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DNA maethylation

Mathyl group (an epigenstic factor found
in some distary sources) can tag DNA
and activate or repress genes.

H
Histone modification

The binding of epigenetic factors to histone “tails™
Histones are proteins around which ’ alters the extant to which DNA is wrapped around
DA can wind for compaction and DMA inaccessible, gens inactive histones and the availability of genes in the DNA
& regulation, to be activated.

STRESS AND EPIGENETIC



El autismo es un trastorno neurologico complejo que
generalmente dura toda la vida

La persona con autismo tiene afectada la capacidad para
comunicarse Yy relacionarse con otros. También, esta asociado
con rutinas y comportamientos repetitivos, tales como arreglar
objetos obsesivamente o seguir rutinas muy especificas. Los
sintomas pueden oscilar desde leves hasta muy severos.

En particular: Area socio emocional, habilidades para
comunicarse e intereses restringidos y repetitivos



Actualmente se diagnostica con autismo a 1 de cada 68
Individuos y a 1 de cada 42 nifios varones, haciéndolo mas
comun gue los casos de cancer, diabetes y SIDA
pediatricos combinados.



Los tratamientos intensivos para los sintomas centrales
del autismo responden a los temas de:

Socializacion
Comunicacion y cognicion (ABA 'y Floor Time)

Alergias, intolerancias a ciertos alimentos, problemas
gastrointestinales o trastornos del sueno, estos sintomas
deben ser tratados tambien.



A person with ASD might:
Not respond to their name by 12 months of age

Not point at objects to show interest (point at an airplane
flying over) by 14 months

Not play "pretend" games (pretend to "feed" a doll) by
18 months

Avoid eye contact and want to be alone

Have trouble understanding other people's feelings or
talking about their own feelings

Have delayed speech and language skills

Repeat words or phrases over and over (echolalia)



Sujeto portador de naturaleza racional:

La persona desde que esta Iin Utero es capaz de sentir, no
sabemos el momento en que Inicia la subconciencia

Tiene afectos, es capaz de comunicarse
Merece todo nuestro respeto y admiracion

Es deber de los cuidadores de la salud ayudar en lo que
sea posible para disminuir el stress materno




La neurobiologia del apego y la
Constitucion del cerebro materno













http://developingchild.harvard.edu/index.php/resour
ces/multimedia/videos/three core concepts




La importancia del desarrollo del ser humano in utero y en los
primeros anos de vida.

Como afecta el comportamiento que se tiene sobre la madre y
sobre el bebe.

O como afecta el estrés materno-fetal y del nino desde su
nacimiento y los primeros anos de vida

Como afectan los Agentes quimicos y el tipo de alimentacion.

El resultado es que algunos genes se apagan o prenden,
pudiendo descarrilar la arquitectura cerebral del bebe



New scientific research shows that environmental Influences can
actually affect

Whether and how genes are expressed. Thus, the old ideas that genes
are “set in stone” or that they alone determine development have been
disproven. In fact, scientists have discovered that early experiences can
determine how genes are turned on and off and even whether some are
expressed at all.

Therefore, the experiences children have early In life—and the
environments In_which they have them—shape their developing
brain_architecture and strongly affect whether they grow up to be
healthy, productive members of society. This growing scientific
evidence supports the need for society to re-examine the way It thinks
about the circumstances and experiences to which young children
are exposed.




Nuevas investigaciones cientificas muestran que las
Influencias ambientales pueden afectar el hecho de si y
como se expresan los genes.

Por lo tanto, las viejas ideas gue los genes son
“Inamovibles™ o que son la llave que determina el
desarrollo han sido desaprobadas.

De hecho, los cientificos han descubierto que las
experiencias tempranas pueden determinar que genes se
activan y desactivan.



Por lo tanto, las experiencias que tienen los ninos en el
periodo inicial de la vida-asi como los ambientes en que
viven en le dan forma a la arquitectura de su cerebro en
desarrollo y afectan fuertemente para ser sanos y
productivos miembros de la sociedad.

La creciente evidencia cientifica apoya la necesidad de
gue la sociedad vuelva a examinar la forma en que
piensa acerca de las circunstancias y experiencias a las
gue los jovenes estan expuestos desde nifnos.



Los aproximadamente 23000 genes que los ninos heredan de sus padres

forman la llamada “Estructura Gendmica”

Comparando la estructura del genoma al Hardware de la computadora —
ambos determinaran los limites de lo que es posible pero no trabaja sin un

sistema operativo que le dice que es lo que hay que hacer

En el genoma el sistema operativo es llamado “Epigenoma” Como el
software en un sistema operativo, el epigenoma determina cuales

funciones el hardware genetico hara o no



Este sistema es construido con el tiempo como:
experiencias positivas, como la exposicion a oportunidades
de aprendizaje positivos o Influencias negativas como
toxinas ambientales o0 una vida de circunstancias
estresantes, estan dejan una impresion quimica en los genes
estas iImpresiones pueden ser temporales o permanentes y
ambos muestran como los genes se apagan o0 se prenden



El campo de |la epigenetica es relativamente nuevo y esta

a la vanguardia de las ciencias biologicas

Clertas  experiencias pueden  tambien causar
modificaciones epigenéticas duraderas en cientos de

genes gue han sido ya Iidentificados y la lista continua

creciendo



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

Early Experiences Can Alter Gene
Expression and Affect Long-Term
Development

WORKING PAPER 10

Center on the Developing Child @ HARVARD UNIVERSITY



How Early Experiences Alter Gene Expression and Shape Development

(1)EXTERNAL EXPERIENCES
(e.g., stress, nutrition, toxins)
spark signals between neurons

(3) GENE REGULATORY PROTEINS
attract or repel enzymes that
add or remove epigenetic markers

NEURAL SIGNALS launch
production of gene regulatory
proteins inside cell

(4)EPIGENETIC “MARKERS” control

® where and how much protein is made
S by a gene, effectively turning a gene
“on” or “off,” thereby shaping how
brains and bodies develop
GENE - a specific ' L N '.f :
segment of a '
DNA strand

w\wnm%%\mm\ﬂ/‘d |

— DNA strands encircle histones that determine
whether or not the gene is “readable” by the cell

NEURON (brain cell)

CHROMOSOME - can pass
on genes to next generation




Repitiendo, experiencias altamente estresantes podran
causar cambios epigeneticos que danan los sistemas que
administraran las respuestas a situaciones adversas a lo

largo de la vida



La ciencia nos dice que la firma guimica impresa en
nuestros genes en el desarrollo infantil y fetal pueden
tener una Influencia Importante en la arquitectura
cerebral que dura toda la vida. Para decirlo en pocas
nalabras, el descubrimiento del epigenoma proporciona
Una explicacion, a nivel molecular, de por que y como

las primeras experiencias positivas y negativas pueden
tener un iImpacto permanente.
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ARTICLES

Epigenetic regulation of the glucocorticoid receptor
in human brain associates with childhood abuse

Patrick O McGowan!*2, Aya Sasaki'*?, Ana C D’Alessio?, Sergiy Dymov?, Benoit Labonté!*%, Moshe Szyf>3,

Gustavo Tureckil'? & Michael ] Meaney!->->

Maternal care influences hypothalamic-pituitary-adrenal (HPA) function in the rat through epigenetic programming of
glucocorticoid receptor expression. In humans, childhood abuse alters HPA stress responses and increases the risk of suicide.

We examined epigenetic differences in a neuron-specific glucocorticoid receptor (NR3C1) promoter between postmortem
hippocampus obtained from suicide victims with a history of childhood abuse and those from either suicide victims with no
childhood abuse or controls. We found decreased levels of glucocorticoid receptor mRNA, as well as mRNA transcripts bearing the
glucocorticoid receptor 1f splice variant and increased cytosine methylation of an MR3IC1 promoter. Patch-methylated WR3IC1
promoter constructs that mimicked the methylation state in samples from abused suicide victims showed decreased NGFI-A
transcription factor binding and NGFIl-A—inducible gene transcription. These findings translate previous results from rat to humans
and suggest a common effect of parental care on the epigenetic regulation of hippocampal glucocorticoid receptor expression.

There are maternal effects on the development of individual differences
in behavioral and HPA stress responses in rodents and nonhuman
primates'?, Maternal behavior alters the development of HPA
responses to stress in the rat through tissue-specific effects on gene
transcription™?, including forebrain glucocorticoid receptor expres-
sion, the activation of which inhibits HPA activity through negative-
feedback inhibition®. Thus, selective knockdown of glucocorticoid
receptor expression in the corticolimbic system in rodents is associated
with increased HPA activity under both basal and stressful condi-
tions®™”. Conversely, glucocorticoid receptor overexpression is asso-
ciated with a dampened HPA stress response®,

Familial function and childhood adwersity are linked to altered HPA
stress responses in humans, which are associated with an increased risk
for multiple forms of psychopathology®™ . There is evidence for
decreased hippocampal glucocorticoid receptor expression in several
psychopathological conditions associated with suicide, including schi-
zophrenia and mood disorders'? ', Suicide is also strongly associated
with a history of childhood abuse and neglect, and this effect is
independent of that associated with psychopathology!>'%. Thus, emvir-
onmental events that associate with decreased hippocampal gluco-
corticoid receptor expression and increased HPA activity enhance the
risk of suicide.

The effects of maternal care on hippocampal glucocorticoid receptor
expression, and therefore HPA responses to stress, in the adult rodent
are associated with an epigenetic modification of a neuron-specific

exon 1z glucocorticoid receptor (Wr3cl) promoter®'?. We atternpted to
translate these findings to humans. We examined glucocorticoid
receptor expression and NRICT promoter methylation in hippocampal
samples obtained from suicide wictims and control subjects who died
suddenly of unrelated causes. The focus of our examination was the
MNR3ICT (also known as GHIp) promoter, the homolog of the exon 15
region in the rat'®, which is highly expressed in human hippocampus!®.
Suicide wictims were either positive or negative for history of childhood
abuse (sexual contact, severe physical abuse andfor severe neglect]),
allowing for the separation of the effects associated with childhood
abuse from those associated with suicide per se. Our controls were all
negative for a history of childhood abuse.

RESULTS

Hippocampal glucocorticoid receptor expression

The human glucocorticoid receptor gene NR3ICD covers a region of
more than 80 kb in chromosome 5, containing cight coding exons
(exons 2—9) and alternative 5° noncoding exon 15'¥ 2!, The 5 untrans-
lated region [(UTR) of exon 1 of the NR3IC1T gene determines the tissue-
specific expression. The 5° UTHE of NE3CT contains 11 exon 1 splice
variants, all of which bear unique splice donor sites and share a
common exon 2 splice acceptor sitel®. Exon 1z of NR3CI is similar
to the rat exon 17, which reveals a maternal effect on cytosine
methylation and expression®!'%?2 Because individuals with severe
forms of major depression show decreased glucocorticoid receptor
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Elevated fetal steroidogenic activity 1n autism

s Barnn-CDhen1'1U, B Auyeung1'1, B NBrgaard-F‘Ederser\J, DA Hougaardj, MW Abdallan® =, L Melgaardj, AS Cohenﬂ, B Chak.rabartiLE',

L Ruta'” and MWV Lombardao®-®210

Autism affects males more than females, giving rise to the idea that the influence of stercid hormones on early fetal brain
development may be one important early biological risk factor. Utilizimng the Danish Historic Birth Cohort and Danish Psychiatric
Central Register, we identified all amniotic fluid samples of males born between 19923 and 19299 who later received ICD-10
{Intermational Classification of Diseases, 10th Rewvision) diagnoses of autism, Asperger syndrome or PDD-MNOS (pervasive
developmental disorder not otherwise specified) (= 128) compared with matched typically dewveloping controls. Concentration
levels of A4 sex steroids (progesterone, 1 7a-hydroxy-progesterone, androstenedione and testosterone) and cortisol were measured
with liguid chromatography tandem mass spectrometry. All hormones were positively associated with each other and principal
component analysis confirmed that one generalized latent steroidogenic factor was driving much of the wariation in the data. The
autism group showed elevations across all hormones on this latent generalized steroidogenic factor (Cohen’s o =037, P=0.0009)
and this elevation was uniform across ICD-10 diagnostic label. These results prowvide the first direct evidence of elevated fetal
steroidogenic activity in autisrmm. Such elevations may be important as epigenetic fetal programming mechanisms and may interact

with other important pathophysiological factors inm autismm.

Molecular Psychiatry (2015) 20, 369-37656; doi:10.1038/mMp.2014.48; published online 3 June 20174

INTRODWCTIOMN

Autismm  is characterized by early developmental difficulties in
social interaction and communication, alongside highly repetitive
stereotyped behawvior anddor restricted interests. It affects
approximately 1% of the population, and males are diagnosed
more often than females." While changing diagnostic practice
ower time and other social wvariables likely partly contribute to this
male bias, biological factors related to the sex chromosomes and/
or fetal sex steroids may also hawve important roles.®? Given their
capacity to exert epigenetic fetal programming influence during
early critical pericods of brain development,® " steroid hormones
are well-positioned as an important early fetal enwvironmental
factor that may interact with other risk factors for autism and
other atypical neurcdevelopmental conditions that asymmetrically
affect the sexes. =% "'

Prior work has shown that one prominent sex steroid,
testosterone, has wide-ranging influence on phenotypic variability
related to autism. For example, fetal testosterone influences
individual differences in typical dewvelopment in eye Ccontact,
vocabulary size, restricted interests, mentalizing, empathy, systerm-
izing, attention to detail and autistic traits.”” Emerging neurcima-
ging evidence also supports a role for fetal testosterone affecting
individual differences in structural and functional brain develop-
ment in directions congruent with patterns of sexual dimorphismm,
and in brain regions known to dewvelop atypically in autism and

other sex-biased dewvelopmental psychopathologic conditions. 212

The ‘extreme male brain’ theory of autism,? which is primarily
an account abowut the ccognitive phenotype of autism, makes
mechanistic predictions about the role of elevated fetal sex
stercids such as testosterone in the development of autism.
Howrewer, the extrerme male brain theory does not exclude the role
of other mechanisms such as the role of sex chromosome effects
or the role of other steroid hormones proximal to testosterorne in
biosynthesis pathways (e.g. estradiol, progesterone and cortisol).
Therefore, althouwugh prior work in relation to autism has mainby
tested fetal testosterone, it may be that the actions of testosterone
and other precursor stercid hormones within the same biosynth-
esis pathway (e.g. the A4 sex steroid pathway) all hawve significant
rales during fetal dewveloprment in autism. For example, prior
genetic association ewvidence has found a role for cytochrorme
PaAsS0O-containing enzymes in autism {e.g., CYP17AT, CYP19A1 and
CYP11B1)."° These enzymes are critical for the conwversion of
different hormones along the A4 pathway that lead up to
testosterone {e.g. progesterone, 1 7a-hydroxy-progesterone and
androstenedionea) as well as for conversion of A4 steroids such as
progesterone and 1 7a-hydroxy-progesterone toward cortisol (see
Supplementary Figure 1). Thus, in this study we test the role of not
onby fetal testosterone but also precursor steroids within the A4
pathway, as wwell as the non-H54 steroid hormone cortisol, as
potential mechanisms that are elevated during fetal development
in autism.
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Enhanced Cortisol Response to Stress in Children in Autism
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Abstract

Children with Autism often show difficulties in adapting to change. Previous studies of cortisol, a
neurobiologic stress hormone reflecting hypothalamic—pituitary—adrenal (HPA) axis activity, in children
with autism have demonstrated variable results. This study measured cortisol levels in children with and
without Autism: (1) at rest; (2) in a novel environment; and (3) in response to a blood draw stressor. A
significantly higher serum cortisol response was found in the group of children with autism. Analysis
showed significantly higher peak cortisol levels and prolonged duration and recovery of cortisol elevation
following the blood-stick stressor in children with autism. This study suggests increased reactivity of the

HPA axis to stress and novel stimuli in children with autism.







Por otro lado ambientes enriguecedores de apoyo Yy
aprendizaje generan impresiones positivas epigeneticas
que activan el potencial genético

En este segundo caso, la estimualcion que ocurre en el
cerebro a traves del uso activo del aprendizaje y circuitos
de memoria puede resultar en cambios epigenticos que
establecen una fundacion para mas efectivas capacidades
de aprendizaje en un futuro
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The expectant brain: adapting

for motherhood

Paula J. Brunton & Jobhn A. Russell

Abstract | A successful pregnancy requires multiple adaptations of the mother’s
physiology to optimize fetal growth and development, to protect the fetus from adwverse
programming, to provide impetus for timely parturition and to ensure that adeqguate
matermal care is provided after parturition. Many of these adaptations are organized by
the mother’s brain, predominantly through changes in neurcendocrine systems, and these
changes are primariby driven by the hormones of pregnancy. By contrast, adaptations in
the mother’s brain during lactation are maintained by external stimmuli from the yvoung. The
changes in pregnancy are not necessarily innocuous: they may predispose the mother to

post-partum mood disorders.

The maternal brain is a major force in driving essential
physiclogical changes during pregnancy. These changes
include adaptations that cushion the impact on the fetus
of the mother’s experience of stress during the preg-
nancy, that reset the control of metabolism to favowr
energy flow to the fetus and that store energy as adipose
tissue in preparation for lactation. The mother’s brain
also undergoes changes that prepare the neurcendocrine
systems that regulate the pulsatile release of oxytocin
secretion at parturition and during lactation, and that
regulate the secretion of prolactin to ensure that millk is
produced after birth®.

A new mother displays a dramatic change in behaw-
iour as soon as the babies are born: she immediately cares
for the young and defends them. The expression of these
essential components of maternal behaviour is the cul-
mination of changes., controlled by pregnancy hormones,
in the activity of neural circuitry in late pregmnancy, but is
held in check until the fetuses are delivered (again under
the control of the pregnancy hormones). Howewver, the
changes in the brain that permit motherhood imvolwe
altered emotionality, and are not without cost. The
sudden withdrawal of the pregnancy hormones before
and at birth not only permits the activation of essential
post-parturm maternal behaviours and neurcendocrine
functions for lactation. but may also predispose the new
mother to depression.

Recently, major progress has been made in our under-
standing of the organization and molecular mechanisms
of the neuroendocrine networks that govern mammrmaliam
parturition, lactation, maternal behaviour and matermal
stress responsiveness. Understanding these processes

might help improwve the management of pregnancy o
assist an optimal cutcome for the infant, and might lead
o an explanation of the mental health disturbances that
often occur in women after even a successful pregnamcy
Such knowledge might have wider implications for the
development of new therapeutic approaches to mental
ill-health.

This Review discusses the mechanisms that protect
the fetus from maternal glucocorticoids and the adapta-
tions in maternal neuroendocrine systems that are nec-
essary for normal pregnancy, parturition and lactation.
It theen describes the adaptations in the brain that are
required for maternal behaviour and successful rearing
of the offspring. Finally, it considers the implications of
these adaptations for post-partum mood disorders.

Protecting the fetus

o affective disorders in adulthood®. This phenormenon
has been termed “fetal There are “in—built”
mechanisms that protect the fetus fom this potentially

detrimental programming. As a last line of defence, the

wgmww
(L1BHISD2)*, an enzyvme that acts as a barrier that

limits the exposure of the fetus to circulating mater-

nal g!l:lcucurtlmlds EE converting corticosteromne o
inert 11 -dehydrocorticosternone; a first line of defence

is provided by changes in the activity of the matermal
hypothalamus— pituitary—adrenal (HPA) axis (80X T].
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POLITICAS PUBLICAS

Las autoridades pueden utilizar este conocimiento para
ayudar a la toma de decisiones sobre la asignacion de
recursos para las Intervenciones que afectan a las
circunstancias de la vida de los ninos y saber gue las
Intervenciones eficaces pueden literalmente cambiar la
forma en que trabajan los genes de los ninos y por ello,
tener efectos a largo plazo sobre su salud mental vy fisica,
el aprendizaje y la conducta. En este sentido, el
epigenoma es el vinculo crucial entre entornos externos
gue conforman nuestras experiencias y los genes gue
guian nuestro desarrollo.



Ser facilitadores para disminuir el estrés materno, basico para el
apego sequro cuando menos dentro del primer ano de vida

Promover el contacto piel con piel de parte de la madre y del
padre en el nacimiento

Extender la licencia por maternidad y aumentar los permisos
por paternidad

Promover la estimulacion temprana socio emocional y de
comunicacion entre los padres y el bebe 0 en su defecto con el
tercer cuidador

Profesionalizar los servicios de guarderia para disminuir al
minimo el estrés del bebe

Preparar de mejor forma a los profesionales de la educacion
para evitar medidas coercitivas y de bulling en la escuela



Coexpression Networks Implicate Human Midfetal Deep
Cortical Projection Neurons in the Pathogenesis of Autism
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+ https://lwww.youtube.com/watch?v=rVwFkcOZHJw
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