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I decided to begin my report this year with this slide 
(of a few years ago) that is a tribute to Renzo Tomatis, 
a great experimental oncologist, the former director 
of the IARC, who was among the first in the world
to guess what was happening in the field of 
childhood cancers and whot helped me understand it..
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As we can easily assume 
from the title of this paper, 
published on the NCI 
Monographs, Renzo had 
already understood over 
40 years ago (studying the 
drama of Dietilstlbestrol ..) 
the great risk of 
an ongoing increase of 
chronic diseasess
(and above all of 
childhood cancers)
in the generations 
following those exposed, 
in utero, to a growing 
number of pollutants .. 

A continuous increase that 
is occurring all over the 
world, and that we are 
doing nothing yet to 
prevent



Cancer is generally 
associated with old age and 
its continuous increase, 
observed throughout the 
20th century in all the 
industrialized countries,
is often explained
by the theory
of the progressive 
accumulation of DNA 
stochastic mutations (SMT)
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the significant increase  in the Less Developed Countries & in young people all over
the world demonstrates the limits of the SMT (necessary link between aging &CA)
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The recent  IARC reports*
Concerning a significant 
ongoing increase of cancer
in children (infants included)
is causing concern, forcing
scientists to reconsider
the dominant model
of carcinogenesis..

* ACCIS (Automated Childhood 
Cancer Information System) is a 
comprehensive monitoring 
conducted by a team of IARC 
epidemiologists on 63 cancer 
registries from 19 European 
countries..



(2) Children cancer increase

Child cancers are generally considered as a rare disease. But it is worth remembering
• that, statistically, about 1 in 5‐600 children will develop cancer before the age of 15; 
• that, in spite of  the decisive improvement in diagnosis and therapy in the last 
decades, cancer is  the leading cause of death due to diseases among children over 
the first year of age;

• that,  even at this age, a continuous and
significant  increase has been seen
during the last decades.
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* Rates are per 100,000 population and age adjusted to the 2000 US standard population.

TEN LEADING CAUSES OF DEATH
(Children aged under 15 years) U.S. 2006

CAUSE OF DEATH NO. OF DEATHS % OF TOTAL DEATHS DEATH RATE* 

RANKALL CAUSES 10780 100.0 19.0

1 Accidents (unintentional injuries) 3868 35.9 6.8
2 Cancer 1284 11.9 2.3
3 Congenital anomalies 859 8.0 1.5
4 Assault (homicide) 756 7.0 1.3
5 Heart diseases 414 3.8 0.7
6 Intentional self-harm (suicide) 219 2.0 0.4
7 Influenza & pneumonia 193 1.8 0.3
8 Septicemia 172 1.6 0.3
9 Chronic lower respiratory diseases 158 1.5 0.3
10 Cerebrovascular disease 149 1.4 0.3

All other causes 2708 25.1 - 

Based on US Mortality Data, 2006, National Center for Health Statistics, Centers for Disease Control and Prevention, 2009

Cancer is the leading 
cause of death by 
disease in children after 
the first year of age



CA incidence in childhood and adolescence IN EUROPE ( 1970‐1999)

mother

latency

A first draft of the report, published on the Lancet in 2004, demonstrated an annual increase of 1‐1,5% for
all cancers (with more marked increases in lymphomas, soft tissue sarcomas, tumours  of the nervous system…) .
But the most troubling was the increase ‐ almost  the  double ‐ for all cancers in the very first year of life
(apparently due to transplacental or even trans‐generational exposure)

Steliarova‐Foucher E, Stiller C, Kaatsch P, Berrino F, Coebergh JW, Lacour B, Parkin M. Geographical patterns and time trends of cancer incidence and survival 
among children and adolescents in Europe since the 1970s (the ACCISproject): an epidemiological study. Lancet. 2004 Dec 11‐17;364(9451):2097‐105

http://www‐dep.iarc.fr/accis.htm

The ACCIS (Automated Childhood 
Cancer Information System) first 
phase (1970‐1999) concerned 
over 130 thousand tumors of all 
types (113 thousand children and 
18 thousand teenagers)…

..as for the years 1991–2010,
53 registries in 19 countries 
contributed a total of 180.335 
cases...



The first  data from the ACCIS project published in the Lancet were soon confirmed by the next review of the data (the most complete to date) 
which has become the largest European database on children cancer, published two years later on the European Journal of Cancer
(18 items in all, containing detailed analysis of data on incidence rates and trends of prevalence and survival)..



These data 
should not be 
underestimated 
for at least 
4 reasons:

..in the last 20 years (1978 e il 1997) the 
overall incidence rate has increased
significantly with an average annual
percentage change (AAPC) of 1,1% 
(> 2% in the first year; 1,3 % during 
adolescence).



• the large size of the study sample (63 cancer registries from 19 European 
countries, for a total of more than 130000 cancers of all kinds: 113000 strictly 
paediatric and 18000 teenager cancers); 

• a sufficiently prolonged period of observation (20 years);
• a maximum increase in the first year of age, which suggests a 

transplacental (from maternal and fetal exposure to pro‐carcinogenic agents) 
or even a transgenerational (epigenetic/gametic) origin;

• the concomitant increase in the whole northern hemisphere of a variety of chronic‐
degenerative and inflammatory diseases (endocrine‐metabolic: obesity, type 2 
diabetes; immune‐mediated: allergies, autoimmune diseases, neuro‐development 
and neuro‐degenerative diseases: autism, ADHD, Alzheimer's disease.. ) for all of 
which a significant pathogenic role of the mechanisms of early epigenetic 
dysregulation (fetal programming) on various organs and tissues has recently been 
suggested (DOHaD‐Developmental Origins of Health and Diseases).

Gluckman PD, Hanson MA. Developmental origins of disease paradigm: a mechanistic 
and evolutionary perspective. Pediatr. Res. ( 2004); 56:311–17

For the years 1991–2010, 53 registries in 
19 countries contributed a total of 
180 335 unique cases...



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

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

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



.. incidence of leukaemia based on 48 458 cases in children was 
46∙9 (46∙5–47∙3) per million person‐years and increased 
significantly by 0∙66% (0∙48–0∙84) per year. The average overall 
incidence of leukaemia in adolescents was 23∙6 (22∙9–24∙3) per 
million person‐years, based on 4702 cases, and the average 
annual change was 0∙93% (0∙49–1∙37)… We also observed 
increasing incidence of lymphoma in adolescents (average annual 
change 1∙04% [0∙65–1∙44], malignant CNS tumours in children 
(average annual change 0∙49% [0∙20–0∙77]), and other tumours in 
both children (average annual change 0∙56 [0∙40–0∙72]) and 
adolescents (average annual change 1∙17 [0∙82–1∙53]).

A few months ago we found in The Lancet Oncology
the last confirmation of the validity of these dramatic data



Also because of these data we were requested to write this review,
in which we proposed a comprehensive critical analysis of the current 
model of carcinogenesis (SMT)Int J Environ Res Public Health. (2018) 20;15(8)

.. the most powerful procarcinogenic mechanisms of EDCs and other pollutants is linked to their potential to interfere epigenetically with 
the embryo-fetal programming of tissues and organs, altering the regulation of the genes involved in the cell cycle, cell proliferation, 
apoptosis, and other key signaling pathways. The embryo-fetal exposure to environmental, stressful, and proinflammatory triggers 
(first hit),  seems to act as a 'disease primer', making fetal cells and tissues more susceptible to the subsequent environmental exposures 
(second hit), triggering the carcinogenic pathways.

(or fetus)



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

The Somatic Mutation 
Theory of Carcinogenesis

What is
Cancer ?  

This increase is in clear 
(and so far completely 
underestimated) contrast 
with the dominant models 
of carcinogenesis (SMT) 
according to which cancer
is essentially a genetic 
"accident" due to stochastic 
DNA mutations…
and for this reason largely 
prevalent in the elderly



Alterations in three types of genes are responsible for tumorigenesis: 
oncogenes, tumor‐suppressor genes and stability genes
Unlike diseases such as cystic fibrosis or muscular dystrophy, 
wherein mutations in one gene can cause disease, no single gene defect 
'causes' cancer. Mammalian cells have multiple safeguards to protect them 
against the potentially lethal effects of cancer gene mutations, 
and only when several genes are defective does an invasive cancer develop

The revolution in cancer research can be summed up 
in a single sentence: cancer is, in essence, a genetic disease

What’s Cancer ?   

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





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

CA‐cells have defects in regulatory circuits
that govern normal cell proliferation and 
homeostasis… the vast catalog of CA‐cell
genotypes is a manifestation of six essential
alterations in cell physiology that collectively
dictate malignant growth:
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We suggest that the vast catalogues of cancer cell genotypes is a 
manifestation of six essential alterations in cell physiology that 
collectively dictate malignant growth

What’s Cancer ?   
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sustained angiogenesis is a feature of both 
benign and malignant tumours

some benign tumours can weigh many 
kilograms at the time of diagnosis

RB protein is deficient both in retinoblastoma, a malignant tumour 
of the eye, and in retinoma, a benign tumour of this organ.

evasion of apoptosis has been implicated in the 
pathogenesis of malignant and benign tumours 

insensitivity to antigrowth signals and evasion of cell death also seem to be 
characteristic of both benign and malignant tumours

five of the proposed hallmarks of cancer are 
also characteristic of benign tumours

The only distinguishing feature (HALLMARK) of cancer is 
its ability to metastasize (which is not the result of mutations, 
but the reactivation of an embryonic genetic program !!)



On the basis of 
these models it 
was possible, 
even recently,
to theorize that 
cancer is
essentially bad 
luck…



The GWAS efforts are 
certainly creating 
bigger haystacks …

In a recent editorial on 
Nature Heidi Ledford 
stated that the millions 
of genetic sequences 
and SNPs accumulated 
in an attempt to 
decipher the genetics of 
cancer have built giant 
haystacks
in which researchers 
have gone lost …

The full genome sequence of a lung cancer cell line, 
for example, yielded 22,910 point mutations, 
only 134 of which were in protein‐coding regions





What is Cancer ?

We intend cancer as a tissue stem cells' disease, in which many factors cooperate by diverting the homeostatic mechanisms that 
regulate tissue repair and stem cell self-renewal, due to prolonged epi-genomic stress

As I will try to demonstrate, 
it is now possible to argue that 
cancer is rather an epigenetic 
disease, which has its roots (like 
many other chronic diseases ... all 
of which are increasing worldwide) 
in a disturbed epigenetic 
programming (of embryonic cells 
and / or stem cells) often at an 
early age (especially in the fetus) 
by an enormous amount of 
stressors and (epi)genotoxic factors
…



As for cancers in 
infants, we should point 
out that at least the first 
stages of the malignant 
process are already 
present at the time of 
birth, due to the 
exposure of the 
embryo/phetus to an 
increasing number
of stressors/pollutants. 



http://www.telegraph.co.uk/science/2016/09/03/modern‐life‐is‐killing‐our‐children‐cancer‐rate‐in‐young‐people/

“ …the majority is probably caused by 
environmental factors.... obesity, 
pesticides and solvents inhaled during 
pregnancy, circadian rhythm disruption 
radiation from x‐rays and CT scans, 
smoking during and after pregnancy, 
magnetic fields from power lines,
gadgets in homes, and potentially,  
radiation from mobile phones..”

The importance of (epi)genetic events in utero
has been suspected for many years, on the basis
of the correlation studies on twins with leukaemia



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

The concordance rate of leukaemia varies 
according to subtype and age.
For infants with  ALL, the rate is 
exceedingly high (> 50%), for 
“COMMON” child‐ALL, is ~10%.

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

Chromosomal translocations and preleukaemic clones arise at a 
substantially higher frequency (~100 X) before birth than the cumulative 
incidence or risk of disease.. reflecting the requirement for 
complementary and secondary genetic events that occur postnatally. 
A consequence of the latter is a very variable and occasionally protracted 
postnatal latency of disease (1—15 years).

~1% of newborns had TEL‐AML1 positive B lineage clones…
which represents  100 times the incidence of TEL‐AML1 positive ALL (~1 in 12,000).
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That infant 
leukaemia may 
originate in utero
is also confirmed 
by the results of 
genetic studies that 
have found 
translocations and 
gene sequences 
corresponding to 
the fusion genes 
later found in 
leukemic blasts, in 
blood samples 
(Guthrie cards) 
taken, at birth, 
from infants who 
subsequently 
would develop 
leukaemias..

Today, 
proleucemic
translocations and 
clones are found 
in fetuses with a 
frequency much 
higher than the 
incidence of 
leukemias



This is usually interpreted as the evidence that translocations are
stochastic genetic aberrations that do not necessarily determine
the onset of leukaemia, which would require additional genetic events
during the postnatal period….

An equally interesting interpretation consists in assuming that, if less 
than 1% of children who have "produced" a translocation will develop 
leukaemia, it could be because translocations are active genomic 
mutations, potentially adaptive to toxic exposures in utero..

Nature Reviews Cancer volume3, pages639–649 (2003)



THE CAUSES OF CHROMOSOMAL 
ABNORMALITIES REMAINS POORLY 

UNDERSTOOD.

STUDIES OF VARIOUS TYPES OF 
LEUKEMIA HAVE SHOWN THAT CERTAIN 

ENVIRONMENTAL AND OCCUPATIONAL
EXPOSURES AND THERAPY WITH 
CYTOTOXIC DRUGS CAN INDUCE 
CHROMOSOMAL ABERRATIONS. 

FOR EXAMPLE, CASES OF 
MYELODYSPLASTIC SYNDROME OR AML

THAT ARISE AFTER TREATMENT WITH 
ALKYLATING AGENTS ARE FREQUENTLY 

ASSOCIATED WITH
UNBALANCED ABNORMALITIES, PRIMARILY 

DELETION OR LOSS OF CHROMOSOME 5 
OR 7 (OR BOTH), WHEREAS THERAPY 

WITH TOPOISOMERASE II INHIBITORS IS 
TYPICALLY ASSOCIATED WITH 

BALANCED ABNORMALITIES, 
(MOST COMMONLY TRANSLOCATIONS 

INVOLVING THE MLL GENE ON 
CHROMOSOME
BAND 11Q23.1)

Are TRANSLOCATIONS chromosomal aberrations 
or reactive/positive rearrangements ??



Exposure to NHL‐associated carcinogens,
such as dioxin (in Seveso) or pesticides, may 
cause expansion of  t(14;18)‐positive clones.



Figure 2. t(14;18)+ cells in HI are actively transcribing BCL2 from the translocated allele

Agopian et al. Journal of Experimental Medicine 2009:206:1473‐1483

We can find exactly 
the same (reactive) 
translocation 
(++ expression of the 
anti-apoptotic gene 
BCL-2)
in many subjects 
chronically exposed 
to pesticides ..



Which obviously means 
that it is not a question
of stochastic mutations..  
or even simply of damage 
caused by a single 
mutagenic agent
(dioxin or pesticides) .. 

but rather of specific 
and (re)active/adaptive 
molecular modifications 
induced by different 
stressors/pollutants



…. especially since we can find 
the same genetic and 
chromosomal mutations, which 
are the consequence of complex 
molecular mechanisms (the 
three proposed mechanisms of 
DNA breaks that can lead to 
translocations are VDJ-
Recombination, functional 
topoisomerase II or apoptotic 
endonucleases cleavage
followed by gene fusions..  ) 
not only in the cells of the 
primary neoplastic clone 
(in this case, lymphocytes) 
but in other cellular types...
such as endothelial cells, which 
do not even have the same 
embryonic derivation





These data suggest that 
even in lymphomas, 
endothelial cells 
(so as stromal cells in 
solid tumors) are linked 
to cancer ...



IN THE CANCEROUS B CELLS, THE PORTION OF CHROMOSOME 18 CONTAINING THE BCL‐2 LOCUS HAS UNDERGONE A 
RECIPROCAL TRANSLOCATIONWITH THE PORTION OF CHROMOSOME 14  CONTAINING THE ANTIBODY HEAVY CHAIN 
LOCUS. THIS T(14;18) TRANSLOCATION PLACES THE BCL‐2 GENE CLOSE TO THE HEAVY CHAIN GENE ENHANCER. 

H Chain‐enhancer is very active in B cells... 

But the most 
significant 
evidence of the 
non-stochastic, 
but reactive and, 
so to speak, 
teleonomic 
character of 
neoplastic 
translocations
comes from 
the molecular 
analysis: in this 
case, for example, 
an anti-apoptotic 
gene is exposed 
to the 
immunoglobulin 
enhancer
to determine the 
immortalization 
of cells !!



THE FIRST EVIDENCE THAT 
CANCER ARISES FROM 

SOMATIC GENETIC 
ALTERATIONSCAME FROM 

STUDIES OF BURKITT'S 
LYMPHOMA, IN WHICH ONE 

OF THREEDIFFERENT 
TRANSLOCATIONS 

JUXTAPOSES AN 
ONCOGENE, MYC, ON 
CHROMOSOME8q24 

TO ONE OF THE LOCI FOR 
IMMUNOGLOBULIN GENES. 
CHROMOSOMES14q, 22q, 

AND 2q 
— THE TRANSLOCATION 

PARTNERS —
EACH CARRIES ENHANCER 

ELEMENTS IN THE 
IMMUNOGLOBULIN LOCI, 
THEREBYACTIVATING THE 

JUXTAPOSED  C‐MYC 
ONCOGENE

+
+

+

Are the antibody gene loci 
quite“dangerous places” for proto‐
oncogenes to take up residence ?

Croce CM. Oncogenes and Cancer. N Engl J Med 2008;358:502‐11.

Even more 
interesting is 
the mechanism, 
(quite similar)
that occurs in 
Burkitt's 
lymphoma (in 
particular in the 
areas of Africa 
infested by 
Anopheles / 
Plasmodium 
falciparum and
EBV) with 3 forms 
of translocations 
determining 
the exposure of 
another oncogene 
(c-MYC)
to the enhancer 
sequences of Ig
or T-lymphocyte 
receptors ..



.. or in the areas of Chernobyl, where the oncogene C-RET, involved in the development of the thyroid gland/cancer, is 
recurrently translocating (especially in the children of the exposed to radiations) .... 
(In Belarus, the incidence of thyroid cancer was multiplied by 30 in 1995 and by 100 in the regions closest to Chernobyl)..



Il secondo pilastro della radiobiologia classica 
scaturì dalla definizione più precisa del danno al  
DNA, che seguì alla descrizione, nel 1961, di 
rotture stocastichedi uno o di entrambi i 
filamenti della doppia elica (Single Strand Breaks‐
SSBs; Double Strand Breaks‐DSBs), nel DNA 
esposto a  radiazioni. Su queste basi nel 1973
venne formulata l’equazione lineare quadratica 
(Linear Quadratic equation‐lq) fondata sulla tesi 
che basse dosi di radiazioni causano 
essenzialmente SBSs, facilmente riparabili, 
mentre ad alte dosi predominano le rotture, 
«potenzialmente letali» per la cellula, di entrambi 
i filamenti della doppia elica …
Soltanto un’esposizione massiva (dell’ordine di 

1‐2 o più Gy) a radiazioni provocherebbe danni 
significativi ai tessuti e alla salute umana …
piuttosto astrattamente, suddivisi in: 
«deterministici» (da danno cellulare diretto) e 
appunto «stocastici» (da danno al DNA). 



The available evidence makes this classical model increasingly less acceptable, because the exposure to low doses of IR 
seems to have carcinogenic effects, even after years or decades, both in the exposed individuals and in subsequent 
generations. In addition, the cells that survived the exposure to low doses, despite being apparently normal, 
accumulate damages that become evident in their progeny, such as nonclonal chromosomal aberrations, which can be 
found even in cells not directly irradiated due to the exchange of molecular signals and complex tissue reactions 
involving neighboring or distant cells. ..For all these reasons, a paradigm shift is needed..

Even as regards the effects of ionizing radiation, 
SMT model appears obsolete: we have just 
published a review to show how, also in this case, 
there are no stochastic/mechanical lesions due to the 
energy connected to radiation, but reactive DSBs 
and complex potentially adaptive/defensive 
genomic modifications (including translocations)

Int J Environ Res Public Health. 2018 Sep 10;15(9).





… it is important to realize that the stress response occurs in reaction to a potentially harmful 
environmental influence. The stress response is an unambiguous indication that cells react to 
EMF as potentially harmful.  It is therefore an indication of compromised cell safety, given by 
the cell, in the language of the cell. 

The low threshold level of the stress response shows that the current safety standards are 
much too high to be considered safe. 

The relatively low field strengths that can affect 
biochemical reactions is a further indication that 
cells are able to sense potential danger long 
before there is an increase in temperature …
the thermal standard used by agencies to 
measure safety is at best incomplete, and 
in reality not protective …
Non‐thermal ELF mechanisms are as effective as 
thermal RF mechanisms in stimulating the stress 
response and other protective mechanisms. 

Finally, since both ELF and RF activate the 
same biology, simultaneous exposure to 
both is probably additive and… total EMF 
exposure is important… 

DANGER SIGNALS !



Specific DNA sequences on the promoter of the HSP70 stress gene are responsive  to EMF...

Hsf‐1

Synthesis of this stress protein is initiated in a region of the promoter where a transcription factor known as Heat Shock 
Factor 1 (HSF‐1) binds to a Heat Shock Element (HSE).
The EMF sensitive region on HSP70 promoter is upstream from the thermal domain of the promoter and is not sensitive 
to increased temperature. The binding of HSF‐1 to HSE occurs at −192 in the HSP70 promoter relative to the transcription 
initiation site. 

The EMF domain contains three nCTCTn myc‐binding sites −230, −166 and −160 rela ve to the transcrip on ini a on site 
and upstream of the binding sites for the heat shock (nGAAn) and serum responsive elements…. The electromagnetic 
response elements (EMREs) have also been identified on the c‐myc promoter and are also responsive to EMF

HSP70 stress gene 

Pathophysiology
Volume 16, Issues 2-3, August 2009, Pages 71-78



Sci Rep. 2019 Feb 4;9(1):1333. doi: 10.1038/s41598-018-37372-2.

…campi ipomagnetici (HMF) influenzano la determinazione del destino cellulare…
interferendo sulla differenziazione in vitro delle cellule staminali embrionali (ESC).
…attraverso la disregolazione dell'espressione di DNA metiltransferasi 3b (Dnmt3b), 
con conseguente metilazione incompleta del DNA 



Sci Adv. 2019 Jan 30;5(1):eaau7201. doi: 10.1126/sciadv.aau7201.

Campi magnetici statici deboli (WMF <1 mT) producono 
alterazioni della proliferazione delle cellule staminali 
e della successiva differenziazione attraverso cambiamenti 
nell‘accumulo di specie reattive dell'ossigeno (ROS) e 
nell'espressione della proteina di shock termico 70 (Hsp70). 

Questi dati rivelano che sulla base della forza del campo, 
l'esposizione al WMF può aumentare o diminuire 
la formazione di nuovo tessuto in vivo...
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ERNESTO BURGIO
ECERI - European Cancer and Environment 
Research Institute

Evolution of DOHaD: the impact of environmental hazards 
on the origins of current “pandemics”

It has been well known for many years that prenatal life is not fully protected in the uterine microenvironment. But only over the last decade 
we have been focusing on mechanisms and modalities of maternal and foetal exposure to an impressive range of chemicals (eg .: endocrine
disruptors) , physical factors (eg .:EMFs) and biological agents (eg .: viruses) able to induce potentially adaptive and predictive epigenetic 
changes in the embryo-fetal genome, thus interfering with the programming of tissues and organs in an often irreversible way.

This one was the slide by which I had started my talk two years ago at the I Congress .. 
I would like to conclude now by briefly re-connecting to the reflections of those days…



The gift our mothers
never wanted to give us

CHEMICAL FALL OUT

ULTRAFINE PARTICLESENDOCRINE DISRUPTORS 1

2 3

.. at present many studies, in various parts of the world, are evaluating the 
global chemical body burden .. especially in women, embryos/fetuses 
and children, providing dramatic results.

HEAVY METALS

http://www.ewg.org/reports/generations/



Giuseppe Giordano

Monitoring Body‐Burdens

> 700 different synthetic chemicals or heavy 
metals found in cord blood..

POPs



In this context, the 
organ that acquires a 
truly extraordinary 
importance is the 
PLACENTA: an organ 
that has been little 
studied until a few 
years ago and that 
emerges as a sort of 
"black box" for 
programming 
(epigenetically )
the different fetal 
tissues and organs





Mass spectrometry (IZS Bologna)
Immunohistochemistry (University of Cagliari)
Epigenetics (University of Pisa)
Mitochondria (University of Milan)
Metabolomics (University of Cagliari)
Follow-up of children (FIMP - Federazione Medici Pediatri) --
> early diagnosis and personalized treatment

We recently received a first 
funding from the Italian 
Ministry of Health to study 
hundreds of placentas,
particularly in highly polluted 
areas such as the city of Taranto, 
exposed to the largest Italian 
steel plant (ILVA)



Obesity/Metabolic Syndrome/Diabetes 2

Neurobehavioral Deficits 
and Diseases

CANCER

Reproductive 
Diseases/Dysfunctions

Multiorgan Effects of 
Endocrine Disruptors

In Vitro Fertilization 

Semen Abnormalities 

Obesogens

DOHAD

Asthma and allergies

Psychiatric Diseases

Cardiovascular 
Diseases

Ipertension

Developmental Time Windows of 
Vulnerability 

Pesticides

Lung Development 

Placenta: Prediction
of Future Health

Materno Fetal Stress

Eventually, during the last years, the fetal programming mismatch theory has been 
transformed  from a theory essentially useful to explain the pathogenic mechanisms 
causing  certain diseases  of adulthood, into the key-model theory of the embryo-fetal
origins of adult diseases (DOHA-Developmental Origins of Health and Diseases)



According to such  a dynamic 
model, Infant leukaemias,
which have registered
the highest increase, 
could be considered 
an evolutionary process gone 
awry, representing the most 
emblematic consequence of a 
distorted foetal programming
and showing some peculiar 
characteristics even at the 
molecular level..

It is significant that the MLL 
gene, which is very often 
involved in these forms, 
encodes a histone 
methyltransferase,
an enzyme with a key role 
in the implementation of 
epigenetic and chromatin 
modifications, in the early 
stages of foetal development 
and differentiation of tissues
(especially in haematopoiesis), 
as pointed by Tomatis in his last 
article ..



The key-term in this context is 
certainly primary prevention



Interphase chromosomes

Mitotic chromosome

Euchromatin

Heterochromatin

At this point we can 
affirm that 
epigenetics appears 
to be the part of 
molecular biology 
that allows us to 
better understand 
and, in perspective, 
to cure chronic 
pathologies and 
cancer .. 

The first  keyword: Epigenetics 

… if only we 
recognize the 
epigenome as 
the active part 
of a new 
model of 
genome, 
systemic, 
fluid, open to 
environmental 
information 
and able to 
self-modify..



Rudolf Jaenisch‐ Whitehead Institute and 
Dept. of Biology, MIT, Cambridge, MA

In such a fluid and systemic model the epigenome (also defined by some scientists as the controlling software of the genome) behaves as a 
sort of Black Box/compensation chamber - the specific place where the flow of information that comes from outside (environment and 
microenvironment) meets and interacts with the information encoded in the genes for millions years (the hardware)



Transposable elements can be seen as a natural genetic engineering system acting not just on one location at a time but on the 
genome as a whole ..This dynamic view of the genome has been illustrated most impressively by Jim Shapiro  who stated that the 
genome is composed of modular units arranged  in a “Lego-like” manner and can modify itself under circumstances

1
2

3

4 5



Adaptation to Global Change: 
A Transposable Element–
Epigenetics Perspective

Trends in Ecology & Evolution
Volume 31, Issue 7, 
p514–526, July 2016

1

2

3

Under stress, the activation of the TE–EC engine both in 
somatic and in germ cells induces plastic responses 
through: 
(i) DNA methylation and/or modifications of histone tails; 
(ii) transcription of TE-encoded regulatory noncoding RNAs 
(ncRNAs); and 
(iii) lifting of epigenetic silencing and mobilization of TEs.. 
leading to genome/plasticity and cells' mosaicism.



Trends in Ecology & Evolution
Volume 31, Issue 7, 
p514–526, July 2016

(A) Under stress, the activation of the TE–EC 
engine in somatic cells induces plastic responses 
through: (i) DNA methylation and/or 
modifications of histone tails; (ii) transcription of 
TE‐encoded regulatory noncoding RNAs 
(ncRNAs); and (iii) lifting of epigenetic silencing 
and mobilization of TEs in somatic cells, 
leading to somatic mosaicism. 

(B) Stress induces epigenetic 
modifications in germline cells. 
The resulting phenotypes can be 
stabilized over generations 
(transgenerational epigenetic 
inheritance) through self‐
reinforcing epigenetic pathways. 

Stress perceived in somatic cells 
can also induce the production of 
circulating ncRNAs that may 
modify the epigenome of remote 
germline cells
[dashed arrow from (A) to (B)]. 



Relative frequency of articles with epigenetics in their title
David Haig Int. J. Epidemiol. 2012;41:13-16Foreword 1

For all these reasons, the continuous increase, 
over the last 20 years, of articles with the
term epigenetics in the title is not surprising



Also the rate of 
increase 
of publications 
addressing 
cancer (epi)genomics 
has become 
greater than that 
of publications 
focused 
on selected genes



Published papers about Endocrine Disruptors
between 1993 and November 2006 (Gies)

Colborn, vom Saal, Soto (1993): EHP

Endocrine Disruptors

And just as rapidly is increasing the number of articles on epigenotoxic 
pollutants (in particular endocrine disruptors) that are more active
on developing organisms (in particular in the first 1000 days of life)



Translocations typical of myeloid leukaemia, probably due to maternal exposure to some toxic compound, were shown to be present at birth 
in children who developed the disease years later  (while not sufficient per se to cause the disease, they might increase the risk for leukaemia by 
inducing genomic instability)   Tomatis L.  Identification of carcinogenic agents and primary prevention of cancer. Ann N Y Acad Sci. 2006 
Sep;1076:1‐14

Translocation involving band 11q23 in AML 
may occur as a result of a deletion or trans‐
locationswith a number of other
chromosomes and is usually associatedwith
M4 or M5 and a poor prognosis



Nakamura T, Mori T, Tada S, et al. ALL‐1 is a histone methyltransferase that 
assembles a supercomplex of proteins involved in transcriptional regulation.Mol 
Cell 2002;10:1119‐1128.

IN ALL AND AML, THE ALL1
(ALSO NAMED MLL) GENE 
CAN FUSE WITH 1 OF MORE 
THAN50 GENES. ALL1 IS 
PART OF A MULTIPROTEIN
COMPLEX. MOST OF THE 
PROTEINS IN THE COMPLEX 
ARE COMPONENTSOF 
TRANSCRIPTION COMPLEXES; 
OTHERS ARE INVOLVED IN 
HISTONEMETHYLATION AND 
RNA PROCESSING. THE 
ENTIRE COMPLEX REMODELS,
ACETYLATES, DEACETYLATES, 
AND METHYLATES 
NUCLEOSOMES AND
HISTONES. THE FUSION OF 
ALL1 WITH 1 OF these  50  
PROTEINSRESULTS IN THE 
FORMATION OF THE 
CHIMERIC PROTEINS THAT 
UNDERLIEALL AND AML.

ALL1 (MLL) FUSION PROTEINS 
DEREGULATE HOMEOBOX 
GENES (WHICHENCODE 
TRANSCRIPTIONS 
FACTORS)..and microRNAs 
GENES SUCH AS MIR191.

AF9 Location 9p22

MLL  Location 11q23

Several lines of evidence point to a mishap in non‐homologous end joining of double strand breaks as the most likely reason for 11q23 translocations.

The first and most striking property of MLL fusion proteins is their incredible diversity. MLL has 
been found in 73 different translocations and 54 partner genes have been cloned 
(http://atlasgeneticsoncology.org/Genes/MLL.html).

histone 
methyltransferase
histone 
methyltransferase

Moreover this 
gene is involved 
in dozens of 
different 
translocations 
that express 
fusion proteins, 
interfering with 
differentiation 
of pluripotent 
hematopoietic 
stem cells
and 
dysregulating 
the expression 
patterns of 
HOX 
developmental 
genes…



Even if leukaemia fusion gene formation is
spontaneous, the risk of this occurring may 
be modified by other factors, including folate 
availability. There is dietary  and genetic  
evidence  that  folate has an impact on the 
risk of infant and childhood leukaemia ..

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

!!



Also the high frequency of MLL1-gene 
rearrangements in leukaemias and 
myelodysplastic syndromes secondary to 
treatment with topoisomerase II inhibitors is a 
significant argument in favour of prenatal and 
(epi)genotoxic origin of infant leukaemia, due to 
maternal and foetal exposure to substances - such 
as bioflavonoids (contained in many foods), and 
widely used insecticides, such as dipyrone (Baygon) 
- interfering with the action of this enzyme (which 
is essential for the unwinding of the double helix).

Propoxur  (Baygon°) is also widely used against cockroaches, 
fleas, and similar pests. Therefore, it is important that the 
associations observed in this study are reevaluated in an 
extended case‐control study



Finally, it has been known for at least 20 years that 
the mother's residence during pregnancy is a more 
reliable index of in utero exposure and correlates 
with the incidence of childhood leukemia



Is the carcinogenic process  the 
ontogenic development gone awry ?

… and the main cause of cancer a block 
in cell differentiation programs (just 
the “hallmark”, inexplicably neglected 
by major theorists of SMT) ?

Some Virckow’s followers (1870 ca) formulated the theory that adult tissues
contain dormant embryonic remnants that could be activated to become cancer
Perhaps the most intriguing aspect of the theory concerned the hypothesized
trigger of the process: ..a change in the environment, a “disequilibrium” in the 
surrounding tissue, that would induce these embryonic remnants to resume cell 
proliferation and to produce masses of cells resembling  fetal tissues (field theory)

The Embryonic Rest Theory and the field theories of cancer

Some years ago 
we have already 
shown that the 
embryo-fetal 
(and epigenetic!) 
origins of 
childhood cancer 
had already been 
discovered 150 
years ago by 
some students of 
the great German 
pathologist 
Virchow.. who 
had already 
recognized at the 
light microscope 
the precancerous 
stem cells as 
“dormant 
embryonic 
remnants that 
could be activated 
to become cancer 
by a 
“disequilibrium” 
in the 
surrounding 
tissue..



Virchow, Rudolf. Cellular Pathology as Based Upon Physiological and 
Pathological Histology. London, 1860

The Embryonic Rest Theory and the 
field theories of cancer

Virchow and other well known pathologists, on 
observing cancer tissue under the microscope, 
noted the similarity between embryonic tissue 
and cancer, and suggested that tumors arise 
from embryo‐like cells [105]. 

On this basis, some Virckow’s followers [106‐107] 
formulated the theory that adult tissues 
contain dormant embryonic remnants that 
could be activated to become cancer. 

Perhaps the most intriguing aspect of the theory 
concerned the hypothesized trigger of the 
process: it would be a change in the 
environment, a “disequilibrium” in the 
surrounding tissue, that would induce these 
embryonic remnants to resume cell 
proliferation and to produce masses of cells 
that resembled fetal tissues (field theory).

From Cellular Pathology: 
Development of cancer from 
connective tissue in the 
carcinoma of the breast



The great lesson of teratocarcinoma
and the stem cell theory of cancer

• the transplantation of pluripotent or embryonic 
stem cells into adult mammals, frequently leads to 
the growth of teratocarcinomas

• the microenvironment was central to this paradigm‐
breaking findings:  the origin of the teratoma was a 
“dissonance”..

• intriguingly, putting the teratocarcinoma cells into
an early mammal embryo at the blastocyst stage..  
they can generate normal tissues in viable mosaic 
individuals ..

• normal offspring could result from a…  cancer cell
• normal germinal stem cells who became cancerous, 

showed the potential to revert to normal cells if 
placed in  embryo





Cancer is increasingly being viewed as a stem cell disease.. The long‐
known association between cancer and chronic tissue injury, and the 
more recently appreciated roles of Hedgehog and Wnt signalling
pathways in tissue regeneration, stem cell renewal and cancer growth
suggest that carcinogenesis proceeds by misappropriating homeostatic 
mechanisms that govern tissue repair and stem cell self‐renewal.

Nature. 2004 Nov 18;432(7015):324‐31.



Model for carcinogenesis resulting from persistence of a 
state of injury repair.

1

2

Further genetic or epigenetic change in such a 
persistently activated stem cellmight produce a 
cancer stem cell.. aggressively propagating a CA

3

3Wnt or Hh signalling



J Clin Invest. 2009;119(6):1438–1449. 

But, perhaps the most 
significant datum in this  
model, alternative to the 
dominant one (SMT), 
concerns THE ONLY 
real cancer hallmark 
(which makes it a killer), 
i.e. the ability to give 
metastasis .. 
which is NOT DUE TO 
ANY STOCHASTIC 
DNA MUTATION,
but to the reactivation of 
an EPIGENETIC 
program (EMT), 
physiological in the 
embryonic period, which 
allows fetal cells to 
migrate towards their 
final location ..



During embryogenesis, epithelia are considered to be highly plastic and able to switch back and 
forth between epithelia and mesenchyme, via the processes of EMT and mesenchymal-epithelial
transition (MET), respectively... terminally differentiated epithelia can change their phenotype
(EMT  MET) under the influence of repair-associated or pathological stress

J Clin Invest. 2009;119(6):1417–1419. 

Cancer is a wound 
which never heals

Rudolf Virchow 

Epithelial-mesenchymal transition 
(EMT) is critical for appropriate 
embryonic development… re-
engaged in adults during wound 
healing, tissue regeneration, organ 
fibrosis, and cancer progression.

.. followed by a complementary 
EMBRYO-FETAL EPIGENETIC 
program (MET) that allows the 
same cells to stabilize in the 
reached site!



Nor should we forget that telomerase is 
expressed in over 90% of malignant 
tumors, another key mechanism in the 
embryo-fetus, that makes neoplastic 
cells immortalized..  and that is not 
due to any DNA mutation ..



Here 
we are

The scientists who adhere to the paradigm of stochastic mutation carcinogenesis (SMT), and more 
generally to a linear and gene-centric model of DNA, have some difficulty to accept this….



Only within a “systemic (olo)genomic” model conceived as a unitary, complex, dynamic, and responsive molecular 
network, it is possible to suggest that all
epigenetic (global DNA hypomethylation, hypermethylation of promoter sequences of tumour suppressor genes),
genetic (genomic instability, mobilization of transposable sequences)
and chromosomal (translocations) mutations, determining the progression of cancer, 
are steps in a (failed or distorted) adaptive and potentially defensive process. 

The ‘‘methylation 
paradox’’ of cancer cells. 

Cancer cells present 
a gain of methylated 
streches at regions 
that are usually 
unmethylated
(hypermethylation) 
concomitantly with
loss of methylation 
at genomic loci that 
are normally 
methylated (global) 
(hypomethylation),

Retrosequences activation 
(Natural Genetic Engineering)

R Villa, F De Santis, A Gutierrez, S Minucci, PG Pelicci, L Di Croce Epigenetic gene 
silencing in acute promyelocytic leukemia Biochem Pharmacol (2004) 68: 1247‐54

Esteller M. Cancer epigenomics: DNAmethylomes and histone‐
modification maps Nat Rev Genet (2007);8(4):286‐98; Karpinets
TV, Foy BD. Tumorigenesis: the adaptation of mammalian cells to 
sustained stress environment by epigenetic alterations and 
succeeding matched mutations. Carcinogenesis. (2005); 
26(8):1323‐34; Hauptmann S., Schmitt W.D. Transposable 
elements ‐ Is there a link between evolution and cancer?Medical 
Hypotheses (2006), 66 (3):580‐591; 



ONE OR MORE OF THE GENES STUDIED IS HYPERMETHYLATED IN EVERY TUMOR TYPE. HOWEVER, THE PROFILE OF 
PROMOTER HYPERMETHYLATION FOR THE GENES DIFFERS FOR EACH CANCER TYPE, PROVIDING A TUMOR-TYPE 
AND GENE-SPECIFIC PROFILE (EVEN IF SOME GENES, SUCH AS THE CELL CYCLE INHIBITOR P16INK4A, ARE 
HYPERMETHYLATED ACROSS MANY TUMOR TYPES INCLUDING COLORECTAL, LUNG, AND BREAST CARCINOMAS))

Other changes, such as for the 
DNA repair gene MGMT and 
DAPK, also have a wide 
distribution



On these bases for over 20 
years it has been known 
that it is possible, in 
certain situations, to act 
on cancer cells and even 
on some neoplasms
by means of epigenetic 
factors capable of 
reverting the neoplastic 
phenotype (and even the 
carcinogenic molecular 
mechanisms)..



These cellular reprogramming 
strategies are now proven to be 
effective in cancer, both 
experimentally… and clinically



Particularly in certain forms of acute infantile leukemia with poor prognosis, such as 
promyelocytic leukemia, in which PML-RAR a as well as other leukemia-associated fusion 
proteins change the chromatin structure (specifically, aberrant recruitment of different chromatin 
modifying enzymes to specific promoters induce  DNA hypermethylation and heterochromatin 
formation leading  to transcriptional silencing of some key-genes)



1

1

3

2

Schematic representation of the step‐wise silencing of PML‐RAR target genes

The oncoprotein PML‐RAR recognizes a well‐defined DNA sequence *

.. recruits repressor enzymes, such as HDACs and DNMTs leading to hypo‐acetylation of histone tails, DNA methylation, and 
transcriptional silencing…

*

2

Methylated CpGs are potential docking sites for MBD proteins, which can in turn recruit further repressor enzymes.
3

4

4
The progression wave..might ‘‘close’’ the chromatin structure and could even influence neighboring genes.

5

5

It is important to remember that 
today, promyelocytic leukemia 
heals with retinoic acid, which 
acts epigenetically by 
"releasing" the genes blocked by 
the PML-RARa fusion protein..



I tumori ipossici accumulano e propagano le cellule staminali tumorali, aumentando il rischio di 
metastasi e riducendo l'efficacia dell'intervento chirurgico, della chemioterapia e della chemio‐
radioterapia



Le cellule normali/non cancerose metabolizzano il prodotto finale della via 
glicolitica, il piruvato, nei mitocondri, attraverso il ciclo di Krebs e la 
fosforilazione ossidativa, pathway metabolico particolarmente vantaggioso dal 
punto di vista energetico poiché porta alla produzione di 36 molecole di ATP per 
molecola di glucosio metabolizzata

Le cellule tumorali, invece, inibiscono la completa 
ossidazione mitocondriale del piruvato, il quale viene 
preferenzialmente convertito in lattato dalla Lattato 
deidrogenasi (LDH).

Warburg nel 1921 dimostrò che le cellule tumorali esibiscono una inusuale richiesta di glucosio con concomitante alta produzione di acido 
lattico, pur in presenza di ossigeno, per attivazione  preferenziale dell’ «ancestrale»  glicolisi aerobica

Effetto Warburg.



Inoltre la trasformazione verso un fenotipo glicolitico determina resistenza al processo di morte cellulare 
programmata (apoptosi): molti enzimi coinvolti nella glicolisi tra cui l’esochinasi (HK), sono infatti anche importanti 
regolatori dell’apoptosi.

Proteine anti‐apoptotiche ** Bcl‐2, Bcl‐x, Bcl‐XL, 
Bcl‐XS, Bcl‐w, BAG..

Citocromo C

Il controllo e la regolazione 
degli eventi apoptotici
mediati dai mitocondri
avviene attraverso i membri
della famiglia di proteine 
(pro*  e anti‐apoptotiche **)
Bcl‐2  per la cui regolazione la 
proteina p53 svolge un ruolo 
chiave.

Apaf‐1

Le 3 principali pathways apoptotiche. La via intrinseca «mitocondriale» implica una corretta funzionalità dei mitocondri ed  è di norma innescata da una vasta gamma di stimoli che producono 
segnali intracellulari e causano cambiamenti nella membrana mitocondriale interna. Tali cambiamenti si traducono nell’apertura del poro di transizione della permeabilità mitocondriale (MPT), 
nella perdita del potenziale di membrana del mitocondrio e nel rilascio, nel citosol, di proteine pro‐apoptotiche, di norma sequestrate nello spazio intermembrana mitocondriale , tra cui il 
citocromo C che, una volta liberato nel citosol, forma un complesso con Apaf‐1 (apoptotic protease activating factor) e con la pro‐caspasi‐9 (apoptosoma)*** e sucessiva attivazione delle 
caspasi effettrici (la ‐3, la ‐6 e la ‐7 e della final common pathway (appunto comune a tutte le vie apoptotiche) 

***

Proteine pro‐apoptotiche* Bcl‐10, Bax, Bak, Bid, 
Bad, Bim, Bik, e Blk..



Ma perché le cellule tumorali, altamente proliferanti e richiedenti energia, dipendono dalla glicolisi aerobia piuttosto che dall’ossidazione 
del glucosio, energeticamente più vantaggiosa? 

Secondo Gatenby e Gillies , all’inizio della carcinogenesi le cellule trasformate si affidano alla sola glicolisi anaerobica per la produzione di 
ATP, poiché si trovano in un microambiente ipossico. In queste condizioni viene attivato il fattore ipossico HIF‐1 che promuove l'espressione di 
diversi trasportatori del glucosio e di enzimi, quali la piruvato deidrogenasi chinasi (PDK) che inibisce il complesso multienzimatico della 
piruvato deidrogenasi (PDH), responsabile della conversione del piruvato in acetil‐CoA, limitando così l’ingresso del piruvato nel ciclo 
dell’acido citrico e quindi la sua ossidazione a livello mitocondriale (20).  

L'upregolazione costitutiva della glicolisi è 
probabilmente un adattamento all'ipossia che si 
sviluppa nelle lesioni pre‐neoplastiche.

La sovraregolazione della glicolisi provoca acidosi 
microambientale e richiede un ulteriore 
adattamento attraverso l'evoluzione somatica di 
fenotipi resistenti alla tossicità indotta 
dall'acidosi

Le popolazioni cellulari che emergono da questa sequenza hanno un forte vantaggio evolutivo, poiché il micro‐ambiente diviene 
tossico per le cellule normali, ma innocuo per se stesse. L'acidosi ambientale facilita  l'invasione attraverso la distruzione di 
popolazioni normali adiacenti, il degrado della matrice extracellulare e la promozione dell'angiogenesi..



I prodotti metabolici della glicolisi, come gli ioni idrogeno (H + ), causano 
un'acidificazione spazialmente eterogenea ma coerente dello spazio 
extracellulare, che sembra provocare una tossicità cellulare «selettiva»



Very aggressive cell
line, MDA‐MB‐231

Cells with a non‐invasive phenotype, 
MCF‐7



Gli stadi della crescita del tumore e i loro stati fisiologici associati sono schematizzati, dimostrando che la progressione da uno stadio all'altro è governata da processi 
collettivi. Le cellule epiteliali normali (grigie) diventano iperproliferative (rosa) dopo l'induzione. Quando raggiungono il limite di diffusione dell'ossigeno, diventano 
ipossici (blu), il che può portare alla morte cellulare (cellule apoptotiche mostrate con blebbing) o all'adattamento di un fenotipo glicolitico (verde), che consente 
alle cellule di sopravvivere. Come conseguenza della glicolisi, le lesioni diventano acidotiche e selezionano le cellule mobili (gialle) che alla fine violano la membrana 
basale e  le mutazioni nelle cellule aumentano (nuclei mostrati come arancione chiaro per una mutazione e arance più scure per più mutazioni).

HIF1α, fattore 1‐inducibile dall'ipossia

VEGF, fattore di crescita 
endoteliale vascolare



Le cellule staminali embrionali umane (hESC) sono difficili 
da mantenere in cultura, a causa della loro tendenza a 
differenziarsi spontaneamente.. 
coltivare hESC ad una tensione di ossigeno inferiore è 
vantaggioso per il loro mantenimento, in termini di ridotta 
differenziazione spontanea, maggior proliferazione e 
massima espressione dei marcatori di pluripotenza: 
effetti mediati dai fattori  inducibili dall’ipossia. Pertanto, 
l'ipossia supporta la pluripotenza mantenendo la glicolisi, 
che sostiene i maggiori bisogni energetici della cellula

L'ipossia supporta la pluripotenza, riducendo 
la normale tendenza del hESCs a differenziarsi! 



Nelle linee tumorali trattate  è stata osservata una riduzione dell’attività dell’enzima LDH e della quantità di lattato rilasciato nell’ambiente 
extracellulare rispetto alle cellule non trattate

Inoltre CELLFOOD® si è dimostrato in grado di inibire il fattore ipossico HIF‐1 che svolge un ruolo chiave nella regolazione del fenotipo 
glicolitico e di ridurre l’espressione del trasportatore di membrana GLUT‐1.. 
E’ dunque possibile ipotizzare che CELLFOOD® favorisca la riattivazione della via ossidativa mitocondriale, rendendo in questo modo la cellula 
tumorale suscettibile all’apoptosi

CELLFOOD®  SHIFTAGGIO DALLA VIA GLICOLITICA A QUELLA MITOCONDRIALE/OSSIDATIVA 





















Nel 2016, ci sono stati 330.000 (da 95000 a 349000 UI da 
95.000 casi) casi di carcinoma del sistema nervoso centrale 
e 227000 (da 205000 a 241000) decessi a livello globale e i 
tassi di incidenza standardizzati per età del carcinoma del 
sistema nervoso centrale sono aumentati a livello globale 
del 17,3% (95% UI 11 ∙ 4 a 26 ∙ 9) tra 1990 e 2016 (tasso di 
incidenza standardizzato per età 2016 4 ∙ 63 per 100000 
persone / anno [4 ∙ 17 a 4 ∙ 90]).







.. recent data on the interaction between ELF EMFs and chemicals show delayed chromosomal instability arising in human 
fibroblasts [67]…Suggestions of long-lasting inhibition of DNA repair by UMTS/GSM signals were made based on the observed 
persistence of the reduction in 53BP1/γ-H2AX colocalized foci [97]. 
Hence, RF may epigenetically modulate genomic instability inducible by chronical chemical exposure and/or IR ... Therefore, 
it is of interest to investigate the long-term cooperative effects arising from combined exposure scenarios (Fig. 1).



Very little data are currently available on the cumulative effects of exposure to multiple hazardous agents that 
have either similar or different mechanisms of action on DNA.. In addition to known mutagens, presumptive 
DNA-damaging agents, such as EMFs fields, ought to be also considered since they may influence cellular 
responses to IR or chemicals, for instance by sublethal stress generation



C'è un'associazione significativa tra uso a lungo termine di telefoni cellulari (minimo, 10 anni) 
e glioma (OR = 1,44, IC 95% = 1,08‐1,91). .. E una significativa associazione positiva tra uso a lungo 
termine di telefoni cellulari e rischio di glioma omolaterale (OR = 1,46, IC 95% = 1,12‐1,92)

PLoS One. 2017 May 4;12(5):e0175136. doi: 10.1371/journal.pone.0175136











Three decades after the first formulations of a theory about 
the foetal origin of some cancers, in a world characterized by 
an ubiquitous distribution of thousands of potentially pro-
carcinogenic molecules in food chains and even in the cord 
blood and placentas.. it is useful to recall Tomatis’s great 
lesson: in order to reverse the trend of continuous increase in 
tumours, primary prevention is necessary and urgent.



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

“A clever man solves a problem, 
a wise man avoids it” 

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


