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Genes = potentialities 
Epigenetics = actuation

after  
Conrad Waddington 
(1957) 3

Genetic code is 
written by pen (gene 
sequences) and by 
pencil (notes on gene 
expression) 
determining which 
proteins, where and 
when should be 
produced: pencil 
notes can be erased 
or changed in time



The epigenetic revolution
The same genes are in each cell of the body, but 
their expression is regulated differently, by several 
mechanisms involving DNA methylation (gene 
suppression) and DNA packaging (histones and 
nucleosomes making genes (un)available for reading); 
small inhibitory RNAs can finally produce single 
coding-gene inhibition or availability for translation


Environmental influences can modify gene expression: 
growing data demonstrate that the genetic code can 
be controlled by life experiences (annotations)


Toxicants and endocrine disruptors are capable of 
epigenetic interferences. Examples will be given.
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Epigenetic mechanisms
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A quick 
graphic 
summary



DNA expression regulation
in normal tissues,  
during embrygenesis and cell duplication


in various physiological and pathological conditions


during and after environmental exposures
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DNA can be modified by life habits
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not only genetically 
(mutagenesis)

but also epigenetically 
(gene expression/silencing)

The paternal epigenome makes its mark, J.Abbassi, JAMA, may 2017  
JAMA. 2017;317(20):2049-2051. doi:10.1001/jama.2017.1566 



Research on transgenerational 
epigenetic changes 
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Pregnancy and early 
embryo development are 

the most delicate conditions

Kabasenche and Skinner - DDT, epigenetic harm and transgenerational environmental justice.   
Environmental Health, 2014; 13: 62
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Environment and health
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Pollutants and disease
air, water and food are today more and more rich of pollutants 

many environmental factors are mutagenic (cancerogenic),  
pro-inflammatory (smoke, foods) and  
endocrinologically active (perturbing) 

“don’t breathe the air ...” impossible ! 

“don’t drink the water...”  
almost impossible, in many cases 

each component of air, water and food  
enters the body ... therefore ...
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in the human body, today...

Hundreds of exogenous compounds are present in the 
animal/human body, analytically demonstrated in the lab,   
even already in the cord blood of the fetus... 

Effects of complex mixtures of foreign substances, although 
in low doses, are practically always unknown, but are almost 
never nil or irrelevant; 

“Absence of proof is not proof of absence ...”
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Endocrine disruptors (ED)
What they are: 
 

How we encounter them: 
 

What they produce:  
 

ex. Estradiol vs. Nonil-phenol

14mauro.bologna@univaq.it

synthetic or natural molecules able to  
interfere with hormones. 

every day in many occasions: mostly by chemical-environmental 
contaminations (air, water, food) but also by contact with synthetic  
chemicals present in life and work sites.

interferences and perturbations of physiological messages involving 
related body hormones in the organism, with the alterations that follow.
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Endocrine disruptors and lipids
Many hormones are lipidic molecules (e.g. steroids), circulating 
in blood with specific transporters (SHBG, transcortin, other 
binding proteins) + a small and free active fraction. 

Endocrine-perturbing molecules (ED “endocrine disruptors”) are 
also mostly liposoluble, with higher concentrations in adipous 
tissue and in animal fat. 

A diet rich in animal fats causes an increased assumption of EDs 
accumulated in fatty tissues (e.g. dioxins, pesticides, etc.).
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Notes on Endocrine Disruptors (ED)
We may now examine some ED active compounds,  
with high persistence, high liposolubility, scarce hydrosolubility 
(i.e. difficult to eliminate) and with proven dangers. 

Ecotoxicology: provides us today several examples of harms 
deriving from lack of knowledge, and missed prevention. 

Flame retardants, ftalates, dioxins, polycyclic  
hydrocarbons, bisphenols, DDT ...
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BPA
Bisphenol-A (BPA), widely used as a polymerizing agent in 
plastics (polycarbonates) and in glues, since 1957. 

Estrogen-like activity, known since 1930. BPA was finally banned 
in Canada (2010) and is under investigation in other countries. 

Causes alterations in women puberty, and in pregnancy, fetal 
development (neural tube formation), dopaminergic regulation, 
brain steroid effects; binds thyroid receptors (T3) and modifies 
animal development (amphibians); also, perturbs male fertility; 
role in prostatic carcinoma (?)
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Cash receipts with bisphenols

thermal printing technology develops absorbable bisphenols 

in cash receipts, for instance,  
handed out every day (skin, lipids) 

low risk for single customers ... 

higher risks for cashier clerks ... 

endocrine perturbations (hypofertility),  
diabetes, some tumors ...

18

J.Glausiusz, Nature, 2014, vol. 508, p. 306-308
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Dioxins

Chlorinated compounds deriving from plastic burning;  
the Dx(s) are highly liposoluble, very toxic and, moreover, 
are proven carcinogens (IARC-WHO). 

Highly persistentent; present in industrial oil waste reused in 
animal food and in the food chain (chicken, pigs). 

Data still emerging, but with proven implications  
for immunotoxicity, multiphase endocrine perturbations 
(thyroid), development malformations, obesity, tumors.
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Tri-iodothyronine

T3
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IARC monograph n. 69, 1997

20 /30

www.iarc.fr
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Dioxins: distribution and 
“fall-out”

”Fall-out” of fumes around incenerator plants 

Soil and sediment deposits; lipid bioaccumulation
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> Food chain, through fats

mauro.bologna@univaq.it

mailto:mauro.bologna@univaq.it


DDT
Dichloro Diphenyl Trichloro-ethane: pesticide  
most widely used on the planet (antimalarial campaigns); 

Highly persistant, even found in polar animal fat tissue 
(seals,bears), although it was used mostly in tropical areas; 

DDT production and use are forbidden in many (not all) countries; 

Initially considered safe, reveals potent estrogen-like activity; it 
caused the extinction of predator species (marine raptor birds); 

Class I carcinogen (IARC, 1991): breast CA involvement.
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DDT, effects
Powerfully neurotoxic: opens neuronal sodium  
channels, with immediate convulsions of the insects; 

In humans, marked endocrine perturbations, accumulates in fat 
tissue (half-life, 6 years); powerful antiandrogen. 

Linked to sterility, various endocrinopaties, menstrual 
irregularities; pre-term births; diabetes; neurotoxicity 
(Parkinson disease), congenital and acquired hypothyroidism, 
carcinogenicity for breast, liver, pancreas; possibly involved 
also in leukemia and testicular cancer. 23
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DDT - a toxicologic mistake
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Osprey,  
Falco pescatore
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Environment and synthetic chemicals...
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Legislators are on the move to make sure that proofs of innocence should  
be obtained before introducing new chemicals in the markets
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Conclusions
We have seen that many environmental factors can 
have immuno-endocrine consequences.


We know mostly the effects of single toxicants at 
high concentrations in experimental conditions.


In everyday life we encounter dozens of toxicants/
pollutants at low-intermediate doses at the same time.


We know very little of the biological effects of 
mixtures of toxicants on complex animals (mammals).


Ecotoxicological and epidemiological studies need to be 
funded and widely executed in many areas. 
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Latest developments - EPIG
Not only epigenetic annotations on Cytosine, but also on Adenine (methylations)

C. Willyard, Nature 23 feb 2017 n.7642, 406-08 28



A great number  
of important  
novelties in the 
last few months 
… and many 
more to come …

Latest developments - EPIG

New concept of 
transgenerational 
environmental 
justice … 
simply another 
revolution …

Edward Skinner, Envir.Health, 2014
29



Perspectives / updates in 
NIM and PNEI

Neuroinflammation (Keystone, Co, June 2017) 
> Immune molecules in the CNS and vice versa 
> Glial cells in the CNS: glue no more 
> Immunologists and neuroscientists gather and 
discuss in Keystone, Colorado, next month 

(june 19-23, 2017) 
www.keystonesymposia.org/17E5

30 / 32

http://www.keystonesymposia.org/17E5


PNEI-PNIM prevention

We should pay attention to all these biological data  
and protect in particular: gametes, pregnancy condition 

and babies for a safe transmission of our precious heritage31
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