

e e Possiamo anche dire
che I'evoluzione

del fenotipo individuale
anche patologico (!)
e determinato
dall’epigenoma piu
che dal genoma

The two main components
of the epigenetic code

DNA methylation

Miethy| mearks added 10 certain
DMA boses repress gene aclivity,

Histane madification
A cormbanation of diifesent
olesules Caan SLLach Lo Uhe 'fajls’
of prateins called histanes. Thess
0 alter the getivity of the DMA
wrapped arsond them

Brena RM, Costello JF.
Genome-epigenome
interactions

in cancer . Hum Mol Genet. 2007
Apor 15:16(R1):R96-R105




Controlling active and inactive states Gene- and tissue-specific epigenetic
of embryonic and somatic cells @ @ p
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Eplgenetuc modaitications . da molecular environmental

Critical determinants g
m of the epigenome /

Acute Daily
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Why this disease is concordant

i
in only 60% to 70% of identical twins Genetic Mutations
etc. - Epi-Mutations

And Alzheimer Disease ?
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Il genoma dello scimpanzé e per il 98.77% identico  a quello umano. ..piuttosto stabili
In media, un gene codificante una proteina __ in un uomo differisce dal suo da milioni di anni
ortologo nello scimpanzé sul piano genetico
per due sole sostituzioni e fenotipico...

wenes, Species phylogeny.”

dei geni umani

hanno esattamente

la Ste_ssa tra_du2|one From the Tree of the Life Website,
proteica_dei loro University of Arizona
ortologhi
nello
scimpanzé

Orangutan Gorilla Chimpanzes
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Chimpanzee-human
divergence

6-8
million
years
Hominids or hominins

Soft Wired -memory
—

Chimpanzees Humans

Brain:
a rapidly

evolving
organ




Phenotypic differences between
humans and other apes

Selected traits that distinguish humans from other apes®”™

Frontal lobe

~~.._ Parietal lobe
RN

Body shape and thorax s L .
Cranial properties (brain case and face) I | A S rea
Relative brain size QAN 3 b L-/L Sormponsle
Relative limb length < Lo

|- Occipital

L4
Long ontogeny and lifespan ke \<\ L?;'—j frious
Small canine teeth "ty m Ti *\\T

Skull balanced upright on vertebral column 7“*}!: N S g
Reduced hair cover (e | Tempord

Elongated thumb and shortened fingers .

Dimensions of the pelvis - o
Presence of a chin ; T e ¢ femporae
S-shaped spine 4 L (1

Language

Advanced tool making

Brain topology

Carroll (2003) Nature 422, 849-85

Brodmann's area 44




EPIGENETIC MECHANISMS IN
MEMORY FORMATION

Jonathan M. Levenson and J. David Sweatt
NATURE REVIEWS | NEUROSCIENCE
FEBRUARY 2005 | VOLUME &

.. Neurobiologists have only

recently begun to investigate

the possible roles of epigenetic

mechanisms in behaviour,

physiology and neuropathology
..Strikingly, the relevant data from

the few extant neurobiology-related

studies have already indicated a
theme — epigenetic mechanisms
probably have an important

role in synaptic plasticity

and memory formation.

Figure 4 | Model for epigenetics in contextual fear memory — a histone code for memory
formation? Exposure of a test subject to various environmental conditions leads to changes inthe
epigenetic profile of the genome in neurons that reside in relevant brain regions. In this example, we

focus on pyramidal neurons in area CA1 of the hippocampus. a | Exposure of a subject to a novel
er‘mronrnent leads to eplgenetlc changes and formation of novel spatial memories. b | Exposure to
X . - ¢ | Coupling
the presentatlon of the novel enmronment with the noxious stimulus results in integration of the
epigenetic responses, and formation of specific contextual fear memaories.

stimulus

- 0
MNoxious

‘Enhanced synaptic
/| function



TOXICOLOGICAL SCIENCES 80, 218-224 (2004)
DOI: 10.1093/toxsci/kfh164
Advance Access publication May 12, 2004

The Role of Chromatin in Molecular Mechanisms of Toxicity

Jonathan G. Moggs' and George Orphanides

Syngenta CTL, Cheshire SK10 4TJ, United Kingdom

Eukaryotic cells store their genetic information in the form of a

highly organized nucleoprotein complex termed chromatin. The
high degree nf com ﬂctmn of DNA wnhm chromatin p]ﬂce'a

temp]ate to facilitate gene trﬂnacnptmn DNA repllcatmn and
DNA reEm As a cm]m

i | hani low ol . | idly
decompacted locally for access by DNA-binding proteins. Once
thought to play only a structural role, it now appears that chro-
matin plays g_kev regulatory role by _marshalling access to the
DNA template. We have reviewed the role played by chromatin in
mspnnse to physiological and toxicological stimuli
and described how changes in chromatin structure may in the
future be used as markers of toxicity. We also review the evidence
that chromatin itself is the direct target of certain toxicants and
that toxicant-induced perturbations in chromatin structure may
precipitate adverse effects.
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Modification of chromatin structure by histone
modifying and nucleosome remodelling proteins
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What would be the consequences of direct chemical perturba-
tion of chromatin structure? In addition to theirrole inregulating
gene expression and DNA repair, chromatin modifications play
an important part in the transmission of epigenetic information,
epigenetics being the study of heritable alterations in gene
expression that occur in the absence of changes in genome
sequence (Wolffe and Matzke, 1999). Thus, the perturbation
of chromatin structure by toxicants may lead to long-term and
ossibly transgenerational changes in epigenetic programming.

Una condizone di instabilita genomica (ipometilazione diffusa, iper-
metilazione delle sequenze promoter di geni onco-soppressori,
specifiche combinazioni del “* codice istonico ") e di frequente riscontro
nelle lesioni (pre)-neoplastiche




A DNA hypomethylation .. activates oncogenes , results in
chromosomal instability , activates transposons ...
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Bisogna sottolineare come I'ormai ben documentata interferenza
tra metalli e/o interferenti endocrini___e Dna non rappresents
I'eccezione,

ma la regola... nel senso che le modalita di “lettura ” e *induzione
dell’espressione genica” _da parte delle molecole-segnale
specifiche

sono sempre le stesse (e note ormai da tempo)..

sia che si tratti di processi fisiologici

sia che si tratti di meccanismi tossicologici e potenzialmente
patogenetici , secondo lo schema:

Ormoni/ UV/ Endocrine Disruptors -
recettori nucleari/fattori di trascrizione >
legame al Dna (sequenze specifiche )
riarrangiamento(epi)genomico/cod. istonic -
riarrangiamento genomico 2
trascrizione (proteine/Rna minori) 2

differegkiazione/proliferazione/secrezione
itock \ae/ormoni/enzimi




Parte’ll gift our mothers
The Environmental Toxic Burden

and the fetal origins _of adult diseases

D

A benchmark investigation of industrial
chemicals, pollutants, and pesticides in
human umbilical cord blood

A CHEMICAL FALL O




Industrial chemicals in mothers and daughters:
the pollution we share and inherit

Inherited Pollution:

A mother's pollution lingers in her doughter’s body for years

Methyl- Penta PFOA  PFOS lead
mercury (Brominated (Teflon (Scofchgard /

me chemicals] chemical)
r&.l'ﬂ.":'_ll.;;-/n_ull//

1yr12yr 29 vyr &0 yr

'] _ T | " ] i ]
Daughters age at which she has excreted §9% of her mof
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CRITICAL PERIODS IN HUMAN DEVELOPMENT*
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pigenetic Transgenerational Actions of
Endocrine Disruptors

Matthew D. Anway and Michael K. Skinner
Center for Reproductive Biology, School of Molecular Biosciences, Washington State University, Pullman, Washington 99164

) ~ Epigenetics is defined as the
molecular phenomena that regulate gene expression without

alterations to the DN A sequence (1). The most studied epi-
genetic modification is DINA methvlation of CpG nucleotides
that are essential for mammalian development (2-5). DNA
methylation of CpG sites is used by mammals to regulate
transcription of genes, alter chromosomal positioning, intlu-
ence X-chromosome inactivation, control imprinted genes,
and repress parasitic DNAs (1, 5-9). Alterations in the DNA
methylation state can lead to multiple disease states includ-
ing cancers (10, 11), Rett syndrome, and Prader-Willi/ An-




the true risk: (? Endocrine Disruptor Exposed
. FYY Gestating Mother

transgenerational a (Sex Determination Period)
amplification
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F1G. 1. Epigenetic transgenerational
actions of endocrine disruptors through
the male germ line.
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Centro nascite di Augusta
aumento progressivo
del numero del nati con difetti
congeniti :

3% del primi anni ‘90,
3,5% del '96-'9/-"9%

un picer del 5.6% del 20003
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Per quanto concerne infine quello che abbiamo assunto come terzo modello
patogenetico

si tratta di un meccanismo essenzialmente reattivo a condizioni amb lental
alterate _che possono intervenire in tutte le fasi  della vita dell’organismo

(ed e noto che la gran parte dei tessuti e organi degli organismi complessi reagiscono
in modo simile a fattori di ordine chimico-fisico o biologico  che potrebbero
interferire negativamente sul loro assetto/equilibrio)

Ancora piu_ampio ed inclusivo __del paradigma, essenzialmente immunologico,
self/non self

che resta valido per cid che concerne le relazioni tra organismi (id est tra molecole
complesse di natura essenzialmente proteica, portatrici dell’'individualita biologica) é

il paradigma molecolare della reattivita a segnali di p ericolo/ stress , secondo cui
le cellule componenti vari tessuti dell’'organismo reagirebbero a segnali chimico-

fisici di _stress/pericolo _attivando alcune pathways biochimiche diffuse e comuni a
molte forme viventi (“conservate” nelllambito dell’evoluzione) ed essenzialmente
finalizzate a indurre I'espressione di proteine dotate di funzioni
enzimatiche/riparative __(come le proteine

Matzinger P (1994) Tolerance, danger, and the
extended family . Annu Rev Immunol 12: 991-1045.




'\-.\
"’@ Cell Surface Markers 1 >
‘-‘\-"_—-_._._ _r_r._'_,_..-'-""i

Cytokines | | Chemokines | m : ll . @

L& MIP-1ce
I-1[ 4 . P10 MIP-1[
IL-6 E MCP-1 RANTES
IL-10 [ ICs
THF-cx CO54 (KCAM-1) * in addition to PAMPs, the ..'danger-associated mo __lecular patterns' (DAMPs
CD8o (B7-1) can trigger the immune response. __Cell Death and Differentiation (2008) 15, 1-2

Copprighe 3005 MlovaSoreen Bioscerwe s Corpe, All lghts resaerved



Barker Hypothesis

Un secondo punto chiave, per quanto concerne i tre paradigmi, consiste nel fatto
che essi sono in grado di offrire una spiegazione sensata, e gia in larga misura
documentata in ambito sperimentale/tossicologico ed epidemiologico

circa I'incremento di quelle patologie croniche (flogistico-degenerative e
neoplastiche)

che, come detto, caratterizza la rivoluzione epidemica del XX secolo

collegandole tra l'altro alla repentina trasformazi one dellambiente e, in
particolare,

alla trasformazione deqli ecosistemi_microbici (ipotesi igienica); alla pressibne
chimico-fisica__sull’epigenoma_(Barker Hypothesis); alle modifiche in ultima
analisi_epi-genetiche conseguenti_a condizioni di stress chimico-fisico tissutale
e cellulare protratto _ (paradigma flogisistico).

~ E’ importante sottolineare, insomma, come se il primo paradigma concerne
essenzialmente
il mutato _challenge biologico a cui sono esposti gli organismi nel mondo da noi
trasformato e il secondo la sempre maggiore pressione sull’epigenoma fetale di
un ambiente
chimico-fisico __in continua trasformazione, il terzo paradigma rappresenti una sort
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Environmental Exposures and Gene Regulation in Disease Etiology
Thea M. Edwards’? and John Peterson Myers?

Department of Zoology, University of Florida, Gainesville, Florida, USA; 2Environmental Health Sciences, Charlottesville, Virginia, USA

Data synTHESIS: Pharmaceunicals, Eestlcldes, alr Ecrllut:mts, industrial chemicals, heaﬁ metals,
hormeones, nutrition, and behavior can change gene expression through a broad arra ene regil-
mms.%cmsms%nclu e regulation of gene translocation, thcations,
DNA methylation, DNA repair, transcription, RNA stability, alternative RNA splicing, protein

degradation, gene copy number, and transposon activation. Furthermore, chemically induced
changes in gene regulation are associated with serious and complex human diseases, including can-

cer, diabetes and DbuESItE, II]FE[‘II'IE, rESE'mmE diseases, nlleElas, and neudeeneratwe disorders

such as arkinson and Alzheimer diseases. Une of the best-studied areas of gene regulation 1s epige-
netics, especially DNA methylation. Our examples of environmentally induced changes in DNA

methylation are presented in the context of early development, when methylation patterns are ini-

tmll},' laid down. This approach highlights the Ec-tentml role for altered DNA methylation in fet:ﬂ
origins of adult ‘disease and inheritance of acquired genetic change.




Owver the last 20 vears, endocrine L:ljsmp'ru::n
1emﬁ chemicals 1n our
environment can profoundly affect develop-
ment, erowth, maturation, and reproduction
bv mumuckine hormones or interactiine wit

hormone receptors. (ne important mecha-
nism of endocrine disruption 1s aligred cene

expression. mediated bv inappropriate activa-
tion or deactivation of receptors that act as
transcriprion factors.

) " — L) L)

expression are just the tip of the 1cebere.

The purpose of this review is to identify
points of gene expression regulation, occur-
ring along the process described by the cen-
tral dogma (DNA — RNA — protein), that
have been shown to be affected by environ-
mental factors, particularly contaminants
(Figure 1). We have drawn on research that
shows a strong connection between environ-

mentallv ll'l':.I[LIC'E'E[ 'L'I'lﬂl.'lﬁ'f'ﬂ LIl 'E'i chne l"E'ﬁLlIHEEIl"'r'
meCcnanisinms 4 15€ase etloloey | Igure 1 J.




Neo-Lamarckian

Paradigm fluid (epi)genome

Pharmaceuticals

Gene translocation Pesticides

PCEs, PAHs, dioxi
W ‘ Air pollutants
e M Heawvy metals
DNA  DNA repair Hormanes |
Gene copy number EPA NP OP /
Mutrition [

Transgus on activation

Transcription

Parental care

RNA stability
RyA | Alternative RNA splicing
Retrotransposons

/

|
H N Cancer
e Diabetes, obesi
ﬂ Inheritance w
{

Devel t Infertlity
Gs;;&pm L Respiratory diseases
\_,7 Aging Allergies, immune response
MRIEES ol Meurodegenerative disorders
e Transcription factors o= e
rorei : . Stress response
Protein degradation
» 1 HSPs - :
Activatio x| (Auto)immunity
developmental Danger Theoty | N | psps/petides | —» | Autoinflammation
plasticity Summary of gene regulatory mechanisms affected by environmental exposures, with disease

implications. Abbreviations: BPA, bisphenol A; NP, 4-nonylphenal; PAHs, polyeyclic aromatic hydrocarbons,
PCBs, polychlorinated biphenlys; OP, 4-tert-octylphenal



Gia sulle basi di quanto detto fin qui dovrebbe essere evidente come
le attuali modalita di valutazione del rischio siano del tutto
iInsufficienti

a valutare le conseguenze per i singoli individui, pe rle
collettivita,

per la specie e per I'intera biosfera di un_ inguiname _____nto sempre
piu_ubiquitario e pervasivo ___connesso alla continua immissione

iIn ambiente
e catena alimentare di sostanze tossiche

e che la suddetta Rivoluzione epidemica del XX secalo __, se
Interpretata come il portato di una troppo repentina
trasformazione ambientale e della diffusione capillare di migliaia
di molecole di sintesi in grado di interferire con gli assetti epi-
genomici programmatici fetali __, e di per se stess:

PARTE Il: gli effetti




Low and Very Low
Birth Weight In Infants
Conceived with Use

of
Assisted Reproductive

Technology

M EMGL] MED 35604 www . HEJM.ORG JAMUARY 25, 2007
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Figure 2. Effect of a Woman's Age on the Rate of Live Births per IVF Embryo
Transfer.
Data are for the United States in 2003.%




cent confidence interval, 2.4 to 2.7). The use of as-
sisted reproductive technology was associated with
an increased rate of multiple gestations; however, its
use was not associated with a further increase in the
risk of low birth weight in multiple births. Among
twins, the ratio of the rate of low birth weight after
the use of assisted reproductive technology to the
rate in the general population was 1.0 (95 percent con-
fidence interval, 1.0 to 1.1). Infants conceived with as-
sisted reproductive technology accounted for 0.6 per-
cent of all infants born to mothers who were 20 years
of age or older in 1997, but for 3.5 percent of low-
birth-weight and 4.3 percent of very-low-birth-weight
infants.

Conclusions The use of assisted regmductive

technoloay accounts for a disproportionate numoer
of low-birth-weight and very-low-birth-weight infants
In the United States, In part because of aEscﬂute In-
creases in multiple gestations and in part because of
higher rates of low birth weight among singleton in-
fants conceived with this technology. (N Engl J Med
2002;346:731-7.)

Copyright © 2002 Massachusetts Medical Society.




Epigenetic mechanisms regulate DNA accessibility through-
out a person’s lifetime. Immediately following fertilization,
the paternal genome undergoes rapid DNA demethylation
and histone modifications.” The maternal genome is
demethvlated gradually, and eventually a new wave of embry-
onic methylation is initiated that establishes the blueprint for
the tissues of the developing embryo. As a result, each cell
has its own epigenetic pattern that must be carefully main-
tained to regulate proper gene expression. P igns in
these carefully arranged patterns of DNA methylation and hi-

stone modifications can lead to mngenitaI disorders and

multisystem pediatric syvndromes or predispose people to ac- |
qmreﬁ aisease states su{rﬁ as sporadic cancers and neurode-
[

Recent evidence suggests that the manipulation of embryos
for the purposes of assisted reproduction or cloning may im-
pose inherent risks to normal development. For example, as-

sisted renroductive technolooies (ARTs) have heen linked o

an increased risk of intrauterine growth retardation (odds ra-
tio [OR] 1.59, 95% confidence interval [CI] 1.20~2.11), prema-
_fure hirth (« 33 weeks’ gestation, OR 2.9g, 95% CI 1.54-5.80;
37 weeks' gestation, OR 1.93, 95% CI 1.36-2.74), low birth
welght (< 1500 g, OR 3.78, 95% CI 4.20-5.75) and prenatal
death (OFR, 2.40, g5% CI 1.50-3.63

CHMA] . January 31, 2006 - 174(3) | 34
& zown@ CMA  Epjgenetics and human disease
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Glucocorticoids _ act at cellular and
molecular

levels to alter cell function by
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expression of receptors, enzymes,

ion channels and transporters

They also alter various growth factors,
cytoarchitectural proteins, binding
proteins

and components of the intracellular
signalling pathways
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If a pregnant woman is stressed or malnourished, the fetus s development may be upset,

increasing the chances of diabetes, heart disease and high blood pressure
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[s Cancer Risk Determined by
Developmental Programming
Induced by Environmental
Exposures?

In particolare e I'incremento delle neoplasie infantili__il vero SEGNALE
D’ALLARME.. Perché le neoplasie infantili non possono essere
“archiviate” come il portato di un accumulo parafisiologico (legato
allaumento dell’eta media) di lesioni ossidative a carico del DNA ..
Perché, ancora una volta, sono il segno di una possibile
amplificazione transgenerazionale del danno
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The multitude and diversity of environmental carcinogens
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We have recently proposed that lifestyle-related factors, screening and aging cannot fully acg
of cancer. In ordertq propose the concept that m addimion to Niestyle Telated factors, exagenous environmenial factors may play a more
important role in carcinpgenesis than it is expected, and may therefore account f m
environmental factors, rated as certainly or potentially carcinogenic by the Int‘;&:‘al Agency for Research on Cancer (IARC).

We thus analvze the c:l;r&mgﬂnic effect of microorganisms (including viruses), radiations (including radioactivity, UV and pulsed
electromagnetic fields) and xenochemicals. Chemicals related to environmental pollution appear to be of critical importance, since they

nt for the present cverall growing incidence




Cancer Incidence by Age
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Childhood Leukaemia

* Overall only about 10-20% of childhood ALL can
be attributed to environmental risk factors

* Considering potential combined effects as
suggested by similar pathways of some 1dentitied
risk factors the attributable fraction may be
somewhat higher

* One key element seems to be error-prone NHEJ
during double-strand break repair

1B MEDIZINISCHE . . . .
I “ UNIVERSITAT Institute of Environmental Health Michael Kundi




Cancer 1n Childhood

Prenatal origin of certain childhood leukaemias

There 1s evidence that at least one stage of the
malignant process 1s already present at time of
birth

— twin studies of acute lymphocytic leukaemia

— umbilical cord samples

Higcher turn-over rate ot stem cells increases the
likelithood of further genetic events

Institute of Environmental Health Michael Kundi




Qil combustion and childhood cancers
DMLIM E G Koo

. Epidemiol. Commurnity Health 2005;5)
doi:10.1136/ech.2004.031674

155-T60

Updated information and services can be found af:
http:/fjech.bmj.com/cgilcontent/full/59/9/735

Study objectives: To identity specific toxic aimospheric emissions and their industrial sources in Greal
Britain. To link them with each ofher and with the birth addresses of children dying from cancer. To identify
specitic causal agents and sourees.

Desian: Birth and death addresses of children dying from cancer were linked fo emissions hotspos for

specitic chemicals: and fo relafed source installations. Among those who moved house, distances from
each address fo the nearest hazard were compared. Relotive excesses of close-to-hazard birth addresses
showed high prenctal or early posinatal risks. Relafive risks for individual and for combined exposures
were megsured.

Main results: There were excess relative risks [RR) within 0.3 km of hotspots for carbon monoxide, PM10
were altributable to mutual contounding, but |, J-butadiene and carbon monoxide, mainky derived from
engine exhausts, were powerful independent predictors. They were strongly reinforced when associated
with bus stations, hospitals, railways, oil installations, and industrial transport centres; RR=12.6 for joint

<0.5 km exposure to bus stations and 1,3-butadiene.
'Cnndusinns: hiladhood conce sl alafelitls =i muned b




Model of Childhood ALL

Prenatal Event(s) —>{Postnatal Event(s)—>Childhood ALL

Trasmissione
transgenerazionale @

before during breast
conception pregnancy feeding @
AT % 1

Mother > CFather > (Mother > CMother > Child

= . .~ Alterazione
Q}:@_ﬂdﬂlﬂ_@@ memoria epigenetica-gameti

Modified after
Exposure Greaves (2003)

MEMZEINISCHE . - ! - r b
I I l uNivErsiTAT - Institute of Environmental Health Michael Kundi
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Translocations typical of myeloid leukaemia, probab ly 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) L.Tomatis

Involvement of 11923 Translocation involvin
band 11923 in AML may occur as a result

of a deletion or trans-locations with a number
of other chromosomes and is usually associa
with M4 or M5 and a poor prognosis

Ili

.l

t(9;11 )(p2l ;d23)



Carcinogenesis vol.13 no.2 pp.145—151, 1992

COMMENTARY
Transgeneration transmission of carcinogenic risk

L.Tomatis, S.Narcd! and H. Yamasaki

Inicrnational Agency for Research on Cancer, Lyon, France and g Pt
University, The Montreal General Hospital Ressarch [nstitute, Montreal,
Canada

e

Transmission of carcinogentc risk is best demonstrated by
cancer-prone families. The best-known cancer syndrome is
hereditary retinoblastoma, for which germ cell alterations of the
Rb gene have been identified A recent study suggests that
germ-line mutations of the p33 gene are responsible for the
Li—Fraumem syndrome, an association of tumors including
breast cancer and soft tissue sarcomas

Genetic alterati E ! lispos e

result from intrinsic genetic i ili r

mutagens It is our principal aim to consider the possible
effect ofnutagenic carcinogens.on germ cells a5 the origin of

genetic predisposition to cancer.




AACR Meetin
Abstracts gn“?,e PEDIATRIC CANCER BIOLOGY AND

MOLECULAR ONCOLOGY: POSTER
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Katherine La Fiura, Dawn Bielawski, Norberto Posecion, Enrique
Ostrea, Larry Matherly, Jeffrey Taub, and Yubin Ge

Prenatal pesticide exposure and the
generation of leukemia-associated t(8;21)
AACR Meeting Abstracts, Apr 2007; 2007: 1794.

’ t(8;21)(g22;922) is a balanced translocation between chromosomes 8 and 21,
resulting in the fusion of the 5’ end of the AML1 gene normally located on
chromosome 21922 with the 3’ end of the ETO gene on chromosome 8qg22. t(8;21) is
one of the most common cytogenetic abnormalities in childhood acute myeloid
leukemia (AML), presentin ~12% of cases and has been considered a favorable
prognostic factor in some studies. We previously reported a wide range of AML1-ETO
(AL1E) transcript levels in primary t(8;21) AMLs and identified numerous in-frame and
out-of-frame AML1b-ETO (A1bE) and AML1c-ETO (AlcE) transcript forms, likely
resulting from alternate splicing , internal deletions , and/or breakpoint region
insertions involving both the AML1 and ETO regions.

t(8;21) leukemic clones were detected retrospectively in dried blood spots in children
with AML, confirming an_in utero origin for childhood leukemia cases __and
suggesting that in utero exposures may initiate a multi-step process of
leukemogenesis .

In one study, occupational exposure to benzene was associated wit h a higher
frequency
(up to 15-fold) of detecting ALE fusion transcripts resulting from t(8;21) in blood




Molecular Consequence of

Translocations Involving Core Binding Factor Chromosomal Translocations

((8:21)(q22:922) l '

inv(16)(p13:;q22)
1(12:21)(p13;922)

In the present study using umbilical cord blood samples obtained from
infants whose prenatal exposure to the pesticide, propoxur , was
determined by meconium analysis, we showed that

() incidence of t(8;21) in the exposed group is 2-fold higher than that in
the unexposed group; and

(il) the levels for AML1-ETO fusion transcripts resulting fro m t(8;21)

positively correlated with propoxur concentrationsin meconium. These
results further confirm the prenatal origin of t(8;21) and establish a
significant correlation between prenatal pesticide e Xposures and the
generation of t(8;21).

(i) novel in-frame and out-of-frame ALlE fusion transcript forms
previously identified in primary t(8;21) AML samples were detected in the
t(8;21) positive cord blood samples.

In co-transfection experiments, the different ALE proteins showed
various effects on AML1b transactivation of GM-CSF

Our results further establish the remarkable heterogeneity in A1E fusion
transcripts in t(8;21) myeloblasts and suggest that synthesis of alternate
ALE transcript and protein forms can significantly i mpact the
regulation of AML1 responsive genes . Further, they indicate the
sreviously reported novel ALE fusion transcripts can arise _in utero_and
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Time trends of cancer incidence in European children
(1978-1997): Report from the Automated Childhood
Cancer Information System project

Peter Kaatsch®*, Eva Steliarova-Foucher’, Emanuele Crocetti®, Corrado M ﬂgnﬂnid,

Claudia Spix®, Paocla Zambon®
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Within the framework of the Automated Childhood Cancer Information System [ACCIS),
time trend analyses for childhood cancer were performed using data from 33 population-
based cancer registries in 15 European countries for the period 1978-1997. The overall inci-
dence rate based on 77,111 cases has increased significantly (P < 0.0001), with an average
annual percentage change (AAPC) of 1.1%. The rising trend was observed in all five geo-
graphical regions and in the majority of the disease groups (in order of AAPC): soft tissue
sarcomas (1.8%), brain tumours, tumours of the sympathetic nervous system, gerr ]
tUImours, carcinomas, Zym;:‘nuﬁms, renal tumours, and leukaemias (0.6%). No change was
seen in incidence of bone tumouss, hepatic tumours and retinoblastoma. The increased
incidence can only partly be explained by changes in diagnostic methods and by registra-
tion artefacts. The patterns and magmitude of these increases suggest that other factors,
e.g. changes in lifestyle and in exposure to a variety of agents, have contributed to the

increase in childhood cancer in the recent

ACCIS)

Table 4 - Average annual percent of change (AAPC) and result of trend test for childhood cancer (age 0-14 years) in Europe
by age groups and sex for total cancer and main diagnostic groups (P < 0.05; = P < 0.01; = P < 0.0001) (1978-1997) (Source;

AAPC for diagnostic groups AAPC
les ly \CNS Symp Ret Ren Hep Bome Soft [ Gem Ca  Oth f*"-’f[%m
() (%) %) (&) (&) k) (W Oe) (%) (%) () (%)
HEE ] 0.6 -16 24w 3 G 09 15 15 -74 13 v 15w (4 312 21w
A[:E 1-4 years () e 0.6 18w ] T 04 (0B 12 -05 16w (01 0.6 -0.2 1w
HEE -8 years (.5 0.7 16w (1 -06 05 -18 -12 13 080 -9 1.0 () B
H[:E 1014 years (% 13m {7 19§ -60 05 03 0z P L 25w 2 Do j i) 1 3
Mak (. 7o (.5 150 ] G 03 04 09 =03 1 e 12¢ 12 0.2 [
Famal= i 17 2w 3 [ 07 13= 06 -02 2w 2w 13 20 1 4

other and unspecifisd malignant neoplasms.

Leu, kukasmizs; Ly, mphomas; CH5, CNS tumours; Symp, tumours of the sympathic nervous system; Ret, retinoblastoma; Ren, renal
tumours, Hep, hepatic tumours; Bane, malignant bone tumours; Soft, soft tissus sarcomas; Germ, germ-cell tumours; Ca, carcinomas,; Oth,
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Childhood soft tissue sarcomas incidence and survival
in European children (1978-1997): Report from the

Automated Childhood Cancer Information System project
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Earyotype of a low-grade leromyosarcoma, showing a highly aneuploid cell with complex chromeosomal
aberrations. Fed arrows mdicate clonal chromosome reamrangements that were present i all cells
analyzed from this tumor. “Mar™ is an abbreviagon for marker, which indicates an abnormal
chromeosome of uncertain origin. Chromosome rearrangements not designated by arrows (e.g., the
bizarre chromosome 7 rearrangements at dowar feft) were not present in all of the tumeor cells and reflect
the genetic heterogeneity of this tumer.



EUROPEAN JOURNAL OF CANCER 42 (2006) 2050-20673

available at www.sciencedirect.com

—

sclENCE| [ DIRECT?*®

journal homepage: www.egjconline.com

Nnn-Hodgkin's lymphoma incidence and survival in
European children and adolescents (1978-1997):

Report from the Automated Childhood Cancer Information
System project

M. Isabel I1zarzugaza™~, Eva Steliarova-Foucher?, M. Carmen Martos®, Snezana Zivkovic®
*Basque Country Health Department, Registro de Cancer, Donostia-San Sebastian, 1. 01010 Vitoria-Gasteiz, Spain

YInternational Agency for Research on Cancer, 150 Cours Albert Thomas, Lyon, Cedex 08, France

®Aragon Government Health Department, Public Health Department, Paseo M® Agustin, No. 36 50004 Zaragoza, Spain

nstitute of Public Health of Serbia, Center for Prevention and Control of Non-Communicable Diseases,

Childhood Cancer Registry for Central Serbia, 5, Dr Subotica Street, 11000 Beigrade, Serbia & Montenegro



ABSTRACT

Non-Hodgkin's lymphomas (NHLs) constitute a large and heterogeneous group of malig-
nant tumours. This paper describes and interprets geographical patterns (1988-1997) and
time trends (1978-1997) of NHL incidence and survival in European children and adoles-
cents. All 7702 lymphomas that were not Hodgkin's, were extracted from the Automated

Childhood Cancer Information System (ACCIS) database and included in different analyses.
In children under 15 years of age and for the period 1988-1997, the overall NHL age-

adjusted incidence rate was 9.4 per million and has been increasing over 20 years by

0.9% per year on average (P=0.002). In adolescents aged 15-19 years, the age-specific inci-

dence rate was 15.9 per million, increasing annually by 1.7% (P = 0.007). Five-year survival of

children diagnosed in 1988-1597 was 77%, ranging from 58% in the East to 83% in the West.
A substantial increase in survival was observed in all European regions. Systematic moni-
toring and evaluation of childhood and adolescent data on NHL will contribute to further
improvement in public health policy for the young population of Europe.

© 2006 Published by Elsevier Ltd.
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ABSTRACT

This paper describes the incidence and survival of childhood central nervous system (CNS)

tumours 1in Europe for the period 1978-1997. A total of 19,531 cases, aged 0-14 years, from

the ACCIS database were analysed by five regions: the Bntish Isles, East, North, South, and
West. Overall age-standardised incidence rate (ASR) of CNS tumours in Europe (1988-15957)
was 29.9 per million, with the highest rates in the North. Astrocytoma (ASR =11.8), primi-
tive neuroectodermal tumours (PNET) (ASR =6.5) and ependymoma (ASR = 3.4) were the

most frequent types. Incidence increased significantly during 1978-1557, on average by

1.7% per year. Diagnostic methods may partially explain incidence rates and trends,

although a role of vanations in risk factors cannot be excluded. Overall 5-year survival
was 64% and varied between 72% in the North and 53% in the East. PNET had the poorest
prognosis (49%) and astrocytoma the best (75%). Survival has improved by 29% since late

& 1570s. The positive trends were seen in all regions, although the interregional differences

persisted, as a reflection of the different healthcare systems.
© 2006 Elsevier Ltd. All nghts reserved.
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Darwinian Evolution Through Ralndom Mutation
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MiniReview

Does Breast Cancer Start in the Womb?

Ana M. Soto, Laura N. Vandenberg, Maricel V. Maffini and Carlos Sonnenschein
Department of Anatomy and Cellular Biology, Tufts University School of Medicine, Boston, MA, USA
(Received June 28, 2007; Accepted September 7, 2007)

Abstract: Perturbations in the foetal environment predispose individuals to diseases that become apparent in adulthood.
These findings prompted researchers to hypothesize that toetal exposure to environmental oestrogens may play a role in the
increased incidence of breast cancer observed in European and US populations over the last U years. There is widespread
human exposure to bisphenol A, an oestrogenic compound that leaches from dental materials and consumer products. In
CD-1 mice, perinatal exposure to environmentally relevant bisphenol A levels induced alterations of the mammary gland
architecture. Bisphenol A increased the number of terminal end buds at puberty and terminal ends at 6 months of age and
increased ductal lateral branching at 4 months of age. Exposed mice also showed an enhanced sensitivity to oestradiol
when ovariectomized prior to puberty. All these parameters are associated in human beings with an increased risk for
developing breast cancer. To assess whether bisphenol A induces mammary gland neoplasia, we chose a rat model because
it more closely mimics the human disease than mouse models. Examination of the mammary glands of Wistar/Furth rats
during early adulthood revealed that gestational exposure to bisphenol A induced the development of pre-neoplastic
lesions and carcinoma in sifu in the absence of any additional treatment aimed at increasing tumour development. Emerg-
ing epidemiological data reveal an increased incidence of breast cancer i women exposed to diethylstilboestrol during ges-
tation. Hence, both animal experiments and epidemiological data strengthen the hypothesis that foetal exposure to

xenooestrogens may be an underlying cause of the increased incidence of breast cancer observed over the last 50 vears.
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Ten Genes for Inherited Breast Cancer

Tom Walsh' and Mary-Claire King'*

'Departments of Medicine and Genome Sciences, University of Washington, Seattle, Washington 98195, USA
*Correspondence: mcking@u.washington.edu, twalsh@u.washington.edu

DOl 10.1016/.ccr.2007.01.010

Inherited breast cancer is associated with germline mutations in ten different genes in pathways
critical to genomic integrity. BRCA1 and BRCA2 mutations confer very high risks of breast and

ovarian cancer. p53 and PTEN mutations lead to very high breast cancer risks associated with rare

cancer syndromes. Mutations in CHEK2, ATM, NBS1, RAD50, BRIP1, and PALB2 are associated

with doubling of breast cancer risks. In addition, biallelic mutations in BRCA2, BRIP1, and PALB2
cause Fanconi anemia. The convergence of these genes ina shared role reveals underlying biglogy

of these illnesses and suggests still other breast cancer genes.

There are many deleterious
mutations, and each mutation is indi-
vidually rare. That is, for none of these

genes (individually or in combination)
does increased risk of breast cancer
result from additive effects of mul-

tiple common alleles, each of small
influence.

Inherited breast cancer

is highly genetically heterogeneous
with respect to both loci and alleles
involved. All evidence to date is that
the model that best reflects this het-
erogeneity is not a “common disease-
common allele” model, but instead
a “common disease-multiple rare

alleles” model.

The ten known _genes for inherited

breast cancer_function in a pathway
whose role_is _fo preserve genomic
integrity. Roughly 50% of familial
breast cancer remains unresolved
by any of these genes. Clearly other
genes in this pathway are worthy of
in-depth genomic analysis in unre-
solved families.
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Figure 1 | Altered DNA-methylation patterns in tumorigenesis. The hypermethylation of CpG islands of tumour-
suppressor genes is a common alteration in cancer cells, and leads to the transcriptional inactivation of these genes
and the loss of their normal cellular functions. This contributes to many of the hallmarks of cancer cells. At the same
time, the genome of the cancer cell undergoes global hypomethylation at repetitive sequences, and tissue-specific
and imprinted genes can also show loss of DNA methylation. In some cases, this hypomethylationis known to
contribute to cancer cell phenotypes, causing changes such as loss of imprinting, and might also contribute to the
genomic instability that characterizes tumours. E, exon.
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long range epigenetic silencing (LRES ).

Human Molecular Genetics, 2007, Vol. 16, Review Issue 1 R88—R95
doi:10.1093/hmg/ddm051

tion at a distance: epigenetic silencing of large
hromosomal regions in carcinogenesis

Susan J. Clark™

Cancer Program, Garvan Institute of Medical Research, 384 Victoria St, Darlinghurst Sydney, 2010 NSW, Australia

Received February 15, 2007; Revised and Accepted February 28, 2007

Despite the completion of the Human Genome Project, we are still far from understanding the molecular events
underlying epigenetic change in cancer. Cancer is a disease of the DNA with both genetic and epigenetic
changes contributing to changes in gene expression. Epigenetics involves the interplay between DNA methyl-
ation, histone modifications and expression of non-coding RNAs in the regulation of gene transcription. We
now know that tumour suppressor genes, with CpG island-associated promoters, are commonly hypermethy-
lated and silenced in cancer, but we do not understood what triggers this process or when it occurs during car-
cinogenesis. Epigenetic gene silencing has always been envisaged as a local event silencing discrete genes,
but recent data now indicates that large regions of chromosomes can be co-coordinately suppressed; a pro-
cess termed long range epigenetic silencing (LRES). LRES can span megabases of DNA and involves broad
héterochromatin tormation accompanied by hypermethylation of clusters of contiguous CpG islands within
the region. It is not clear if LRES is initiated by one critical gene target that spreads and conscripts innocent
bystanders, analogous to large genetic deletions or if coordinate silencing of multiple genes is important in
carcinogenesis? Over the next decade with the exciting new genomic approaches to epigenome analysis
and the initiation of a Human Epigenome Project, we will understand more about the interplay between DNA
methylation and chromatin modifications and the expression of non-coding RNAs, promising a new range of
molecular diagnostic cancer markers and molecular targets for cancer epigenetic therapy.
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GENE SILENCING

Silent Assassin: Oncogenic Ras Directs
Epigenetic Inactivation of Target Genes

Xiaodong Cheng

Published 1 April 2008

Oncogenic transformation is associated with genetic changes and epigenetic
alterations. A study now shows that oncogenic Ras uses a complex and elaborat

epigenatic silencin roaram to specificallv repress the expression of multiple

unrelated cancer-suppressing genes through a common pathway. These results
suggest that cancer-related epigenetic modifications may arise through a specific
and instructive mechanism and that genetic changes and epigenetic alterations
are intimately connected and contribute to tumorigenesis cooperatively.

gilent Assassin: Oncogenic Ras Directs Epigenetic Inactivation of Target
enes

Xiaodong Cheng ( )

Science Signaling 1 (13), pe14. [DOI: 10.1126/stke.113pe14]




Activating mutation
Gane amplification s~ (Oncogene activation

DNA hypomethylation

\

Oncogene-mediated epigenetic silencing

'
Inactivating mutation
Gene deletion w@= Tumor suppressor inactivation

DNA hypermethylation

Promoter
Epigenetic silencing

| . 1

LTI LT tss [T UL I tss UL

dﬁ—.__-r-__—b-_.__________: =

I 1 I | I Unmethylated CpGisland  T55 Transcription start site
| [ E ! [ | ] Methylated CpG island RESE Ras epigenetic silencing effectors

Fig. 1. Mechanism of oncogenic transformation. (A) Cooperation between genetic changes and epigenetic alterations leads to the
activation of oncogenes and the inactivation of tumor suppressors, which results in tumorigenesis. (B) Activation of oncogenic Ras

(Ras"?) directs a specific epigenetic silencing program during tumorigenesis by recruiting epigenetic modification enzymes, such as
DNMT1, and hypermethylating specific promoters of cancer-related genes.



Fetal origins of breast cancer.

Hilakivi-Clarke L , de Assis S .

Georgetown University, Washington DC 20057, USA. Clarkel@georgetown.edu

Trends Endocrinol Metab. 2006 Nov;17(9):340-8.

Susceptibility to breast cancer might be pre-determ ined in utero .

Alterations in the fetal hormonal environment, caus ed by either maternal diet or exposure

to environmental factors with endocrine activities, can modify the epigenome, and these
modifications

are inherited in somatic daughter cells and maintai ned throughout life

These epigenetic modifications might lead to change s in. mammary gland development,
such as increased vulnerability of epithelial targe ts for malignant transformation

According to this hypothesis, on post-pubertal exposure to an initiating factor, such as a
carcinogen, high levels of hormones and radiation, the mammary epithelial targets, perhaps
stem cells, in terminal end buds/terminal ductal lo bular units would be at an increased risk
of malignant transformation

The increased susceptibility for cancer initiation might result from_high levels of cell
proliferation,

reduced apoptosis _and/or altered stromal regulation.

Thus, maternal diet and environmental exposure migh t increase the risk of breast cancer
by inducing permanent epigenetic changes in the fet us that alter the susceptibility to

factors that can initiate breast cancer. Identifying the epigenetically altered target genes and
their ligands might lead to strategies to prevent this disease in some women.




All in the Stroma:
Cancer’'s Cosa Nostra

After focusing for decades on what happens within tumor cells to
make them go wrong, biologists are turning to the tumor environment
and finding a network of coconspirators

4 APRIL 2008 VOL 320 SCIENCE www.sciencemag.org
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For most of the 20th century, the dominant stance
regarding cancer was the somatic mutation theory [1]. The
premises of this theory are: (i) cancer is derived from a

sinﬁle somatic cell thi’l!‘i has accumulated multiele DNA muta-

tions. (i1) the default state in metazoan cells 1s proliferative
quiescence, and (ii1) cancer i1s a disease of cell proliferation
caused by I in g at ¢ ;

I Hahn WC, Weinberg RA. Modelling the molecular circuitry of
cancer. Nat Rev Cancer 2002:2:331-42.

The Tissue Organization Field Theory (TOFT) of Carcinogenesis

In contrast to the somatic mutation theory, the
TOFT postulates that: (1) carcinogenesis represents a problem
of tissue organization, (i1) proliferation is the default state
of all cells, and (i11) carcinogenesis is a reversible pheno-
menon [2]. Carcinogens. as well as teratogens. would disrupt
the normal dynamic interaction of neighbouring cells
and tissues during carly develo g _carly development and throughout
adulthood [3]. According to this theory, carcinogenesis is
comparable to organogenesis gone awry.

2 Sonnenschein, C, Soto, AM. The Society of Cells: Cancer and
Control of Cell Proliferation. Springer Verlag, New York, 1999.

The environment is again accepted as a

main player in phenotype determination

3 Maffini MV, Soto AM, Calabro JM. Ucci AA, Sonnenschein C.
The stroma as a crucial target in rat mammary gland carcino-
genesis. J Cell Sci 2004:117:1495-502.




A number of factors can influence the DNA
methylation levels of a cell without requiring a
change in genomic DNA sequence.

e Aging: With aging In certain tissues there is a
general tendency for the genome to
become hypomethylated whereas certain
CpG islands become hypermethylated, a%
situation reminiscent of that found In
many cancer cells . Whether this age-
dependent change in DNA methylation is
linked to the increased cancer incidence in
later life remains to be determined.

Richardson B. Impact of aging on DNA methylation.  Ageing Res. Rev. (2003) 2:245-




Rodenhiser D, Mann M. Epigenetics and human disease: translating basic bi ology
into clinical applications.  C.M.A.J. (2006) 174:341-348.

« Diet: Nutrition supplies the methyl groups for
DNA (and histone) methylation via the folate
and methionine pathways . Importantly,
mammals cannot synthesise folate or
methionine and so a diet low in these compounds
leads to alterations in DNA methylation. These
changes have been associated with cancer .

Environment : Agents such as arsenic and @
cadmium can have profound effects on DNA
methylation.

Arsenic causes hypomethylation of the ras
gene whereas cadmium induces global

aklguhl @ @eﬁﬂa@(ﬁh I\@_tl@ﬂaalkes MP. Effects of cadmium on DNA-(Cytosine-5) methyltransf  erase act
and DA M TYVIAHON SAaWUS QULT \J. CAJ FRAUERd £ ellular transformation.  Exp. Cell Res. (2003) 286:355-365.

Okoji RS, Yu RC, Maronpot RR, Froines JR. Sodium arsenite administration via drinking water i ncreases
genome-wide and Ha-ras DNA hypomethylation in methy  I-deficient C57BL/6J mice. = Carcinogenesis
(2002) 23:777-785.




Everyday levels matter

At high levels... arsenic kills people
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Prental Exposure to FP

pregnancy

Interviews on prental nutrition
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Conclusions:

1. the results of our study suggested
that prenatal exposure to PM, . had an

effect on the occurrence of resgir'n‘l'og

inflammatory symptoms during earl
infancy and that this effect was
independent of postnatal indoor air
quality (environmental tobacco smoke
and/or molds in the households)




Exposures to airborne particulate matter and advers e perinatal outcomes : a
biologically plausible mechanistic framework for ex ploring potential effect
modification by nutrition.

Kannan S, Misra DP , Dvonch JT , Krishnakumar A .

Department of Environmental Health Sciences, Human Nutrition Program, University of Michigan,
Ann Arboe, Michigan 48109-2029, USA. kannans@umich.edu

Environ Health Perspect. 2006 Nov;114(11):1636-42

OBJECTIVES: The specific objectives are threefold: to describe the biologically plausible
mechanistic pathways by which exposure to particulate matter (PM) may lead to the
adverse perinatal outcomes of low birth weight (LBW ), intrauterine growth

retardation (IUGR), and preterm delivery (PTD);  review the evidence showing that
nutrition affects the biologic pathways ;

and explain the mechanisms by which  nutrition may modify the impact of PM

exposure on perinatal outcomes .

METHODS: We propose an interdisciplinary conceptual framework that brings

together maternal and infant nutrition, air polluti on exposure assessment, and
cardiopulmonary and perinatal epidemiology. Five possible albeit not exclusive biologic
mechanisms have been put forth in the emerging environmental sciences literature and
provide corollaries for the proposed framework. CONCLUSIONS: Protecting the
environmental health of mothers and infants remains a top global priority. The existing
literature indicates that the effects of PM on LBW, PTD, and IUGR may manifes _t
through the cardiovascular mechanisms of oxidative stress, inflammation,

coagulation, endothelial function, and hemodynamic responses . PM exposure studies
relating mechanistic pathways to perinatal outcomes should consider the likelihood that
biologic responses
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Lung Radiology and Pulmonary Function of Children Chronically Exposed
to Air Pollution

Lilian Calderon-Garciduenas,? Antonieta Mora-Tiscareno, Lynn A. Fordham,? Charles J. Chung,*
Gildardo Valencia-Salazar,® Silvia Flores-Gomez,” Anna C. Solt,"® Alberto Gomez-del Campo,’
Ricardo Jardon-Torres,? Carlos Henriquez-Roldan,?® Milan J. Hazucha,'® and William Reed ™

UInstituto Nacional de Pediatria, Mexico City, Mexico; ZCollege of Health Professions and Biomedical Sciences, University of Montana,
Missoula, Montana, USA; *Pediatric Imaging Section, Department of Radiology, University of North Carolina-Chapel Hill, Chapel Hill,
North Carolina, USA; *Western New York Radiology, Buffalo General Hospital, Buffalo, New York, USA; *Pediatric Private Practice,
Mexico City, Mexico; ®Harvard South Shore Psychiatry Program, Brockton, Massachusetts, USA; "Departamento de Radiologia e
Imagén, Hospital Central Militar, Mexico City, Mexico; ®Centro de Ciencias de la Atmadsfera, Universidad Nacional Auténoma de México,
Mexico City, Mexico; “Departamento de Estadistica, Universidad de Valparaiso, Chile; "%Center for Environmental Medicine, Asthma, and
Lung Biclogy, University of North Carolina-Chapel Hill, Chapel Hill, North Carolina, USA




We analyzed the chest radiographs (CXRs) of 249 clinically healthy children, 230 from southwest
Mexico City and 19 from Tlaxcala. In contrast to children from Tlaxcala, children from southwest

Mexico City were chronically exposed to ozone levels exceeding the U.S. National Ambient Air

Quality Standards for an average of 4.7 hr/day and to concentrations of particulate matter (PM)

with aerodynamic diameters = 2.5 pm (PM; <) above the annual standard. CXRs of Mexico City

children demonstrated bilateral hyperinflation (151 of 230) and increased linear markings (121 of
230). Hyperinflation and interstitial markings were significantly more common in Mexico City

children (p < 0.0002 and 0.00006 respectively). Mexico City boys had a higher probability of devel-

oping interstitial markings with age (p = 0.004). Computed tomography (CT) scans were obtained
in 25 selected Mexico City children with abnormal CXRs. Mild bronchial wall thickening was seen
in 10 of 25, prominent central airways in 4 of 25, air trapping in 8 of 21, and pulmonary nodules

in 2 of 21. Only 7.8% of Mexico City children had abnormal lung function tests based on pre-

dicted values. These indings are consistent with IZ‘II"DI'I-L'I'Iil.:ll'.'ll‘-.l!_}El‘.lbl"t}l'l{'hiﬂlﬂl'-. and/or alveolar duct

inflammation, possibly caused by ozone, PM, and lipopolysaccharide exposure. The epidemiologic

implications of these indings are important for children residing in polluted environments, because

bronchiolar disease could lead to chronic pulmonary disease later in life, Key words: air pollutants,

chest X rays, children, high-resolution CT, hyperinflation, Mexico, ozone, particulate matter,
small-airway disease, spirometry. Environ Health Perspect 114:1432—-1437 (2006).
doi:10.1289/ehp.8377 available via htip://dx. doi.org/ [Online 20 April 20006]
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Figure 1. The typical 24-hr pattern of key air pollu-
tants in southwest metropolitan Mexicao City aver-
aged over 31 days for the month of January 1999.
Left scale: Og, nitric oxide, NO5, carbon monoxide,
sulfur dioxide; right scale: PM,,. The horizontal
dashed line at 50 yg/m® represents the current
yearly Py standard. There is an average of 4 £ 1
hr/day with Oz values above 0.08 ppm. The average
yearly PMyq level is 48 pg/m3, and that for PM; s is
21 ug/m3.
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Figure 2. Eleven-year-old boy with frontal (4) and
lateral (B) CXRs that demonstirate hmermﬂatmn.
The lateral film shows an increase in the anterior
clear space, increased anterior—posterior diameter,
and flattening of the hemidiaphragms.

—— s

Figure 3. Ten-year-old boy with a frontal CXR that
demonstrates subtie increased linear markings.




i

€d €2

Figure 4. Inspiratory chest CT demonstrating mild Figure 6. High-resolution expiratory CT of a 9-year-
peribronchial thickening (left arrow) and minimal old boy demonstrating air trapping at the level of
airway dilatation {right arrow) in an 11-year-old boy.  the secondary pulmonary lobule {arrows).

Figure 5. High-resolution axial CT of a 10-year-old  Figure 7. High-resolution CT of a 12-year-old

boy demonstrating mildly dilated central ainvays demonstrating subpleural pulmonary nodules
{blue arrows) and mild peribronchial thickening {arrovs).

{white arrow).




Particelle carboniose in macrofagi delle vie aeree
di bambini in buona salute

D E
a, 4 ’I k
- P |
ol Y
¥ l'.”.,.-".‘ E [
'l % - )
- - 'I../’_

e

Figure 1. Representative Images of Carbon in Airway Macrophages from Healthy Children.

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.




Prenatal exposures to persistent and non-persistent organic compounds _and effects on immune

1
system development.
Hertz-Picciotto | , Park HY, Dostal M , Kocan A, Trnovec T , Sram R.

Center for Children's Environmental Health and Department of Public Health Sciences, University of California, Davis, CA 95616, USA.
ihp@ucdavis.edu
Basic Clin Pharmacol Toxicol. 2008 Feb;102(2):146-54.

Immune system development, particularly in the pren atal period, has far-reaching consequences
for health during early childhood, as well as throu ghout life .

Environmental disturbance of the complex balances o f Thl and Th2 response mechanisms can
alter that normal development . Dysregulation of this process or an aberrant trajec tory or timing
of events can result in atopy, asthma, a compromise d ability to ward off infection, or other auto-

immune disease.

A wide range of chemical, physical and biological a gents appear to be capable of disrupting
immune development . This MiniReview briefly reviews developmental milestones of the immune
system in the prenatal period and early life, and then presents examples of environmentally induced

alterations in immune markers.

The first example involves a birth cohort study linked to an extensive programme of air pollution
monitoring; the analysis shows prenatal ambient polycyclic aromatic hydrocarbons ( PAH) and fine

particle (PM2.5) exposures to be associated with altered lymphocyte immunophenotypic
distributions in cord blood and possible changes
in cord serum immunoglobulin E levels

The second example is a study of prenatal-polychlorinated biphenyl (PCB) exposures a nd the
foetal development of the thymus, the oraan responsible for lymphocyte maturation. Mothers with
higher serum concentrations of PCBs ¢ irth to neonates having smaller indices of thymus size.

Finally, this report underscores the tigh 1iection between development of the immune system
and that of the central nervous system, and the pla usibility that disruption of critical events in
immune development may play a role in neurobehaviou ral disorders.
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Neurodevelopment in the First 3 Years of Life among Inner-City Children
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The impact of environmental toxicants on
children’s health is increasingly recognized as
signiﬁcanr (Faustman 2000; Greater Boston
Physicians for Social Responsibility 2000;
Landrigan et al. 1999; Perera et al. 2002).
Human and experimental studies indicate that
the fetus and infant are more sensitive than
adults to diverse environmental toxicants,
including lead, mercury, environmental
tobacco smoke (ETS), polycyclic aromatic
hydrocarbons (PAHs), and pesticides (National
Research Council 1993; Neri et al. 2006;
Perera et al. 2005b; Whyatt and Perera 1995;
World Health Organization 1986).

Although
urban air pollution crosses geographic and
socioeconomic boundaries, these same popula-
tions are likely to be more heavily exposed to
indoor and outdoor air pollution and pesticides
(Breysse et al. 2005; Olden and Poje 1995;
Perera et al. 2002). As reported previously, the

present study cohort has had substantial
although variable exposure to multiple contam-
inants during pregnancy, with 100% of sub-
jects having exposure to PAHs and pesticides in
the air during pregnancy and 40% reporting
ETS exposure (Perera et al. 2003; Rauh et al.
2004; Whyatt et al. 2002).



To our knowledge, there have been no
prior human studies of the effect of prenatal
exposure to airborne PAHs on child develop-
ment. However, prenatal exp

been associated with reduced fetal gr{::-wrh and

cognitive functioning (Martinez et al. 1994;

Rauh et al. 2004; Schuster and Ludwig 1994;
Sexton et al. 1990; Windham er al. 1999;
Yolton et al. 2005). Associations have been
observed between prenatal exposure to the pes-

ticide chlorpyrifos (CPF) and neurodevelop-
mental outcomes [0 experimental systems

tﬁ!ﬂrlﬂge et RI. ._.!UU'}E Efﬂd and mercury are

known developmental toxicants aftecting fetal

development (Agency for Toxic Substances and
Disease Registry 1999; Canfield et al. 2003;
Grandjean et al. 1997; Lanphear et al. 2000).

Conclusion

This srud}-' rrovides evidence that environ-

mental PAHs ar levels recentll-' encountered In

the air of New Yorl Ciov mav adverselv aftec
goppitve development of children, The resule
require confirmation but are of potential con-
cern because compromised mental perfor-
mance in the preschool years is an important
precursor of subsequent educational perfor-
mance deficits. PAHs are widespread in urban
environments worldwide largely as a result of
tossil fuel combustion. Fortunately, airborne
PAH concentrations can be reduced through
currently available pollution controls, greater
energy efficiency, and the use of alternative
energy sources (Wong et al. 2004).




AACR Meeting EPIDEMIOLOGY 5: BIOMARKERS OF

R HUMAN EXPOSURE TO CARCINOGENS
Kirsti A. Bocskay, Dorothy P. Warburton, Manuela A.
Orjuela, Xinhua Liu, and Frederica P. Perera

Chromosomal aberrations induced by
prenatal polycyclic aromatic hydrocarbon
exposure

 Molecular and traditional epidemiology studies have indicated
a possible relationship between in utero _environmental
exposures and increased risk for childhood cancers,
especially acute leukemias . In order to more clearly define
this association, chromosomal aberrations, a biomarker of
cancer risk, were measured Iin a subset of newborns from the
Columbia Center for Children’s Environmental Health
(CCCEH) Prospective Cohort Study.. Linear regression
demonstrated a significant positive association of PAHSs, as
measured by personal air monitoring during the third
trimester, with stable aberration frequencies .. There were no
significant associations between prenatal PAHs and unstable
aberrations, which are less relevant to carcinogenesis (p>0.1).

» These results demonstrate an association between prenatal
exposure to environmental levels of PAHSs and
chromosomal aberrations in cord blood, raising conc




AACR Meeting SYMPOSIUM: PRENATAL EXPOSURE AND

Abstracts Online CHILDHOOD CANCER:

Frederica P. Perera, Manuela A. Orjuela, Kirsti A.
Bocskay, Deliang Tang, Robin M. Whyatt, Mel Greaves,
Anthony Ford, and Dorothy P. Warburton

Prenatal exposures and childhood
cancer.

{5) Many lines of evidence suggest a role for in utero environmental
exposures in childhood cancer, especially in childh ood acute
lymphocytic leukemia (ALL). For example, the chromosomal
rearrangement t(12;21), commonly seen in childhood ALL, is detectable in
the neonatal blood spots (Guthrie cards) of the cases. Although data are
conflicting, there is epidemiologic evidence that maternal exposure in

pregnancy to pesticides, vehicle exhaust emissions, benzene,
environmental tobacco smoke (ETS) as well as polymorphismsin
children's genes that metabolize these xenobiotics (e.g., CYP1A1,

GST-M1, -T1, -P1) are associated with childhood ALL (3;5)(4;8 ).

Despite the estimated 10-fold lower PAH dose to the fetus based on
laboratory animal experiments, the adduct levels Iin the newborns were
similar to or higher than in the mothers. This finding suggests that the
fetus may be 10-fold more susceptible to DNA damage than the mother
and that in utero exposure to PAHsS may disproportion ately increase
carcinogenic risk.

Heightened fetal susceptibility could result from hi gher rate of cell
proliferation and differentiation, greater absorptio n or retention of
xenobiotics, and/or less efficient detoxification, D NA repair, or
apoptotic mechanisms




Commeon fragile sites are specific regions in the
human genome that are particularly prone to genomic
instability under conditions of replicative stress.
Recent data suggest that these sites depend on the
checkpoint kinase ATR to maintain their stability.

Current Biology, Vel. 13, R231-R233, March 18, 2003

Preliminary analysis has shown that the number of aberrations observed per painted
chromosome in this study population was not proport lonal to DNA content,
suggesting that certain chromosomes may be more susc eptible to breakage by
certain chemical agents .

These results show an association between prenatal exposure to airborne carcinogenic
PAHs and chromosomal aberrations in cord blood, suggesting that such prenatal
exposures have the potential to cause the type of cy  togenetic damage that has been
related to increased cancer risk in other population s. We are now analyzing
chromosomal aberrations in larger numbers of newborns and children from the cohort. In
addition, we are exploring mediation of the effect of environmental exposures o n fetal
chromosomal aberrations by fetal and maternal genoty pes (e.g., GST-M1, -P1, -T1,
CYP1A1, PON1). In addition to documenting the overall level of chromosomal damage in
relation to in utero exposures, we are evaluating specific changes known to be direc  tly
pre-leukemogenic. The TEL-AML1 fusion product appears to be a necessary b  ut not
sufficient step for the development of childhood ALL (4;6). The origin of these initial
chromosomal translocations is not known but appears to be linked to prenatal

exposures . We are currently analyzing cord blood samples from our cohort for TEL-AML1
in order to evaluate their possible relationship with prenatal exposures.

These studies suggest that there is substantial transplacental exposure to carc inogens %
in the urban environment, that procarcinogenic genet ic damage in the form of

adducts and chromosomal aberrations results from pre natal exposures, and that the
fetus is more susceptible to DNA damage than the mot ____her. Further studies are ongoing

to determine the persistence of chromosomal aberrations through early childhood and the
relationship between prenatal exposures and specific pre-leukemogenic rearrangements in
cord blood samples. Such molecular epidemiologic data can help inform us of the full range
of carcinogenic risk from environmental exposures and thus contribute to the development
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Particle and Fibre Toxicology .
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Figure 3
APR42 accumulation in frontal cortex and hippocampus. APB42 was localized In sections of paraffin-embedded tissues by IHC.
A C stained pyramidal neurons {p), astrocytes (arrows) and astrocytic processes (arrowheads) around blood vessels

(*1. (B) In additdon o accumulation in pyramidal neurons (p) APB42 was deposited in smooth muscle cells (arrows) in cortical
arterioles {*). A dead neuron surrounded by glial cells is indicated (arrowhead). {C and D) Quantitative image analysis of Ap42
IHC showed a significant increase in AB42 immunoreactivity (AB42 IR) in both frontal cortex (€, ¥ p = 0.04) and hippocampus
(D, * p= 0.001) in the high expesure group. (E) Ap42 IHC of frontal cortex from a 38 year old subject from Mexico Cicy
showing diffuse plaque-like staining with surrounding reactive astrocytas {arrows). Scale = 20 pm.
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REVIEW

Metals and amyloid-3 in Alzheimer's disease

Christa J. Maynard™t, Ashley I. Bush™™*¥, Colin L. Masters T, Roberto Cappai ' and Qiao-Xin Li™!

"Department of Pathology, The University of Melbowrne, Parkville, Victoria. Australia. ' The Mental Health Research Institute of
Victoria, Parkuville. Victoria, Australia, *Laboratory for Oxidation Biology, €

Hospital, Charlestows, MA, USA, and *Department of Psychiatry, Harvard

Charlestown, MA, USA
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Developmental (Embrio-Fetal) Origin of Al
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Alzheimer's disease (AD)-like patholoqy in aged mon keys after infantile exposure to
environmental metal lead (Pb): evidence for a developmental origin and environmental

link for AD.

J Neurosci. 2008 Jan 2;28(1):3-9.

Wu J, Basha MR, Brock B , Cox DP, Cardozo-Pelaez F , McPherson CA , Harry J, Rice DC, Maloney B,
Chen D, Lahiri DK , Zawia NH.

Department of Biomedical and Pharmaceutical Sciences, University of Rhode Island, Kingston, Rhode
Island 02881, USA.

The sporadic nature of Alzheimer's disease (AD) argues for an environmental link that may
drive AD pathogenesis; however, the triggering factors and the period of their action are
unknown.

Recent studies in rodents have shown that exposure to lead (Pb) during brain
development predetermined the expression and regula  tion of the amyloid precursor
protein (APP) and its amyloidogenic beta-amyloid (A beta) product in old age

Here, we report that the expression of AD-related genes [APP, BACE1 (beta-site APP
cleaving

enzyme 1)] as well as their transcriptional regulator (Spl) were elevated inag ed (23-
year-old) monkeys exposed to Pb as infants.

Furthermore, developmental exposure to Pb altered the levels , characteristics, and
intracellular distribution of A-beta staining and amyloid plaques in the frontal
association cortex

These latent effects were accompanied by a decrease in DNA methyltransferase activity
and higher levels of oxidative damage to DNA, indic ___ating that epigenetic imprinting in




Environmental risk factors __and the developmental basis for  Alzheimer's

disease.

Zawia NH, Basha MR..

Neurotoxicology and Epigenomics Lab, Department of Biomedical and Pharmaceutical Sciences,
University of Rhode Island, Kingston 02881, USA. nzawia@uri.edu

Rev Neurosci. 2005;16(4):325-37

Alzheimer's disease (AD) is a progressive neurodegenerative disorder whose clinical
manifestations appear in old age. The hallmark pathological features of AD (amyloid
plagues and associated proteins) are present in nor __mal aging individuals _,
suggesting that _AD may result from the acceleration of normal age-r____elated
processes in the brain

The sporadic nature of most AD cases strongly argues for an environmental link that may
drive AD pathogenesis; however, it is unclear when this environmental stress may occur.
Therefore it is important to_identify an environmental trigger(s ) and to pinpoint the
period during which such factors pose the greatest risk.

Recently, we reported that developmental exposure of rats to the xenobiotic me tal
lead (Pb) resulted in_a delayed overexpression (20 months later) of the a _myloid
precursor protein (APP) and its amyloidogenic A 3 product .

Similarly, aged monkeys exposed to Pb as infants ___also responded in the same way.
These data suggest that environmental influences occurring during brain

development predetermine the expression and regulat ion of APP later in life
potentially influencing the course of amyloidogenesis , and argue for both an
environmental trigger and a developmental origin of AD . In this review, we present




TRENDS IN CAUSES OF DEATH
FROM 1979 TO 1998, USA

CAUSE 1998 PERCENT | CHANGE FROM 1979
* <1 %

Septicemia <1% +91 %
Chronic Obstr. Lung 5% +46 %
Diabetes mellitus 3 % +39 %
Hypertension <1% +26 %
Pneumonia/influenza 4 % 18 %
Nephritis <1% +2 %
Cancer 23 % -6 %7

*The figures for Alzheimer's Disease may be misleading, because
consciousness of Alzheimer's Disease has increased so much in that period
that physicians may be increasingly likely to list it as a cause of death.
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A Silent Pandemic

Industrial Chemicals Are Impairing
The Brain Development of Children Worldwide

For immediate release: Tuesday, November 7, 2006

Fetal and early childhood exposures to industrial che micals
In the environment can damage the developing brain
and can lead to neurodevelopmental disorders (NDDs)
autism, attention deficit disorder (ADHD), and menta | retardation.




Developmental neurotoxicity  of industrial chemicals.

Grandjean P , Landrigan PJ .

Institute of Public Health, University of Southern Denmark, Odense, Denmark.
parand@hsph.harvard.edu

Lancet. 2006 Dec 16;368(9553):2167-78

Neurodevelopmental disorders such as autism, attent ion deficit disorder, mental
retardation, and cerebral palsy are common, costly, and can cause lifelong disability
Their causes are mostly unknown. A few industrial chemicals (eg, lead, methylmercury,
polychlorinated biphenyls [PCBs], arsenic____, and toluene ) are recognised causes of
neurodevelopmental disorders and subclinical brain dysfunction.

Exposure to these chemicals during early fetal deve lopment can cause brain injury
at doses much lower than those affecting adult brai n function . Recognition of these
risks has led to evidence-based programmes of prevention, such as elimination of lead
additives in petrol. Although these prevention campaigns are highly succ essful, most
were initiated only after substantial delays

Another 200 chemicals are known to cause clinical n eurotoxic effects in adults

Despite an absence of systematic testing, many addi __tional 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 a __re 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 development __al neurotoxicity
and the high level of proof required for regulation

New, precautionary approaches that recognise the unique vulnerability of the developing
brain are needed for testing and control of chemicals.
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Everything should be made

* : :
G Slmple‘as POSSIble’ X God is subtle but not malicious
but not simpler.

Albert Einstein

% God does not play dice
E la celebre affermazione che suggella 'acceso dibattito tra Einstein
e i sostenitori di una certa interpretazione della fisica quantistica...

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

exists




