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6 Epigenetics

» epi- (Greek: eri- over, above)
» epigenetics= “Above Genetics”

Epigenetics= The study of molecular mechanisms that influence the

activity of gene expression and that are transmitted across cell
division. |definition by Bird 2007 Nature]
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e Function of epigenetic mechanisms

1. Fold the entire human genome
(approximately 2 meters of DNA)
into each cell nucleus (average
diameter of 6 micrometers )

cell
l nucleus

2. Regulate gene expression
(e.g. tissue-specific expression,
regulation of development)

Folded DNA (chromatin)
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Kundaje, A, et al. "Integrative analysis of 111 reference human epigenomes." Nature 518.7539 (2015): 317-330.
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//fb) Epigenetic mechanisms

9 °
/5o

Histone Tails
" Acetyl Group
B 0
' ﬁ Histone L
.@? ° { Chromosome

T SN |

<

li Transcription possible —l
AN . \I
AR L g L 7P

; Transcription impeded —T

Not all gene expression regulation is epigenetic!
Epigenetic = transmitted during cell division to

daughter cells.

DNA methylation (at cytosines next to
guanines=CpG sites)

- at promoters: usually represses gene
expression

- in gene bodies: may regulate alternative
splicing

- at enhancers - strongest relation to expression

Histone modifications (e.g. histone
methylation, histone acetylation)

Many (potential) others: MicroRNAs, Prions,
Interactions between DNA and DNA-binding
proteins

DNA methylation
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e Variation in DNA methylation between people

e Variation in DNA methylation between people = variation in gene
expression

 Twin studies: Average heritability of methylation levels in adults across
450.000 sites in the genome~19%
(lumina 450k array, peripheral blood, refs 1,2)

4
 DNA-sequence contributes to its own regulation

 Environment accounts for a large part of variation between people

1. McRae et al Genome Biology (2014). 2. van Dongen J. et al. Nature Communications (2016).



@Variation in DNA methylation - adult lifespan

~10% of genome-wide methylation sites in whole blood (Illumina 450k array)
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(. ) Potential role of epigenetics in Aggression

 Known environmental influences affecting DNA methylation:
(maternal ) smoking and diet, (early) life conditions

* Genetic influences affecting DNA methylation: methylation QTLs
(e.g. single nucleotide polymorhisms)

4

Genetic variants (e.g. SNPs) = DNA methylation == Aggression
Environmental risk/protective factors === DNA methylation == Aggression
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@ Maternal smoking and DNA methylation

ARTICLE

DNA Methylation in Newborns
and Maternal Smoking in Pregnancy:
Genome-wide Consortium Meta-analysis

Bonnie R. Joubert,.5* Janine E Felix,25+5% Paul Yousefi,>>5 Kelly M. Bakulski,=># Allan C. Just, %
Carrie Breton,®>% Sarah E. Reese, 5% Christina A. Markunas,'**® Rebecca C. Richmond,5#

Cheng-Jian Xu,''-!'%1555 Leanne K. Kiapers,'*** Sam 5. Oh,'>** Cathrine Hovo,!'®"%

Olena Gruzieva,'”-** Cilla Soderhall,'®*% Lucas A. Salas,'™*"~*%.%% Nour Baiz,“*** Hongmei Zhang "%
Johanna Lepeule,”* Carlos Ruiz,'™="*! Symen Ligthart,” Tianyuan Wang,' Jack A. Tavlor,’

Liesbeth Duijts,~**>% Gemma C. Sharp,'" Soesma A. Jankipersadsing,'!''* Roy M. Nilsen,*”

Ahmad Vaez,142% M. Daniele Fallin,® Donglei Hu,'> Augusto A. Litonjua,?¥ Bernard F Fuemmeler, "
Karen Huen,® Juha Kere, '® Inger Kull,'" Monica Cheng Munthe-Kaas, 3! Ulrike Gehring,32

Mariona Bustamante,!%.20.21.53% Marie José Saurel-Coubizolles,# Bilal M. Quraishi, 25 Jie Ren,® Jérg Tost,5>
Juan R. Gonzalez,'%.20.21 Marjolein J. Peters,® Siri E. Hiberg, " Zongli Xu,! Joyce B. van Meurs, 3o
Tom K. Gaunt,'" Marjan Kerkhof,'® Eva Corpeleijn,'* Andrew P. Feinberg,5 Celeste Eng,!s

* Pregnancy And Childhood Epigenetics (PACE) consortium: 13 cohorts (n =6,685)
 newborn blood DNA methylation - maternal smoking during pregnancy
* Over 6,000 CpGs were differentially methylated in relation to maternal smoking

» Several genes are relevant to diseases that can be caused by maternal smoking (e.g., orofacial
clefts and asthma) or adult smoking (e.g., certain cancers).

*  Enrichment in pathways and processes critical to development.

http://www.action-euproject.eu
Joubert et al The American Journal of Human Genetics 98, 680—696, April 7, 2016
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@ Long-term effects of early environment

 Many diseases and (aggressive) behavior are linked to (early) life
events/exposures

 How can a prenatal/childhood exposure affect behavior/disease
decades later?

‘ Certain exposures may induce stable epigenetic changes

Epigenetic programming by maternal behavior (Weaver et al 2004):

— Persistent changes DNA methylation and expression of the
glucocorticoid receptor gene in the hippocampus

—> Altered stress response in adulthood

http://www.action-euproject.eu




2. Surrogate mother+ pear-rearing condition
Inadequate social skills, highly
aggressive, increased voluntary alcohol
1. Maternal rearing condition consumption

Nadine Prover;;al, Matthew J. Suderman, Claire Guillemin, Renaud Massart, Angela Ruggiero, Dongsha Wanﬁ, Allyson J.
Bennett, Peter J. Pierre, David P. Friedman, Sylvana M. Coté, Michael Halle , Richard E. Tremb ay, Stephen J

Suomi and Moshe Szyf T he Signature of Maternal Rearing in the Methylome in Rhesus Macaque
Prefrontal Cortex and T Cells. The Journal of Neuroscience 32.44 (2012): 15626-15642.
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DNA methylation - Aggression: Human studies

OPEN (@ ACCESS Freely available online '@"PLOS | one

Differential DNA Methylation Regions in Cytokine and
Transcription Factor Genomic Loci Associate with
Childhood Physical Aggression

Nadine Provengal"*?®, Matthew J. Suderman'>*, Doretta Caramaschi®, Dongsha Wang'?,
Michael Hallett®, Frank Vitaro®”?, Richard E. Tremblay®*5*%, Moshe Szyf'3***

1 Departmer

Justine Hasg .

Quebec, Car LN

University C: OPEN @ ACCESS Freely available online -@'PLOS | ONE
Montreal, M

Association of Childhood Chronic Physical Aggression
with a DNA Methylation Signature in Adult Human T
Cells

Nadine Provencal’**”, Matthew J. Suderman*®®, Claire Guillemin'*?®, Frank Vitaro®’,
Sylvana M. C6té*®, Michael Hallett%, Richard E. Tremblay®>*3*, Moshe Szyf-3*

1 Department of Pharmacoh

Justine Hospital Research Ce . . -7 ;. OME
Canada, 4 Departrent of Pa, OFEN aﬁCCESS Freely available online @ PLos |

Uniwersity College Dublin, D

e E== DNA Methylation Signature of Childhood Chronic
Physical Aggression in T Cells of Both Men and Women

Claire Guillemin'*?*, Nadine Provencal'*?, Matthew Suderman’'~*7, Sylvana M. C6té**®, Frank Vitaro™®,
Michael Hallett’, Richard E. Tremblay™***"*, Moshe Szyf'*"*

1 Department of Pharmacology & Therapeutics, MoGill University, Montreal, Quebec, Canada, 2 Research Unit on Children's Paycho-Social Maladjustrment and Ste-Justine
Hospinal Research Center, University of Montreal, Montreal, Quebec, Canada, 3 Sackler Program for Epigenetics and Psychobiology, MoGill University, Montreal, Quebec,
htt p //WWW a Ctlo n-eu p rOJ Canada, 4 Departrnent of Psychology and Pediatrics, University of Montreal, Montreal, Quebec, Canada, 5 S5chool of Public Health and Population Sdences, University
College Dublin, Dublin, lreland, 6IMSERM USG5, Paris, France, 7 MoGill Centre for Bioinformatics, MoGill University, Montreal, Quebec, Canada, 8 School of Psycho-
Education, University of Montreal, Montreal, Quebec, Canada, 9 School of Soclal and Preventive Medicine, University of Montreal, Montreal, Quebec, Canada



ACTION aims to identify epigenetic
. ; mechanisms linked to aggression

WP1. Management

IC

All WPs

WP2. Clinical epidemiology

Clinical state
of the art « Current treatment practice

» Clinical problems related to aggression treatment

» Clinical data of responders vs. non-responders to treatment

Cohorts Z ﬁ
| [
\ A
WP3. Genetic epidemiology WP4. Gene-environment WP5. Metabolomics
Biomarkers
and e Genetic architecture — »|* Environmental architecture — | ® Correlation of existing
causative s Epigenetics ¢ Gene-environment correlation biomarkers
targets * GWA e Gene-Environment interaction ¢ New metabolic biomarkers
. WP6. Prevention and treatment
Clinical
utility + EL S| issues concerning novel treatment and intervention programs
* Overarching framework to guide novel interventions
» Causative and modifiable targets to pave the way for novel therapies
Stakeholder All WPs
interaction <

WP7. Dissemination
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DNA methylation

* Biological sample collection in monozygotic twins (buccal and urine)
 Measure DNA methylation in aggression concordant and discordant twins

e Measure biomarkers and metabolites
14



Epigenome-wide association study (EWAYS)
meta-analysis of aggressive behavior

(Illumina 450k array)

Study Stud DNA Aggression data N
abbreviation v source . (PWB/UCB)
NTR Netherlands Twin Register PWB ASEBA Adult self-report (ASR) aggression scale 2029

) ) Multidimensional Peer Nomination Inventory
FT12 FinnTwin 12 PWB . .
(MNPI) — aggressive behavior 757
. Child Behavior Checklist (CBCL) 1% — 5 years
GenR Generation R uCB ] )
Aggressive Behavior scale 806

o “I am known for being short-tempered and
LLD LifeLines-DEEP PWB ) , 683
irritable” (NEO personality)

Avon Longitudinal Study of
ALSPAC PWB /UCB SQD conduct problem scale age 7

Parents and Children 865/808
“I lose my temper more quickly than most
Northern Finnish Birth Cohort \ Y P q Y
NFBC1966 1966 PWB people” (TCI-NS4 Temperament and Character
Inventory- Novelty Seeking) 803
Northern Finnish Birth Cohort i
NFBC1986 PWB ASEBA Youth self-report (YSR) aggression scale
1986 593
Groningen Expert Center for
Gecko ] ) ) ucCB SDQ conduct problem scale age 6
Kids with Obesity 198
INMA Infancia y Medio Ambiente PWB/UCB SDQ conduct problem scale age 7 ~200/~380

N total ~6249
ILLY.//VVVVVV.aL vl I-EupI vjeLL. eur



DNA methylation (Illumina 450k array) -
aggressive behavior meta-analysis
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'DNA methylation peripheral tissues vs brain

RESEARCH PAPER

AMER\.EAN JDURNAL. 0OF
medical ¢enetics

Neuropsychiatric Genetics

Interindividual methylomic variation across
blood, cortex, and cerebellum: implications
for epigenetic studies of neurological

and neuropsychiatric phenotypes Alicia K. Smith,">* Varun Kilaru," Torsten Klengel,"* Kristina B. Mercer,” Bekh Bradley,"*
Karen N. Conneely,”* Kerry J. Ressler,"® and Elisabeth B. Binder"?
Eilis Hannon', Katie Lunnon’, Leonard Sl‘_ha|kwyk2. and Jonathan Mill'3* !Department of Psychiatry and Behavioral Sciences, Emory University School of Medicine, Atlanta, Georgia

“Genetics and Molecular Biology Program, Emory University, Atlanta, Georgia
"University of Exeter Medical School; University of Exeter; Devon, UK; *School of Biological Sciences; University of Essex; Wivenhoe Park, Colchester, UK; finstitute of Psychiatry;

SMax-Planck Institute of Psychiatry, Munich, Germany
Psychology & Neuroseience; King's College London; De Crespigny Park, London, UK

*Clinical psychologist, Mental Health Service Line, Atlanta VA Medical Center, Decatur, Georgia
sI]eparlmem of Human Genetics, Emory University School of Medicine, Atlanta, Georgia

SHoward Hughes Medical Institute, Chevy Chase, Maryland

« Variation at a subset of probes - strongly correlated across tissues.

* Hannon et al: At most DNA methylation sites: interindividual variation in whole blood is
not a strong predictor of interindividual variation in the brain

* Smith et al: Compared to blood DNA methylation, saliva (buccal cells) DNA methylation
levels=more similar to brain DNA methylation

* Hannon et al: “These results do not, however, discount the utility of using a blood-based
EWAS to identify biomarkers of disease phenotypes manifest in the brain”.
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@ Thank you for your attention

| ma! a
j.van.dongen@vu.nl E
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