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(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

... I che non significa che gli studi epidemiologici perdano di valore:
anzi le evidenze assumono significato notevolmente maggiore ...
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... ad esempio, un RR in rapporto ad un R gia alto assume evidentemente un significato maggiore
(specie se concerne clusters significativi delle stesse forma neoplastiche.. per di piu rare)




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
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The two main components
of the epigenetic code

BNA methylation

Mty marks added 10 certain
DA boses repress gene activity.

)

Soft -wired

memory

Histane madification

A carmbanation of deifeent
molecules can altach Lo the Tails’
of proteins called histones. Thesa
alter thie activity of the DNA
wrapped areund them,

L'ambiente agisce
piu direttamente
sull’epigenoma

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

e attraverso questo
sul genoma

Possiamo anche dire
che I'evoluzione

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




Controlling active and inactive states Gene- and tissue-specific epigenetic
of embryonic and somatic cells @ @ p
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Epligenetuc modifications . a molecular environmental

o

eliac Disease

Why this disease is concordant

in only 60% to 70% of identical twins .
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AndAlzheimer 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.
aminoacidiche i /

..quasi un terzo SpeCIeS h IO en

dei geni umani

hanno esattamente

la_stessa traduzione

proteica_dei loro

ortologhi

nello

scimpanzé
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Chimpanzee-human
divergence

Chimpanzees

Soft Wired -memory

epigenomica

Humans

Brain:

a rapidly
evolving

organ



Phenotypic

other apes

Selected traits that distinguish humans from other apes®™

Body shape and thorax
Cranial properties (brain case and face)

Relative brain size
Relative limb length
Long ontogeny and lifespan

Small canine teeth

Skull balanced upright on vertebral column
Reduced hair cover

Elongated thumb and shortened fingers
Dimensions of the pelvis

Presence of a chin

S-shaped spine

Language

Advanced tool making

Brain topology

d
Temporal
- 7/ lobe
Brodmann's area 44

T~ Planum
" temporale




b MNoxious
stimulus

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.

Moxious \
stimulus

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‘mronment leads to eplgenetlc changes and formation of novel spatlal memories. b | Exposure to
X ¢ | Coupling
the presentatlon of the novel emronment with the noxious stimulus results in integration of the
epigenetic responses, and formation of specific contextual fear memaories.

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_of compaction_of DNA_within_chromatin places
severe constraints_on_proteins that reguire access to the DNA

template to facilitate gene transcription, DNA replication, and
DNA repair. As a consequence, eukaryotic cells have developed

sophisticated mechanisms _fo _allow chromaiin_fo be rapidly
decompacted locally for access by DNA-binding proteins. Once
Trought To play onb 2 Siracraral <ole, T mow apsears 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

Nuclear Receptor
DNA Response Element




. i

Increased in DNA accessibility of gene, binding
of RNA polymerase Il and gene transcription
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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-SOpPpPressori,
specifiche combinazioni del “ codice istonico ") € di frequente riscontro
nelle lesioni (pre)-neoplastiche




A DNA hypomethylation .. activates oncogenes , results in
chromosomal instability , activates transposons
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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

286 | APRIL 2007 | VOLUME 8

genomic instability that characterizes tumours. E, exon.

www.nature.com/reviews/genetlcs



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.




Science Signaling

RAYAAAS

PERSPECTIVE

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 -
=

epigenetic_silencing program to specifically repress the expression of multi
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 (1 April 2008)

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




Activating mutation
Gane amplification i Oncogene activation
DNA hypomethylation N

Oncogene-mediated epigenetic silencing
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Fig. 1. Mechanism of oncogenic transformation. (A) Cooperation between genetic changes and epigenetic alterations leads to the

, 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.
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Insulinoresistance
Diabetes
Cardiovascular Diseases

Barker Hypothesis

a Rivoluzione Epidemica
del XX Secolo

L’'incremento delle patologie cronico-degenerative

[immunomediate, neuro-degenerative, endocrine, neoplastiche, cardiocircolatoriel

uale prodotto di una drammatica trasformazione ambientale
ﬂuna (conseguente) alterazione del Programming embrio-fetale
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SGA : LBW e unindicatore importante di sofferenza pre-
natale
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Exposure during acritical period in development
may influencdater metabolic functionsin adult life




Obesity Trends* Among U.S. Adults
1985




Obesity Trends* Among U.S. Adults
1987




Obesity Trends* Among U.S. Adults













Obesity Trends* Among U.S. Adults
1997




Obesity Trends* Among U.S. Adults
1999




Obesity Trends* Among U.S. Adults
2001




50
45

40
35—

30—

Auvsfralia










the true risk:
transgenerational

amplification




Bisogna anhe sottolineare come I'ormai ben documentata interferenza
tra metalli e/o interferenti endocrini____e Dna non rappresenti
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

o sia che si tratti di meccanismi tossicologici e potenzialmente
@ patogenetici , secondo lo schema:
@&» Ormoni/ UV/ Endocrine Disruptors
@D recettori nucleari/fattori di trascrizione
@ legame al Dna (sequenze specifiche ) @
@ riarrangiamento(epi)genomico/cod. istonico @
@ [arrangiamento genomico
trascrizione (proteine/Rna minori) & @

e (differenziazione/proliferazione/secrezione [ q
citochine/ormoni/enzimi...

€ €



2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD),

Extensions of the adaptive
response are the toxic
responses elicited by Ahr
activation. Toxicity results
from two different ways of
Ahr signaling.

The first is a function of
the adaptive response _in

which the induction of
metabolizing enzymes

results in the production of

toxic metabolites . F4+++ .

The second approach to Toxicity is the result of aberrant changes in global gene

transcription beyond those observed in the “Ahr gene battery.” These global changes
in gene expression lead to adverse changes in cell ular processes and function

http://en.wikipedia.org/wiki/Aryl _hydrocarbon_receptor

T

The adaptive response is manifested as the induction
of xenobiotic metabolizing enzymes




Atherosclerosis/KD
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Parte’ll gift our mothers
The Environmental Toxic Burden

and the fetal origins _of adult diseases




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









Centro nascite di Augusta

aumento progressivo
del numero dei nati con difetti

congeniti _:

3% del primi anni ‘90,
3,5% del ‘96-'97-'98

un picco del 5,6% del 2000.

Trasmissione ed
del danno




Fetal and early childhood exposures to industrial che micals
In the environment can damage the developing brain

and can lead to neurodevelopmental disorders (NDDs)
utism, 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.
pagrand@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 requlated 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.




» The role of early embryonic environment __on epigenaotype and phenotype .

. Vickaryous N , Whitelaw E .

. School of Molecular and Microbial Biosciences, University of Sydney, NSW, Australia.

. Reprod Fertil Dev. 2005;17(3):335-40
The influence of epigenetic modifications to the genome on the phenotype
of the adult organism__ is now a tractable problem in biology. This has come about
through the development of methods that enable us to study the methylation state
of the DNA and the packaging of the chromatin ___at specific gene loci.

‘It is becoming clear that early embryogenesis is a critical period for the
establishment of the epigenotype.
Furthermore, it appears that this process is sensit lve to environmental
conditions.

e This is a concern in light of the increasing use of Artificial Reproductive
Technologies throughout the world.




Low and Very Low
Birth Weight In Infants
Concelived with Use

of
Assisted Reproductive
Technology
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Epigenetics and human disease




Glucocorticoids _ act at cellular and molecular
levels to alter cell function by  changing the
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

Glucocorticoids _ act, directly, on genes

and, indirectly, through changes

in the bioavailability of other hormones..
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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







STEP 4 mutazioni gene oncosoppressore
p53 (localizzato in 17p12-13).
















... HMMR gene, encoding a centrosome subunit, interact s
with the well-known breast cancer gene BRCAL ...









The Tissue Organization Field Theory (TOFT) of Carcinogenesis

The environment is again accepted as a

main player in phenotype determination
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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.












Prenatal origin of certain childhood leukaemias




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

of a deletion or trans-locations with a number

of other chromosomes and is usually associated
with M4 or M5 and a poor prognosis



PEDIATRIC CANCER BIOLOGY AND
MOLECULAR ONCOLOGY: POSTER
PRESENTATIONS:

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.

O 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
(ALE) 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 A1E fusion transcripts resulting from t(8;21) in blood
samples compared to a lower-exposed group. This suggests that environmental
exposures may lead to__the generation of t(8;21) transcripts.
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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

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

(i) 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 AMLL1 responsive genes . Further, they indicate the
previously reported novel A1E fusion transcrlpts can arise ___in utero_and
may play an important role in AML leukemogenesis
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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

and adverse birth outcomes may be derived from both PM and non-PM sources (e.qg.,

nutrition). _In the concluding section, we present strategies for empirically testing the
proposed model and developing future research efforts.










EPIDEMIOLOGY 5: BIOMARKERS OF

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

AACR Meeting Abstracts, Mar 2004; 2004: 454.

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 In 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 PAHS, 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 PAHs and

chromosomal aberrations in cord blood, raising conc ern
about a potentially increased risk of cancer In this cohort




SYMPOSIUM: PRENATAL EXPOSURE AND

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.
AACR Meeting Abstracts, Apr 2006; 2006: 1356 - 1357

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 In 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




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
of policies that will protect the young.
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Prenatal exposures to persistent and non-persistent organic compounds and effects on immune
: |

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, t an responsible for lymphocyte maturation. Mothers with
higher serum concentrations of PCBs gave hirth to neonates having smaller indices of thymus size.

Finally, this report underscores the tight connection between development of the immune system
and that of the central nervous system,'—d’tan he pla usibility that disruption of critical events in
immune development may play a role in neurobehaviou ral disorders.
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Oxidative stress and other metabolic stresses may promote Ab
production
by jointly upregulating amyloid precursor protein (APP) expression



Developmental (Embrio-Fetal) Origin of AD .
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Trigger
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Alzheimer's disease (AD)-like pathology in aged mon  keys after infantile exposure to
environmental metal lead (Pb): evidence for a devel = opmental 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
early life influenced the expression of AD-related genes and promoted DNA damage
and pathogenesis .

These data suggest that AD pathogenesis is influenced by early life exposur es and
araue for hoth an environmental frincer  and a develonmental oriain of AD




Role of metals in neuronal apoptosis __: challenges associated with
neurodegeneration .

Bharathi , Ravid R, Rao KS.

Central Food Technological Research Institute, Mysore, India.
Curr Alzheimer Res. 2006 Sep;3(4):311-26

Apoptosis is a tightly controlled process in which cell death is executed through
activation of specific signalling pathways. Within cells, there a re positive and
negative regulatory pathways of apoptosis, hence it is targeted as 'Double-
edged sword', the balance between these pathways di  ctates the cell fate . The
past decade has seen intense focus on the mechanisms of apoptosis. Many
important observations on the various signalling pathways mediating apoptotic cell
death have been made and our understanding of the importance of apoptosis in
both normal growth and development and patho-physio logy has greatly
increased.

In addition, mechanisms of metal-induced toxicity continue to be of interest
given the ubiquitous nature of these contaminants . The purpose of this review is
to summarize our current understanding of the apoptotic pathways that are

initiated by metals in Alzheimer's disease . Increased understanding of metal-
induced (direct ) and metal-amyloid-beta (indirect) linked neuronal cell death
through the formation of reactive oxygen species (R OS) is critical to illuminate
mechanisms of metal-induced cell death, as well as the potential role of metal
speciation in_ neurodegeneration




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 b 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
evidence for the developmental basis of nheurodegeneration and discuss mechanisms
that may explain how perturbations during development can have long-term or delayed
consequences in the aging brain.
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Neo-Lamarckian medicine.

Gorelick R .

School of Life Sciences, Arizona State University, Tempe, AZ 85287-4501, USA. cycad@asu.edu

Med Hypotheses. 2004; 62(2):299-303

Darwinian medicine is the treatment of disease based on evolution. The underlying assumption of
Darwinian medicine _is that traits are coded by genes, which are often assumed to be sequences
of DNA nucleotides. The quantitative genetic ramification of this perspective is that traits, including
disease susceptibility, are either caused by genes or by the environment, with genotype-by-
environment interactions usually considered statist ical artefacts .

| emphasize also examining those epigenetic signals that can be altered by environme __ ntal
perturbations and then transmitted to subsequent ge nerations . Although seldom studied,
environmentally-alterable meiotically-heritable epi genetic signals exist and provide a
mechanism underlying genotype-by-environment intera ctions . Environment of a parent can
affect its descendants by heritably altering epigen etic signals. Neo-Lamarckian medicine is
the application of these evolutionary epigenetic notions
to diseases and could have enormous public health and environmental policy implications.

If industrial contaminants adversely affect organis ms by meiotically-heritably altering their
epigenetic signals, then cleaning up these contaminants will not remedy the problem . Once
contaminants have adversely altered an individual's epigenetic signals, this harm will be
transmitted to future generations even if they are not exposed to the contaminant . Exposure
to environmental shocks such as free radicals or other carcinogens can alter cytosi ne
methylation patterns on requlatory genes . This can cause cancer by up-regulating genes for

cell division or by down-regulating tumour suppress or genes .
Environmentally-alterable meiotically-heritable epi genetic signals could also underlie other
diseases, such as diabetes , Prader-Willi syndrome, and many complex diseases . If

environmentally-altered meiotically-heritable epigenetic effects are widespread - which is an
important open empirical question - they have the potential to alter paradigmatic views of
evolutionary medicine and the putative dichotomy of nature versus nurture.

Neo-Lamarckian medicine would thereby shift emphasi s from cure to prevention of diseases.
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