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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 singoli 
individui/popolazioni 
a “fonti di inquinamento ” puntuali (grandi impianti) 
o diffuse sul territorio (traffico veicolare)…

• trascurando quello che è il contesto più generale: 
una drammatica e rapidamente progressiva 
trasformazione dell’ambiente  fisico-chimico , 
degli ecosistemi biologici 
(in particolare micro-biologici) e dei singoli 
organismi 
(in tutte le loro componenti e a tutti i livelli: sistemico, 



• Generalmente si cerca di valutare il rischio specifico 
legato a singole fonti di inquinamento 

• essenzialmente confrontando popolazioni più o 
meno direttamente  esposte , 

• e trascurando il fatto che oggi l’esposizione 
agli agenti esogeni (fisici, (bio)chimici, biologic i..) 
più pericolosi concerne, in misura rilevante, 
l’intera popolazione umana e le generazioni future )
(e in un certo senso l’intera biosfera).

… a causa del bio-accumulo/biomagnificazione degli xeno -biotici
in ambiente , catena alimentare e tessuti degli organismi complessi
e della trasmissione transgenerazionale delle modifiche epi genetiche



(in genere vengono paragonate due popolazioni)

• l’altra un po’ meno …
(id est più distante 
dall’impianto… ma comunque 
esposta agli stessi inquinanti 
(per via diretta o da fonti 
diffuse, in primis il traffico 
veicolare… o per via indiretta 
attraverso la catena alimentare)

•• una molto espostauna molto esposta ....
((id estid est direttamente esposta direttamente esposta 
alle emissioni dellalle emissioni dell ’’ impianto)impianto)

Né il discorso cambia di molto se si paragonano
l’incidenza locale di una o più patologie (prevalentemente neoplastiche ).. 
e le cosiddette patologie attese , che sono a loro volta il frutto 

di una esposizione massiccia e progressiva agli stessi inq uinanti
(e la cui incidenza aumenta nel tempo di pari passo all’inquinamento);



… il che non significa che gli studi epidemiologici  perdano di valore: 
anzi le evidenze assumono significato notevolmente maggiore …



Esposizione ad emissioni di 

inceneritori: Rischio Relativo  (RR)

Effetto indagato RR Fonte bibliografica

Carcinoma 

polmonare

(mortalità)

2 (small cell)

2.6 (large cell)

6.7

Barbone F., 

American Journal 

Epidemiology 1995

Biggeri A., 

Envirom Health Perspect 1996

Linfomi Non 

Hodgkin

2.3 (Incidenza)

2    (Mortalità)

Floret N.,

Epidemiology 2003

A Biggeri 

Epidemiol. Prevenzione 2005

Sarcomi tessuti 

molli

(incidenza)

8.8    (maschi)

5.6    (femmine)

Comba P., 

Occupational Enviromental 

Medicine 2003

Neoplasie infantili

(incidenza)

2.1
Knox E. G., 

International Journal of 

Epidemiology 2000

… ad esempio, un RR in rapporto ad un R già alto assume evidentemente un significato 
maggiore
(specie se concerne clusters significativi  delle stesse forma neoplastiche..  per di più rare)

31,4 
?





Insulino-resistance 
Diabetes 

Cardiovascular DiseasesLa Rivoluzione Epidemica 
del XX Secolo

L’incremento delle patologie cronico-degenerative
[immunomediate, neuro-degenerative, endocrine, neoplastiche, cardiocircolatorie]

quale prodotto di una drammatica trasformazione ambientale
e di una (conseguente) alterazione del Programming embrio-fetale

Barker Hypothesis  
(1989)

(1989)

ab

c

.. ma soprattutto, in questo 
modo, ci si “dimentica” della 
“rivoluzione epidemica” in 
atto, … evidentemente 
connessa alla drammatica 
trasformazione  ambientale
prodotta dall’uomo 
in pochi decenni..
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SYNERGISM ?!

“FLUID EPI-GENOME”
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xeno -biotics

The common target



• Il primo è la cosiddetta Hygiene Hypothesi s che, nata da una semplice 
constatazione epidemiologica (il rischio di riniti atopiche e dermatiti allergiche è
inversamente correlato alle dimensioni della famiglia, all’ordine di natalità, id est
all’entità e precocità dei contatti 
con agenti infettivi)… si è andata via, via trasformando in una teoria di grande 
respiro , secondo cui  l’esposizione sempre più tardiva e ridotta ad agenti  
microbici e parassitari , 
determinerebbe un incremento delle patologie immunomediate:  allergie s.stricto,
ma anche sclerosi multipla ecc …

• Le formulazioni della H. H. sono state numerose..
• Oggi, in estrema sintesi, si può 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 attività
vita natural durante) 

Hygiene Hypothesis

Strachan DP.  Hay fever, hygiene and 
household size  BMJ 1989; 299: 1259-
1260 

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

Per interpretare questa trasformazione epidemica, sono stati  proposti  alcuni grandi 
PARADIGMI PATOGENETICI

1



HYGIENE HYPOTHESIS
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INFLAMMATORY BOWEL DISEASES





30…35…51%

2003



CHANGING GUT ECOSYSTEM !!
DECREASING/CHANGING  USUAL  ANTIGENIC 

CHALLENGE

ATOPY (+ 
TH2?)

HYGIENE HYPOTHESIS

Autoimmunity (+ TH1?)

ATOPY



INFECTIONS  PREVENT/REDUCE   DIABETES I   INCIDENCE

ANIMAL MODELS 
(FREE GERM CONDITIONS � ++ AUTOIMMUNITY)



• 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.

Tlaskalová-Hogenová H, Tucková L, Lodinová-Zádniková R, Stepánková R, Cukrowska B, Funda DP, Striz I, Kozáková H, Trebichavský 
I, Sokol D, Reháková Z, Sinkora J, Fundová P, Horáková D, Jelínková L, Sánchez 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)

(CO)EVO � DEVO

GUT ECOSYSTEM



• 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
l’esistenza di una chiara relazione tra basso peso alla nascita in relazione 
al livello di sviluppo gestazionale e mortalità per coronaropatia ischemica 
dell'adulto ) 

• si è andata via, via trasformando in una teoria ancora più onnicomprensiva 
della precedente, secondo cui molte patologie sistemiche dell'adulto 
(aterosclerosi, patologie cardiovascolari, obesità, 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 , o 
comunque decodificati come tali, durante i momenti critici (“finestre ”) dello 
sviluppo … )

Barker Hypothesis

2

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) 

i fattori ambientali  sono determinanti dello sviluppo fetale… prioritari rispetto ai fattori genetici

Szyf, M. The Dynamic Epigenome and its Implications in 
Toxicology
Toxicol. Sci. 2007 100: 7-23



SGA : LBW è un indicatore importante di sofferenza pre-
natale

a



La drammatica/epocale
trasformazione 
dell’ambiente e quindi del 
microambiente uterino può 
essere meglio valutata
in termini evolutivi



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

+

philo-genetic > ontogenetic ?



Obesity Trends* Among U.S. Adults
1985

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

2001;286:10.  



Obesity Trends* Among U.S. Adults
1987

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

2001;286:10.  



Obesity Trends* Among U.S. Adults
1989

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

2001;286:10.  



Obesity Trends* Among U.S. Adults
1991

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

2001;286:10.  



Obesity Trends* Among U.S. Adults
1993

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

2001;286:10.  



Obesity Trends* Among U.S. Adults
1995

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

2001;286:10.  



Obesity Trends* Among U.S. Adults
1997

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

2001;286:10.  



Obesity Trends* Among U.S. Adults
1999

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

2001;286:10.  



Obesity Trends* Among U.S. Adults
2001

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

2001;286:10.  









• Un  terzo paradigma consiste in quella che può essere definita l’ipotesi 
flogistica , che si fonda sul dato di fatto che in tutte queste patologie è
documentabile una componente flogistica cronica, che avrebbe un 
ruolo patogenetico chiave . 

• Tale paradigma è ovviamente valido nel campo delle patologie 
immunomediate : tanto perciò che concerne le allergie sensu stricto (I 
tipo di G.C.), quanto per ciò che concerne le patologie sistemiche di II e III 
tipo …

• Bisogna però notare come più che la componente flogistica acuta assuma 
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 è
l’endotelite-vasculite cronica-sistemica per antonomasia, 
l’aterosclerosi , la cui origine infiammatoria (prima e più che metabolico-
degenerativa) è ormai ben documentata

Systemic Flogosis

3



Atherosclerosis : an inflammatory vascular disease .

Atherosclerosis/KD

Getz GS. Thematic review series: the Thematic review series: the Thematic review series: the Thematic review series: the immune systemimmune systemimmune systemimmune system and atherogenesis. and atherogenesis. and atherogenesis. and atherogenesis. 
Bridging the innate and adaptive immune systemsBridging the innate and adaptive immune systemsBridging the innate and adaptive immune systemsBridging the innate and adaptive immune systems. J Lipid Res 2005;46:619-622.
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KD versus Atherosclerosis



• Ma il paradigma flogistico è utilizzabile anche 
• per ciò che concerne le principali malattie metaboliche oggi in rapido 

incremento, a cominciare dall’obesità , il tessuto adiposo essendo ben più
che un semplice tessuto di riserva, un vero e proprio tessuto/organo con 
importanti funzioni  endocrino-metaboliche (con produzione di un’ampia 
gamma di molecole specifiche, dotate di attività 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 infiammato degli obesi )

• per varie patologie direttamente connesse all’obesità stessa e a disordini 
del metabolismo glicidico e lipidico (sindrome metabolica , diabete II ); 

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

• per numerose neoplasie (anche per ciò che concerne il ruolo 
predisponente 
e direttamente onco-patogenetico delle flogosi cron iche locali e 
sistemiche nell’ambito delle degenerazioni tessutali di tipo metaplastico e 
neoplastico 
la letteratura é ormai vastissima)…

3B



ANGIOGENESIS

ACTIVATED MACROPAGES/GLIA

FIBROBLASTS/STROMA



pre -industrialized * industrialized ** society

transition from 

to

* ** 



Prima di tutto possiamo notare come i tre paradigmi siano 
complementari
(il minimo comune denominatore essendo, in tutti i casi, la repentina 
trasformazione ambientale che ha disorientato i sistemi biologici)
e in un certo senso sequenziali:

Possiamo a questo punto mettere in rilievo 
alcuni aspetti chiave concernenti i 3 suddetti 

PARADIGMI PATOGENETICI

Hygiene Hypothesis
Barker Hypothesis Systemic Flogosis

b
a

c



• 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 
immediatamente post-natale allorché si dovrebbe costituire , 
essenzialmente in relazione al set microbico materno, l’ecosistema 
intestinale del neonato più idoneo a garantire 
il corretto sviluppo del suo sistema immunitario (in particolare per ciò 
che concerne l’equilibrio tra le componenti basilari dell’immunità
adattativa ).

• L’alterazione del sistema microbico vaginale della madre e/o della flora 
tipica 
dei principali alimenti (a cominciare ovviamente dal latte ) determinerebbe 
nel neonato  un’alterazione dell’ecosistema microbico e, quindi, 
dello sviluppo immunitario .

Hygiene Hypothesis

b



• Per quanto concerne l’ipotesi Barker l’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 regolare 
l’omeostasi metabolico-energetica dell’organismo st esso  e i suoi rapporti con 
il mondo esterno ( in particolare con ciò che è classicamente definibile come non 
self), cioè i sistemi neuro-endocrino-metabolico ed immunitario . 

• Le alterazioni del programming fetale sarebbero almeno in parte adattative 
(interessante  
è in tal senso l’ipotesi attinente al cosiddetto epigenoma/fenotipo metabolico 
risparmiatore che, adottato dal feto che abbia dovuto affrontare situazioni carenziali, 
si rivela inadatto a regolare il metabolismo dello stesso individuo in età adulta , 
nelle situazioni di eccesso calorico e nutrizionale in genere , tipiche delle “società
avanzate”). 

• Ma appare sempre più probabile che tali alterazioni siano  da mettere anche in 
relazione 
ad una condizione di stress materno e quindi fetale : sia esso uno stress
psicologico ed endocrino-mediato , sia esso uno stress chimico-fisico 
conseguente all’inquinamento ambientale (e in particolare alle trasformazioni re-
attive dell ’epigenoma che, paradossalmente nel tentativo di consentire l’intervento 

Barker Hypothesis

a

Hales CN, Barker DJ The thrifty phenotype hypothesis 
British Medical Bulletin 2001; 65; 5-20

Szyf, M. The Dynamic Epigenome and its Implications in 
Toxicology



• L’ambiente agisce 
più direttamente 
sull’epigenoma
(assetto cromatinico-
hystone code, metilazione 
DNA, RNA minori..) 

• e attraverso questo 
sul genoma

• Possiamo anche dire 
che l’evoluzione 
del fenotipo individuale 
anche patologico (!)
è determinato 
dall’epigenoma più
che dal genoma

http://www.nature.com/news/2006/060508/images/441143a-i2.0.jpg

Brena RM, Costello JF.
Genome-epigenome 
interactions 
in cancer . Hum Mol Genet. 2007 
Apr 15;16(R1):R96-R105

Soft -wired
memory
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Epigenetic modifications : a molecular environmental 
effect

Genetics

Critical determinants 

of the epigenome Environment

NurtureNature

Daily 
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And Alzheimer Disease ?

Celiac Disease
Why this disease is concordant

in only 60% to 70% of identical twins . 
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Epigenetic differences in homozygotic twins 

Fraga et al., PNAS. 2005.



Il genoma dello scimpanzé è per il 98.77% identico a quello umano. 
In media, un gene codificante una proteina in un uomo differisce dal suo 
ortologo nello scimpanzé
per  due sole sostituzioni
aminoacidiche 
..quasi un terzo 
dei geni umani
hanno esattamente 
la stessa traduzione 
proteica dei loro 
ortologhi
nello 
scimpanzé

Species phylogeny

Orangutan Gorilla Chimpanzee Human

From the Tree of the Life Website,
University of Arizona

Sanger Institute

..piuttosto stabili
da milioni di anni
sul piano genetico 

e fenotipico...



Chimpanzee-human 
divergence

Chimpanzees Humans

6-8
million
years

Hominids or hominins

Brain:
a rapidly 
evolving 

organ

Soft Wired -memory

epigenomica



Phenotypic differences between 
humans and other apes

Carroll (2003) Nature 422, 849-857



.. 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.





Nuclear Receptor

Nuclear Receptor DNA 
Response Element



Nuclear Receptor 
DNA Response Element

Histone Lysine Acetylation

Histone Deacetylases.
Histone Acetyltransferases

Histone Methyltransferases

ATP-dependent Nucleosome 
Remodeling Enzymes



General Transcription 
Factors

Nuclear 
Receptor

and
DNA Repair



Una condizone di instabilità genomica (ipometilazione diffusa, iper-
metilazione delle sequenze promoter di  geni onco-soppressori, 
specifiche combinazioni del “ codice istonico ”) è di frequente riscontro 
nelle lesioni (pre)-neoplastiche
(e potrebbe essere, interpretata, come reattiva/difensiva) e neoplastiche



Mismatch Repair Enzymes  Trascription Factors

Hormones

Metals

Endocrine Disruptors

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



Bisogna sottolineare come l’ormai ben documentata interferenza 
tra metalli e/o interferenti endocrini e Dna non rappresenti 
l’eccezione, 
ma la regola… nel senso che le modalità 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. istonico �

riarrangiamento genomico �
trascrizione (proteine/Rna minori) �

• differenziazione/proliferazione/secrezione
� citochine/ormoni/enzimi …

1
2
3
4
5
6
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The gift our mothers
never wanted to give us

http://www.ewg.org/reports/generations/A CHEMICAL FALL OUT

ULTRAFINE PARTICLESHEAVY METALS
ENDOCRINE DISRUPTORS
dioxin-like moleculles1 2 3

Parte II

The Environmental Toxic Burden 
and the fetal origins of adult diseases



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









Trasmissione ed
amplificazione
transgenerazionale
del danno

the true risk:
transgenerational
amplification



• I dati del Centro nascite di Augusta
dimostrano un aumento progressivo 
del numero dei nati con difetti 
congeniti : 

• si passa dall’ 1,5% dell’’80

• a una media del 3% dei primi anni ‘90, 
• a una media del 3,5% del ‘96-‘97-’98

• fino ad un picco del 5,6% del 2000. 

Trasmissione ed
amplificazione
transgenerazionale
del danno



• Per quanto concerne infine quello che abbiamo assunto come terzo modello 
patogenetico 

• si tratta di un meccanismo essenzialmente reattivo a condizioni amb ientali 
alterate che possono intervenire in tutte le fasi della vita dell’organismo 
(ed è 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 più ampio ed inclusivo del paradigma, essenzialmente immunologico, 
self/non self , 
che resta valido per ciò che concerne le relazioni tra organismi (id est tra molecole 
complesse di natura essenzialmente proteica, portatrici dell’individualità biologica) é

• il paradigma molecolare della reattività 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“ nell’ambito dell’evoluzione) ed essenzialmente 
finalizzate a indurre  l’espressione di proteine dotate di funzioni 
enzimatiche/riparative (come le proteine 
dello stress che collaborano a ristabilire un corretto folding proteico o gli enzimi
di riparazione del Dna ) e reattive in senso lato (come citochine , chemochine ,  
fattori 
di regolazione della proliferazione e/o della morte  cellulare programmata …)

c

Systemic Flogosis

Matzinger P (1994) Tolerance, danger, and the 
extended family . Annu Rev Immunol 12: 991–1045. 
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* in addition to PAMPs, the ..'danger-associated mo lecular patterns' (DAMPs) 
can trigger the immune response. Cell Death and Differentiation (2008) 15, 1–2

nanoparticles

1

1

1b

1

1b

2

2b

2

3
3

4
4



• Un secondo punto chiave, per quanto concerne i tre paradigmi, consiste nel fatto 
che essi sono in grado di offrire una spiegazione sensata, e già in larga misura 
documentata in ambito sperimentale/tossicologico ed  epidemiologico , 
circa l’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 dell’ambiente e, in 
particolare, 
alla trasformazione degli ecosistemi  microbici (ipotesi igienica); alla pressione
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 sorta 
di fattore complementare che contribuisce alla realizzazione di quanto i due 
meccanismi precedenti hanno preparato (e non mancano gli studi che dimostrano 
come alcuni “inquinanti” chimico-fisici sempre più diffusi – in particolare metalli 
pesanti e 

Barker Hypothesis Hygiene Hypothesis Systemic Flogosis
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• Già sulle basi di quanto detto fin qui dovrebbe essere evidente come 
le attuali modalità di valutazione del rischio siano del tutto 
insufficienti 
a valutare le conseguenze per i singoli individui, pe r le 
collettività, 
per la specie e per l’intera biosfera di un inquiname nto sempre 
più ubiquitario e pervasivo connesso alla continua immissione 
in ambiente 
e catena alimentare di sostanze tossiche

• e che la suddetta Rivoluzione epidemica del XX secolo , 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 , è di per se stessa specchio 
significativo e sintomatico di uno stress (epi)-genomico 
e bio-evolutivo che coinvolge l’intera specie (e l’intera biosfera).

XENO-BIOTICI

PARTE II: gli effetti..



Low and Very Low 
Birth Weight in Infants 
Conceived with Use 
of 
Assisted Reproductive 
Technology
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Epigenetic perturbations early in life

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 particolare è l’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 
all’aumento dell’età 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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Non  può essere ridotto a 
fenomeno para-fisologico 
(accumulo di lesioni 
ossidative a carico del 
Dna)





Prenatal origin of certain childhood leukaemias
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Involvement of 11q23 Translocation involving 
band 11q23 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 

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





• t(8;21)(q22;q22) 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 21q22 with the 3’ end of the ETO gene on chromosome 8q22. t(8;21) is 
one of the most common cytogenetic abnormalities in childhood acute myeloid
leukemia (AML), present in ~12% of cases and has been considered a favorable 
prognostic factor in some studies. We previously reported a wide range of AML1-ETO 
(A1E) transcript levels in primary t(8;21) AMLs and identified numerous in-frame and 
out-of-frame AML1b-ETO (A1bE) and AML1c-ETO (A1cE ) 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.

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. 
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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 
(ii) the levels for AML1-ETO fusion transcripts resulting fro m t(8;21)
positively correlated with propoxur concentrations in 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).
(iii) novel in-frame and out-of-frame A1E 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 A1E 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 
A1E transcript and protein forms can significantly i mpact the 
regulation of AML1 responsive genes . Further, they indicate the 
previously reported novel A1E fusion transcripts can arise in utero and 
may play an important role in AML leukemogenesis .
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INCIDENZA DI INCIDENZA DI NEOPLASIE NELLNEOPLASIE NELL ’’ INFANZIA E INFANZIA E 
NELLNELL ’’ADOLESCENZAADOLESCENZA IN EUROPA (anni 1970IN EUROPA (anni 1970--1999)1999)

(Lancet, Dic. 2004)
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STEP 1 La delezione o la mutazione del gene APC in 5q21 è
sufficiente perché il colon venga tappezzato di polipi 
adenomatosi ; Il DNA diventa ipometilato ⇒⇒⇒⇒nuove mutazioni

STEP 2 Le mutazioni di K-RAS (K-RAS1 in 6p12-11 e K-RAS2 
in 12p12 ) sono spesso coinvolte nella progressione degli 
adenomi da precoci a intermedi .

STEP 3 Il presunto gene soppressore dei tumori 
coinvolto è DCC (“Deleted in Colon Cancer” →
perdita di eterozigosi in 18q21.3).

STEP 4 mutazioni gene oncosoppressore 

p53 (localizzato in 17p12-13).

STEP 5 MutazionI del gene NM23-H1 (17q22) 
rendono il CA altamente invasivo/metastatico..

Darwinian Evolution Through Random Mutation 

1

1





BC Genetics

BRCA1  
BRCA2 

CHEK2 

HMMR  

TP53

Somatic
mutations
that can lead to 
breast cancer 
have been 
experimentally 
linked to 
estrogen 
exposure 









… HMMR gene, encoding a centrosome subunit, interact s 
with the well-known breast cancer gene BRCA1 ...
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long range epigenetic silencing (LRES ).







• 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.





The Tissue Organization Field Theory (TOFT) of Carcinogenesis

The Somatic Mutation Theory of Carcinogenesis

The environment is again accepted as a

main player in phenotype determination .

The dominant view in developmental biology
at the end of the 20th century was that development 
is the unravelling of a genetic programme where 
the environment plays virtually no relevant role . 
Two main factors contributed to the dominance 
of the genetic programme view. One was the advent 
of developmental mechanics, which concentrated
on the inner workings of the embryo rather than on
the ecological determination of phenotype. Another 
was  the dominance of a genocentric view 
originating from  the molecular biology revolution .



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

• 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-
261.



• 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 
hypomethylation 
by inactivating DNMT1.

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

Takiguchi M, Achanzar WE, Qu W, Li G, Waalkes MP. Effects of cadmium on DNA-(Cytosine-5) methyltransf erase activity 
and DNA methylation status during cadmium-induced c 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 l-deficient C57BL/6J mice. Carcinogenesis 
(2002) 23:777-785.



Everyday levels matterEveryday levels matter

At truly low levels At truly low levels ……
it interferes with gene it interferes with gene 
activationactivation

At high levels… arsenic kills people

At moderately low levels… it causes a range of 
diseases

KaltreiderKaltreider et alet al. 2002. 2002
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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.g., 
nutrition). In the concluding section, we present strategies for empirically testing the 
proposed model and developing future research efforts.











Particelle carboniose in macrofagi delle vie aeree 

di bambini in buona salute



• Prenatal exposures to persistent and non-persistent  organic compounds and effects on immune 
system development.

• Hertz-Picciotto I , 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 Th1 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 organ responsible for lymphocyte maturation. Mothers with 
higher serum concentrations of PCBs gave birth 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, and the pla usibility that disruption of critical events in 
immune development may play a role in neurobehaviou ral disorders.







• 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

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.



• 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 polymorphisms in 
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 PAHs 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

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
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• Preliminary analysis has shown that the number of aberrations observed per painted 
chromosome in this study population was not proport ional 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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Oxidative stress and other metabolic stresses may promote Ab 
production
by jointly by jointly upregulating amyloid precursor protein (APP) expression
and and driving amyloidogenic processing of APP
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Alzheimer Disease in primates exposed to lead as 
infants
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Early life exposures 

Developmental  (Embrio-Fetal) Origin of AD .



Alzheimer's disease (AD)-like pathology 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 (Sp1) were elevated in ag 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 
argue for both an environmental trigger and a developmental origin of AD .



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 
plaques 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 ββββ 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 neurodegeneration and discuss mechanisms 
that may explain how perturbations during development can have long-term or delayed 
consequences in the aging brain.





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 l retardation.



Developmental neurotoxicity of industrial chemicals.
• Grandjean P , Landrigan PJ .
• Institute of Public Health, University of Southern Denmark, Odense, Denmark. 

pgrand@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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God does not play dice 
È la celebre affermazione che suggella l'acceso dibattito tra Einstein 
e i sostenitori di una certa interpretazione della fisica quantistica…

God is subtle but not malicious

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


