er les frontiéres
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L’1inne, 1’acquis,
pourguol tant de controverses?

Notions mal definies et incohérentes
Notions mal interpretées par le grand public

Les résultats scientifiques pertinents sont
mal connus et mal compris

Ils font ’objet d’exagérations considerables
dans les médias

On leur attribue des implications
philosophiques voire politiques qu’ils n’ont
pas.



Problemes de 1’opposition
Inne/acquis

Inné = present a la naissance (congénital)
Acquis = acquis par l'expérience.

Mais a la naissance I'organisme a deja eté
Influencé par I'expeérience.

Bien apres la naissance, I'organisme
continue a se déevelopper suivant un plan
determine par les genes.

Cf. Mameli & Bateson (2006): 26
definitions de 1’1nn¢, toutes problematiques!



Géneétique vs environnement
Une melilleure alternative, mais qui peut

etre trompeuse

L_'environnement est supposé contenir l'apprentissage et
les facteurs psychologiques et sociaux.

Mais 1l inclus aussi des facteurs biologiques influencgant
le developpement (ex: virus, toxines, nutrition).

Dans tous les cas les facteurs environnementaux
influencent I’organisme via des facteurs biologiques
(notamment en modifiant des connexions synaptiques
dans le cerveau, et/ou en altérant 1’expression du
géenome).

On peut distinguer les facteurs genétigues et non-
genetiques mais en pratigue les deux types de facteurs
existent toujours et interagissent en permanence.

L’opposition supposee n’en est pas une:
SOIT genetique, SOIT environnemental



Questions genérales pour la
genétigue humaine

Quels sont les facteurs génetiques qui:

« Contribuent aux capacités cognitives humaines?
(universaux de l'espece)
— Partagés avec d’autres especes.

— Ayant ¢volué spécifiquement dans 1’espece humaine.

« Contribuent a des pathologies de la cognition
humaine? (variations pathologiques)

« Contribuent aux differences cognitives inter-
Individuelles? (variations normales)

Les trois types de facteurs genéetiques sont
certainement en partie les mémes, mais pas
totalement.



Donnees a l'appui d'une influence
genéetiqgue sur la cognition humaine

Aggrégation familiale.

Etudes d'heritabilite
(familles, jumeaux,
adoption...).

Génétigue moleculaire:

— Etudes de liaison
chromosomique.

— Etudes d'associations de
genes.

Neurogeneétique.

> <

/‘
» Des troubles cognitifs

« Des capacites

Neuroimagerie génétique /

cognitives
N



Plan de ’expose

Donng¢es a I’appui d’une influence génetique sur la
cognition humaine: héritabilité des fonctions cognitives
et cerébrales.

Exemples d’influences génétiques sur des troubles:
— Autisme

— Dyslexie

Exemples d’influences génetiques sur des fonctions
cognitives

— Memoire emotionnelle

Exemples d’effets de I’environnement:

— Rééducations, entrainements

— L’effet Flynn sur le QI
L’allaitement maternel

Exemples d’interactions génes-environnement:
— L’allaitement maternel

— Le cannabis et la schizophrénie

— La deépression



Aggregation familiale et
héritabilité



Aggregation familiale des troubles cognitifs
Exemple: la dyslexie développementale

« Risque familial: 50% au premier degré
« Transmission qui semble autosomique dominante



Corrélations familiales des capacités cognitives
Exemple: le vocabulaire

Table3 Sibling Correlations for Peabody Picture Vocabulary I1Q)

Sibling Group No. of Pairs

MZ twins 176
DZ twins 347
Full siblings 795
Half siblings 2649
Cousins 118
Unrelated siblings 204

T = 05 7 p < 001,

Rowe, D. C., Jacobson, K. C., & Van den Oord, E. J. (1999). Genetic and
environmental influences on vocabulary 1Q: parental education level as
moderator. Child Dev, 70(5), 1151-1162.




Heritabilité des troubles cognitifs
Etudes de jumeaux
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*Plomin, R., Owen, M. J., & McGuffin, P. (1994). The genetic basis of complex human behaviors. Science, 264(5166), 1733-1739.



Heritabilité des troubles cognitifs
Au-dela des jJumeaux

Relatives
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Heritabilité des fonctions cognitives
Etudes de jumeaux
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*Plomin, R., Owen, M. J., & McGuffin, P. (1994). The genetic basis of complex human behaviors. Science, 264(5166), 1733-1739.



Heritabilite des fonctions cognitives

Au-dela des jumeaux
(Bouchard & McGue, 1981, Science; Loehlin, 1989, American Psychologist)

@ Corrélation du quotient intellectuel entre...
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Molecular Psychiatry (2011), 1-10
@ 2011 Macmillan Publishers Limited  All nights reserved 1359-4184/11

www.nature.com/mp

'IMMEDIATE COMMUNICATION

Genome-wide association studies establish that human
intelligence is highly heritable and polygenic

G Davies', A Tenesa®®, A Payton®, J Yang®, SE Harris®”, D Liewald'”, X Ke® S Le Hellard®,

A Christoforou®, M Luciano®’, K McGhee, L Lopez'?, AJ Gow"’, J Corley', P Redmond’, HC Fox'®,
P Haggarty'', LJ Whalley'®, G McNeill'®, ME Goddard'®, T Espeseth’, AJ Lundervold™, | Reinvang'?,
A Pickles®, VM Steen®'’, W Ollier*, DJ Porteous®”, M Horan8, JM Starr”'®*, N Pendleton?8,

PM Visscher®”2% and |J Deary'”#°
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« nearly all behaviors that have been studied
show moderate to high heritability --
usually, to a somewhat greater degree than
do many common physical diseases »
(McGuffin, Riley & Plomin 2001).

What about the brain?



Heritabilité des volumes de matiere
grise et blanche

Unrelated Fraternal Identical
subjects (reference) twins (DZ) twins (M2)

Unrelated Structure

<+ .
subjects -

e Total cerebral .89 (.67 .92)
60% . more Total gray matter .82 (.50 .87)
similar Total white matter .85 (.56 .90)
Frontal gray matter LT7 (.36 .83)
0 .N diff Frontal white matter .84 (.52 .89)
SASUL LU Total frontal .84 (.56 .89)
Average gray matter Parietal gray matter .78 (.41 .86)
difference (as % of Parietal white matter .85 (.63 .90)
normal differences) Total parietal .86 (.62 .90)
p Temporal gray matter .80 (.45 .86)
Temporal white matter .82 (.40 .89)
<0. (/()/)1. Total temporal S? {.6!51 .91)
Caudate Nucleus .80 (.56 .85)
0.01 Corpus callosum .85 (.41 .89)
0°05 Lateral ventricles .31 (.00 .67)
>I)'/)§ Total cerebellum 49 (.13 .83)

Significance Brackets indicate 95% confidence intervals.

Thompson, P. M., et al. (2001). Genetic influences on brain structure. Nat Neurosci, 4(12), 1253-1258.
Wallace, G. L., et al. (2006). Journal of Child Psychology and Psychiatry, 47(10), 987-993.



Heritability of white matter connectivity
(Chiang et al. 2009 J Neurosci)

Best model




Au-dela de I’héritabilité

Génétigue moleculaire des troubles et
des fonctions cognitives



Screening des NLGN3 et NLGN4 dans 158 familles avec autisme

Jamain, S., Quach, H., Betancur, C., Rastam, M., Colineaux, C., Gillberg, I. C., et al. (2003). Nat Genet, 34(1), 27-29.
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Fig. 2 Screening for mutations in NLGN3
and NLGN4 in autistic individuals. a, Identi-
fication of the frameshift NLGN4 mutation
in two individuals with  autism  and
Asperger syndrome. Pedigree structure
and the abnormal single-strand conforma-
tion polymorphism  are shown. Using
NLGN4-specific primers, sequence of the
PCR product identified a 1-bp insertion
{(1186insT) in the mother and her two
affected sons, which was absent in the
father and the unaffected son. This inser-
tion occurs in exon 5 of NLGN4 and causes a
frameshift that leads to the premature ter-
mination of NLGN4, which thus lacks 421
amino acids (51% of the protein), including
the transmembrane domain. b, Identifica-
tion of the mutation in NLGN3. The family
includes a son with autism and his younger
brother with Asperger syndrome. The
R451C mutation is localized in the esterase
domain of the protein and modifies a
highly conserved arginine residue present
in neuroligins and acetylcholine esterase
(ACHE). Affected individuals are indicated
by filled symbals (black for autism and gray
for Asperger syndrome). Squares represent
males, circles represent females and a line

Cytosine->Thymine
Arginine -> cysteine

dans un domaine de la
protéine important pour

la liaison avec les partenaires
pré-synaptiques



Persico, A. M., & Bourgeron, T. (2006). Searching for ways
out of the autism maze: genetic, epigenetic and environmental

clues. Trends in Neurosciences, 29(7), 349-358.
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Les souris NLGN3 R451C ont plus
d'activité synaptique inhibitrice

OWT mR451C

Spontaneous IPSCs

WT R451C

e Py Y Y
S P
N et Wqﬂ‘f‘!ﬁfﬁf‘”ﬁ?"

Tabuchi, et al. (2007). Science, 318(5847), 71-76.



Les souris NLGN3 R451C
passent moins de temps a
Interagir avec les congeneres

Fig. 5. Impaired social interaction behaviors in neuroligin-3
R451C KI mice. (A) Interacting time of individual WT and
R451C Kl mice exposed to a novel inanimate object in an
unfamiliar cage (5 min). (B} Interacting times of mice that are
exposed to an unfamiliar immobilized target mouse in a now-
familiar cage [5 min; procedure immediately follows (A)]. (C)
Interacting times of mice that are exposed simultaneously to a
novel inanimate object and a novel, caged target mouse. (D)
Sodial learning measured by monitoring the times of direct
interactions of WT and R451C Kl mice with the same freely
moving juvenile target mouse on day 1 (first interaction) and
day 4 (second interaction for social learning). All data shown
are means = SEMs; n = 19 male littermate pairs; only
statistically significant differences between WT and R451C Kl
mice are specifically identified in the figure (*P < 0.05; **P <
0.01; ***P < 0.001 by ¢ test or two-way analysis of variance); a detailed statistical analysis for all parameters is provided in table 52 (30).




Les souris NLGN3 R451C
apprennent plus vite dans une
tache d'orientation spatlale

Fig. 6. Neuroligin-3 R451C KI mice exhibit Initial Training

enhanced spatial learning. (A} Morris water maze . L

analysis of spatial learning in R451C KI and A ) awT
littermate WT control mice during the initial 7 days action: : ' W F4510
of training as measured by the distance traveled to

reach a submerged platform [n. 5., not significant;

*P < 0.05; P < 0.01; **P < 0.001; in (A) and

(D), Genctype indicates main effedt of genotype

Day, main effect of day of training; and Interaction,

interaction between genotype and day.] (B} Mum-

ber of days of initial training required to reach the

submerged platform in an average of 10 s or less,

{(C) Number of crossings over the previous location

of the target platform and over corresponding

locations in the other three quadrants measured on

day 8 after removal of the platform {probe ftrial).

(D) Reversal learning experiment, in which on day

9 after the probe trial the platform was moved to

the opposite quadrant and the learning of the new

location of the platform by the mice was monitored,

Leaming is measured as distance traveled before

mounting the newly localized target platform & a

function of days of training. (E} Number of days of

reversal training required to reach the submerged

platform in an average of 10 s or less. {F) Probe

trial after reversal learning uncovers a large

increase in spatial learning abilities of the R451C KI mice [dashed lines in (C) and (F} are the mean overall numbers of platform crossings for WT mice].
Only statistically significant differences between WT and R451C Kl mice are identified. All data shown are means + SEMs; n = 19 male littermate pairs; see
fig. 514 and table 52 for all statistical comparisons.




Régions chromosomiques impliquées dans la dyslexie developpementale
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Grigorenko, E. L. (2003). Proc Natl Acad Sci U S A, 100(20), 11190-11192.




Analyse
fonctionnelle de
DY X1C1 chez le rat

Wang, Y., Paramasivam, M., Thomas, A., Bali, J.,
Kaminen-Ahola, N., Kere, J., et al. (2006).

DY X1C1 functions in neuronal migration in
developing neocortex. Neuroscience, 143(2), _
515-522. \ 500 um
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Rosen, G. D., Bai, J., Wang, Y.,
Fiondella, C. G., Threlkeld, S. W.,
LoTurco, J. J., et al. (2007).Cereb
Cortex, bhl162.

Galaburda, A. M., Sherman, G. F,,
Rosen, G. D., Aboitiz, F., &
Geschwind, N. (1985). Ann Neurol,
18(2), 222-233.




Genes impliques dans la mémoire
episodique

« 5-HT2a associé a la memoire
episodique (verbale et spatiale,
rappel a 5 min. et 24h) (de
Quervain et al. 2003).

* KIBRA associé a la memoire
verbale episodique et aux
activations de I’hippocampe

in memory recall

(Papassotiropoulos et al. 2006).

 ADRAZ2B (adrenoreceptor) 3
associé a la memoire 100
emotionnelle

O Mo deletion [l Deletion

(description de
photos) et aux
symptomes de
stress post-

traumatique (de :

Quervain et al. ol =8 =T
2007) his |:r otogra |:r photographs  photographs

 Et bien d’autres (de Quervam et al. 2006).
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Table 1. Association of SMPs rs17070145 (KERA)
and rs6439886 (CLSTMZ) with wverbal episodic
memory in Swiss cohort 1. Genotype calls of eight
subjects were not considered for analysis due to
lov-quality pyrograms for 17070145, Means
with comman superscripts are signiticantly ditter-
ent according to multfactonal analyss of vari-
ance. Data are means = SEM.

Mo, of words recalled

8 I mediate | Aftes Aftes
! 5 min 24 hours

Common Kibra Alleles Are Associated
with Human Memory Performance

Andreas Papassotiropoulos, > ™1 Dietrich A Stephan,”*T Matthew ). Huentelman,’

Frederic ). Hoerndli,* David W. IZIr:11'g|,g John V. Pearson,’ Kim-Dung Huyrnh,:l

Fabienne Brunner,! Jason Corneveaux,” David Osborne,® M. Axel Wollmer,® Amanda Aerni,
Daniel Coluccia,® Jirgen Hinggi,! Christian R. A Mondadori,® Andreas Buchmann,®

Eric M. Reiman,™® Richard ]. Caselli,” Katharina Henke,® Dominique ].-F. de Quervain®-

Human memory is a polygenic trait. We performed a genome-wide screen to identify memary-
related gene varants, A genomic locus encoding the brain protein KIBRA was significantly
associated with memory performance in three independent, cognitively normal cohorts from
Switzerland and the United States. Gene expression studies showed that KTBRA was expressed in
memary-related brain structures. Functional magnetic resonance imaging detected KIBRA allele—
dependent ditterences in hippocampal activations duning memory retrieval. Bvidence from these
experiments suggests a mole for KIBRA in human memory.

Table 2. Association of SMPs rsl7070145
(KIBRA) and rs643 9886 (CLSTN2) with episodic
memory in the U5 population. The SRT was
completed by 200 particdpants (98 CC carriers
and 102 CT and TT carners of rsl7070145).
Genotype calls of seven participants were not
considered for analysis because of low-quality
pyrograms for rs6439886. Means with commaon
superscripts are significantly different according
to multifactonal analysis of vanance. Data are
means = SEM.

Mo, of items recalled

Aftier Friz
30 min recall task
(AVLT) (SRT)

M Iweedia tely
{AVLT)

relf05 0145
CC 164 23.6
CTAT 169 24.1

t 03 T6+0.2* 6.7 + 0.2%
U3 24027 8.0 £ 0.2}

rE1r0A0145
CC 126 9.4 +0.3 B.5+03% B3.7 + 1.2¢
CITT 130 100 + 0.3 9.7+03% 903 + 1.1}

rsba39BA6 6430886
T 265 239 +02 B4+0.24 73 +0.2% T 185 97 0.2 9.1+0.2 BB4 = 0.9
TCACC 6 242 04 98+:0.4f 84 = 0.4% TCAC f4 99 +04 9.2+0.4 BR? * 1.6
"o — 0000004 (P- 00008 $P-0002 WP-0022 P- 0.004 [P = 0.00005

Fig. 3. Signitant KIERA allele—dependent ditfer-
ences in hippocampal activation as measured with
tMRI Activations are significantly increased in the
hippocampus in noncamiers (n = 15) of the T allele
of SNP rs17070145 than in the hippocampus of
T allele carriers (n = 15). Adtivations from all 30
indniduals were overlaid on a coronal section of a
Tl-weighted magnetic resonance image of SPM2
and deplayed in color-coded ¢ values. Threshald:
P = 0,001, H, hippocampus; P, parahippocam pal
gyrus; L, left ade of the brin; R, right side of the
brain.



Genes impliques dans 1’attention et

Un allele de DRD2
module la capacité a
apprendre a partir de ses
propres erreurs, et les
activations fonctionnelles
correspondantes (Klein et
al. 2007)

Un allele de COMT
module la performance
dans des taches de
mémoire de travail et de
flexibilité mentale.

COMT a egalement eté
associée au Ql, dans
certaines études.

les fonctions executives

Ty

W hoxose
O Avoid “B”

Fig. 1. Probabilistic learning task, behavioral and computational results. (Top) Stimuli, reward prob-
abilities (percent positive feedback), and schematic trial sequence of the probabilistic learning task (2).
(Bottom, left) Result of the behavioral post test Choosing the good symbol (A) and aveiding the bad one
(Bottom, right) Certainty of the given response resulting from the computational model, binned into bins
of 20 frials each and differentiated between the two genetic groups.



Et les effets de I’environnement?

e |Is existent bien!

e [’environnement influence:
— Le comportement
— Les fonctions cognitives
— Le fonctionnement ceréebral
— Le développement du cerveau

— L’expression du génome!



Les effets de I’environnement sur la
cognition ont un médiateur

Incontournable: le cerveau!

 Les évenements qui nous influencent sont percus,
memorises, conceptualiseés, Intégrés a nos
repréesentations cognitives.

» Ces modifications cognitives impliquent des
modifications cérebrales:
— Activité des neurones
— Poids synaptiques
— Myélinisation
— Croissance ou regression de dendrites, creation ou

elagage de synapses.

— Neurogenese

« Ces mécanismes cellulaires impliquent des

modifications de I’expression d’un grand nombre de
genes au Sein des neurones.



Effects of successful remediation on

dyslexic children’s brain activations

Figure 2. Left middle and inferior
frontal gyrus a'umz,g phoneme mapping
(Talairach level: x = —40). (A) Areas of
greater activation for controls than
children with dyslexia at the initial
scan. (B) Areas of greater activation for
controls than children with dyslexia at
the follow-up scan. (C) For dyslexic
subjects only: areas of greater activa-
tion at follow-up scan as compared
with initial scan. (D) For control sub-
Jjects only: areas of less activation at
follow-up scan as compared with ini-
tial scan. (The control subjects showed
no significant increases in activation in
any regions.) Regions of interest are
circled in green. Arrows indicate the
only regions that were more activated
for control than for dyslexic subjects at
follow-up scans. (The small posterior
region of activation is the same area of
superior parietal lobe that is identified in figure 3B.) Right and left superior parietal region during phoneme mapping

(Talairach level: z = 43). Aylward et al. (2003) Neu rOlogy




¥ Changes In grey matter and Iin white matter
connectivity induced by training.
Draganski, B., et al. (2004). Nature.
Scholz, J., et aI (2009) Nat Neurosci
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Figure 1 Fractional anisotropy increases after juggling training.

(a) Colored voxels represent clusters (corrected P < 0.05) of significant
fractional anisotropy increase from scan 1 to scan 2, superimposed on
the mean fractional anisotropy map. POS, parieto-occipital sulcus.

(b) Mean fractional anisotropy (FA) change from scan 1 in the cluster
shown in a. Error bars represent standard errors. * indicates significance
relative to baseline at P < 0.05.



Exemple d’un effet de I’environnement sur
I’expression d’un gene: Effets du stress et d'un
antidepresseur sur I'expression de BDNF

Bdnf expression

Bdnf expression

Figure 3 | Regulation of the Bdnf gene by social defeat. a| In the absence of stress,
the chromatin state of brain-derived neurotrophic factor (Bdnf) is at a basal level,
characterized by moderate levels of histone H3 acetylation and virtually no H3-K27
dimethylation. In this state, histone deacetylase 5 (HDACS) might repress unnecessary
activation of BDNF and maintain a chromatin balance. b | Chronic defeat stress induces
the specific and prolonged dimethylation of histone H3-K27. This induces a more ‘closed’
chromatin state at Bdnf promoters P3 and P4, and a corresponding repressian of Bdnf
transcripts Il and IV expression. H3 acetylation and HDACS requlation are not affected
after chronic defeat stress alone, corroborating the idea that the main repressive
marker after chronic stress is histone methylation. ¢ | Chronic imipramine
{antidepressant) treatment after defeat stress downregulates Hdac 5 expression and
increases H3 acetylation, with little if any change in H3-K27 dimethylation. Imipramine-
dependent H3 hyperacetylation at the Bdnf promoters P3 and P4 allows partial
‘reopening’ of the repressed chromatin state caused by defeat stress, and results in
transcriptional reactivation of the Bdnf gene. K, lysine residue,

@ H3 acetylation

% H3-K27 dimethylation

Even further: Bell, A. M., & Robinson, G. E. (2011). Genomics. Behavior and the dynamic
genome. Science, 332(6034), 1161-1162.




Facteurs environnementaux
influencant le QI: 1’effet Flynn

Flynn, J. R. (1987). Massive gains in 14 nations: What 1Q tests really
measure. Psychological Bulletin, 101, 171-191.

 Au cours du 20¢™e sjecle, les scores de QI ont
progresse d’environ 3 points par décennie.

« Pourquoi?
— Nutrition

— Evitement de maladies affectant le développement du
cerveau

— Environnement intellectuel des enfants: garde

collective, interactions adultes/enfants, télevision,
jeux... (?)

« Contradictoire avec des effets genétiques
Importants?
— Non bien str...



Un exemple: [’allaitement maternel
Mortensen, E. L., Michaelsen, K. F., Sanders, S. A., & Reinisch, J. M.

(2002). The association between duration of breastfeeding and adult
Intelligence. Jama, 287(18), 2365-2371.

Table 3. Observed and Adjusted Means for Intelligence Test Scores in Relation to Duration
of Breastfeeding®

Duration of Breastfeeding, mo
I 1 P
=1 2-3 4-6 7-9 =9 Value

WAIS Verbal 1Q

Unadjusted 98.2(16.0) 101.7 (14.9) 104.0(15.7) 108.2(13.3) 1023(15.2) =.001
mean (S0)
Adjusted mean Qo7 102.3 102.7 105.7 103.0 007

WAIS Performanc

Unadjusted
mean (S0

Adjusted mea

14.9) <.001

Par quel mécanisme??
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WAIS Full Scale IC)
Unadjusted
mean (S0)

98.1(159) 101.3(15.2) 1033 (15.7) 108.2 (134) 1028 (14.4) =.001

Adjusted mean

go.4 101.7 102.3 106.0 104.0 003

BFP
Unadjusted 3690115 30001411) 408(11.2) 434 (11.0) 402(12.3) =.004
mean (S0)
Adjusted mean 38.0 39.2 39.9 401 401 oA

*The significance levels for both the unadjusted and adjusted means refer to the overall F tests of significance of mean
differences between the 5 breastfeeding categories. The adjusted means for the Barge Priens Frave (BFPF) test are
adjusted for marital status, 2ocial status, breadwinner's education, maother's height, mother's age, mother's weight
galn during pregnancy, mather's clgarstte consumption during the third trimester, number of pregnancles, esti-
mated gestational age, birth weight, birth length, an indssx of pregnancy com plications, and an index of delivery com-
plicaticns. The adjusted means for the Wechaler Adult Intelligence Scale (WAIS) are also adjusted for effects of sex
and medication exposurs,



Meédiation des effets de I’allaitement

maternel sur le QI par des variations

genetiques du metabolisme des acides
gras (Caspi et al. 2007 PNAS)

British Birth Cohort

« FADSI1, FADS?2
on 11ql2: fatty
acld desaturases s

e SNP rs174575
INn 1st intron of
FADS?2

[] Not breastied B Greastied



Interactions
genes X environnement

* Interactions au sens statistigue (ANOVA)

 Effets génétiques + effets environnementaux
+ Effet (Genes + environnement)

= effets non additifs des facteurs génétigues
et environnementaux

 EXx: allaitement + FADS2
* Probablement la situation la plus frequente...



Interaction du gene COMT et de
la consommation et de cannabls
sur le risque de schizophrenie

Caspi, A., et al. (2005).
Biological
Psychiatry, 57(10),
1117-1127.

MET/MET VAL/MET VAL/VAL

COMT genotype




Un exemple d'interaction
genes/environnement: la depression

Deépression passagere: etat d'humeur normal en
réaction a certains evenements, rémission
spontanee.

Deépression severe: trouble dont la remission est
difficile sans aide exterieure (psychothérapie,
antidépresseurs)

Trouble déclenche par des facteurs extrinseques:
— Stress chronique
— Evénements traumatisants

Est-ce que cela implique l'absence d'influences
genetiques?




Un exemple d'interaction

genes/environnement: la depression

 Tous les individus ne reagissent pas de la méme
maniere aux evenements stressants ou
traumatisants:
— Certains éprouvent une tristesse qui passe rapidement.
— Certains sombrent dans une dépression severe dont ils
ne sortiront pas tous seuls
« Quelle est la source de ces différences
Individuelles?
— Elle est nécessairement dans le cerveau (!).

— Ces differences cérebrales peuvent provenir:
« D'histoires individuelles différentes
« Mais peut-étre aussi: de patrimoines genetiques différents?



Un gene candidat: le transporteur de
la serotonine (SHTT ou SERT)

2 principaux alleles: court (s) et long (I) (14
a 16 repetitions) sur un site promoteur,
Induisant faible ou forte transcription.

Frequence dans la population européenne:
32% I/1, 49% /s, 19% s/s.

Hypothese: l'allele s predisposerait a la
depression.

Certaines études I'ont confirmée, d'autres
non.



Interaction gene/environnement: effet

du nombre de "stressful life events"
(Caspi et al. 2003 Science)
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Interaction gene/environnement: effet

de la maltraitance pendant I'enfance
(Caspi et al. 2003 Science)

5
=]

o))
=]

[3)]
o

»
=

W
o

N
(=)

Q
T
C
IQ
Q.
@
c
'9
2]
w
e
o
Q
©
L
2,
©
E
§—
o
>
h ~
5 -
©
L
(o}
B
Q.

o

No Probable Severe
maltreatment maltreatment maltreatment




Interaction gene/environnement:
par quel mecanisme cérebral?

(Hariri et al. 2002 Science; Pezawas et al. 2005 Nature Neurosci.)
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Réesume

« L'allele du 5HTT ne predispose pas directement a
la depression.

« Mais il influence la structuration et l'activité de
certaines aires céréebrales (amygdale, cortex
cingulaire anterieur) impliguées dans la peur,
I'anxiéete, et la maitrise des emotions.

 Les caractéristigues de ces aires cérebrales
Influencent la reaction de l'individu a des
traumatismes precoces (maltraitance) et a des
evenements stressants, modulant ainsi la
probabilité de declencher une dépression sévere.



Autres sujets qu’on pourrait

aborder

 Facteurs génétiques influencant:
— Le developpement du cerveau humain
— Les troubles du langage chez I’enfant

— La violence (trouble des conduites, personnalité
antisociale)

— Les addictions

 Facteurs environnementaux influencant:

— Les capacités d’orientation dans 1’espace et la
structure de 1I’hippocampe

* [nteractions genes-environnement sur:
— Laviolence
— Les addictions



Conclusions

 Les influences genétigues, méme fortes,
n’excluent pas les influences
environnementales.

 Les influences environnementales, mémes
prépondérantes, sont malgré tout modeérées
par des facteurs génétiques...



Conclusions

Tout est Inne?
Tout est acquis?

Certaines choses sont innees, d’autres sont
acquises?

Tous les phenotypes cognitifs sont
iInfluenceés a la fois par des facteurs
genetigues et par des facteurs non
genetiques.

Au-dela des %, il faut determiner
préecisément ces facteurs, leurs mecanismes
d’action et d’interaction dans le cerveau.



Quelles implications
philosophiques et politigues?

 La génétique est-elle réductionniste?

 La genétigue Im
déterministe de |
 La genétigue Im

nose-t-elle une vision
"homme?

nligue-t-elle 1’eugénisme et

le « meilleur des mondes »?






