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(Ib) The building of the software (the
connectome) is epigenetically modulated
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http://arstechnica.com/science/2012/04/new-autism-studies-find-new-mutations-many-genes-behind-the-disorder/

AUTISM
(ASD :Autism Spectrum Disorders)

ASD is the fastest-growing developmental disorder in the world,
the prevalence of diagnosis having increased by 600% over
the last 20 years
New diagnosed cases (incidence) in US increased from 15,580 in 1992
to 163.773 in 2003
The estimated prevalence is
of 8-12 cases/1000
children (2012)

Many
scientists and researchers claim that Autism is the fastest-growing developmental disorder
http://www.autismconsortium.org/blog/detail/cdc-releases-new-prevalence-numbers-of-1-in-68-for-asd

Centre for Disease Control (CDC)
Autism and Developmental Disabilities Monitoring Network 2014

1 of 68 children aged 8 years had been diagnosed as autistic
.

Prevalence of Autism Spectrum Disorders in EU: 0,62 - 0,7%
Autism. Lai MC, Lombardo MV, Baron-Cohen S. Lancet. 2014 Mar.
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Il 17% dei bambini US < 18°a. ha un
disturbo dello sviluppo, per lo più a
carico del SN
Disturbi dell’apprendimento

ADHD
Disordini dello spettro autistico

Ritardo mentale
Analoghe sono le
cifre europee

Problemi comportamentali
Il cervello è un organo prezioso e vulnerabile e,
poiché il suo funzionamento ottimale dipende dalla
sua integrità, anche danni limitati possono avere
conseguenze serie ( Grandjean 2006)

ISDE Palermo - Maria Vittoria Di Matteo

A Silent Pandemic
Grandjean P.

Industrial Chemicals Are Impairing
The Brain Development of Children Worldwide

Landrigan Ph

For immediate release: Tuesday, November 7, 2006

*

**

A few industrial chemicals (eg, lead,
methylmercury, polychlorinated biphenyls
[PCBs], arsenic, and toluene) are recognised
causes of neurodevelopmental disorders and
subclinical brain dysfunction.
…

Seven years ago two well known experts in Environmental Health,
a pediatrician and an epidemiologist, launched an alarm from the
pages of the Lancet, saying that a silent pandemic of ADHD, autism
and other neurodevelopmental disorders was spreading also due
to the shortage of funds in this area of research

The Lancet Neurology, Volume 13, Issue 3 , Pages 330 - 338, March 2014

Since 2006, epidemiological studies have documented six additional developmental
neurotoxicants — manganese, fluoride, chlorpyrifos, tetrachloroethylene,
dichlorodiphenyltrichloroethane,, and the polybrominated diphenyl ethers.
We postulate that even more neurotoxicants remain undiscovered

http://www.slideshare.net/CMoondog/depression-powerpoint-13945746

http://psychcentral.com/blog/archives/2009/10/05/prevalence-of-common-mental-disorders/

Dépression majeure
Major depressive disorder

Tristesse persistante, anxiété ou un sentiment de «vide»
Sentiments de culpabilité, dévalorisation, faible estime de soi

Sentiment de désespoir. Pessimisme
Facteurs
psychologiques,
psychosociales
environnementaux
(héréditaires)

Anhédonie (perte d'intérêt ou de plaisir
dans les activités normalement agréables)
Diminution de l'énergie, fatigue
Irritabilité, nervosité

Agitation, difficulté à rester assis

Mouvements et langage ralentis
Difficulté à se concentrer, prendre des décisions, réfléchir
biologiques
(génétique épigénétique
métagénomique)
(Psycho-neuroendocrino
Immuno…

Troubles du sommeil/réveil, hypersomnie
Changements dans l'appétit, l'alimentation, le poids
Pensées de mort ou de suicide. Tentative de suicide
Douleurs, maux de tête, crampes, problèmes digestifs
sans cause physique claire sans relief avec le traitement

Le cours est très variable: à partir d'un seul épisode de la durée de quelques semaines jusqu'à un trouble
persistant tout au long de la vie avec des épisodes dépressifs majeurs récurrents.

An equally dramatic
trend show
neurodegenerative
diseases and
in particular
Alzheimer's
disease

Since 2000 there has been a 66% increase in Alzheimer's diagnoses.
6th leading cause of death in the United States.
5.4 million Americans are living with the disease.
15-20 million more Americans will be diagnosed by 2040

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.

We are currently facing a paradigm shift in biomedicine
For the last 50 years it was agreed to consider DNA as the code
and the key project for the assembly of our phenotype.
In the last ten years and especially since the appearance of the first
molecular epigenetic studies we have begun to understand
that the construction of the phenotype is the result of the interaction
between the information coming from the environment
and the information deeply inscribed inside the DNA
thanks to a very complex molecular network
surrounding the DNA: the epigenome
Therefore it can be argued that there is no stable change in our
phenotype (both physiological and pathological) which is not
- environmentally induced
- modulated by the epigenome
- conditioned by DNA

The other key concepts (obviously interdependent) are:
- developmental plasticity
- fetal programming
allowing us to understand how the fetus epigenetically program
(for life) all its cells in a predictive and adaptive way
responding to information coming from the environment
(through the mother bias )
It is important to note that during this period
incorrect information ( pollutants, endocrine disruptors ..) and /or
discrepancies between the information that the baby receives before and
after birth (mismatch)
may create epigenetically bad programmed cells (including gametes), thus
causing chronic diseases in adulthood or even in subsequent generations
This theory (DOHaD Developmental Origins of Health and Disease)
could help us to explain the current epidemiological transition ..

The 7 keywords: from genetics to epigenetics
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Devo  Evo

Fetal programming
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Phylogeny*
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Evolutionary
Medicine

Environment
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From Genetics
to Epigenetics

Towards a paradigm shift in biomedicine.
Environmental interference with the human (epi)genome

7
ERNESTO BURGIO
ECERI - European Cancer and
Environment Research Institute
ISDE Scientific Committee

XXI Century
Epidemiological
Transition

The first keyword: Epigenetics

Mitotic chromosome

Heterochromatin
Epigenetics
appears to be
the most
appropriate
and powerful
tool to build
up a new
systemic
model of
genome ..

.. finally
understood
as a
dynamic
and fluid
molecular
network
which can
interact within
itself and with
the outside

Euchromatin
Interphase chromosomes

Towards
a Kuhnian
Revolution
in Biology

2

1
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 3
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 nature

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
….Genes Know How to Network…BUT...

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
Strohman R. , April 2001 Beyond genetic determinism

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)

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

The
Histone tails
are a critical
determinant
of chromatin structure

They could be
regarded as the
sensory /
receptive
component of the
genome

Histone Tails are subject to
a variety of covalent
modifications
The Histone Code”
hypothesis:
modifications
of the Histone tails
act as marks read
by other proteins
to control the
expression
or replication of
chromosomal regions

E.g. generally,
Histone Acetylation
is associated with
transcriptionally
active genes
Deacetylation
is associated with
inactive genes
(= gene silencing)

DNA methylation
DNA methylation is a very stable/covalent modification of the DNA, very important for
gene silencing in human cells. Most genes have GC rich areas of DNA in their
promoter regions, that are also referred to as CpG islands. Methylation of the C
residues within the CpG islands leads to gene silencing.

(highly unstable base)

3

The vast majority
of human DNA
does not encode
proteins,
but microRNAs:
hundreds of these
ncRNAs have
already been
discovered
that play roles
of natural genetic
engineering

EMF

The second keyword: Environment
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

TCDD

Viruses
1

3
“FLUID EPI-GENOME”
HERVs

4

SYNERGISM !!
2

The third key word is fetal programming …

… a technical term that refers to the

Polycyclic Aromatic
Hydrocarbons (PAH)

(Ultra)-fine
particles
Heavy Metals

Benzene

Dioxin and
Dioxin-like
molecules

MATERNAL
STRESS

ONTOGENY

2

3

capability and, at the same time, the
1 requirement, for embryo-foetal cells
to define their epigenetic setting in a
predictive and adaptive way , in
relation to the information coming
from the mother and, through her,
from the outer world ..
A predictive adaptive response (PAR) is a
developmental trajectory taken by an
organism during a period of
developmental plasticity in response
to perceived environmental cues..

Cellular
Epigentic process
The fourth keyword
is Differentiation:
developmentalanplasticity

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)

Nature 447, 425-432 (24 May 2007)

1
2

Developmental
PLASTICITY

Differentiation
Fetal Programming

**
3

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 ..)

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

epi-mutations

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
morphofunctional
characteristics)..

The fourth keyword is developmental plasticity

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

We are quite stable (for
millions of years) both
genetically and
phenotypically

The fifth key word is phylogeny
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
Evo
in chimpanzee

Species phylogeny

Orangutan

Gorilla

Chimpanzee

From the Tree of the Life Website,
University of Arizona

Human

Sanger Institute

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

Mismatch

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

and of 9 months of an
individual development
Ontogeny

Devo-Evo

Phylogeny

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

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

The key-term in this context is
certainly primary prevention

Most studied
disease/organ
endpoints and
associated
toxicity
endpoints.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4393755/figure/F3/

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)

Obesogens

Obesity/Metabolic Syndrome/Diabetes 2

Multiorgan Effects of
Endocrine Disruptors
Pesticides

In Vitro Fertilization

Materno Fetal Stress

Cardiovascular
Diseases

Developmental Time Windows of
Vulnerability

Reproductive
Diseases/Dysfunctions
Semen Abnormalities

Ipertension

Placenta: Prediction
of Future Health

Asthma and allergies
Lung Development

Neurobehavioral Deficits
and Diseases

CANCER
Psychiatric Diseases

DOHAD

Relative frequency of articles with epigenetic or epigenetics in their title

Foreword 1

David Haig Int. J. Epidemiol. 2012;41:13-16

How many research papers about the brain are published each year?
For 2013, a PubMed search using the term "brain" shows that 76,945 papers were published
For 2012, a PubMed search using the term "brain" shows that 74,303 papers were published
For 2011, a PubMed search using the term "brain" shows that 69,927 papers were published
For 2010, a PubMed search using the term "brain" shows that 64,929 papers were published
For 2009, a PubMed search using the term "brain" shows that 58,459 papers were published.
For 2008, a PubMed search using the term "brain" shows that 55,874 papers were published.
For 2007, a PubMed search using the term "brain" shows that 53,258 papers were published.
For 2006, a PubMed search using the term "brain" shows that 51,163 papers were published.
For 2005, a PubMed search using the term "brain" shows that 47,383 papers were published.
For 2004, a PubMed search using the term "brain" shows that 42,849 papers were published.
For 2003, a PubMed search using the term "brain" shows that 39,964 papers were published.
For 2002, a PubMed search using the term "brain" shows that 37,304 papers were published.
For 2001, a PubMed search using the term "brain" shows that 36,884 papers were published.
For 2000, a PubMed search using the term "brain" shows that 37,000 papers were published.
For 1999, a PubMed search using the term "brain" shows that 34,828 papers were published.
For 1998, a PubMed search using the term "brain" shows that 33,027 papers were published.
For 1997, a PubMed search using the term "brain" shows that 32,112 papers were published.
For 1996, a PubMed search using the term "brain" shows that 31,040 papers were published

A quick search for “Microbiome” in scienctific journals online demonstrates how
significantly this field of research has been growing over the past ten years

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

Colborn, vom Saal, Soto (1993): EHP

Endocrine Disruptors

Léo Kanner

Hans Asperger

ASD: from genetics to epigenetics
(and metagenomics)
ERNESTO BURGIO
ECERI - European Cancer and
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Angelman syndrome

Autism
The Human Connectome Project

• Autism and autism
spectrum disorders (ADS)
are developmental
disorders of neural
connections
and, as we will see,
of synaptogenesis
• This affects the way
in which the brain
"processes information"

• The fact that these problems
usually occur after a latency
period (of normal intellectual
and motor development)
shows that
• the brain basic structures
(cerebral neuronal basic
differentiation and migration:
definition of the functional
areas of the brain), are
generally well constructed:
• It is, so to speak, the

software (connectome)
- synaptic connections ..
- neuronal circuits ..
to be damaged.

As for the causes of autism
many hypotheses have been advanced:
at present these disorders are usually
considered as essentially 'genetic' ..
while the environmental causes
(including mercury, EDCs, heavy
metals, pesticides) have been
considered as highly improbable
Which is in contrast with the dramatic
increase of the autism spectrum
disorders ( generally explained with
the changing of the diagnostic
criteria).

Am. J. Med. Genet. Neuropsychiatr. Genet. 156B, 255–274 (2011).

Between 1977 and the late 1990s
autism was considered highly
heritable: findings from twin studies
hushed the “nurture” proponents and
heralded the start of a multi-million
dollar genetics research area
Recent findings regarding molecular genetic and
environmental causes of autism are discussed: in
recent studies, the correlation estimates
between dizygotic twins are increasing,
while the correlation between identical twins
is considerably fading

A recent large cohort study of twins found
an "estimated risk for ASD" of 30-80% for
a shared uterine environment (while the
genetic risk was estimated at 14-67%)

The recent switch from
an almost exclusive focus on
inherited genes controlling
neurotransmitters
to rare de novo copy number
variants that might affect
genes regulating synaptic
and axonal development
has been an extremely
important advance.

The exciting news is that
research on shared
environmental mechanisms for
the etiology of ASD has
received renewed impetus.
Perhaps ASD can be
considered, at least in part, a
disorder of fetal programming.

Childhood adversities are associated
with epigenetic changes in the
promoters of several genes in
hippocampal neurons.
The genes involved in neuronal
plasticity are among the most
significantly differentially methylated

Abuse Leaves Its Mark on the Brain
http://news.sciencemag.org/biology/2009/02/abuse-leaves-its-mark-brain

Child abuse is an
environmental factor that
leaves an epigenetic mark on
the brain

In a comparison of suicide
victims who were abused or
not, only the abused victims
had an epigenetic tag on the
GR gene

Interestingly, the GR gene
receives a similar epigenetic
tag in rat pups who receive
low quality care from their
mothers.

Francisco_de_Goya,_Saturno_devo
rando_a_su_hijo_(1819-1823)

http://learn.genetics.utah.edu/content/epigenetics/brain/

In the germline-dependent route of inheritance, two mechanisms have
been suggested:
(A) exposure of a gestating mother (F0) to an environmental stressor leads
to the direct exposure of three consecutive generations to the same
environmental factor, the mother (F0), the fetus (F1), and the F1 germline
from which originates the F2 generation. The transgenerational effect in
this case is only observed at the F3 generation since the latter was never
directly exposed to the environmental factor.
(B) In the case of an F0 male exposure to an environmental factor, the
transgenerational effect is seen at the F2 generation.
One of the mechanisms implicated in this epigenetic inheritance involves
epigenetic modifications in sperm cells (e.g., DNA methylation, HPTMs,
and sncRNA interference).
The other well-known mechanism of epigenetic inheritance does not
involve the transmission of epigenetic changes through the germline;
the multigenerational transmission in this case is mediated through
social interactions and early-life experiences.
(C) For example, low maternal licking and grooming of pups, during the early
postnatal period, lead to an increased DNA methylation of the promoter
region of the GR and GR gene silencing. These epigenetic changes were
associated with stress intolerance and were maintained in the adult female
offspring (F1 mother) which in turn perpetuated the phenotype of low
licking and grooming to the next generation of mothers (F2).

Another transgenerational
effect, is based on a broad
longitudinal cohort study
(Nurses' Health Study II)
which identified maternal
exposure to abuse in early
childhood (!!) as a risk factor
for having a child with autism e
(Nurses 'Health Study II)

Recently, several epidemiological studies have emphasized the potential
importance of the environmental transgenerational effects as a risk for
ASD. In particular, a study revealed a significant association between
grandparents advanced age (!!) and risk of autism in grandchildren:
suggesting that the risk of autism could increase over the generations.

Key words
Software

Hardware

Hardware: Devices that are required to store
and execute (or run) the software.

DNA
Brain (structure)
Ancestral Cablage

Software: Collection of instructions that
enables a user to interact with the
computer. Software is a program that
enables a computer to perform a
specific task, as opposed to the
physical components of the system
(hardware).

Genome
Epigenome
Genotype

Individual Cablage - Connectome

Phenotype
Input,storage,processing,
control, and output devices.
CD-ROM, monitor, printer,
video card, scanners , label makers,
routers , and modems

Mind/Soul

Quickbooks, Adobe
Acrobat, Winoms-Cs,
Internet Explorer ,
Microsoft Word ,
Microsoft Excel..

The ancestral wiring
Le câblage ancestral

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

Why Are Our
Brains So
Big?
Science, 2012
Macaques live in complex social
groups and have brains larger
than expected for their body size

Chimpanzee-human
divergence
Evo
The ancestral wiring

Brain:
a rapidly
evolving
Organ ?

6-8
million
years

Hominids or hominins

The Individual wiring !!

Chimpanzees

Humans

+ Soft Wired-memory

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

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.

Non-human primates lack of the Theory of mind

"Our theory is that there is a kind of selfreinforcing 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

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.

http://www.humanconnectomeproject.org/

Male brains during development are structured to facilitate within-lobe and withinhemisphere connectivity, with networks that are transitive, modular, and discrete
whereas female brains have greater interhemispheric connectivity and greater crosshemispheric participation.
Le connectome est un plan complet
des connexions neuronales dans un cerveau

The ancestral wiring 2: emotions

WHEN FEAR TAKES THE CONTROLS

Ventral Tegmental Area

DEPRESSION

The Ghost in the Machine is a book
written by Arthur Koestler and
published in 1967. One of the book's
central concepts is that
- as the human triune brain has
evolved, it has retained and built
upon earlier, more primitive brain
structures.
- The head portion of the "ghost in
the machine" has, as a consequence
of poor, inadequate connections, a
rich potential for conflict

Nurture
Culture

WAR
HOLOCAUST

1961

The Lucifer Principle is a book by Howard Bloom.
It sees a social group, not an individual, as a main subject of
human evolution. It "explores the intricate relationships among
genetics, human behavior, and culture" and argues that
"evil is a by-product of nature's strategies for creation and that it
is woven into our most basic biological fabric

1954

The Individual wiring
.. 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)]

* 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 )

.. 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 connectome
(Sebastian Seung, MIT)

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

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

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.
Synaptogenesis

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

The Individual wiring

Brain plasticity and modulation of its structure and its functions
Motility of
neurons and in
particular the
formation of
new
connections
(synapses) can
be modified
(perturbed) by
exposure to
environmental
stressors

Disturbing the CONNECTOME INSTRUCTION
Wingate Imagining the brain cell: the neuron in visual culture. Nature Rev Neuroscience 2006; 7: 745-752.

Early critical periods in the development
of SYNAPTOGENESIS and brain functions

The Individual wiring

Formation of new synapses following stimulation..
Disturbing the CONNECTOME INSTRUCTION

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

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

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

Developmental Plasticity: Synaptic Pruning

At birth, each neuron in the cerebral cortex has approximately 2,500 synapses.
By the time an infant is two or three years old, the number of synapses is approximately
15,000 synapses per neuron (Gopnick, et al., 1999). This amount is about twice that of
the average adult brain.
As we age, old connections are deleted through a process called synaptic pruning
Ineffective or weak connections are "pruned" in much the same way a gardener would
prune a tree or bush, giving the plant the desired shape.
It is plasticity that enables the process of developing and pruning connections, allowing
the brain to adapt itself to its environment

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

Connessioni interneurali
dall’infante all’adulto umano

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.

Spine plasticity
is implicated in
motivation,
learning
and memory.
In particular
long-term
memory
is mediated
by the growth
of new dendritic
spines (or the
enlargement of
pre-existing
spines)
to reinforce
a particular
neural pathway.

• A questo proposito
si possono ricordare
gli studi che hanno
dimostrato come un
ambiente arricchito
permetta un
• maggior sviluppo
cerebrale (e in
particolare un
grande incremento
di sinapsi/circuiti)
• negli animali di
laboratorio
• e che gli animali
che vivono in
Natura hanno
cervelli più grandi,
complessi, attivi,
efficienti

The posterior hippocampi of taxi drivers were significantly larger
relative to those of control subjects.. volume correlated with the
amount of time spent as a taxi driver ( local plastic change in the
structure of adult human brain in response to the environment)

How Music shapes our Brain
Un caso estremamente interessante è quello del cervello del
musicista che presenta una struttura alquanto particolare,
almeno nei casi in cui lo studio della musica ha avuto inizio nelle
primissime fasi della vita..
"You are your synapses. They are who you are."
--- Joseph LeDoux, 2002 (in Synaptic Self)

Some of the brain areas that have been found to be enlarged in musicians in
morphometric studies based on structural magnetic resonance imaging. Red,
primary motor cortex; yellow, planum temporale; orange, anterior part of the
corpus callosum.

http://www.nature.com/nrn/journal/v3/n6/fig_tab/nrn843_F2.html#figure-title

Everybody know that Albert Einstein, when he
was young, did extremely poor in school… and
that his grade school teachers told his parents
to take him out of school because he was "too
stupid to learn" and it would be a waste of
resources for the school to invest time and
energy in his education. The school suggested
that his parents get Albert an easy, manual
labor job as soon as they could. His mother
did not think that Albert was "stupid". Instead
of following the school's advice, Albert's
parents bought him a violin. Albert became
good at the violin. Music was the key that
helped Albert Einstein become one of the
smartest men who has ever lived. Einstein
himself says that the reason he was so smart is
because he played the violin and loved the
music of both Mozart and Bach ..

CHEMICAL FALL OUT

2

HEAVY METALS

1

3

ULTRAFINE PARTICLES

ENDOCRINE DISRUPTORS
dioxin-like moleculles

.. at present many studies in various parts of the world are evaluating the chemical body burden ..

The gift our mothers
never wanted to give us

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

Monitoring Body-Burdens
700 different synthetic chemicals or heavy
metals found in human blood,

POPs

Giuseppe Giordano

Pre or postnatal exposure ?

Dioxines & Furans
Incinerators, landfills.. primitive
waste recycle, etc.

Higher PCDD/F levels were found in placenta (10.3 TEq-pg/g lipid)
and venous serum (9.1 TEq-pg/g lipid), compared to those in
breast milk (7.6 TEq-pg/g lipid).
Chemosphere. 2004 Mar;54(10):1459-73. Infant exposure to polychlorinated dibenzo-p-dioxins, dibenzofurans
and biphenyls (PCDD/Fs, PCBs)--correlation between prenatal and postnatal exposure. Wang SL, Lin CY, Guo
YL, Lin LY, Chou WL, Chang LW.
Giuseppe Giordano ISDE Palermo

Pre or postnatal exposure ?
PCBs

on a lipid basis, the highest concentration of PCB in placenta
(5027 ng/g fat) was 2.8 times higher than the highest
concentration of PCB in breast milk (1770 ng/g fat)
J Expo Anal Environ Epidemiol. 2000 May-Jun;10(3):285-93. PCB exposure in utero and via breast milk. A
review. DeKoning EP, Karmaus W. Et al.

Giuseppe Giordano ISDE Palermo

Neurodevelopmental Disorders and Prenatal Residential Proximity
to Agricultural Pesticides: The CHARGE Study
Janie F. Shelton,1 Estella M. Geraghty

Environ Health Perspect; DOI:10.1289/ehp.1307044: 23 June 2014

970 participants, California Pesticide Use Report (1997-2008) linked to the addresses
during pregnancy. Pounds of active ingredient …
aggregated within 1.25km, 1.5km, and 1.75km buffer distances from the home

•Organophosphates higher 3rd trimester expos: 60% increased risk ASD
•Pyrethroid insecticide just prior to conception or for 3rd trimester at greater
risk for both ASD and DD (developmental delay)
•Carbamate: risk for DD increased (Arprocarb : Undene, Propoxur = Baygon).

Giuseppe Giordano ISDE

?

Neuropathology (autopsy and imaging) studies of brains of individuals with autism found evidence of
dysregulated neurogenesis, neuronal migration and neuronal maturation .. processes that generally
occur in the first half of pregnancy. Figure shows windows of critical periods indicated by evidence from
epidemiological studies of environmental factors demonstrating an association with ASDs.
Int J Epidemiol. 2014 Apr; 43(2): 443–464.

ASDs risk (OR> 50%)
increased significantly
among mothers
exposed to fine
particles (PM 2.5)
and not to PM 2.5-10
especially during the
third trimester of
pregnancy
(Synaptogenesis!)
Two large case-control
studies had already
shown this correlation
JAMA Psy
2013;70(1):71-7;
EHP 2013;121(3):380-6

Living near a freeway, based on the location of the birth,
and third trimester address, and autism
PM2.5, PM10, and NO2 at residences were higher in children with autism.
The magnitude of these associations appear to be most pronounced during late
gestation (OR=1.98, 95%CI 1.20–3.31) and early life / first year of life (OR=1.98, 95%CI
1.20–3.31)

JAMA Psychiatry. 2013 January ; 70(1): 71–77.
doi:10.1001/jamapsychiatry.2013.266

From: Effects of Prenatal Exposure to Air Pollutants (Polycyclic Aromatic Hydrocarbons) on the Development of Brain White Matter, Cognition, and
Behavior in Later Childhood
JAMA Psychiatry. Published online March 25, 2015. doi:10.1001/jamapsychiatry.2015.57

We detected a dose-response
relationship between
increased prenatal PAH
exposure (measured in the
third trimester but thought to
index exposure
for all of gestation) and
reductions of the white
matter surface in later
childhood that were confined
almost exclusively to the left
hemisphere of the brain and
that involved almost its entire
surface
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FROM BREAST MILK TO BRAIN
Differentiation of breast-milk stem
cells to neural stem cells and neurons

Neurons
Oligodendrocytes

Astrocytes

Metabolomica liquido
cellule staminali

Hosseini SM Neurol Res Int 2014

Exposures to particulate matter and gaseous air pollutants have been associated with respiratory tract inflammation, disruption of the nasal respiratory and
olfactory barriers, systemic inflammation, production of mediators of inflammation capable
of reaching the brain and systemic circulation of particulate matter. Mexico City (MC) residents are exposed to significant amounts of ozone, particulate matter
and associated lipopolysaccharides. MC dogs exhibit brain inflammation and an acceleration of Alzheimer’s-like pathology, suggesting that the brain is adversely
affected by air pollutants.
MC children, adolescents and adults have a significant upregulation of cyclooxygenase-2 (COX2) and interleukin-1β (IL-1β) in olfactory bulb and frontal cortex, as
well as neuronal and astrocytic accumulation of the 42 amino acid form of β-amyloid peptide (Aβ42), including diffuse amyloid plaques in frontal cortex.
The pathogenesis of Alzheimer’s disease (AD) is characterized by brain inflammation and the accumulation of Aβ42, which precede the appearance of neuritic
plaques and neurofibrillary tangles, the pathological hallmarks of AD.
Our findings of nasal barrier disruption, systemic inflammation, and the upregulation of COX2 and IL-1β expression and Aβ42 accumulation in brain suggests that
sustained exposures to significant concentrations of air pollutants such as particulate matter could be a risk factor for AD and other neurodegenerative diseases.
The frontal cortex of an 11-month-old healthy MC
dog exhibits Aβ42 staining of a diffuse plaque,
surrounded by a microglia-like nucleus

The frontal cortex of a 17-year-old MC boy… shows a diffuse
Aβ42 plaque (red product) and GFAP-negative astrocytes

The frontal cortex of a 36-year-old MC male with an E3/E4 ApoE genotype
.. shows abundant mature and diffuse Aβ42 plaques (red stain) along
with GFAP-positive reactive astrocytosis

While mechanisms driving air pollution-induced CNS pathology
are poorly understood, new evidence suggests that microglial
activation and changes in the blood–brain barrier are key
components. Here we summarize recent findings detailing the
mechanisms through which air pollution reaches the brain
and activates the resident innate immune response to
become a chronic source of pro-inflammatory factors and
ROS, culminating in CNS disease.
Fig 1: It is likely that CNS pathology is due to the synergistic
interactions of the multiple pathways listed here, making
air pollution a potent, biologically relevant environmental
exposure and a significant challenge for mechanistic inquiry.

Air pollution can contribute to toxic microglial activation by triggering the cycle of reactive microgliosis through three
mechanisms: (i) components of air pollution may directly activate microglia; (ii) cytokines from the peripheral systemic
inflammatory response may activate microglia; (iii) particles, adsorbed compounds, or cytokines derived from the
periphery may directly damage neurons to activate reactive microgliosis.

Alzheimer’s Disease (AD)-Like Pathology in Aged Monkeys after Infantile Exposure to Environmental
Metal Lead (Pb): Evidence for a Developmental Origin and Environmental Link for AD

No Caption
Found • 3
The Journal of Neuroscience,
2008 • 28(1):3–9

Environmental Trigger

DOHA -Developmental
(Embrio-Fetal) Origin of AD.
Early life exposures

The cause for most Alzheimer's
cases is still essentially unknown
(except for 1% to 5% of cases
where genetic differences have
been identified)………….

Copyright ©2008 Society for Neuroscience

Increased amyloid
A-deposition

(LEARn) model : early environmental factors such as
exposure to Pb, nutritional deficiencies (e.g., folate or
B12), or oxidative stress alter DNA epigenetically, by
reducing the activity of enzymes as DNMTs…

Accumulation of hyperphosphorylated
microtubule associated protein  “tangles”

..a growing overload of electromagnetic radiations is adding to chemical toxic
burden: here we demonstrate that the fetal exposure to 800–1900 Mhz-rated radiofrequency radiation from cellular telephones leads to behavioral and
neurophysiological alterations that persist into adulthood.

Mice exposed during pregnancy had
impaired memory, were
hyperactive, and had increasing
anxiety, indicating that in-utero
exposure to radiofrequency
is a potential cause of
neurobehavioral disorders.
• We further demonstrated
impairment of glutamatergic
synaptic transmission onto
pyramidal cells in the prefrontal
cortex associated with these
behavioral changes

• suggesting a mechanism by which
in-utero cellular telephone
radiation exposure may lead to
the increased prevalence
of neurobehavioral disorders.

Many studies indicate a relationship between NT MW exposure and
permeability of the brain–blood barrier (Nittby et al. 2008), cerebral blood flow (Huber et al.
2005), stress response (Blank and Goodman 2004), and neuronal damage (Salford et al. 2003).
Nittby H, et al. Radiofrequency and extremely lowfrequency electromagnetic field effects on the blood-brain
barrier. Electromagn Biol Med. 2008;27(2):103–126
Huber R, et al. Exposure to pulse-modulated radio frequency
electromagnetic fields affects regional cerebral blood flow.
Eur J Neurosci. 2005;21(4):1000–1006
Blank M, Goodman R. Comment: a biological guide for electromagnetic
safety: the stress response. Bioelectromagnetics. 2004;25(8):642–646

Salford LG, et al. Nerve cell damage in mammalian brain after exposure to
microwaves from GSM mobile phones. Environ Health Perspect. 2003;111:881–883

Belyaev et al [2010] reported that 915 MHz microwave
exposure significantly affects human stem cells
“The strongest microwave effects were always observed
in stem cells. This result may suggest both significant
misbalance in DSB repair, and severe stress response.
Our findings that stem cells are the most sensitive to
microwave exposure, and react to more frequencies
than do differentiated cells may be important for
cancer risk assessment and indicate that
stem cells are the most relevant cellular model for
validating safe mobile communication signals.”
Belyaev I, Markova E, Malmgren L. [2010] Microwaves from Mobile Phones Inhibit 53BP1 Focus
Formation in Human Stem Cells Stronger than in Differentiated Cells: Possible Mechanistic
Link to Cancer Risk. Environ Health Perspect. 118(3): 394–399

Chen C, Ma Q, Liu C, Deng P, Zhu G, Zhang L, He M, Lu Y, Duan W, Pei L, Li M, Yu Z,

Zhou Z Exposure to 1800 MHz radiofrequency radiation impairs neurite

outgrowth of Embryonic neural stem cells. Sci Rep. 2014 May 29;4:5103
A radiofrequency electromagnetic field (RF-EMF) of 1800 MHz is widely used in mobile
communications. However, the effects of RF-EMFs on cell biology are unclear. Embryonic neural stem
cells (eNSCs) play a critical role in brain development. Thus, detecting the effects of RF-EMF on eNSCs is
important for exploring the effects of RF-EMF on brain development. We exposed eNSCs to 1800 MHz
RF-EMF at specific absorption rate (SAR) values of 1, 2, and 4 W/kg for 1, 2, and 3 days. We found that
1800 MHz RF-EMF exposure did not influence eNSC apoptosis, proliferation, cell cycle or the mRNA
expressions of related genes. RF-EMF exposure also did not alter the ratio of eNSC differentiated neurons
and astrocytes. However, neurite outgrowth of eNSC differentiated neurons was inhibited after

4 W/kg RF-EMF exposure for 3 days. Additionally, the mRNA and protein expression of the
proneural genes Ngn1 and NeuroD, which are crucial for neurite outgrowth, were decreased
after RF-EMF exposure. The expression of their inhibitor Hes1 was upregulated by RF-EMF
exposure. These results together suggested that
1800 MHz RF-EMF exposure impairs neurite
outgrowth of eNSCs. More attention should
be given to the potential adverse effects of
RF-EMF exposure on brain development.
Disturbing the CONNECTOME INSTRUCTION

Harlow and 50 years of cruelty
A History of Primate Experimentation at the
University of Wisconsin, Madison

http://www.madisonmonkeys.com/history_30-81.htm

Prenatal exposure to stressful life events is associated with
significantly increased risk of Autistic Disorders (AD), as well
as other disorders, such as schizophrenia and depression..
Prenatal stress can produce both
(a) abnormal postnatal behaviors that resemble the defining
symptoms of AD, and
(b) other abnormalities that have elevated rates in AD, such as
learning deficits, seizure disorders, perinatal complications,
immunologic and neuroinflammatory anomalies, and low
postnatal tolerance for stress

Maternal care influences
the programming of the
hypothalamic-pituitaryadrenal Axis (HPA)
through epigenetic
programming of
glucocorticoid receptors
expression...
We found a greatly
increased methylation of
cytosine in the promoter
of a gene codifying for a
Glucocorticoids-NeuroReceptor (NR3C1) in the
hippocampus of suicide
victims with a history of
childhood abuse .. (postmortem examinations)

Maternal immune activation and abnormal brain development across
CNS disorders
Nature Reviews Neurology 10, 643–660 (2014)

Epidemiological studies have shown a clear association between maternal infection and schizophrenia or autism
in the progeny. Animal models have revealed maternal immune activation (mIA) to be a profound risk factor for
neurochemical and behavioural abnormalities in the offspring.

Infection but also environmental stressors during gestation/early life activate microglia, perturbing neuronal
development, thereby setting the stage for vulnerability for later psychotic disorders.
A second hit, such as endocrine changes, stress, or infection, could further activate microglia, leading to functional
abnormalities of the neuronal circuitry in the brain and psychosis

Diagrammatic representation
of how stimulation of mast
cells and microglia could lead
to multiple effects that
contribute brain
inflammation and the
pathogenesis and symptoms
of autism.
MCP, monocyte chemotactic protein

When Brian Dias became a father last October, he was, like any new parent, mindful
of the enormous responsibility that lay before him... But, unlike most new parents,
Dias was also aware of the influence of his past experiences — not to mention
those of his parents, his grandparents and beyond, whether they smoked,
endured famine or fought in a war. As a postdoc he had spent much of the two years
before studying these kinds of questions in mice: specifically, he looked at how fear
associated with a particular smell affects the animals and leaves an imprint on the
brains of their descendants.

5° Journée annuelle de l’Impact de l’environnement sur la
santé de la femme, mère & de l’enfant
30 avril 2015
Focus sur la périconception
et la grossesse

The overlooked heritage: the
genetic transmission by the father

Everything You Always Wanted to Know
About Sex (But Were Afraid to Ask)
Woody Allen dressed as a sperm (1972)

ERNESTO BURGIO
ECERI - European Cancer and
Environment Research Institute
ISDE Scientific Committee

Nature Neuroscience 17, 2–4 (2014)

A study shows that when
mice are taught to fear
an odor, both their
offspring and the next
generation are born
fearing it.
The gene for an
olfactory receptor
activated by the odor
is specifically
demethylated in the
germ line and the
olfactory circuits for
detecting the odor are
enhanced

Remarkably, offspring from both paternal stress groups displayed significantly
reduced HPA stress axis responsivity…In examining epigenetic mechanisms of
germ cell transmission, we found robust changes in sperm microRNA (miR)..

Isabelle Mansuy..periodically separated mother mice from
their young pups and exposed the mothers to stressful
situations — either by placing them in cold water or physically
restraining them. These separations occurred every day but at
erratic times, so that the mothers could not comfort their pups
When raised this way, male offspring showed depressive
behaviours and tended to underestimate risk, the study found.
Their sperm also showed abnormally high expression of five
microRNAs. One of these, miR-375, has been linked to stress and
regulation of metabolism.
The F1 males’ offspring, the F2 generation, showed similar
depressive behaviours, as well as abnormal sugar metabolism.
The F1 and F2 generations also had abnormal levels of the five
microRNAs in their blood and in the hippocampus, a brain region
involved in stress responses. Behavioural effects persisted in the
F3 generation as well.

The researchers also collected RNA from the F1 males’ sperm and
injected it into freshly fertilized eggs from untraumatized mice.
This resulted in mice with comparable depressive behaviours and
metabolic symptoms — and the depressive behaviours were
passed, in turn, to the next generation.

What is most striking is that the same CNVs
have been found, at least in some cases,
in the semen of parents, showing that
autism could be the consequence of
a parental exposure to pollutants
and a transgenerational transmission:
which could provide an explanation
for the unremitting "pandemic" increase
of these disorders.

All that said .. it is absolutely necessary to reconsider
the problem of many early environmental exposures
or even gametic, and their possible synergy ..
which can induce an epigenetic instability,

Early life perturbations of the
developing gut microbiota can
impact neurodevelopment and
potentially lead to adverse mental
health outcomes later in life

Microbiota Modulate Behavioral and Physiological Abnormalities Associated with Neurodevelopmental Disorders

The normal development of the brain may also depend on
microorganisms. The gut microbiota produces about 30% of
the metabolites in mammalian circulation, including many
neurotransmitters such as γ-aminobutyric acid (GABA),
serotonin, histamine and dopamine.
Consistent with this, in germ-free mice, dopamine and
glutamate receptor expression as well as serotonin levels are
significantly altered in the circulation during brain
development compared with conventional mice.
This establishes the gut microbiota–brain axis as an essential
regulator of neurodevelopment.. Indeed, the microbiota
may be crucial in shaping host behaviours across many animal
taxa, from fruitflies to humans and mice
Germ-free mice exhibit behaviours of social avoidance, selfgrooming, and other traits similar to those observed in
disorders of neurodevelopment such as autism spectrum
disorder (ASD).
Elaine Y. Hsiao, Sara W. McBride, Sophia Hsien, Gil Sharon, Embriette R. Hyde, Tyler McCue, Julian A. Codelli, Janet Chow, Sarah E. Reisman, Joseph F. Petrosino, Paul H. Patterson, Sarkis K. Mazmanian
Microbiota Modulate Behavioral and Physiological Abnormalities Associated with Neurodevelopmental Disorders Cell (2013) 155, 7, 1451–1463
http://dx.doi.org/10.1016/j.cell.2013.11.024

Nutr Res Rev. 2014 Dec;27(2):199-214. doi: 10.1017/S0954422414000110

..a majority of children with ASD display gastrointestinal symptoms, and an increased intestinal permeability. Moreover, large differences in
microbiotic composition between ASD patients and controls have been reported. Therefore, nutrition-related factors have been hypothesised
to play a causal role in the aetiology of ASD and its symptoms.. Recent trials involving gluten-free diets, casein-free diets, and pre- and probiotic,
and multivitamin supplementation show contradictive but promising results
Bacteriotherapy
A recent therapy named bacteriotherapy (based on the transfer of a certain amount of stool (fecal transplant) from a healthy donor into the
gastrointestinal tract of ASD patients. Usually donors are family members and the stool is transferred as homogenate using a rectal enema,
colonoscopy, nasoduodenal tube or stool pills…a pilot study that includes 9 autistic children who were fecal transplanted with 20 gut bacteria
and the preliminary results indicates a clear improvement in speaking, listening and task performance
http://biomeonboardawareness.com/ .http://www.microbiome-autism.com

My brain? That's my
second favorite organ
Woody Allen

Allen Stewart Königsberg

Developmental changes
in large-scale network connectivity
in autism
Nomi JS, Uddin LQ. Developmental changes in
large-scale network connectivity in autism.
Neuroimage Clin. 2015 Mar 6;7:732-41.

A recent theory attempting to reconcile conflicting
1
results in the literature proposes that hyperconnectivity of brain networks may be more
characteristic of young children with ASD, while
hypo-connectivity may be more prevalent in
2
adolescents and adults with the disorder when
compared to typical development (TD)
Previous work has examined only young children, mixed
groups of children and adolescents, or adult cohorts
in separate studies, leaving open the question of
developmental influences on functional brain
connectivity in ASD
* Uddin etal., Reconceptualizing functional brain connectivity in autism
from a developmental perspective (2013)

K.A. Stigler, B.C. McDonald, A. Anand, A.J. Saykin, C.J. McDougle Structural and functional magnetic resonance
imaging of autism spectrum disorders Brain Res, 1380 (2011), 146–161 ..the frontal cortex, including the
orbitofrontal region, has been shown to be a main target area of early brain overgrowth in ASDs

https://brmlab.cz/project/brain_hacking/tdcs/pfc

Autism reduced connectivity
between cortical areas involved in
face expression, theory of mind, and
the sense of self
Cheng W, Rolls ET, Gu H, Zhang J, Feng J
Autism: reduced connectivity between cortical areas
involved in face expression, theory of mind, and the
sense of self. Brain. 2015 May;138(Pt 5):1382-93.

..we have identified a key system in the
MTG/STS sulcus region that has
reduced functional connectivity with
other cortical areas (and increased
connectivity with the medial
thalamus),
which is implicated in face expression and
motion processing involved in social
behaviour, and which has onward
connections to the orbitofrontal
cortex/ventromedial prefrontal cortex.
The same system is implicated in theory
of mind processing, and in audio-visual
integration for e.g. speech, and possibly
in further aspects of communication
using language.

Structural MRI
abnormalities

Developmental dyslexia is a brain disorder
under-activations in the left
hemisphere fusiform and
supramarginal gyri

decreased cerebral white matter gyrifications
reduced grey matter volumes

over-activation in
the left cerebellum

increased corpus
callosum size

Functional MRI : abnormal
activation patterns in dyslexia
during reading operations

Abnormal orientations in
areas within the white
matter micro-structures
(diffusion tensor imaging)

abnormal (a)symmetry of the
cerebellum and planum
temporale a highly lateralized
structure involved with language
and with music

Elnakib A, Soliman A, Nitzken M, Casanova MF, Gimel'farb G, El-Baz A. Magnetic resonance
imaging findings for dyslexia: a review. J Biomed Nanotechnol. 2014 Oct;10(10):2778-805.

The planum temporale (the
cortical area just posterior to the
auditory cortex (Heschl's gyrus)
within the Sylvian fissure) is a
triangular region which forms the
heart of Wernicke's area * one of
the most important functional
areas for language
In some people’s brains, the
planum temporale is more than
five times larger on the left
than on the right, making it the
most asymmetrical structure in
the brain *
This greater size of the left
planum temporale compared
with the right is already present
in the fetus * where it can be
observed starting from the 31st
week of gestation.
The planum temporale seems to
be symmetrical in individuals with
dyslexia, (and schizophrenia)
which may indicate a low
specialization in the left
hemisphere as a cause of their
disability.

