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SUMMARY

Epigenetics is regarded as a promising research field to better understand the 
interplay between genetic and environmental factors underlying both typical 
and atypical developmental processes (from embryonic cell specialization to 
severe neurological and mental disorders). The aim of this paper is to describe 
the history of the concept of epigenesis from its Aristotelian foundation. 
Emphasizing the relation between internal powers and external factors of 
change, Aristotle seems to anticipate the current meaning of epigenetics, 
coined by Conrad Waddington in 1940 and then developed by the modern 
genetics. The discovery of epigenetic mechanisms has challenged the static 
nature of DNA pointing out the dynamic and reversible changes occurring 
in response to environmental prompts. This stimulates considerations on the 
relational nature of life in the response to various environmental stimuli.

Aristotle’s concept of epigenesis
The main object of this intervention is the actual concept of epi-
genetics, a field of research that links together several sciences, 
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namely biology, genetics, psychiatry, and so on. In this light, epi-
genetics promises to develop an interdisciplinary field of research, 
unifying several perspective on the interaction between genetic in-
heritance and environmental factors.
In this first section, our attempt consists in reconnecting the con-
temporary usage of term “epigenetics” with its Aristotelian ancestor, 
that is epigenesis. I will argue that the ancient term is related to the 
modern one not only for its relevance in Aristotle’s theory of gen-
eration, but as part of his broader paradigm of motion and change. 
Evidences for this hypothesis can be achieved in several works of 
Aristotle, belonging to ethics and rhetorics more than biology. In 
these context the term epigenesis identifies the apparition of a new 
feature in an already existent being, at the end of a gradual change. 
Change can be instantiated from external causes, simply suffered 
from inanimate, but actively receipt from living beings, whose life 
can be described as a continuous mediation of internal and external 
factors, not always crowned with success.
The Aristotelian term epigenesis has a really rich history - that often 
coincides with the fortune of De generatione animalium (GA). As a 
matter of fact the actual term “epigenetics” has been coined in 1940 by 
Conrad Waddington, with explicit reference to Aristotle1. But long be-
fore Waddington’s usage of this term, a similar reference to Aristotle 
has been proposed, inside the debate about the process of generation 
of living things, beginning from 1550. In this context the term epi-
genesis has been opposed to preformationism2. For the advocates of 
this theory, all the parts of the foetus exist since the beginning of the 
generation process. In their opinion, this process is only a continu-
ous growth of the already existent parts through the addition of mate-
rial elements. A version of preformationism was already opposed by 
Aristotle in GA, where he suggests an alternative account, according 
to which male and female play, respectively, the role of the formal and 
the material cause of a progressive development of the parts, starting 
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from the hearts, which is the first principle of life3. Then, in this first 
stage of epigenetics modern history, the recovery of the Aristotelian 
term was intended to describe the gestation process as a progressive 
development of the body parts that, as such, are not given by parents.
The second, most relevant, stage of epigenetics is either more recent, 
and more related to the actual concept of epigenetics. In fact, as al-
ready mentioned, this term was coined in 1940 by Conrad Waddington, 
even before the discovery of DNA. But the attempt of Waddington is 
no more the polemic against the preformationism view, but rather 
the explanation of the “interaction between genes and their product”. 
Then, the field of research of Waddington is very close to the ac-
tual epigenetics, even if several differences - technological as well 
as theoretical - separate them. As we illustrate in the second part of 
this intervention, what today epigenetics try to explain is not only the 
modification of the phenotype of the cells as response to inner stimuli, 
but also the modification - in term of activation or deactivation - of 
single branch of DNA as response to environmental solicitations and 
stresses. In my opinion, it is not the polemic about preformationism 
and homunculus theory, but the actual meaning of “epigenetics”, and 
the special emphasis on the interaction between internal genetic pre-
disposition and external factors of change that is mostly related to the 
evidences of term epigenesis in Aristotle’s corpus4.
Curiously, despite the large fortune of the reference to Aristotle, 
there are not many evidences of this term in the corpus, and only 
three occurrences can be found in GA. At the end of a brief analysis 
of the available occurrences, it may be possible suggest  that epi-
genesis belongs to the Aristotle’s wide theory of change and motion, 
more than biology and embryology.
First of all, if we examine the distribution of the term epigenesis, we first 
realize that it is used in various purposes works, from biology to rheto-
rics and ethics. The term is used only 3 times in GA, although not these 
but the occurrences inside HA refer to epigenesis as a biological term.
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If we push the analysis to the context in which Aristotle uses the 
term, we find that the most frequent usage is with the meaning of 
“add” or “join”. This is also the case of the only occurrence in the 
GA really relevant for the theme of generation:

Not only must the mass of material exist there from which the embryo is 
formed in the first instance, but further material must constantly be added 
that it may increase in size5.

From this point of view, the Aristotelian term epigenesis seems to be 
only weakly connected to the modern concept of epigenetics. The 
required material for the progressive growth of the individual seems 
to be mostly connected to the debate against homunculus theory, 
rather than to the reaction of the organism to environmental stimuli. 
However, a second family of occurrences is found in the corpus, in 
which the meaning of epigenesis is not strictly equivalent to “add” 
or “join”. A good example can be found in NE:

Pleasure completes the activity not as the inherent state does, but as an 
end which supervenes as the bloom of youth does on those in the flower of 
their age. So long, then, as both the intelligible or sensible object and the 
discriminating or contemplative faculty are as they should be, the pleasure 
will be involved in the activity; for when both the passive and the active 
factor are unchanged and are related to each other in the same way, the 
same result naturally follows6.

The term is also used with the same meaning in Rhetoric, although 
not recognised in some translations:

Similarly an element of pleasure supervenes even in mourning and 
lamentation7.

In my opinion the frequent association of the term epigenesis with 
the theme of pleasure does not make it specific of the ethical reflec-
tion, but allows to highlight its meaning8. In the texts just quoted, 
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epigenesis is used to describe a qualitative change that comes at the 
end of a quantitative variation. In this sense, the movement which 
the term epigenesis refers to is close to genesis, as opposed to the 
various cases of kinesis9. From this point of view epigenesis is a sort 
of movement that ends up with an outcome not entirely reducible 
to the progressive, diachronic change that is still required. Unlike 
the complete cases of generation, the epigenetics phenomena hap-
pen to (supervene to) an already formed individual, which genus is 
not changed but instead fulfilled for this latest metabole10. Strictly 
dependent on its prerequisite, what supervenes is also irreducible to 
its hule, and in the case of the pleasure, it is ultimately something 
different from the diachronic praxis during which it appears. 
This technical meaning of Aristotelian epigenesis is closely con-
nected to modern epigenetics, especially for one reason. Either the 
ancient and the contemporary concepts emphasize not only the inner 
factors but also, and not secondarily, the premises of the epiphany of 
the pleasure that comes from external environment (periechon)11.
As often observed, Aristotle’s conception of life and living things 
can be regarded as an homeostatic process that continuously seeks 
for an equilibrium between external solicitations and internal ten-
dencies12. The actuality (entelecheia) of life can be preserved only 
making the right use of the external factors of change, as long as 
the living subject is able to modify its response to the environment. 
Aristotle’s emphasis on the relation between internal powers to 
change and external factors of change, more than the narrow use 
of the term epigenesis, can be regarded as a possible linkage to the 
modern concept of epigenetics.

The modern concept of epigenetics: from embryonic development 
to adult age
The equilibrium between external stimuli and internal reaction 
is easily observable in the microscopic world of biology in which 



Pietro Giuffrida, Francesca Faillaci, Lucia Sideli

830

the cells, or all of they contain, are interdependent with their sur-
rounding. The concept of epigenetics13 has gradually taken on an 
increasing relevance in recent years for scientific research and it is 
constantly evolving in conjunction with related phenomena, widely 
studied and interpreted, thereby providing the definition that embod-
ies contemporary usage of the word.
The genome is depositary of genetic information; the DNA is codi-
fied and inherited by daughter cells, and it is different from epig-
enome that represents the sum of all chromatin modifications in an 
organism. The epigenome interacts with the DNA and activates or 
suppresses the expression of genes. The epigenome is a part of sur-
rounding DNA microenvironment and its interaction with it. The 
epigenome changes in response to intra-cellular signals, also com-
ing from neighboring cells, or from the external world. Hence, epi-
genetics emphasizes the ecological nature of the cell as ecological 
niche. This is particularly clear considering the effect of epigenetic 
mechanisms on stem cells during embryonic development.
Stem cell niche refers to the biological microenvironment that interacts 
with stem cells to regulate cell fate. During embryonic development, 
various niche factors act on embryonic stem cells to alter gene expres-
sion, and induce their proliferation or differentiation for the fetus devel-
opment. Cell fate depends on their interactions with neighboring cells. 
The physical structure of the niche varies between organisms and stem 
cell types, its composition ranging from a single cell or cell type to many 
cells of varying cell types. Individual stem cell niche also uses distinct 
combinations of signaling molecules to control stem cell proliferation 
and self-renewal. For some stem cell types, the activation of a single 
signaling pathway by the niche is sufficient for promoting stem cell self-
renewal. However, in other cases, specific signals or combinations of 
signals are needed by different niches to control stem cell self-renewal, 
many of which appear to function as short-range signals. Examples of 
such signals are protein, hormones and chemical molecules14,15.
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As it is known, in the cellular nucleus there are the complexes of 
DNA and proteins called Chromatin. DNA is wrapped around the 
histones (H2A, H2B, H3 and H4) to form the nucleosome16. The 
pack of nucleosomes in a highly compacted form of 30nm chroma-
tin fibers, plays a crucial role in the regulation of gene expression 
and other DNA-dependent activities17. Transcription factors bind not 
only to gene promoters, but also to other transcription factors and 
non-coding RNA in a complex network of genomic targets involved 
in a particular adaptive response. Chemical tags were attached to our 
genetic code, like a bookmarked pages of a book, signaling to our 
bodies which genes to ignore and which to use. For instance, DNA 
5-Methyl Cytosine of the dinucleotide sequence CpG is related with 
gene silencing. The same function is performed by Methylation of 27 
lysine of H3 Histone and by Methylation of 9 lysine of H3 Histone. 
By contrast, Methylation of 4- and 36- lysine of H3 Histone, and, 
histone acetylation are related to transcriptional activity. These are 
examples of epigenetic mechanisms that control chromatin organi-
zation to influence gene expression18. Other epigenetic mechanisms 
are known, such as phosphorylation, presence of histone variants 
and of non-coding RNA.
Chromatin structure and nucleosome modification can be inherited, 
in fact several epigenetic tags derive from parental chromosomes and 
remain during embryo formation; this persisting imprinting strictly 
depends on the continuous activity of enzymes that maintains the 
methylation marks of imprinted genes during cleavage. The revers-
ibility of epigenetic processes explains the susceptibility of DNA to 
environmental factors and the related implications on the phenotype 
development, as demonstrated by different studies19. 
Homozygote twins provide an excellent source of information re-
garding the joined effect of genetic and environmental factors on 
phenotype. Indeed, identical twins share the same genes but the en-
vironment in wich they live in becomes increasingly different with 
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the advance of their age (when the non-shared environment becomes 
greater than the shared environment they joined as children). This 
unique aspect of twins makes them an excellent model for under-
standing how genes and environment contribute to certain traits, es-
pecially complex behaviors and diseases.
An important study examined the methylation profile of 80 pairs of 
monozygotic (namely, identical) twins at different ages. Researchers 
showed that monozygotic twins show different disease susceptibil-
ity, suggesting the possibility that epigenetic differences increase 
with ageing. Indeed, while young twins had similar amounts of DNA 
methylation, older twins considerably differ in the amounts and pat-
terns of this modification20.
The long-term pattern of epigenetically marked genes creates the 
epigenome that finally determines physical and behavioral pheno-
typic outcomes; chromatin configuration is considered to be a link 
between external environment and cellular DNA. Epigenetic pro-
cesses are involved in normal development (e.g. cell differentiation) 
as well as in adaptive response to the environment and in pathologi-
cal processes. Chemical pollutants, dietary components, temperature 
changes and other external stressors may, indeed, produce long-last-
ing effects on development, metabolism and health, sometimes even 
in subsequent generations. However, the underlying mechanisms 
remain largely unknown, particularly in humans.

The interplay between genetic and environmental risk factors in 
severe mental disorders
A promising application of epigenetic research is related to the ae-
tiology of major psychiatric disorders, such as psychosis, in order 
to better understand the joined effect of genetic liability and envi-
ronmental exposures. This seems particularly important since these 
syndromes - characterized by severe symptoms, chronic course, and 
significant impairment - are one of the major causes of the health 
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burden in the world and they absorb the greatest part of funding for 
mental health care21.
Psychotic disorders are now regarded as complex and multi-factorial 
disease resulting from heritable and non-heritable factors, such as 
obstetric complications, poor maternal care and maltreatment, mi-
gration, drug use, and stressful life events. The first wave of genetic 
research on psychotic disorders was focused on identifying single 
genetic polymorphisms directly related to the pathogenesis of the 
disorder, affecting the dopaminergic brain system responsible of key 
psychotic symptoms, such as delusion and hallucination. However, 
this research line has become progressively disappointing given the 
large number of genes that were found to be associated with psy-
chotic syndromes. Indeed, a recent collaborative study published in 
Nature in 2014 analysing the data of 37,000 patients with schizo-
phrenia and 113,000 healthy controls found that as much as 108 loci 
(single-nucleotide polymorphisms, SNPs) were associated to the 
disease, by altering not only the dopamine transmission, but also 
the glutamate transmission (which regulates dopamine transmis-
sion), together with some neurodevelopmental process, immunity, 
and stress response22.
Another proportion of risk is conveyed by copy number variants 
(CNVs), also involved in other neurodevelopmental diseases such 
as autism, epilepsy, and learning disability. However, large-scale 
genome-wide association studies showed that cumulative genetic 
scores, which account for a number of genetic loci, and copy num-
ber variants were able to explain only a limited proportion of the 
genetic liability for psychotic disorders. This suggest that the ma-
jor part of risk is likely to be explained by gene-gene interactions 
(also called epistasis) and by gene-environment interaction23,24. 
According to the last perspective, it is possible that particular 
genes make individuals more vulnerable to specific risk factors, as 
in the case of the people carrying a particular variant of one of the 
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genes involved in dopamine transmission (COMT) that were found 
to be more at risk of developing psychotic symptoms after heavy 
marijuana use. Alternatively, the joint effected of environment and 
genetic risk factors might be explained by epigenetic modification, 
meaning by differences in gene expression driven by environmen-
tal exposures.
According to the current state of knowledge, recognized post-natal 
environmental risk factors for psychotic disorders include illicit 
drugs able to stimulate subcortical dopamine transmission, such as 
cocaine, amphetamine, or in cannabis. Other known risk factors are 
related to the effect of stress on the dopamine system and, therefore, 
on psychotic symptoms, via the alteration of the Hypothalamic-
Pituitary-Adrenal Axis (HPA axis) that regulates stress-response 
behaviours. These includes, living in a highly urbanized area, be-
ing a member of a discriminated group (such as, ethnic or sexual 
minority group), being exposed to severe sexual or physical abuse 
in childhood, and, to a minor extent, to stressful life event in adult-
hood25. Accumulating evidence from both animal and human stud-
ies demonstrated that poor maternal care, early maltreatment, and 
social exclusion determine an overstimulation of the Hypothalamic-
Pituitary-Adrenal Axis, which in turn may result in a long-term 
impairment of the HPA axis negative-feedback mechanisms. 
Eventually, this stable over-reactivity is associated with increased 
anxiety and reduced ability to cope with daily life stressors, produc-
ing long term changes of brain structure and functioning, such as 
altered level of basal and awakening cortisol, altered functioning of 
the amygdale and the prefrontal cortex, and reduced volume of the 
hippocampus26. Furthermore, basal cortisol levels correlated with 
subcortical dopamine levels27 and are associated with the course of 
psychotic disease28.
According to an integrated socio-developmental cognitive model of 
psychotic disorders29, psychosocial risk factors interact with genetic 
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liability in stimulating the dopamine systems and, eventually, pro-
voking psychotic symptoms, particularly persecutory delusions and 
hallucinations. These abnormal perception and thoughts determine 
increased level of anxiety, depression, and insomnia that, in turn, 
tend to fuel the dopamine system. For instance, there is preliminary 
evidence that social isolation in rats and early adversities in healthy 
volunteers are associated with an increased striatal dopaminergic 
response to subsequent social stressors and stimulant drugs30. In this 
way, a vicious cycle is established linking genetic liability, dopa-
mine dysregulation, and psychosocial stress. 
In this framework, epigenomic alterations might represent one of 
the mechanism underlying genes by environment interplay. Since 
the onset of psychotic disorders mainly occurs between the second 
and the fourth decades of life, and the impact of environmental risk 
factors is significantly related with their timing, epigenetic studies 
might elucidate how environmental risk factors (including social 
adversities) modify gene expression during developmental periods, 
inducing stable and potentially heritable changes31,32. Indeed, sev-
eral studies demonstrated that poor maternal care in rats and early 
adversities in children33,34 were related to hypermethylation of the 
promoter region of the gene encoding for glucocorticoid receptors 
(called NR3C1), which is involved in the negative feedback regu-
lation of the HPA axis (the stress response system) and, indirectly, 
modulates the subcortical dopamine activity. Although most of the 
human studies were based on peripherally accessible cell types, 
such as blood or saliva cells, there are suggestions that these cells 
reasonable reflect differences in epigenetic profile of brain cells. 
Moreover, a well known post-mortem study of suicide completers, 
subsequently replicated, found that hippocampal cells of suicide 
victims who were abused as child had increased methylation of 
the NR3C1 genes and decreased levels of the corresponding RNA-
messenger compared to non-abused suicide victims35,36. Besides glu-
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cocorticoid receptors, the effect of psychosocial stress on the brain 
was related to epigenetic modification (mainly hypermethylation) 
of genes involved in cellular signaling systems, immune response, 
or neuroplasticity, such as FKPB5, AVP, and BDNF, although some 
studies did not replicated the findings37.
Another promising research line investigated the association be-
tween epigenetic modifications and stressful experience occurred in 
adulthood. A study using the experience sampling method, which as-
sess daily mood changes related to daily life events, found that both 
in severely depressed patient and healthy individuals the relationship 
between negative events of daily life and unpleasant affect (anxiety, 
irritability, sadness…) was modulated by a particular variant of a 
gene coding for DNA methylation; intriguingly, this moderation ef-
fect was not observed in the relation between positive events and 
pleasant emotions38.

Conclusions
In light of these preliminary evidence, epigenetics seems to be a 
promising research field to better understand the interplay between 
genetic and environmental factors underlying both normal develop-
mental processes (from embryonic cell specialization to ageing) as 
well as a number of severe, chronic, and impairing disorders (such 
as cancer, dementia, or psychotic disorders). Additionally, epigen-
etic mechanisms challenge the static nature of DNA pointing out 
the dynamic and reversible changes occurring in response to en-
vironmental prompts. The interaction between inner, static powers 
and dynamic factors of change can also turn on several philosophi-
cal and widely humanistic debates about the intrinsically relational 
nature of life.
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