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DNA of Human Genome

BJunkDNA (97-98%)

* ProteinSynthesis DNA
(2-3%)
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ENCODE

A Selected only 1% of the human genome to study
A The human genome is pervasively transcribed

A Over 80% of human DNA involved in transcriptior
A 3 million plus sites exist for external influence

A 3 dimensional influence may exist in genome

A The interactive and epigenetic nature of the
human genome far exceeds previous thought



Epigenetics
New Definition from NIH:

G Ly Of dzResitable@i2uigés in gene activity
and expression but also stable, lotagm

alterations in the transcriptional potential of a cell
UKIFOdO FNB y20 ySOSaa



Signaling

molecules o
; ' \L' ' o
() ; —_—\

> N Environment

~ sClean air, water
| o and soil
ey *No smoking
Transcription <Z__

factors

\¢ o
Nutritional Factors 4. C
* Calorie Restriction
*Mediterranean Diet
*Polyphenols
Emotional Health

*Religion
* Meditation



Gut Microbiota Modulates Brain
Development

A 5 different brain regions, found nearly
40 genes that were affected by
presence of gut bacteria.

. These affected nerve cells and

Influenced genes to be turned off or
turned on

- Germ free mice were hyperactive and
disinhibited
- Life long changes from early alteration-

Diaz Heijtz R, PNAS, 2011 108 (7): 3047-52



Epigenetics: Mos$tudied

A Diet

A Smoking

A Infections

A Starvation/wasting

A Environmental influences (endocrine disrupter
A Child Care



Epigeneticeont.

female yellow mouse (agouti gene unmethylated and active)

diet supplement during

pregnancy and nursing with no dietary supplementation
additional methyl groups /

b DR
b W YW S

Offspring mostly brown and healthy Offspring mostly yellow and unhealthy;
agouti gene methylated and salenoed ageuti gene unmethylated and active



O'Neil et al. BMC Medicine 2014, 12:208
http://www.biomedcentral.com/1741-7015/12/208 o
&, BMC Medicine

.IL._, ,_'..\'ﬂg ¥ ]
¢ ‘X ¢ Prevention of Mental Disorders
b/NS

iy
o

OPINION Open Access

Preventing mental health problems in offspring
by targeting dietary intake of pregnant women

Adrienne ONeil ", Catherine Itsiopoulos®, Helen Skouteris”, Rachelle S Opie®, Skye McPhie”, Briony Hill
and Felice N Jacka"*®’

Abstract

Background: The concept of ‘early life programming' considers the importance of very early environmental

avnnciirae thrainhanit tha Aactatinnal narind An tha ciiheaniiant haalth Aitramae Af Affenrina Tha rnla Af matarnal




The Effect of Diet Years Later

A Maternal diet linked to persistent epigenetic
changes In infants

A Paternal diet may be important
A Maternal diet linked to later behavioral issues
A Whole foods better than supplementation

hQb S At BMAMeddne2014 12: 208



Percent of Population

Percent of U.S. Population Not Meeting
the DRI For Specific Nutrients
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Diet and Depression

A Study of 1,046 women aged 283
A Examined diet patterns and mood

A Adjusted for age, SES, education, health
behaviors

A Traditional diet (veg, fruit, meat, fish, grains) :
assawith lower odds fordep or anxiety

JackaFN American J Psychiati3010; 167 (3): 3041



Epigenetics in Suicide and Depressio

A Meta analysis of 16 relevant studies

A 14/16 studies found significant association
between epigenetic changes and S/D

A Hypermethylationof BDNF involved in suicide

A trkB Hypermethylationof Brodman8 and 9
iInvolved in suicide.

LockmanLE et alPsychiatry Re015 June 27 1781 (15): 383



Adverse Childhood
Experiences

A Surveyed 17,000 adult HMO pts

A Experience of abuse, neglect, DV, crime,
alcoholism. 8 categories.

A ACEs correlate in graded fashion with every
negative outcome In affective, somatic,
memory, substance abuse, aggression and
sexual disorders

Felitti, V Eur Arch Psychiatry Clin Neuroscience 2006, 256 (3): 174-86



Abuse creates epigenetic
change in HPA axis

A Post mortem study of suicide victim s brains

A Compared abuse survivors versus controls

A Structural changes in NR3C1 receptor vs controls
A NR3C1 responsible for deactivation of HPA axis

A Links to schizophrenia, mood disorders and suicide
A Most research finds continuum of stress and abuse

McGowan, P Nat Neuroscience 2009, 12:342-348



Toxins

mercury



Endocrine disruptors

A Exogenous agents that interfere with the production, release,
transport, metabolism, binding, action, or elimination of the natural
hormones in the body responsible for the maintenance of
homeostasis and the regulation of developmental processes

EDC/Hormones

A. Receptor Binding
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C. Gene/Protein Expression
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Endocrine Disrupters (ED)

Xenobioticsthat alter theepigenome

AMay shift entire endocrine axis

A Interfere with normal sexual development
ACan last generations

A Operate at much different concentrations
than typical chemical reactions

CasatlL. Endocrine Disruptor2013; 1 4 10.4161/endo.27347



Hypothalamus Pineal Gland

Production of y ‘w Melatonin

antidiuretic hormone (ADH), e\ { &

oxytocin and regulatory ; %"- s

hormones S

Pituitary Gland -l Parathyroid Glands

Adenchypophysis (anterior lobe): (on posterior surface of

Adrenocorticotropic hormone, thyroid gland)

Thyroid stimulating hormone, Parathyroid hormone

Growth hormone, Prolactin,

Follicle stimulating harmone,

Luteinizing hormone,

Melanocyte stimulating Heart

hormone, Atrlal natriuretic

Neurohypophysis peptide

(posterior lobe):

Release of axytocin Kidney

and ADH Erythropoietin

Calcitriol

Thyroid Gland Renin

Thyroxine

Trilodothyronine

Calcitonin

Thymus

(Undergoes atrophy

during childhood) Gastrointestinal Tract

Thymosins Ghrelin, cholecystokinin,
glucagon-like peptide,

Adrenal Glands peptide YY

Each suprarenal gland is

subdivided into: :"::':;;‘““ o

Suprarenal medulla; o::evs. '

Epinephrine
Norepinephrine Pancreatic Islets

Suprarenal cortex:
Cortisol, corticosterone,
aldosterone, androgens

Insulin, glucagon

Gonads

Testes (male):
Androgens {especially
testosterone), inhibin

Ovarles (female):
Estrogens, progestins,
inhibin




Methoxychlor(MXC)

A Organochloringesticide

A Actively metabolized: potent estrogenic effect on
epigenome

A Createsepimutations
A Altersestrongeniadevelopment in all cell lines
A Effect lastdour generations

CasatL. Endocrine Disruptorg2013; 1, 4 10.4161/endo.27347



Case Study

A 2006-2009 MN

A Central Minnesota residents in potato
growing areas are regularly exposed to
low to moderate levels of the commonl
used fungicideshlorothalonilin air.

A Browerville, Frazee,Perham,Pine,Point '
Staples and&Vaubun

A Samples on porches, in windows, yard -
area where children played a schoolan
near livestock

A A total of 340 samples taken

A Residuesletected in 224 (66%) in all but
two sites.Chlorothalonit found in 64%
of samples tested for.

Technical Report






Pyrethroidand ADHD

A Related to thepyrethrinsfound in chrysanthemums
A Now the most abundant household pesticides

A Axonalexcitotoxinsin the nervous system

A 687 children (81L8) assessed by urine samples

A Boys with detectable urinary levels oPBA
(common metabolite) were 2.95 times more likely t
have ADHD. Linear dose effect found

A Controlled for age, race, income, insurance, others

WagnerSchuman, M et &Poster AACARO/2014 San Diego



ADHD and pesticides

A 1139 kids/ 119 dx with ADHD

A Measured metabolites of
organophosphate pesticides (from food)

A 94% of kids had detectable levels

A 10 fold Increased concentration assoc w
iIncreased chance of ADHD (OR of 1.55)

Bouchard et al, Pediatrics, epub May 17, 2010



Methylmercury

A Neurotoxin

A Developmental exposure to low levels alter
epigenetic expression of BDNF In
hippocampus

A Predisposes mice to depression

A Perinatal exposure creates persistent change
In learning and behavior in mice

OnishchenkdN, et al JNeurochem 2008;106:13781387






