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Fetal origins of adult 
diseases and cancer



ΧΦNONsi tratta di una tematica di esclusiva 
pertinenzaendocrinologicaΧŜκƻpediatrica

Organismo umano: clone cellulare derivato da 
ǳƴΩǳƴƛŎŀ ŎŜƭƭǳƭŀ totipotente (zigote) e 
costituito da miliardi di cellule con unico DNA 
e differente (epi)genoma 

Parole chiave
EDCs
DOHAD
Fetal Programming
Fluid (Epi-Genome)

Finestre di Esposizione

Cellule ǘƻǘƛǇƻǘŜƴǘƛΧƳǳƭǘƛǇƻǘŜƴǘƛΧ

Differenziazione
cellulare

Plasticità
potenzialità
MASSIMA 

Gli interferenti endocrinisono sostanze mimetiche o comunque in grado di interferire sul cellsignalingintercellulare e intracellulare a vario 
livello: comunicazione intercellulare (discorso analogo potrebbe esser fatto per gli antibiotici tra gli organismi monocellulari), sui recettori 
membranari e nucleari, sulle pathwaysdi trasduzione dei segnali dalla membrana al nucleo, sui meccanismi di trascrizione, traduzione etc. Gli 
effetti più significativi sono connessi alla possibile loro azione su cellule/tessuti  di organismi in via di sviluppo, con particolare rilievo per 
specifiche fasi di sviluppo di organi e tessuti (finestre di esposizione). 
Il problema fondamentale (in ambito biomedico) connesso alla diffusione in ambiente (catene alimentari !) di molecole xenobiotiche, metalli 
pesanti ecc.. in grado di agire da interferenti endocrini (perturbatori informatici) può essere riassunto in una sigla: DOHAD
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For instance, given that fetal programming occurs in utero, does the 

mother  convey information to the fetus about the conditions of 

the postnatal  environment that it will one day be born into?

Several recent reviews propose such a scenario and suggest that the adverse effects of 
prenatal undernutrition on adult healthmay result from a mismatchbetween theactual 
postnatal environment and the postnatal environment predicted by the fetus in utero
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SYNERGISM ?!
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We may represent the environment as a continuous 

stream of information (simple: photons: individual 

packages of E = M = Information) or complex (organic 

molecules, viruses etc) interacting with our cells 

[membrane or transmembrane receptors, 

signal transduction proteins, nuclear receptors, 

genome (Dna + epigenome)] forcing them to adapt
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Lo sviluppo onto-genetico
dura 9 mesi Ą una vita Devo

Milioni di anni



IN 1958, Dr. Roy Hertz described theñsteroid cycle,ò anticipating what we now call endocrine 

disrupter research, as follows: ñ. . . we have to consider that the introduction of . . . [hormones 

into cattle feed lots] leads to the exposure . . . of individuals who might otherwise not ever 

in their lives come in contact with such materials . . . . This is not a theoretical consideration 

because we . . . now have encountered two families, each with two children, who presented with 

simultaneously developing gynecomastia attributable to the accidental contamination of 

vitamin capsules by estrogens during manufacture. If such estrogens can, by stray handling, get 

into such pharmaceutical preparations, can they not very readily get where they are not wanted 

on the farm? There is one additional consideration in this regard . . . . The fecal excretion of 

these materials . . . will be dropped on the soil and . . . over generations there will be 

constant replenishment of the soil surface with steroidal substances of this kind. 

This in turn has its effect potentially on surface water-supply contamination and also potentially on 

the vegetable content of steroids in crops raised on such soil . . . . I think that we are now 

actually setting up a steroid cycle in our environment, and we have to give very serious 

consideration to its implications for our subsequent development and growth and possibly 

reproductive functionsñ (taken from the discussion following Ref. 1).

the ñSteroid Cycleòé 



Molecular nitrogen (N2) is the most abundant element in the air we

breathe.  Yet, large quantities of this nitrogen are not available to

organisms. Why is this the case? One reason molecular nitrogen is in 

short supply is because it takes a large amount of energy to break 

the triple bond that holds the two nitrogen elements together.  

Nitrogen fixation is accomplished by nitrifying bacteria in soil and 

water. These organisms are capable of breaking this bond and 

converting the nitrogen into ammonia (NH3) and nitrate (NO3).

The resulting nitrogen is termed fixed nitrogen. Such a scenario allows 

nitrifying bacteria living in conjunction with certain plants to 

convert atmospheric nitrogen into a form that plants can use which 

is ultimately passed up the food chain. When organisms break down 

proteins during respiration, they release their nitrogen as ammonia

(fish), urea (mammals), or uric acid (birds, reptiles and 

insects). Decomposers obtain nourishment from these products by 

converting them back into ammonia, which plants can then use again, 

completing the cycle. Finally, denitrification, accomplished again by 

bacteria, converts nitrate back into nitrogen gas

http://www.citruscollege.edu/apps/pub.asp?Q=847

In light of the genetic and functional similarities 

between ERa and NodD,  EDCs that are able to bind 

ERs and modulate signaling may employ the same 

mechanism to modulate the ability of S. Meliloti NodD  

to respond to the phytoestrogen signal, luteolin é 

These results raise the possibility that endocrine 

disruption may be seen in symbiotic 

environmental signaling systems that exist 

between organisms rather than within them.

The Steroid Cycle

(POPs) 

(philogenesis)



Eô vero chemetalli pesanti, diossine e altri agenti cancerogeni immessi in ecosfera e 

cos³ veicolati allôinterno degli organismi viventi, si bio-accumulano nei tessuti (osseo 

e adiposo) e si bio-magnificano nelle catene alimentari ? E che dai tessuti in cui si 

sono accumulati (a volte per decenni) il loro rilascio è generalmente lento e continuo? 

Biomagnificazione

Is it 'true that heavy metals, dioxins and other carcinogens released into ecosphere, and conveyed in living 

organisms, may bio-accumulate in tissues (bones and fat) and bio-magnify in food chains? And  that from 

tissues where they accumulated (sometimes for decades), their release is generally slow and continuous?



Eô vero chenel sangue e nei tessuti di tutti gli uomini e le donne che vivono in ambienti urbani

e/o industriali e persino nel sangue cordonale e placentare e nei tessuti fetali sono presenti

questi stessi inquinanti in quantità di anno in anno, di decennio in decennio maggiori ? 
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Is it true that these pollutants are present in blood and tissues of all men and women living in urban and 

industrial environments and even in the cord blood and placental and fetal tissues in more and more 

significant amounts year after year ?

What is the Global Chemical Burden..

Industrial chemicals in mothers and daughters:  

the pollution we share and inherit



Eô vero, in particolare, che metalli, diossine e altri inquinati lipofili accumulati nei tessuti materni

possono passare, anche a distanza di anni dal loro assorbimento, nel sangue e raggiungere il feto ? 

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

even many years after their absorption, into the blood and reach the fetus?



Everyday levels matter

At truly low levels é
it interferes with 
gene activation

!ǘ ƘƛƎƘ ƭŜǾŜƭǎΧ ŀǊǎŜƴƛŎ ƪƛƭƭǎ ǇŜƻǇƭŜ

!ǘ ƳƻŘŜǊŀǘŜƭȅ ƭƻǿ ƭŜǾŜƭǎΧ 
it causes a range 
of diseases

Kaltreideret al. 2002



Mismatch Repair Enzymes  
Trascription Factors

Hormones

Correct organization

of chromatin

Gene- and tissue-specific epigenetic patterns

Silencing repetitive elements

Genomic

imprinting

X chromosome
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Controlling active and inactive states 

of embryonic and somatic cells
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À présent de nombreuses études, en différentes pays, 
cherchent  d'évaluer la charge chimique du corps 
(chemical body burden).. surtout chez les femmes, les 
enfants, les embryons/foetus, fournissant des résultats 
dramatiques. Parmi les plus connus sont les études 
réalisées par des chercheurs de l'Environmental Working 
Group, qui ont documenté la présence de centaines de 
substances toxiques, mutagènes et cancérigènes dans le 
sang, l'urine, le lait maternel, le sang de cordon: 
inquiétude a suscité une étude qui documenté la 
présence de substances (géno) toxiques et mutagènes 
dans tous les cordons ombilicaux testées, démontrant 
ƭϥƻƳƴƛǇǊŞǎŜƴŎŜ Ŝǘ ƭŀ ǇǊŞŎƻŎƛǘŞ ŘŜ ƭϥŜȄǇƻǎƛǘƛƻƴ ŦǆǘŀƭŜ



FetalProgramming

Differentiation

epi-mutations 

Cellular Differentiation: an Epigentic process Differentiation occurs numerous times 

during the development of a multicellular

organism as the organism changes from 

a single zygote to a complex system of

tissues and 200 cell types (genetically 

identical.. each with its own epigenetic 

and morpho-functional characteristics)..

Gametogenesis. Maturation of germ cells is characterized by an 

impressive degree of cellular restructuring and gene 

regulation that involves remarkable genomic reorganization.

These events are finely tuned, but are also susceptible to the 

introduction of various types of erroré 
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Nature 447, 425-432 (24 May 2007)

PLASTICITEô

http://en.wikipedia.org/wiki/Multicellular_organism
http://en.wikipedia.org/wiki/Multicellular_organism
http://en.wikipedia.org/wiki/Multicellular_organism
http://en.wikipedia.org/wiki/Zygote
http://en.wikipedia.org/wiki/Tissue_(biology)


HSPs
Activation

HSPs/ petidesDangerTheory

(Auto)Immunity

Autoinflammation

ROS

The Epidemic Revolution 

Of the XX century 

Environment

mRNAs

fluid (epi)genome

developmental 
plasticity

Pharmaceuticals, 
pesticides, 
air pollutants, 
industrial chemicals,
heavy metals, 
hormones, 
nutrition, 
and behavior 
can change 
gene expression
through 
a broad array of 
gene regulatory 
mechanisms..
highlighting 
the potential 
role for altered 
DNA methylation 
in fetal origins 
of adult disease 
and inheritance 
of acquired 
genetic changes

EMF ?



http://www.ilsi.org/NR/rdonlyres/15CC21E6-FA33-4DB5-9936-B15A52D5B4C4/0/03Gilman.pdf

/Ωŝ ǳƴ nessotra questa drammatica ǘǊŀǎŦƻǊƳŀȊƛƻƴŜ ŘŜƭƭΩŀƳōƛŜƴǘŜ indotta 
ŘŀƭƭΩǳƻƳƻ  ƛƴ ǇƻŎƘƛ ŘŜŎŜƴƴƛ Ŝ l'incremento esponenziale e la progressiva 
anticipazione sintomatologicadi alcune patologie cronico-degenerative 
(immunomediate.... neurodegenerative.. endocrino-metaboliche.. 
cardiocircolatorie) e neoplastiche?



Insulino-resistance

Diabetes

Cardiovascular Diseases
La Rivoluzione Epidemica 

del XX Secolo
[ΩƛƴŎǊŜƳŜƴǘƻ ŘŜƭƭŜ ǇŀǘƻƭƻƎƛŜ ŎǊƻƴƛŎƻ-degenerative

[immunomediate, neuro-degenerative, endocrine, neoplastiche, cardiocircolatorie]
quale prodotto di una drammatica trasformazione ambientale

e di una (conseguente) alterazione del Programmingembrio-fetale

Barker Hypothesis  (1989)

(1989)
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ÅENVIRONMENT HEALTH

ÅGenomeand Epi-genome

ÅThe Epidemic Revolution of XXth Century

Å3 PARADIGMS
Barker Hypothesis
Hygiene Hypothesis
Systemic-chronic (low grade) Inflammation

ÅBack to the NEO-LAMARCKIAN PARADIGM 
ENVIRONMENTĄ Epigenetic Changes 

Ą Fetal Programming
Fluid (Epi)genome
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ÅPerchè la celiachia(glutine+ DQ2-DQ8+ Permeabilità 
Intestinale+ Gut Ecosystem/TLRs) ha un incremento
di circa il 10% annuo in Italia..?

ÅPerché asthma/allergie di I tipo GC sono passate da 
unaprevalenza dell'1%a 25-30%in meno di un secolo 
(allergens+ genes + flogosis/remodeling) ecc..

ÅChe legame c'è tra ƭΩƛƴŎǊŜƳŜƴǘƻ ŜǇƛŘŜƳƛŎƻ di obesità.. 
sindrome metabolica.. diabete II.. aterosclerosie 
patol.cardiovascolari(genes+epigenetics/phlogosis+ TLRs)


