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La «tolleranza immunologica acquisita» dimostrò che le risposte immunitarie contro un insieme 
definito di agenti possono essere abolite, o almeno attenuate, usando un approccio biologico…



L'uomo conosce se stesso solo nella misura in cui conosce il mondo; conosce il mondo solo attraverso 
se stesso ed è consapevole di se stesso solo attraverso il mondo (J. W. v. Goethe)





Induction of antigen-specific unresponsiveness 
through blockade of costimulatory molecules

RAY OWEN (immunologic tolerance 
due to exchange of blood cells in utero) 
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The ceremonial opening of the Medical Congress in Berlin (1890):  
7000 partecipanti (623 USA, 421 Russia, 352 GB, 171 FRA…)

Cellularisti Umoralisti

Robert Koch

Emil von Behring

Paul EhrlichIl'ja Il'ič Mečnikov

Louis Pasteur

Rudolf Virchow



Kaufmann SH. Immunology's foundation: the 100-year 
anniversary of the nobel prize to paul ehrlich and elie 
metchnikoff. Nat Immunol. (2008) 9:705–12

Metchnikof, aveva per 
primo concepito i processi 
immunitari come quelli in 
grado di “definire 
ontologicamente 
l'individuo”; la sua teoria era 
stata lungamente avversata, in 
un periodo storico dominato 
dal positivismo e dal 
riduzionismo meccanicista, in 
quanto sentita come vitalista. 
Cap 3 UN PRIMO APPROCCIO 
ALL’IO BIOLOGICO 



Kaufmann SH. Immunology's foundation: the 100-year 
anniversary of the nobel prize to paul ehrlich and elie 
metchnikoff. Nat Immunol. (2008) 9:705–12

Per Tauber la grande intuizione di Metchnikof sarebbe 
stata, in pratica, che alcuni processi riparativi e 
ricostruttivi – in particolare l’infiammazione – avrebbero, 
nelle prime fasi dell’ontogenesi embrio-fetale, un ruolo 
per così dire creativo, contribuendo, appunto, alla 
definizione della forma corporea. Un ruolo-chiave in tal 
senso svolgerebbero, sia in ambito ontogenetico-costruttivo, 
sia in ambito infiammatorio-difensivo, i fagociti ..

Cap 3 UN PRIMO APPROCCIO 
ALL’IO BIOLOGICO 



Per Metchnikof i 
processi immunitari 
sono, soprattutto, 
attività che 
stabiliscono l'identità 
dell'organismo e che 
svolgono una funzione 
di protezione solo in 
conseguenza di 
fenomeni secondari… 

Solo alla metà degli 
anni 50 gli sviluppi 
della medicina e della 
biologia richiesero la 
riapertura del 
problema sollevato da 
Metchnikof. E fu allora 
che furono posti 
problemi come quelli 
della natura della 
tolleranza e del 
trapianto..
Cap 3 UN PRIMO APPROCCIO 
ALL’IO BIOLOGICO 



https://www.khanacademy.org/science/high-school-biology/hs-human-body-systems/hs-the-immune-
system/v/self-versus-non-self

Self vs. non-self immunity

L’altro grande punto di riferimento della ricostruzione storico-filosofica di Tauber è, inevitabilmente, Franck Macfarlane
Burnet, il virologo australiano al quale dobbiamo le teorie che rappresentano tuttora i tre capisaldi del modello
immunologico dominante: la chiara definizione di un Self radicalmente contrapposto a un Not Self essenzialmente
microbico e potenzialmente nemico e le teorie della tolleranza e della selezione clonale. Un modello apparentemente forte
che negli ultimi anni mostra alcune inattese, quanto intriganti debolezze. Cap 3 UN PRIMO APPROCCIO 

ALL’IO BIOLOGICO 

https://www.khanacademy.org/science/high-school-biology/hs-human-body-systems/hs-the-immune-system/v/self-versus-non-self


Immunol Rev. 1997 Oct;159:197-206; discussion 207-18.

Con la scoperta della tolleranza.. e, in particolare, con la 
scoperta della restrizione HLA ..il termine "Io 
immunologico" e la frase "discriminazione Self/Non Self" 
hanno acquisito grande valore. .. Il concetto di Self, sin dai 
tempi di Macfarlane Burnet, ha attivato “ingranaggi 
concettuali misticheggianti” diventando il  paradigma 
centrale dell'immunologia moderna .. In questo articolo, 
sfidiamo alcune delle affermazioni più eclatanti sul Self 
immunologico, rivedendo i meccanismi dell'evoluzione 
darwiniana e ricordando che .. la risposta immunitaria 
non può discriminare tra (agenti) benigni e nocivi.

https://www.ncbi.nlm.nih.gov/pubmed/9416512


Ray David Owen (October 30, 1915 – September 21, 2014

RAY OWEN (immunologic tolerance 
due to exchange of blood cells in utero) Science, 102 
(1945), p. 400Microchimerism



Le analisi di Owen rivelarono che vitelli gemelli generati da padri 
diversi erano chimerici, ciascuno essendo dotato anche di cellule 
del sangue derivate dal fratello gemello e che i gemelli erano 
immunologicamente compatibili: furono proprio gli studi di Owen 
a dimostrare che il self era appreso dal sistema immunitario nel 
corso dello sviluppo e a consentire a Burnet e Medawar di 
conseguire il Premio Nobel in Fisiologia o Medicina (1960)* per la 
scoperta della tolleranza immunologica acquisita .. 

Furono inoltre le scoperte di Owen ad aprire, di fatto, la strada 
alle ricerche sull'induzione della tolleranza e sull’immunologia 
dei trapianti

* In verità, in una lettera a Owen, Medawar ammise  che Owen avrebbe dovuto essere incluso 
nel premio.. 
[Crow JF A golden anniversary: cattle twins and immune tolerance 
Genetics. 1996 Nov;144(3):855-9.

Microchimerism



Per quanto riguarda il concetto di Self/Not-Self, è solo un'illusione. 
Il mondo non è diviso tra Self e Not Self (estraneo).. Il sistema immunitario non "conosce" la differenza. 
Solo l’obbedienza alle regole immunologiche definisce ciò che è tollerato e ciò che non lo è. 
IL SELF È SOLO QUELLA RACCOLTA DI IMMUNOGENI POTENZIALI CHE NON PUO 'STIMOLARE UNA RISPOSTA
(o soltanto una subliminale) IN QUELLO SPECIFICO TEMPO E LUOGO!



Una visione simbiotica della vita: non siamo mai stati individui..
La nozione di "individuo biologico" è cruciale per gli studi di genetica, immunologia, 
evoluzione, sviluppo, anatomia e fisiologia. ..
Durante l'ultimo decennio, il sequenziamento genomico ha sfidato le varie definizioni 
trovando interazioni significative in animali e piante con i microrganismi simbiotici che 
rompono i confini che prima avevano caratterizzato l'individuo biologico.. lo sviluppo 
animale è incompleto senza simbionti… 
I simbionti costituiscono una seconda modalità di ereditarietà genetica.. il sistema 
immunitario si sviluppa nel dialogo con i simbionti. Riconoscere l’olobionte - l'eucariota
multicellulare più le sue colonie di simbionti persistenti - come unità di anatomia, sviluppo, 
fisiologia, immunologia ed evoluzione criticamente importanti concettualmente sfida i modi 
in cui le varie discipline biologiche hanno fino ad ora caratterizzato le entità viventi.





Rambam Maimonides Med J. 2019 Jan 28;10(1). doi: 10.5041/RMMJ.10359

- Tutti gli animali e le piante naturali sono olobionti, costituiti dall'ospite e dal microbiota..  
- una frazione significativa del microbiota/microbioma viene trasferita grazie ad una varietà di meccanismi dai genitori alla prole per molte 
generazioni. 
- le variazioni genetiche negli olobionti possono verificarsi... più rapidamente e con più meccanismi nei microbiomi rispetto ai genomi ospiti 
(ad es. tramite acquisizione di nuovi microbi e a trasferimento genico orizzontale di geni microbici nei cromosomi dell'ospite)…  

- sebbene i cambiamenti nel microbioma possano portare all'evoluzione dell'olobionte, possono anche portare a disbiosi e malattie
(ad esempio obesità, diarrea, malattia infiammatoria intestinale e autismo)…

https://www.ncbi.nlm.nih.gov/pubmed/30720424


Microchimerism

Maternal microchimerism: friend or foe





Microchimerism

Classical chimerism is a rarely observed phenomenon that 
occurs when an embryo is formed from two 
independently conceived zygotes. It results in a fetus with 
a mixture of cells with genotypes derived from different 
germ cells 
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Ontogeny/Zigote?

Philogeny/Viruses/Bacteria.. Mutants!

Self/Not Self
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E = Mc2 = I

ATP - Adenosina trifosfato

AMP - Adenosin monofosfato

L'adenosina è un nucleoside che ha un ruolo  fondamentale 
- sia nel trasferimento di Energia (ATP --> ADP), 
- sia nella costituzione degli acidi nucleici (Informazione), 
- sia nella trasduzione del segnale (cAMP = secondo 
messaggero)



Last Universal Common (Cellular) Ancestor (LUCA)

Biological Ego
(Philogeny)

DNA: molecular individuality ?

Mutants ?



The revised Tree of Life illustrated 
in "Uprooting the Tree of Life"
by W. Ford Doolittle, Scientific 

American, February 2000
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The endosymbiotic theory was first articulated by the Russian botanist Konstantin Mereschkowski in 1905 
and substantiated with microbiological evidence by Lynn Margulis in 1967.. According to Margulis and 
Dorion Sagan "Life did not take over the globe by combat, but by networking" (i.e., by 
cooperation).  

The incorporation of microbial symbionts, and the progressive formation of eukaryotic cells .. 
and then the formation of multicellular organisms, etc.

NOTE: In all the steps so far (1-4) there is no place for the hypothesized 
stochastic genetic mutations as a key driver of the  process

Both mitochondria and plastids contain DNA
that is different from that of the cell nucleus 
and that is similar to that of bacteria

http://en.wikipedia.org/wiki/Lynn_Margulis
http://images.google.it/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/archive/0/08/20051109235537!Lynn_Margulis.jpg&imgrefurl=http://commons.wikimedia.org/wiki/File:Lynn_Margulis.jpg&usg=__o12_TC0KmU0vZYYDk1p7BGsHzN8=&h=344&w=233&sz=30&hl=it&start=93&tbnid=VgczQ1UmRAp1aM:&tbnh=120&tbnw=81&prev=/images?q=MARGULIS&gbv=2&ndsp=20&hl=it&sa=N&start=80
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Bacteria


Forterre proposes that all living organisms share a common ancestor that stored its genetic 
information in RNA. Some of its genes evolved into viruses. 
Later, some of those viruses evolved DNA as a way to defend their genes from attack, and 
DNA-based viruses became incorporated into hosts. 
Host genes were then transferred onto viral chromosomes and shared. In the process, the three 
major domains of DNA-based life emerged

Did DNA Come From Viruses? SCIENCE 12 May 2006: vol. 312 no. 5775 870-872 

And Viruses?



A hugely underrated role is played by the 
(retro)viruses and by HGT (horizontal 
transfer) of mobile sequences: in 
particular in higher organisms major 
acquisitions and transformations are 
produced by gene insertions ..



A key-example: the placenta. Syncytiotrophoblast being 
the product of a protein encoded by a retrovirus…
mammals are the "product" of the insertion of 
retroviruses' in genomes of previous organisms...



... playing a reactive-adaptive role.. processing / engineering  
the entire genome  ( Shapiro’s Natural Genetic Engineering)

Retroviruses are our more intimate symbionts

Activation of an HERV 
through mutation



About 1.5% of the genome consists of the ≈20,000 protein-coding sequences which are interspersed by the non coding 
introns, making up about 26%. Transposable elements are the largest fraction (40-50%) including for example long 
interspersed nuclear elements (LINEs), and short interspersed nuclear elements (SINEs). (adapted from T. R. Gregory Nat Rev 
Genet. 9:699-708, 2005 based on International Human Genome Sequencing Consortium. Initial sequencing and analysis of the 
human genome. Nature 409:860 2001.)



The recent death, on 17 June 1996, of  the noted 
philosopher of  science, Thomas Kuhn, at age 73, 
provides a suitable occasion to remember and 
commemorate his contributions to the  philosophy  
of  science.  It  also  provides  an appropriate 
moment to ask how well the Kuhnian idea of 
scientific  revolutions, which  was  developed  
principally from study of the physical sciences, 
applies to biology. 

1



Ludwig Boltzmann

Boltzmann had a tremendous admiration for Darwin and he wished to extend Darwinism from biological to cultural evolution. 
In fact he considered biological and cultural evolution as one and the same things. ... In short, cultural evolution was a 
physical process taking place in the brain. Boltzmann included ethics in the ideas which developed in this fashion (S.R. de Groot)

Albert Einstein**Max Planck Louis de Broglie E Schrödinger ** 

W. Heisenberg

Niels Bohr

Classical physics draws a distinction between particles and 
energy, holding that only the latter exhibit waveform 
characteristics, whereas quantum mechanics is based on the 
observation that matter has both wave and particle aspects and 
postulates that the state of every subatomic particle can be 
described by a wave-function—a mathematical representation
used to calculate the probability that the particle, if measured, will be 
in a given location or state of motion… These models could not 
easily be reconciled with the way objects are observed to behave 
on the macro-scale of everyday life. The predictions they offered 
often appeared counter-intuitive and caused much consternation 
among the physicists —often including their discoverers **.

James Clerk Maxwell



In 1997 the well known molecular biologist R. Strohman attempted an oblique attack against the central dogma of 
molecular biology; the deterministic, linear, uni-directional pathway from DNA to RNA to proteins to phenotype..

We have 
wrongly 
extended the 
linear theory 
of the gene to 
the “realm” 
of the gene 
management..
. but the gene 
management 
is an entirely 
different 
process, 
involving 
interactive 
cellular 
processes 
that display 
an interactive 
complexity… 
which is 
epigenetic 
in nature1

2

3
Towards
a Kuhnian
Revolution
in Biology



Francis Crick's statement of the central dogma, from an early draft of Crick (1958)
available at http://profiles.nlm.nih.gov/SC/B/B/F/T/_/scbbft.pdf

Bromham L Biol. Lett. 2009;5:503-505©2009 by The Royal Society



Genetic 
determinism is 
the belief that 
genes determine 
morphological
and behavioral 
traits and do so 
with little or no 
influence from 
environmental 
factors.

Genetic determinism
August Weismann

The Weismann barrier is the principle that hereditary information moves only from genes to 
body cells, and never in reverse. In more precise terminology hereditary information moves 
only from germline cells to somatic cells (that is, soma to germline feedback is impossible). 

Francis Crick

The Central Dogma of molecular 
biology deals with the detailed 
residue-by-residue transfer of 
sequential information. It states that 
such information cannot be 
transferred back from protein to
either protein or nucleic acid.

The Modern Synthesis: Following the rediscovery of Mendel's principles of genetics, several theorists such 
as RA Fisher, JBS Haldane, Sewall Wright, Ernst Mayr  and Theodosius Dobzhansky contributed to the 
synthesis of Mendel and Darwin's concept of natural selection… The organism responds to a dual 
causation, one based on laws of physics, the other based on a genetic program… reflecting 
the mechanics of its constituent parts & the phylogenetic history encoded in its genes

The main dogmas of the twentieth century biology



http://news.sciencemag.org/sciencenow/2009/04/21-03.html

IN FACT Genes need to be told to switch “off” and “on”:
• Genes need to be told how much expression (protein) is 
required and where.
• Genes need to be regulated – this regulation is not 
performed by DNA but by many other controls arranged 
in a complex network
• DNA has been called the Book of Life by the Human 
Genome Project scientists, but many other biologists 
consider DNA to be simply a random collection of words 
from which a meaningful story of life may be 
assembled…
• In order to assemble that meaningful story, a living cell 
uses a second informational system. (...) 
The key concept here is that these dynamic-epigenetic 
networks have a life of their own —they follow network-
rules not specified by DNA

From directing the fate of stem cells to determining how.. we grow, the genes in our body 
act in complex networks.. the whole Genome is a Complex and highly dynamic molecular 
Network of interacting Genes and non-codifying sequences.. and proteins

Strohman R. , April 2001 Beyond genetic determinism 

….Genes Know How to Network…BUT...



If the Central Dogma  of Molecular Biology depicted 
one direction-flow of genetic information………………

REVERSE
TRANSCRIPTION

TRANSCRIPTION
FACTORS 

(and COFACTORS)

GRNetworks

SYSTEMS
GENOMICS
(BIOLOGY)

NATURAL GENETIC ENGINEERING

TRANSPOSABLE ELEMENTS

The “Fluid 
Genome”

EPIGENETIC 
CHANGES

ENVIRONMENT

we now know that things are quite different: 
information flow is circular between 
genome and environment



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 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)



TCDD

Viruses

HERVs

EMF

3

2

1

SYNERGISM !!

“FLUID EPI-GENOME”

4

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 /transmembrane receptors, signal 
transduction proteins, nuclear receptors, genome 
(DNA + Epigenome)] forcing them to adapt

The second keyword: Environment



Fetal Programming

Differentiation

epi-mutations 

Cellular Differentiation: an Epigentic process

The actual genetic program of a single multicellular 
organism is the product of nine months of epigenetic
adaptive-predictive “formatting” of trillions of cells)

This is the stage of life which is  far more sensitive to 
information coming from the environment (particularly to 
maternal-fetal stress, to nutritional errors, to  pollutants ..)

1
2

Nature 447, 425-432 (24 May 2007)

The fourth keyword is developmental plasticity Cellular Differentiation: an epigentic process

Developmental
PLASTICITY

Differentiation 
is the process 
through wich
the organism 
changes from a 
zygote to a 
complex 
system of
tissues and 200 
cell types 
(genetically 
identical.. each 
with its own 
epigenetic and 
morpho-
functional
characteristics)
..

3

The brain** is by far the most plastic organ during all (human) life

**

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


This image clearly shows the "power" of the epigenome and the predominant role of 
environmental information in the phenotypic shaping of cells, tissues , organisms .. 
the huge phenotypic (morpho- functional) difference between a lymphocyte and a 
neuron is not due to DNA, which is virtually identical in the two cells , but to the 
manner in which the same genome has been  utilized by the two cells, on the basis of 
the information (positional and environmental) received during the first months 
of life (for neuron in the first 2 years) and processed by the epigenetic networks

The fourth keyword is developmental plasticity



Adaptation to Global Change: 
A Transposable Element–
Epigenetics Perspective

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

1

2

3



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)]. 



Three families of human retrotransposons remain active 
today: LINE1, Alu, and SVA elements. Since 1988, de 
novo insertions at previously recognized disease loci have 
been shown to generate highly penetrant alleles in 
Mendelian disorders. Only recently has the extent of 
germline-transmitted retrotransposon insertion 
polymorphism (RIP) in human populations been fully 
realized. Also exciting are recent studies of somatic 
retrotransposition in human tissues and reports of 
tumor-specific insertions

(Stochastic versus Active/Reactive 
or even Pro-evolutive)



Transposable elements can be seen as a natural genetic engineering system capable of 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 Shapiro who stated 
that the genome is composed of modular units arranged  in a “Lego-like” manner that can be altered under circumstances

1
2

3
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+ Somatic Hypermutation !

Kinoshita K., Honjo T. Linking class-switch recombination with somatic hypermutation
Nature Reviews Molecular Cell Biology (2001) 2, 493–503











Highlights

1) 27 Recurrent DSB clusters 
(RDCs) are identified
in neural stem/progenitor 
cells

2) All RDCs are within genes, 
most of which are long,
transcribed, and late 
replicating

3) Most RDC genes are 
involved in synapse function 
and/or neural cell adhesion

4) A nucleotide-resolution 
view of replication 
stress-associated
fragile sites is provided



Cell 164, February 11, 2016 ª2016 Elsevier Inc. 593

Many of the identified genes are expressed in NSPCs located in the 
brain regions responsible for higher functions such as short-term 
learning, and mutations in these genes in humans are associated with 
(and maybe predispose to) psychiatric and neurological disorders 
manifested in mind functions—autism, manic depressive and 
depressive disorders, schizophrenia, and others



.. unlike your genome, which is fixed from the moment of conception (…)
your connectome* changes throughout your life. 

Neurons adjust…their connections (to one another) by strengthening or weakening them.
Neurons reconnect by creating and eliminating synapses, and they rewire by growing and retracting branches.  

You are more than your genes. You are your connectom (Sebastian Seung, MIT).

Seung S. Connectome: How the brain’s 
wiring makes us who we are (2012)



and of 9 months of an  
individual development

of 4 billion years of molecular 
coevolution * (in particular, our DNA
is the product of this long journey) ..

Phylogeny

We should never 
forget that we are 
at the same time 
the product

Ontogeny
Recapitulates
(anticipates) 
Phylogeny

Devo-Evo

The epigenome being 
the product of nine 
months of cellular and 
tissue programming
(adaptive to an 
environment that is 
rapidly changing)..

A major risk: the EDCs and other xenobiotics (not being the product of 
molecular coevolution) can interfere at this level, acting as pseudo-morphogens

Ontogeny

Mismatch



The chimpanzee DNA is for 98.77% identical to the human . 
On average, a gene encoding a protein in a man differs from its
chimpanzee ortholog by only two aa substitutions
.. almost one third of 
human genes
has exactly the same
protein translation as their
orthologs
in chimpanzee

Species phylogeny

Orangutan Gorilla Chimpanzee Human

From the Tree of the Life Website,
University of Arizona

Sanger Institute

We are quite stable (for 
millions of years) both 

genetically and 
phenotypically

Evo



Molecular (genetic) distances between Hominoids. 
Chimpanzees are actually closer to humans genetically than to Orangutans  and the same genetic 
distance from Gorillas. 

Orangutans are the most different from humans genetically yet relatively closer to Chimpanzees



A Hominid Tree

Base-pair changes in the globin region of DNA



Chimpanzee-human 
divergence

Chimpanzees Humans

6-8
million
years

Hominids or hominins
Brain:
a rapidly 
evolving 
Organ ?

Evo

The ancestral wiring

+ Soft Wired-memory

The Individual wiring !!



Brodmann areas

(Ib) The building of the software (the 
connectome) is epigenetically modulated

(I) The building of the hardware
is under genetic control 

The human Connectome

Neurodevelopmental disorders

Neuropsychiatric diseases
Neurodegenerative diseases

Ancestral cablage Individual cablage

Philogeny
Ontogeny



As with the sensory cortex, Wilder Penfield was responsible for 
mapping the motor cortex…
Chimps also have a motor cortex, but the area of cortex devoted 
to vocal control is restricted relative to what you see in the 
human animal.
Their brains are just not built for the detailed vocalizations you 
need to in order to pronounce all the phonemes that comprise 
linguistic verbal communication. Neurologists knew this, and 
had the chimp trainers consulted a neurologist before starting, 
they would have saved themselves years of wasted effort, and 
moved directly to the more realistic goal of seeing whether 
chimps could learn sign language

Carroll SB Genetics and the making of Homo sapiens Nature (2003) 422, 849-857

Le câblage ancestral

The ancestral wiring





20 million years ago: opposable thumb and frontal position of the eyes ..

Tarsius tarsier (Tarsio spettro)













Brain Size and Intellectual Capabilities The absolute brain size of hominids has tripled since the Pliocene age 
(from an average of 450 cm3 in Australopithecus to 1,345 cm3 in H. sapiens: Holloway, 1996)

http://journal.frontiersin.org/article/10.3389/fnana.2011.00029/full#B52




The human brain is not the largest.

Across species, brain size correlates with body size 
in a way that can be described mathematically with 
a power function, thus allowing the predicted brain 
mass to be calculated for any species

What is more important in determining the complexity and richness of the functions of a brain / mind?
The mass / volume? The number of neurons? The number of connections? The organization of neuronal circuits?



Capodoglio (Physeter 





Table I from Spitzka (1907) which includes the name, age, occupation, nationality, and brain 
weight of different personalities (the average adult brain today is about 1,450 grams)

Interestingly, the smallest 
brain was that of Franz 
Joseph Gall (1758–
1828) the father of 
phrenology

Anatole France 1100 gr.

Ivan Turgenev 2012 gr

http://journal.frontiersin.org/article/10.3389/fnana.2011.00029/full


Why Are Our 
Brains So 

Big?
Science, 2012

Macaques live in complex social 
groups and have brains larger 
than expected for their body size 





"Our theory is that there is a kind of self-
reinforcing cycle where big brains lead to 
very premature offspring and premature 
offspring lead to parents having to have big 
brains. What our formal modeling work shows 
is that those dynamics can result in runaway 
pressure for extremely intelligent parents 
and extremely premature offspring." 
"Humans have a unique kind of intelligence. 
We are good at social reasoning and 
something called 'theory of mind'--the ability 
to anticipate the needs of others, and to 
recognize that those needs may not be the 
same as our own.. This is especially helpful 
when taking care of an infant who is not able 
talk for a couple of years."

https://www.sciencedaily.com/releases/2016/05/160523160445.htm



In the social domain, a very different pattern emerged. 
Averaging across all of the tasks in the social domain, the human children were correct 
on ∼74% of the trials, whereas the two ape species were correct about half as often (33 
to 36% of the trials). Statistically, the humans were more skillful than either of the 
two ape species (P < 0.001 in both cases), which did not differ from one another.





Sex differences are of high scientific and societal interest 
because of their prominence in behavior of humans and 
nonhuman species. This work is highly significant because 
it studies a very large population 
of 949 youths (8–22 y, 428 males and 521 females) using 
the diffusion-based structural connectome of the brain, 
identifying novel sex differences. The results establish 
that male brains are optimized for intrahemispheric
and female brains for interhemispheric communication.

The developmental trajectories of males and females 
separate at a young age, demonstrating wide differences 
during adolescence and adulthood. The observations 
suggest that male brains are structured to facilitate 
connectivity between perception and coordinated action, 
whereas female brains are designed to facilitate 
communication between analytical and intuitive 
processing modes. 



Le connectome est un plan complet 
des connexions neuronales dans un cerveau

http://www.humanconnectomeproject.org/

Male brains during development are structured to facilitate within-lobe and within-
hemisphere connectivity, with networks that are transitive, modular, and discrete
whereas female brains have greater interhemispheric connectivity and greater cross-
hemispheric participation.



Innate linguistic knowledge

One of the most important of Chomsky's 
ideas is that most of this knowledge is 
innate, with the result that
a baby can have a large body of prior 
knowledge about the structure of language 
in general, 
and needs only actually learn the 
idiosyncratic features of the language(s)
it is exposed to.

Chomsky was not the first person to 
suggest that all languages had certain 
fundamental things in common (he quotes 
philosophers writing several centuries ago 
who had the same basic idea), but
he helped to make the innateness theory 
respectable after a period dominated by 
more behaviorist attitudes towards language



The ability to learn language is a human trait. In adults and 
children, brain imaging studies have shown that auditory 
language activates a bilateral frontotemporal network with a 
left hemispheric dominance
Here we demonstrate that in 2-d-old infants, the language-
related neural substrate is fully active in both hemispheres 
with a preponderance in the right auditory cortex. Functional 
and structural connectivities within this neural network, 
however, are immature, with strong connectivities only 
between the two hemispheres, contrasting with the adult 
pattern of prevalent intrahemispheric connectivities. Thus, 
although the brain responds to spoken language already at 
birth, thereby providing a strong biological basis to acquire 
language, progressive maturation of intrahemispheric
functional connectivity is yet to be established with language 
exposure as the brain develops



Structural connectivity results. 

Daniela Perani et al. PNAS 2011;108:16056-16061
©2011 by National Academy of Sciences



Questo è probabilmente l'esempio più chiaro e significativo della preponderanza e soprattutto della maggior 
rapidità e potenza, in ambito evolutivo, dei meccanismi istruttivo-costruttivi (lamarckiani) rispetto a quelli 
selettivi (darwiniani).
Possiamo dire che il linguaggio è stato il più potente induttore/catalizzatore dei processi evolutivi che trasformano 
il connettoma-base dei primati antropomorfi nel connettoma specifico di homo sapiens sapiens. 

Carroll (2003) Nature 422, 849-857

*

*



Ma potremmo anche estendere il modello istruttivo costruttivo all'intero 
processo di formazione/costruzione delle reti neuronali e quindi della 
corteccia cerebrale, non solo negli ominidi, non solo nei primati, ma più 
in generale negli animali. 

… pensiamo al modo in cui tutte le altre forme di 
vibrazione/campi elettromagnetici/radiazioni acustiche ecc. 
vengono via, via recepite, trasmesse ed elaborate da aggregati 
molecolari, organuli recettoriali, circuiti neuronali, aree cerebrali 
specifiche ..
e a tutti i segnali che dalla periferia corporea vengono via, via 
trasmessi verso i gangli centrali e, negli organismi superiori, verso 
la corteccia senso-motoria, determinandovi la formazione di 
un'area cerebrale specifica che rappresenta letteralmente la 
proiezione speculare capovolta dell'intera forma corporea,
(come del resto nelle aree visive si va via, via formando 
l'immagine proiettiva speculare capovolta del mondo esterno

How to explain the inverted body map in the brain (Penfield Homunculus) in phylogeny



Inversion du flux d'informations -
également dans l'évolution – signifie 
reconsidérer les organismes 
(et les génomes) comme le produit d'une 
ingénierie épigénétique et instructive (!)

Vers un modèle  instructif et 
constructif plutôt qu’(uniquement) 
sélectif dans l'évolution

INFORMATION

Dawkins R, et al. Genomics of the major histocompatibility complex: haplotypes, 
duplication, retroviruses and disease Immunol Rev. (1999);167:275-304

Il  est aussi raisonnable de supposer 
que les 250 mégabases les plus 
polymorphes et riches en séquences 
codantes  fonctionnellement 
interconnectés les uns aux autres du 
génome humain soient le produit de 
millions d'années de ingénierie 
génétique naturelle (ce qui est attesté 
par une forte présence de HERVs )



INTELLIGENT DESIGN ?!
Nature Nurture

Culture



First we show that individual connectotypes were reliably 
identified even several years after the initial scanning timepoint. 

Familial relationships between participants, i.e. siblings vs. 
unrelated, were also accurately characterized. The connectotype
demonstrated substantial heritability driven by high-order 
systems including the fronto-parietal, dorsal-attention, ventral-
attention, cingulo-opercular, and default systems. 

This work suggests that shared genetics and environment 
contribute towards producing complex, individualized patterns 
of distributed brain activity, rather than constraining local aspects 
of function. These insights offer new strategies for characterizing 
individual aberrations in brain function and evaluating heritability 
of brain networks. 





.. what really interests us here is the software
(which is essentially constituted by neuronal circuits
and thus by the synaptic connections )

and the way in which - in the course of ontogenesis, mainly 
during the fetal life* and the first two years of life 
( ie in the period of maximal developmental plasticity) 

billion of dendritic tree structures  are connecting with each other 
in response to information coming from the environment 
and from the rest of the "network " under construction 

[what is really hard to understand is why so many scientists prefer, 
even in this context , a selective (neo-Darwinian) evolutionary 
model rather than an instructive and constructive one 
(Lamarckian and Darwinian)]

The Individual wiring

* In our species synaptogenesis begins as early as the second month of fetal 
life (in other mammals only a few synapses are in place at birth )



http://www.britannica.com/science/prenatal-development

A sperm cell attempting to penetrate an egg (ovum) to fertilize it.



First stages of human development. (A–D) Cleavage of ovum. (E–F) Blastocyst development.



Embryo of 18 days at disk or shield stage, (Ja) three-quarter view, and (Jb) cross section



Embryo of 23 days showing (K) growth of the amnion, (L) 
amnion cut open, and (M) yolk sac and amnion cut open.



Profile of the brain of a human fetus at 10 weeks



The brain grows at an amazing rate 
during development. 
At times during brain development, 
250,000 neurons are added every 
minute! 
At birth, almost all the neurons that the 
brain will ever have are present. 

However, the brain continues to grow for 
many years after birth. 

By the age of 2 years old, the brain is 
about 80% of the adult size

A stegosaurus dinosaur weighed approximately 1,600 kg but had a brain that weighed only 
approximately 70 grams (0.07 kg). Therefore, the brain was only 0.004% of its total body 
weight. In contrast, an adult human weighs approximately 70 kg and has a brain that weighs 
approximately 1.4 kg. Therefore, the human brain is about 2% of the total body weight. This 
makes the brain to body ratio of the human 500 times greater than that of the stegosaurus

Synaptogenesis

https://faculty.washington.edu/chudler/neurogen.html


Early critical periods in the development 
of SYNAPTOGENESIS and brain functions

Formation of new synapses following stimulation..

The Individual wiring

Disturbing the CONNECTOME INSTRUCTION



09 A synaptic trek to autism

Schematic representation of the different phases of synaptogenesis in the human brain. 
During the first three years of life, an excess of cell/synaptic growth rate and inhibitory 
currents could increase the risk of ASD.





Genetic versus Epigenetic Control

Variation in the chromatin template can be brought about by posttranslational modifications
(PTMs; colored beads) added to histones, exchange and replacement of major histones with 
specialized variants (colored wedges), or ATP-dependent nucleosome remodeling (not 
depicted), which alters histone-DNA contacts. All of these mechanisms, along with DNA
methylation and potential interactions with noncoding RNAs (not depicted), 
ikely act together to bring about the plasticity that helps to define epigenetic phenomena

ncRNAs



in fact the genome changes constantly , not only in 
its software ( the epigenome ) assigned to 
respond physiologically to stress and to 
information coming from outside, but also, and 
with amazing frequency – mainly in the human 
brain - within the DNA sequence, thanks to the 
continuous transfer of mobile sequences.. 

If we are right, and the activity of the L1 jump 
really increases as the nervous system learns  
and adapts to the outside world ,

this would indicate that the individual brains and 
neural networks of which they are made change 
and are constantly changing at every new 
experience , even in genetically identical twins  
(which affects the assumption that identical 
twins are really genetically identical) 

Gage FH, Muotri AR. What makes each brain 
unique.Sci Am. (2012);306(3):26-31

However, claiming 
that the genome 
remains fairly 
stable throughout 
life is not only a 
simplification, but 
a big mistake



Cell 164, February 11, 2016 ª2016 Elsevier Inc. 593

Many of the identified genes are expressed in NSPCs located in the 
brain regions responsible for higher functions such as short-term 
learning, and mutations in these genes in humans are associated with 
(and maybe predispose to) psychiatric and neurological disorders 
manifested in mind functions—autism, manic depressive and 
depressive disorders, schizophrenia, and others



Evoluzione e Sviluppo del Cervello 
e(d emergere) della Coscienza

E = Mc2 = I (C)

Cervello

Coscienza

Inconscio

Mente
Psiche

Anima

Reti Neurali

Connettoma





E = Mc2 = I (C)



http://www.mukto-mona.com/Special_Event_/Darwin_day/

when (?)

where (?)

how (?)

Deep Time



Out of CO-EVOLUTION !?!
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(OLOCENE) 
31 DICEMBRE - ULTIMO MINUTO

• ore 23,59'15" --> i Sumeri in Mesopotamia
• ore 23,59'43" -->Alessandro Magno - Primo “Impero”
• ore 23,59'46" --> Gesù Cristo
• ore 23,59'49" -->Caduta Impero Romano d'Occidente
• ore 23,59'57" --> Scoperta dell'America
• ore 23,59'59" --> Rivoluzione Industriale * e Francese  

Colonialismo- Guerre Mondiali- Globalizzazione

*“Antropocene”: con la I (Carbone/Macchine) e soprattutto con la II (Chimica/Petrolio) 
Rivoluz. Industriale Homo S. Sapiens si è trasformato in potenza tellurica (Stoppani1873 
- Crutzen 1995).. Con la III (Telematica) è nata una nuova entità: la Prima Specie Globale (WWW)

http://images.google.it/imgres?imgurl=w1.403.telia.com/%7Eu40310117/bilderfoto/champagne.jpg&imgrefurl=http://w1.403.telia.com/%7Eu40310117/champagne.html&h=402&w=550&sz=71&tbnid=VqI3mCFD55EJ:&tbnh=95&tbnw=129&prev=/images?q=champagne&hl=it&lr=&ie=UTF-8&oe=UTF-8&sa=G
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dura 9 mesi  una vita
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Milioni di anni

Xrays-EMFs

Danger Signals !!



Lezioni ed esercizi di elettronica 2 
Editrice La Scuola

Fino al 1930 circa, la parte dello 
spettro delle onde radio sopra i 
30 MHz era praticamente vuota: 
non esistevano segnali prodotti 
dall'uomo 

Ai giorni nostri, lo spettro delle 
frequenze radio è estremamente 
sfruttato e viene per comodità 
diviso in varie bande di 
frequenza dai 3 kHz delle 
frequenze molto basse (VLF) 
fino ai 300 GHz delle frequenze 
estremamente alte (EHF). 

Le bande di frequenza sono divise 
in base alle caratteristiche che ne 
determinano l'impiego 
in certi settori piuttosto 
che in altri.

http://www.torinoscienza.it/dossier
/le_bande_di_frequenza_2336

Il problema dell’esposizione collettiva /crescente  limiti epidemiologia

…. Tout ce qui n’est pas le produit de cette coevolution moleculaire peut faire des degats DANGER SIGNAUX.. HSPs

http://www.torinoscienza.it/multimedia/le_bande_di_frequenza_delle_onde_radio_9195
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