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Defining epigenetics

Human genome

Double helix structure

Composed of 4 « letters » that represent the
genetic information : A, C,G, T

Length = 3.2 billion letters = 2 meters of ADN,
to be compacted within a few micrometer
nucleus

Epigenetics = molecular mechanisms for the
compaction of DNA (chromatin) and
regulation of gene expression

v" DNA methylation

v" Micro-RNA

v Histone modifications

Centromere

Chromatin



Defining epigenetics

Zygote
1 genetic code
Historical model
* deterministic
%ﬁ,gwn * unidirectional
1942 ' * bounded (start & end)

v Two modern questions:

Differentiated cell types
(mature organism)
Multiple epigenomes/
cell types
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* Which epigenetic plasticity in the
brain?

* What role in psychopathology?




The behavioral epigenetics paradigm
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Major depressive disorder

« A systemic affection with multivisceral
consequences

* Involves inter-tissular communication

(hormones, exosomes)

* Molecular correlates detectable in
peripheral tissues?
o Blood
o Saliva
o CSF
o Urine

o Etc...

Depressed
mood

Anhedonia

Cognitive

Sleep
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s Neurovegetative
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Pain
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Immune dysfunction
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Human cohort & analytical strategy

Sex n .max Group Age BMI HDRS
Female 55 Control 45[32,58] 2420, 28] 1.410.0, 3.2]
50 MDD  42[29,56] 24[19,29] 23.2[19.8, 26.6]
34 Control  45[30,60] 24[20,28] 1.2[0.0,2.4]
Male 30 MDD  43[26,60] 25[20,30] 23.5[20.4,26.5]
Total 169

1. Single omic
differential analysis

2. Network multiomic
data integration
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3. Multiomic prediction
of depression



2. Network multiomic integration

1- Gene expression levels

2- Expression correlation

(all gene pairs)
Sa m p I €s Gl G2 G3 G4 G5 G6 G7
g; 1 0:19 09 09 09 8.9 88
0.9 09 03 03 .7 0. H
G3 09 09 1 00 02 05 3- Coexpression network
G4 09 03 1 05 03 06
G5 09 03 00 05 1 0.1 06
G6 09 07 02 03 0.1 1
G7 09 0.0 0.0 00 06 1
G8 01 05 07 03 01 02 03
G9 09 03 06 00 03 0.1 01
G10 01 01 05 05 03 01 05
G11 01 01 02 01 03 05 01
G12 08 02 06 02 05 03 0.3
G13 02 04 01 02 02 01 05
G14 02 03 00 06 05 01 02
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Functional annotations, enrichment for MDD-related changes, etc



2. Network multiomic integration

Networks composed of:
* 135 modules in females
* 111 modules in males

Gene composition of modules:

* Validated with external datasets
(preservation)

» Strongly differed across women & men

Module prioritization:

e Using enrichment for MDD-related
changes for the 3 omic layers, and
external GWAS data

* Female module 129 : cellular response
to stress

* Male module 48 : immune response




3. Multiomic prediction of depression

Training data Test data
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3. Multiomic prediction of depression
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Towards multimodal biomarkers

* Psychopathology stems from
interacting factors:

Genetic

Environmental

Socio-economic

Etc

ANANENEN

* Approaches spanning multiple
modalities may lead to a
better understanding of the
“flow of information”, from the
causes of the disease to its
clinical expression

Environment & Socio-economic factors

Phenotype first
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Hasin et al, Genome
Biology 2017

: " | Psychiatric symptoms

Behavioral dysregulation
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A multimodal study of opioid use disorder

Strasbourg

Multicentric cohort

Safe injection sites to recruit active abusers
n=300 (>270 already recruited)

Bio-psycho-social model of addiction

1. Multiomic measures in peripheral blood
- DNA methylation, gene expression

2. Sociological evaluation
- Access to care, prison, early-life adversity, work, housing

3. Psychiatric evaluation
- Suicidal behaviors, comorbidities, other addictions

) 4

ITHAQUE @ - With a 2-year, longitudinal assessment of all modalities
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Sensitivity to social stress and suicidal behaviors

Our hypothesis: social stress contributes to suicidal behaviors (SB)

MONTPELLIER

—5> Philippe Courtet
CHU
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UNIVERSITAIRE Em[/[e O/Ié

The Trier Social Stress Test is a well-established form of social stress

Cohort of 44 women:

“woo- | wone

SB- (n=18) 7 11

Frisch et al,
Front Psychol 2015

SB+ (n=26) 5 21

v

MRNA expression

v

MRNA expression
DNA methylation DNA methylation



Sensitivity to social stress and suicidal behaviors

tl l l The TSST triggered gene expression changes that were:

* Similar across our 3 groups of women with or without

Q

RRHO2: rank-rank

hyp e/rgeometr/c a history of SB
overlay
t' l' * Stronger in depressed women with a history of SB
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