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« Epigénétique : késako?

« Comprendre |'effet épigenetique du tabac

. Effets épigénétiques sur la/les prochaine(s) genération(s)
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« Connaissances tres récentes — pour le moment
Impossible d’appliquer en pratique, a part notre devoir

d’informer les individus que nous suivons....

Tahle 2. Differential methylation in cord blood DNA in relation to maternal cotinine in the MoBa study population: CpGs with Bonferroni-corrected statistical
significance (p< 1.06 = 1077), sorted by chromosome and position.
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Figure 1. Epigenome-wide association between maternal cotinine and methylation of 473,844 CpGs DNA Methylation in Newborns Related to Maternal SmOKing during
measured in cord blood from the MoBa cohort. Twenty-six CpGs (10 genes| reached Bonferroni-corrected  Pregnancy. Environ. Health Perspect. 2012, 120 (10), 1425-1431.
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Epigénétique: késako?
1942 Conrad Waddington
"the branch of biology which studies the causal

interactions between genes and their products
which bring the phenotype into being”

© Peter Lofts Photography / National Portraif

2001 SClenCe Gallery, London

“the study of changes in gene function that are
mitotically and/or meiotically heritable and that
do not entail a change in DNA sequence.” ?

(1) Waddington, C. H. The Epigenotype. Endeavour 1942, 1, 18-20.
(2) Wu, C. T.; Morris, J. R. Genes, Genetics, and Epigenetics: A Correspondence. Science 2001, 293 (5532), 1103—
1105.



Epigénetique: changement de paradigme
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(3) Springer, N. M. Epigenetics and Crop Improvement. Trends in Genetics 2013, 29 (4), 241-247.
https://doi.org/10.1016/j.tig.2012.10.0089.



Epigénetique: changement de paradigme
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Epigénetique: comment?
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Epigenetique: quel effet?
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(5) Romasnowska, J.; Joshi, A. From Genotype to Phenotype: Through Chromatin. Genes (Basel) 2019, 10
(2). https://doi.org/10.3390/genes10020076.



Epigénetique: ca s’herite?
. divisions mitotiques — chaque cellule differéntiée passe
ses marques a ses cellules filles

. divisions meiotiques — a priori méthylation remise a zéro
sauf pour les loci « protégés » , histones : probablement
oui, méme pour le sperme, ARN: peut-étres

« les mitochondries — oui, avec des effets sur plein de
processus, mal connu pour le moment (absence de
histones)?

(6) Skvortsova, K.; lovino, N.; Bogdanovi¢, O. Functions and Mechanisms of Epigenetic Inheritance in Animals. Nat. Rev.
Mol. Cell Biol. 2018, 19 (12), 774—-790.
(7) Stimpfel, M.; Jancar, N.; Virant-Klun, I. New Challenge: Mitochondrial Epigenetics? Stem Cell Rev Rep 2018, 14 (1),



Le tabac et I'epigenétique
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Abstract

Background—

DNA methylation leaves a long-term signature of smoking exposure and is one potential mechanism by which tobacco
exposure predisposes to adverse health outcomes, such as cancers, osteoporosis, lung, and cardiovascular disorders.

Methods and Results—

To comprehensively determine the association between cigarette smoking and DNA methylation, we conducted a meta-
analysis of genome-wide DNA methylation assessed using the lllumina BeadChip 450K array on 15 907 blood-derived
DNA samples from participants in 16 cohorts (including 2433 current, 6518 former, and 6956 never smokers).
Comparing current versus never smokers, 2623 cytosine—phosphate—guanine sites (CpGs), annotated to 1405 genes,
were statistically significantly differentially methylated at Bonferroni threshold of P<1x1077 (18 760 CpGs at false
discovery rate <0.05). Genes annotated to these CpGs were enriched for associations with several smoking-related
traits in genome-wide studies including pulmonary function, cancers, inflammatory diseases, and heart disease.
Comparing former versus never smokers, 185 of the CpGs that differed between current and never smokers were
significant P<1x1077 (2623 CpGs at false discovery rate <0.05), indicating a pattern of persistent altered methylation,
with attenuation, after smoking cessation. Transcriptomic integration identified effects on gene expression at many
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450K Epigenome-Wide Scan Identifies Differential DNA Methylation
in Newborns Related to Maternal Smoking during Pregnancy

Bonnie R. Joubert,” Siri E. Haberg,? Roy M. Nilsen,® Xuting Wang,! Stein E. Vollset,?* Susan K. Murphy,®
Zhiging Huang,® Cathrine Hoyo,” Givind Midttun,? Lea A. Cupul-Uicab," Per M. Ueland,* Michael C. Wu,”
Wenche Nystad,? Douglas A. Bell," Shyamal D. Peddada," and Stephanie J. London’

'Division of Intramural Research, National Institute of Environmental Health Sciences, National Institutes of Health, Department

of Health and Human Services, Research Triangle Park, North Carolina, USA; 2Norwegian Institute of Public Health, Oslo, Norway;
3Haukeland University Hospital, Bergen, Norway; “University of Bergen, Bergen, Norway; ®Duke University School of Medicine, Durham,
North Carolina, USA; ®Bevital A/S, Laboratoriebygget, Bergen, Norway; "Department of Biostatistics, Gillings School of Global Public

Health, University of North Carolina, Chapel Hill, North Carolina, USA

BACKGROUND: Epigenetic modifications, such as DNA melhylation, due o in utero exposures may
play a critical role in early programming for childhood and adult illness. Maternal smoking is a
major risk factor for multiple adverse health outcomes in children, but the underlying mechanisms
are unclear.

OpJeCTIVE: We investigated epigenome-wide methylation in cord blood of newborns in relation 0
maternal smoking during pregnancy.

MeTrODS: We examined maternal plasma cotinine (an objective biomarker of smoking) measured
during pregnancy in relation to DNA methylation at 473,844 CpG sites (CpGs) in 1,062 new-
born cord blood samples from the Norwegian Mother and Child Cohort Study (MoBa) using the
Infinium HumanMethylation450 BeadChip (450K).

Resurts: We found differential DNA methylation at epigenome-wide statistical significance
(p-value < 1.06 x 10°7) for 26 CpGs mapped to 10 genes. We replicated findings for CpGs in
AHRR, CYP1AI, and GFII at strict Bonferroni-corrected statistical signiﬁcance in a U.S. birth
cohort. AHRR and CYPIAI play a key role in the aryl hydrocarbon receptor signaling pathway,
which mediates the detoxification of the components of tobacco smoke. GFII is involved in diverse
developmental processes but has not previously been implicated in responses to tobacco smoke.

Concrusions: We identified a set of genes with methylation changes present at birth in children
whose mothers ked during pregnancy. This is the first study of differential methylation across
the genome in relation to maternal smoking during pregnancy using the 450K platform. Our find-
ings implicate epigenetic mechani in the pathogenesis of the adverse health outcomes associated
with this important in urere exposure,

Key WORDS: epigenetics, epigenome-wide, in ntere, maternal smoking, methylation. Environ Health
Perspect 120:1425-1431 (2012). hrep://dx.doi.org/10.1289/ehp.1205412 [Online 31 July 2012]

Maternal smoking during pregnancy is a
major risk factor for adverse health ourcomes
in children including low birth weight, some
childhood cancers, reduced lung function,
and carly respiratory illnesses (Office of the

methylation. A few human studies have
examined epigenetic alterations in relation
to maternal smoking during pregnancy
and rc:pnm:r.l it to be associated with glnl)al

methylation of leukocyte DNA using a [PH]-

Infinium HumanMethylation450 Beadchip
(450K: Hlumina Ine.), which measures CpG
methylation at > 470,000 CpGs, we evaluated
the relationship berween marernal smoking
and DNA methylation in 1,062 infant cord
blood samples from a birth cohort in Norway.
We assessed maeernal smoking objectively by
measuring cotinine, a sensitive biomarker, in
maternal plasma samples, and replicated our
findings in an independent birth cohort study
from the U.S. To our knowledge, this is the
largest human study of any in utero exposure
in relation to DNA methylation at birth using
the 450K platform with improved epigenome-
wide coverage.

Methods

Participants in the current analysis were
selected from a substudy of the Norwegian
Mother and Child Cohort Stud}' (MoBa)
(Magnus et al. 2006; Ronningen et al. 2006)
that evaluated the association between maternal
plasma folate during pregnancy and childhood

Address correspondence to S.]. London, 111 T.W.
Alexander Drive, Rall Bldg, A306, Research Tri;mgl:
Park, NC 27709 USA. Telephone: (919) 541-5772.
Fax: (919) 541-2511. E-mail: london2@niehs.nih.gov

Supplcmenlal Material is available online fhllp:f.l'
dx.doi.org/10.128%ehp.1205412).

We are grah:rul to the participating families in
Norway who take part in this ongoeing cohort study.
Wa rhank R F Kalerad A& Sunda and K Harhal
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Maternal smoking is reported to cause adverse effects on the health of the unborn child, the underlying
mechanism for which is thought to involve alterations in DNA methylation. We examined the effects

- of maternal smoking on DNA methylation in cord blood, in 247 mother-infant pairs in the Sapporo
. cohort of the Hokkaido Study, using the Infinium HumanMethylation 450K BeadChip. We first identified

differentially methylated CpG sites with a false discovery rate (FDR) of < 0.05 and the magnitude

- of DNA methylation changes (|3] >>0.02) from the pairwise comparisons of never-smokers (Ne-S),

sustained-smokers (Su-S), and stopped-smokers (5t-5). Subsequently, secondary comparisons between

. 5t-5 and Su-S revealed nine common sites that mapped to ACSM3, AHRR, CYP1A1, GFI1, SHANK2,

TRIM36, and the intergenic region between ANKRDS and RCOR1 in Ne-S vs. 5u-S, and one common CpG

© site mapping to EVC2 in Ne-5 vs. 5t-S. Further, we verified these CpG sites and examined neighbouring
- sites using bisulfite next-generation sequencing, except for AHRR cg21161138. These changes in DNA

methylation implicate the effect of smoking cessation. Our findings add to the current knowledge of the
association between DNA methylation and maternal smoking and suggest future studies for clarifying
this relationship in disease development.

These changes in DNA
methylation implicate
the efect of smoking
cessation.
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Ne-S Su-S
(46) (64)

jamais vs tabac  Arrét vs tabac

En partie la signature
d‘une mere fumeuse s‘efface lors
d‘un sevrage en début de
grossesse

Ne- 5\ St-S
(46) o (15)

jamais vs tabac  jamais vs arrét

Ces enfants portent la signature
d'une mere fumeuse en début de
grossesse



Le tabagisme paternel
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En resumeée

Des composantes de la fumée de tabac ont des effets sur la transcription des
genes

Ces effets sont variables d‘une personne a une autre
Le foetus subit des effets parfois spécifiques qui peuvent perdurer longtemps

Le sevrage peut atténuer I'ampleur de ces effets

‘ vivement qu‘on arrive a une proportion

moindre de FEF a la naissance
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