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Résumé 

Titre : « Voies de signalisation associées au récepteur 5-HT6 : rôle dans le 

développement neuronal »  

Mots Clés : 5-HT6R, signalisation, développement neuronal 
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Abstract 

Title : « 5-HT6 receptor signaling in neurodevelopment » 

Key Words: 5-HT6R, neuronal development 
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I. LE DEVELOPPEMENT NEURONAL 

 Neurogenèse embryonnaire et adulte A.

L+!86A+:055+*+4/!81!-T-/9*+!4+,A+12!86;1/+!(1!.01,-!8+! :(!/,0)-)9*+!-+*()4+!

+*;,T044(),+! .<+C! :'<0**+!+/! (1! -+5/)9*+! E01,! +*;,T044(),+! .<+C! :(! -01,)-7! (A+.! 14!

65()--)--+*+4/!8+! :'+./08+,*+!31)! .0,,+-5048! J! :(! B0,*(/)04!8+! :(! 5:(31+!4+1,(:+=!V4!

0;-+,A+7!5(,!:(!-1)/+7!:(!B0,*(/)04!81!/1;+!4+1,(:!(A+.!B1-)04!8+-!.,\/+-!4+1,(:+-!P@3/'.*%

+Q=!L'+-5(.+!J!:')4/6,)+1,!81!/1;+!4+1,(:!-'6:(,D)/!+4-1)/+!8+!*(4)9,+!)*50,/(4/+!(1!4)A+(1!

81! /6:+4.65<(:+! P5(,/)+! :(! 5:1-! (4/6,)+1,+! 81! /1;+! 4+1,(:Q! 501,! B0,*+,! :+-! 8+12!

A+4/,).1:+-! :(/6,(12=! L+! B+1)::+/! .01A,(4/! :'+-5(.+! A+4/,).1:(),+! :+! :04D! 81! /1;+! 4+1,(:!

.04-/)/1+! :+! 4+1,065)/<6:)1*! D+,*)4(/)B! J! 5(,/),! 8131+:! 5,0:)B9,+4/! :+-! 5,6.1,-+1,-!

4+1,04(12=!!

`)+4!31'):!()/! :04D/+*5-!6/6!(8*)-!31+! :+-!4+1,04+-7!.+::1:+-!50-/I*)/0/)31+-7!4+!-0)+4/!

5:1-! B0,*6-!J! :'vD+! (81:/+7! .+! .04.+5/! +-/! B0,/+*+4/! ,+*)-! +4! .(1-+! (1E01,8'<1)! 5(,! :(!

86.01A+,/+! 8+! 8)BB6,+4/+-! 4).<+-7! 0w! 5,0:)B9,+4/! 8+-! 5,6.1,-+1,-! 4+1,04(127! 8(4-! :+!

.+,A+(1!(81:/+=!

W+! .<(5)/,+! ,+/,(.+,(! 804.! :+-! 5,0.+--1-!*)-! +4! E+1! 8(4-! :(!*)-+! +4! 5:(.+! 8+-! .),.1)/-!

4+1,04(12! J! :'6/(/! +*;,T044(),+! ()4-)! 31+! :+-! *6.(4)-*+-! )*5:)316-! 8(4-! :(!

4+1,0D+49-+! (81:/+=! L+! 86A+:055+*+4/! 4+1,04(:! +-/! 14! 5,0.+--1-! +2/,\*+*+4/!

.0*5:+2+! B()-(4/! )4/+,A+4),! 8+! /,9-! 40*;,+12! (./+1,-=! L+! .0*5:+2+! B0,*6! 5(,! :+!

,6.+5/+1,! $IcY%! +/! :(! Z)4(-+! W8Z$! B()-(4/! :'0;E+/! 8+!*(! /<9-+7! E'()! 804.! .<0)-)7! 8(4-! .+!

.<(5)/,+7!8+!*+//,+!+4!(A(4/!:+!,i:+!8+-!.);:+-!8+!W8Z$!8(4-!:+!86A+:055+*+4/!4+1,04(:=!

! !
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!

!

!

J%9,!")-)S)2"6"1455"#"&')2,)(8('"#")&"!6",Z)$"&'!/1)

;#<%F>:;1"%6*%!"%@).1"$3)(%6'%$'&*%(*'."!%^%=".$3.%6*%!"%=!"A'*%(*'."!*,%O(%)&#*.<*%'(*%

3(<"/3("$3)(% 6*% !"% =!"A'*% (*'."!*% @).1"($% !*% #3!!)(% (*'."!% _(*'."!% /.))<*`,% B*% #3!!)(% #*%

.*@*.1*% =.)/.*##3<*1*($% /.a>*% "'% ."==.)>:*1*($% 6*#% >.b$*#% (*'."!*#\% =)'.% @).1*.% !*%

$'&*% (*'."!,% ;=<% F>:;1"% 6*#% <;#3>'!*#% >;.;&."!*#% =.31"3.*#,% R*% =.)#*(>;=:"!*% #*%

#'&63<3#*."% =".% !"% #'3$*% *(% $;!*(>;=:"!*\% "'% (3<*"'% 6'A'*!% #*% @).1*.)($% !*#% <*($.3>'!*#%

!"$;."'C% *$% !*#% :;13#=:0.*#% >;.;&."'C\% *$% *(% 63*(>;=:"!*% A'3% @).1*."% !*% $:"!"1'#\%

!G:2=)$:"!"1'#%*$% !"%(*'.):2=)=:2#*,% R*%1;#*(>;=:"!*%>)(#$3$'*."%'(*% .;/3)(%6'% $.)(>%

>;.;&."!,%R*%.:)1&*(>;=:"!*%#*%#'&63<3#*."%*(%1;$*(>;=:"!*%_^%!G).3/3(*%6'%>*.<*!*$%*$%6'%

=)($`%*$%*(%12;!*(>;=:"!*%_^%!G).3/3(*%6'%&'!&*%.">:363*(`,%_I)'!6\%4M+5`%

! !



!
k#!

1. Neurogenèse embryonnaire 

K1! .01,-! 8+! -04! 86A+:055+*+4/7! :+! -T-/9*+! 4+,A+12! +*;,T044(),+! 1/):)-+! :+-!

*\*+-!01/):-!31+!:+!.+,A+(1!*(/1,+=!L+-!E+14+-!4+1,04+-!-04/!-01*)-!J!14!5,0D,(**+!

)4/,)4-931+! 8+! 86A+:055+*+4/! *()-! -+,04/! 6D(:+*+4/! -+4-);:+-! J! :+1,! +4A),044+*+4/!

.0**+!5(,!+2+*5:+!:+-!5,0/6)4+-!5,6-+4/+-!8(4-!:(!*(/,).+!+2/,(I.+::1:(),+7!:+-!5,0/6)4+-!

8'(8<6-)047! 01! +4.0,+! .+,/()4+-! *0:6.1:+-! 8)BB1-);:+-! PB(./+1,-! 8+! .,0)--(4.+7!

4+1,0/,(4-*+//+1,-Q! PY(1! (48! ?+/+,-047! khghQ=! K)4-)! :+-! D,(48-! -T-/9*+-! 8+!

4+1,0/,(4-*+//+1,-7! /+:-! 31+! :+-! -T-/9*+-! D:1/(*(/+,D)31+7! SK`K+,D)31+7!

-6,0/04)4+,D)31+! 01! 805(*)4+,D)31+7! 8+! *\*+! 31+! :+-! B(./+1,-! 8+! .,0)--(4.+! 8+! :(!

B(*)::+! 8+-! 4+1,0/,05<)4+-! PNSM!R! -*.<*% I.)c$:% K">$).7! `[NM!R! d."3(% ?*.3<*6%

-*'.)$.)=:3>% K">$).7! NY"!R! -*'.)$.)=:3(% 77! NY#!R! -*'.)$.)=:3(% 5Q! -04/! 8+-! (./+1,-!

B048(*+4/(12!8+!:(!*)-+!+4!5:(.+!81!-T-/9*+!4+,A+12!A)(!:+-!A0)+-!8+!-)D4(:)-(/)04!31'):-!

*+//+4/!+4!E+1!P?(,Z!(48!?007!khg"Q=!!

L(!*)-+!+4!5:(.+!81!-T-/9*+!4+,A+12!.+4/,(:!-+!86.,)/!-+:04!/,0)-!6/(5+-!5,)4.)5(:+-=!L0,-!

8+! :(! 5<(-+! 5,6I*)D,(/0),+7! :+-! 5,6.1,-+1,-! 4+1,(12! -+! 8)A)-+4/! (1! .01,-! 8+! 5:1-)+1,-!

.T.:+-!*)/0/)31+-!(1!4)A+(1!81!4+1,065)/<+:)1*!D+,*)4(/)B=! L+-!4+1,04+-!401A+::+*+4/!

B0,*6-!*)D,+4/!+4-1)/+!A+,-!:+1,!8+-/)4(/)04!,+-5+./)A+7!.'+-/!:(!5<(-+!*)D,(/0),+=!?1)-7!(1!

.01,-! 8+! :(! 5<(-+! 50-/I*)D,(/0),+7! 04! 0;-+,A+! :(! *(/1,(/)04! 81! 4+1,04+7! (A+.!

40/(**+4/! :'6:(;0,(/)04!8+! :'(,;0,)-(/)04!8+48,)/)31+!+/! :(!-T4(5/0D+49-+=!K1!.01,-!81!

86A+:055+*+4/7! .+,/()4-! 4+1,04+-! -+,04/! 6:)*)46-! 5(,! (505/0-+! PY(1! (48! ?+/+,-047!

khghQ=!!

a) La migration neuronale 

[)BB6,+4/-!*01A+*+4/-!8+!*)D,(/)04!.0+2)-/+4/!+4!B04./)04!8+!:(!5,0A+4(4.+!8+-!

4+1,04+-!+/!8+!:+1,!8+-/)4(/)04=![(4-!:+!.(-!8+!:(!*)D,(/)04!,(8)(:+7!:+-!4+1,04+-!*)D,+4/!

5+,5+48).1:(),+*+4/! J! :(! -1,B(.+! A+4/,).1:(),+=! K! :')4A+,-+7! :+!*01A+*+4/! 8+!*)D,(/)04!

/(4D+4/)+::+! -'+BB+./1+! 8+! *(4)9,+! 5(,(::9:+! 01! 0;:)31+! 5(,! ,(550,/! J! :(! -1,B(.+!

A+4/,).1:(),+!P>(,x4!+/!(:=7!khghQ=!L(!*)D,(/)04!,(8)(:+!+-/!46.+--(),+!J!:(!*)-+!+4!5:(.+!8+!

-/,1./1,+-!5,6-+4/(4/!14+!0,D(4)-(/)04!:(*)4(),+7!/+::+-!31+!:'<)550.(*5+!01!:+!.+,A+:+/=!

L+-!4+1,04+-!*)D,(4/!8+!B(G04!/(4D+4/)+::+!B0,*+4/!40/(**+4/! :+!-/,)(/1*!01!:+!;1:;+!

0:B(./)B7! 01! 501,,04/! -')4-6,+,! 8(4-! :+-! -/,1./1,+-! :(*)4(),+-! P.0,/+27! <)550.(*5+7!
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.+,A+:+/Q!5(,/).)5(4/!J!:(!.0*5:+2)B).(/)04!8+!.+-!,6-+(12!4+1,04(12!P>(,x4!+/!(:=7!khghQ=!

Y01-!:+-!4+1,04+-!5(--+4/!5(,!14+!6/(5+!*)D,(/0),+7!*()-!:+-!/,(E+/-!+*5,14/6-!(1!.01,-!

8+!:(!*)D,(/)04!.0,/).(:+!04/!6/6!5(,/).1:)9,+*+4/!6/18)6-!+/!)::1-/,+4/!;)+4!:(!.00,8)4(/)04!

8+-!8+12!/T5+-!8+!*)D,(/)04!.0441-=!!

L+-!4+1,04+-!5T,(*)8(12!+2.)/(/+1,-!PN?Q!+/!:+-!)4/+,4+1,04+-!)4<);)/+1,-!P_NQ!81!.0,/+2!

4+!5,0A)+44+4/! 5(-! 8+! :(!*\*+! C04+! D+,*)4(/)A+! +/! +*5,14/+4/! 804.!8+-! /,(E+./0),+-!

*)D,(/0),+-!8)BB6,+4/+-!P>(,x4!+/!(:=7!khghQ=!W+-!/,(E+./0),+-!-04/!)::1-/,6+-!8(4-!:(!@3/'.*%

4,!!

L+-! N?! -04/! )--1-! 8+! :(! C04+! A+4/,).1:(),+! 81! 5(::)1*! 80,-(:! +*;,T044(),+! P5(,/)+!

-156,)+1,+! 01! 80,-(:+! 81! /6:+4.65<(:+Q! +/! (805/+4/! 804.! 14!*01A+*+4/! 8+!*)D,(/)04!

,(8)(:+!501,!(//+)48,+!:+1,!50-)/)04!B)4(:+=!?:1-)+1,-!D,015+-!8+!4+1,04+-!*)D,+4/!()4-)!J!

/01,!8+! ,i:+!-+:04!14!-.<6*(!y!)4-)8+I01/!z!-+:04! :+31+:! :+-!4+1,04+-! :+-!5:1-!5,6.0.+-!

.04-/)/1+,04/! :+-!.01.<+-!:+-!5:1-! )4/+,4+-!81!.0,/+2!(81:/+!P[(T+,!+/!(:=7!khg$Q=!W<+C!:(!

-01,)-7! :+-! 5,+*)+,-! N?! PN?5Q! *)D,+4/! +4/,+! :+! E01,! +*;,T044(),+! Ugg=$! +/! Ug"=$! 501,!

.04-/)/1+,! :+-!.01.<+-!.0,/).(:+-! :+-!5:1-!5,0B048+-!PX!+/!X_Q=!L+-!D,015+-!8+!N?!B0,*6-!

5:1-!/(,8)A+*+4/!PN?/7!+4/,+!Ug#=$!+/!Ug%=$Q!*)D,+4/!+/!.0:04)-+4/!:+-!.01.<+-!.0,/).(:+-!

5:1-!-15+,B).)+::+-!P_X!J!__Q=!W+-!4+1,04+-!-+!865:(.+4/!8(4-!14!5,+*)+,!/+*5-!A+,-!:(!C04+!

-01-IA+4/,).1:(),+! +/! :(! C04+! )4/+,*68)(),+! P/01/+-! 8+12! (1I8+--1-! 8+! :(! C04+!

A+4/,).1:(),+Q=![(4-! .+!865:(.+*+4/! :+-!N?/! 50--98+4/!14+!*0,5<0:0D)+!*1/:)50:(),+!+/!

6*+//+4/!5:1-)+1,-!5,0:04D+*+4/-!J!:+1,!-1,B(.+=!W+-!4+1,04+-!A04/!+4-1)/+!(.316,),!14+!

*0,5<0:0D)+! ;)50:(),+7! .(,(./6,)-6+! 5(,! 14! 5,0:04D+*+4/! 8+! /\/+! 8(4-! :+! -+4-! 8+! :(!

*)D,(/)04!+/!14!5,0:04D+*+4/!8+!/,(a4+!8(4-!:+!-+4-!0550-6=!L+-!N?/!-'(//(.<+4/!+4-1)/+!

J!14!5,0:04D+*+4/7!6*)-!5(,!:+-!.+::1:+-!8+!:(!D:)+!,(8)(),+7!8+!:(!C04+!A+4/,).1:(),+!P0w!-+!

-)/1+!:+1,!.0,5-!.+::1:(),+Q!J! :(!-1,B(.+!5)(:+=!W+//+! )4/+,(./)04!A(!5+,*+//,+!8+!D1)8+,! :+!

4+1,04+!-1,!-(!/,(E+./0),+=!K!:(!B)4!8+!-04!/,(E+/7!:+!4+1,04+!-+!86/(.<+!8+!:(!.+::1:+!D:)(:+!

,(8)(),+!+/!,+E0)4/!-(!50-)/)04!B)4(:+!5(,!14!*01A+*+4/!8+!/,(4-:0.(/)04!-0*(:+!P[(T+,!+/!

(:=7!khg$Q=!

L+-! _N! 81! .0,/+2! 6*+,D+4/! 81! -01-I5(::)1*! P5:(4.<+,! 81! /6:+4.65<(:+7! 01! 6*)4+4.+!

D(4D:)044(),+Q7!+/!+*5,14/+4/!14!-.<6*(!*)D,(/0),+!/(4D+4/)+:!501,!+4/,+,!8(4-!:+!.0,/+2!

+4!B0,*(/)04!(1!4)A+(1!8+-!C04+-!-01-IA+4/,).1:(),+7!)4/+,*68)(),+!+/!*(,D)4(:+!P.01.<+!



!
k%!

:(!5:1-!+2/+,4+!81!.0,/+2!+4!86A+:055+*+4/Q=!U4B)47!501,!(//+)48,+! :+1,!50-)/)04! B)4(:+7!

:+-!_N!*)D,+4/!8+!B(G04!,(8)(:+!+/!-+!50-)/)044+4/!8(4-!:+-!8)BB6,+4/+-!.01.<+-!.0,/).(:+-!

Pq,)+D-/+)4!(48!N0./0,7!khh#Q=!

>\*+! -)! .+-! *08+-! *)D,(/0),+-! -+*;:+4/! 8)BB6,+4/-! ):-! 5(,/(D+4/! 8+-! *6.(4)-*+-!

*0:6.1:(),+-! (--+C! -)*):(),+-=![+!5:1-7!14!*\*+!4+1,04+!5+1/!(:/+,4+,!+4/,+!*)D,(/)04!

,(8)(:+!01!/(4D+4/)+::+!J!8)BB6,+4/-!-/(8+-!81!86A+:055+*+4/!P>(,x4!+/!(:=7!khh%Q=!!

!

!

!

J%9,!")3)S)'!/["$'4%!"()#%9!/'4%!"()2/&()1")$4!'"Z)"&)2"6"1455"#"&')

R*#%(*'.)(*#%=2."136"'C%6'%>).$*C%_*(%.)'/*`%=.)<3*((*($%6*%!"%P)(*%<*($.3>'!"3.*%_Te`%6'%

="!!3'1% 6).#"!% ='3#% 13/.*($% 6*% @"f)(% ."63"!*% <*.#% !"% =!"A'*% >).$3>"!*% _B9`,% R*#%

3($*.(*'.)(*#% >).$3>"'C% _*(% <*.$`\%13/.*($% ^% =".$3.% 6*% !G;13(*(>*% /"(/!3)("3.*% _IU`,% B*#%

(*'.)(*#%13/.*($%6*%@"f)(%$"(/*($3*!!*%g'#A'G"'%>).$*C%=)'.%#G3(#;.*.%6"(#%!"%P)(*%#)'#W

<*($.3>'!"3.*% _FTe`% *$% !"% P)(*% 1"./3("!*% _Ee`% 6'% >).$*C% *(% 6;<*!)==*1*($,% ]!#% #*%

=)#3$3)((*($%*(#'3$*%=".%13/."$3)(%."63"!*%"'%(3<*"'%6*#%>)'>:*#%>).$3>"!*#,%P[(T+,!+/!(:=7!

khg$Q%

!
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K1! .01,-! 8+! :+1,! 865:(.+*+4/7! :+-! 4+1,04+-! +4! *)D,(/)04! (805/+4/!

14!*01A+*+4/! +4! /,0)-! /+*5-=! b1+! .+! -0)/! 8(4-! :+! .(-! 8+! :(! *)D,(/)04! ,(8)(:+! 01!

/(4D+4/)+::+7! :+-!4+1,04+-!6*+//+4/!8'(;0,8!14!5,0:04D+*+4/!y!D1)8+!z!8+! /\/+!0,)+4/6!

5(,! :(! .0*50-)/)04! 8+! :+1,! +4A),044+*+4/=! L(! ;(-+! 8+! .+! 5,0:04D+*+4/! A(! +4-1)/+!

-'6:(,D),! 501,! T! 5+,*+//,+! :(! /,(4-:0.(/)04! 81! 40T(1=! W+! 5,0.+--1-! +-/! (55+:6!

41.:60Z)49-+=!U4B)4! :+! -0*(!,+5,+48!-(! B0,*+! )4)/)(:+!+4! ,6/,(./(4/! :+!5,0:04D+*+4/!8+!

/,()4+7!J!:'(,,)9,+!81!40T(1!PY-()!(48!S:++-047!khh$Q=!!

La nucléokinèse 

L(!/,(4-:0.(/)04!81!40T(1!8(4-!:+!5,0:04D+*+4/!8+!/\/+7!01!41.:60Z)49-+7!+-/!14+!

6/(5+!.,1.)(:+!8(4-!:+!.<+*)4+*+4/!8+-!4+1,04+-=!V4!0;-+,A+!8(4-!14!5,+*)+,!/+*5-!:(!

B0,*(/)04! 8'14+! ;01,-01B:1,+! J! :(! ;(-+! 81! 5,0:04D+*+4/! 8+! /\/+7! 8(4-! :(31+::+! A04/!

.0**+4.+,! 5(,!*)D,+,! :+! .+4/,0-0*+7! .+4/,+! 0,D(4)-(/+1,! 8+-!*).,0/1;1:+-7! ()4-)! 31+!

8'(1/,+-! 0,D(4)/+-! .0**+! :+-! *)/0.<048,)+-7! :'(55(,+):! 8+! S0:D)! +/! :+! ,6/).1:1*!

+4805:(-*)31+! ,1D1+12=! [(4-! 14! -+.048! /+*5-! :+! 40T(17! ,+:)6! (1! .+4/,0-0*+! 5(,! 14!

,6-+(1! 8+! *).,0/1;1:+-7! *)D,+! J! -04! /01,! 8(4-! .+! ,+4B:+*+4/! P>(,x4! +/! (:=7! khghQ=! L(!

B04./)04!8+-!5,0/6)4+-!5+,*+//(4/!:+!.015:(D+!+4/,+!:+!40T(1!+/!:+-!*).,0/1;:+-!+-/!804.!

/,9-!)*50,/(4/+!501,!.+//+!6/(5+=!

W<+C! :'<1*()47!14!86B(1/!8+!*)D,(/)04!4+1,04(:+!+4D+48,+!14+!*(:B0,*(/)04!.6,6;,(:+!

(55+:6+! :)--+4.65<(:)+7! .(,(./6,)-6+! 5(,! 14! .0,/+2! 404! -/,(/)B)6! 31)! 4+! 5,6-+4/+! 5(-! 8+!

.),.04A0:1/)04-=![+12!D94+-!-04/!J!:'0,)D)4+!8+!.+!5<640/T5+R!R]F+!+/!?Bh=!^4+!*1/(/)04!

8(4-!:+!D94+!R]F+!+-/!(--0.)6+!J!14+!:)--+4.65<(:)+!(1/0-0*(:+!80*)4(4/+!PL0!N)D,0!+/!(:=7!

gff]Q7!(:0,-!31'14+!*1/(/)04!8(4-!:+!D94+!?Bh%+-/!(--0.)6+!J!14+!B0,*+!8+!:)--+4.65<(:)+!

:)6+!J!:'n!.<+C!:'<0**+!+/!(1!-T48,i*+!81!y!801;:+I.0,/+2!z!.<+C!:(!B+**+=!W+!8+,4)+,!-+!

.(,(./6,)-+!5(,!14+!<6/6,0/05)+!4+1,04(:+!-01-I.0,/).(:+7!81+!J!14!(,,\/!81!5,0.+--1-!8+!

*)D,(/)047! 8044(4/! :')*5,+--)04! 8'14! 86801;:+*+4/! 81! .0,/+2! PS:++-04! +/! (:=7! gffeQ=!

[)A+,-+-!6/18+-!04/!*04/,6!31+!:+-!5,081)/-!8+!.+-!D94+-!E01()+4/!14!,i:+!)*50,/(4/!8(4-!

:+! 5,0.+--1-! 8+!*)D,(/)04! 4+1,04(:+! +/! 5:1-! 5(,/).1:)9,+*+4/! 8(4-! :(! 41.:60Z)49-+=! L(!

5,0/6)4+!L)-g!P:'1"(%$2=*%+%R3##*(>*=:"!2Q!+-/!+4,).<)+!8(4-!:+-!4+1,04+-=!U::+!-'(--0.)+!

(12! *).,0/1;1:+-! +/! 5+,*+/! 8+! -/(;):)-+,! .+-! 8+,4)+,-=! W<+C! :(! -01,)-7! :')4A(:)8(/)04! 81!

D94+! R]F+! )481)/! 14+! 8)*)41/)04! )*50,/(4/+! 8+! :(! A)/+--+! 8+! *)D,(/)04! 8+-! 4+1,04+-!

.0,/).(12!PS(*;+::0!+/!(:=7!khh"Q= L)-g! )4/+,(D)/!(A+.!8+12!(1/,+-!5,0/6)4+-7! :(!5,0/6)4+!



!
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N8+:g! P01! N18+:Q! ()4-)! 31'(A+.! 14+! 8T46)4+! .T/05:(-*)31+! P@*)/<! +/! (:=7! khhhF!

N)+/<(**+,! +/! (:=7! khhhQ=! K--0.)6! (12! *).,0/1;1:+-7! :+! .0*5:+2+! *0/+1,! 8T46)4+! +-/!

)*5:)316! 8(4-! :+! /,(4-50,/! ,6/,0D,(8+=! L+! .0*5:+2+! L)-gsN8+:g! ,6D1:+! :'(./)A)/6! 81!

.0*5:+2+!8+!:(!8T46)4+=![+!5:1-7!14+!5+,/+!8+!B04./)04!8+!L)-g7!8+!N8+:g!01!8+!:(!8T46)4+!

+4D+48,+!14!86.015:(D+!+4/,+!:+!40T(1!+/!:+!.+4/,0-0*+!P@<1!+/!(:=7!khh#Q=!W+.)!-1DD9,+!

31+! :+! .0*5:+2+! L)-gsN8+:gs8T46)4+! E01+! 14+! ,i:+! )*50,/(4/! 8(4-! :(! 8T4(*)31+! 81!

,6-+(1!8+!*).,0/1;1:+-!,+:)(4/!:+!40T(1!(1!.+4/,0-0*+!PY-()!(48!S:++-047!khh$F!>(,x4!+/!

(:=7! khghQ=! L)Ic1+)! Y-()! +/! &0-+5<! S=! S:++-04! 04/! 5,050-6! 14! *089:+! 8(4-! :+31+:! :+!

.0*5:+2+! L)-gsN8+:gs[T46)4+7! :0.(:)-6!(1!4)A+(1!8+! :(!*+*;,(4+!41.:6(),+7!5+,*+/!(1!

,6-+(1!8+!*).,0/1;1:+-!56,)41.:6(),+-!8+!y!.(5/1,+,!z!:+!40T(1!+/!8+!:+!865:(.+,!E1-31'(1!

.+4/,0-0*+!A)(!:+!,i:+!*0/+1,!,6/,0D,(8+!8+!:(!8T46)4+!PY-()!(48!S:++-047!khh$Q=!['(1/,+!

5(,/7! :(!801;:+.0,/)4!P[.27!5,081)/!81!D94+!?BhQ7! )4/+,(D)/!6D(:+*+4/!(A+.!:(!8T46)4+!+/!

+-/!.(5(;:+!8+!,6A+,-+,!:+-!86B).)/-!8+!*)D,(/)04!0;-+,A6-!8(4-!:+-!4+1,04+-!86B).)+4/-!+4!

L)-g=!W+.)!-1DD9,+!804.!31+!L)-g!+/![.2!(D),()+4/!8+!.04.+,/!501,!5,0*01A0),!:+!.015:(D+!

40T(1I.+4/,0-0*+!(1!.01,-!8+! :(!41.:60Z)49-+!PY(4(Z(!+/!(:=7!khh#(Q=!L(!86.01A+,/+!8+!

.+-!*1/(/)04-! 8(4-! 8)BB6,+4/-! /T5+-! 8+! :)--+4.65<(:)+-! (! 804.! 5+,*)-! 8+! 8)--631+,! :+-!

*6.(4)-*+-!*0:6.1:(),+-!(--0.)6-!J!:(!41.:60Z)49-+7!5,0.+--1-!46.+--(),+!J!:(!*)D,(/)04!

4+1,04(:+=! W+! 5,0.+--1-! 8+A,(! 804.! \/,+! B)4+*+4/! ,6D1:6! (1! .01,-! 81! 86A+:055+*+4/!

(B)4!8'(--1,+,!:+!50--)/)044+*+4/!.0,,+./!8+-!E+14+-!4+1,04+-=!

Facteurs de guidage 

L+!*01A+*+4/!8+-!4+1,04+-!+-/!B0,/+*+4/!)4B:1+4.6!5(,!8+-!B(./+1,-!8+!D1)8(D+7!

5+,*)--)B-!01! ,651:-)B-7!5,6-+4/-!8(4-! :+1,!*).,0+4A),044+*+4/=!L(!.0*;)4()-04!8+! /+:-!

B(./+1,-! 5+,*+/! 8+! .,6+,! 8+-! y!,01/+-! .6,6;,(:+-!z! 5+,*+//(4/! :+! 865:(.+*+4/! 8+-!

4+1,04+-=!!

!

L'+25,+--)04!8+!:(!,++:)4!+-/!14!+2+*5:+!8+!:')*50,/(4.+!8+!.+-!B(./+1,-!.<)*)0/(./)31+-!

8(4-! :+!86A+:055+*+4/!.6,6;,(:=!L+!D94+!.08(4/! :(!,++:)4!+-/!*1/6!.<+C! :(!-01,)-!.**!*.!

804/! :+! 5<640/T5+! +-/! .(,(./6,)-6! 5(,! 14+! )*50,/(4/+! 86-0,D(4)-(/)04! 8+-! -/,1./1,+-!

:(*)4(),+-! .0,/).(:+-7! (A+.! 8+-! 4+1,04+-! 501,! :(! 5:15(,/! *(:! 0,)+4/6-=! [+! 40*;,+1-+-!

(1/,+-! ,6D)04-! .0**+! :+! .+,A+:+/7! :'<)550.(*5+! 01! :(! -1;-/(4.+! 40),+7! 5,6-+4/+4/!

6D(:+*+4/!14+!(:/6,(/)04!8+! :+1,!86A+:055+*+4/!.<+C!.+-!-01,)-!.**!*.! Pq(/-1T(*(!(48!

Y+,(-<)*(7! khhfQ=! K1! 4)A+(1! 81! .0,/+2! .6,6;,(:7! .+//+! 5,0/6)4+! +-/! -6.,6/6+! 5(,! :+-!



!
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.+::1:+-!8+!W(E(:IO+/C)1-! :0.(:)-6+-!8(4-! :(!C04+!*(,D)4(:+!81!.0,/+2!+4!86A+:055+*+4/=!

U::+!-+!B)2+!-1,!:+-!,6.+5/+1,-!K50UOk!+/!XL[LO!+25,)*6-!5(,!:+-!4+1,04+-!+4!*)D,(/)047!

5,0A031(4/! :(!5<0-5<0,T:(/)04!5(,! :+-!Z)4(-+-!@,.!+/!MT47!8+![(;g7!5,0/6)4+!(8(5/(/,).+!

31)! )4/+,(D)/! (A+.! :+! 80*()4+! )4/,(.+::1:(),+! 8+! .+-! 8+12! ,6.+5/+1,-=! W+//+!

5<0-5<0,T:(/)04!5+,*+/!8'(./)A+,! :(!A0)+!?_"qIKZ/IS@q"!! )4<);(4/!:(!5<0-5<0,T:(/)04!8+!

Y(1!+/!-/(;):)-(4/! :+-!*).,0/1;1:+-!(1!4)A+(1!81!5,0:04D+*+4/!8+!/\/+!8+-!4+1,04+-!+4!

*)D,(/)04! Pq(/-1T(*(! (48! Y+,(-<)*(7! khhf!F! `+BB+,/! +/! (:=7! khh#Q=! L+! D,(8)+4/!

8'+25,+--)04!8+!:(!,++:)4!5+,*+/!()4-)!8'0,)+4/+,!.+-!4+1,04+-!+/!8+!D1)8+,!:+1,!*)D,(/)04=!!

!

L+!-T-/9*+!@+*(5<0,)4+sN+1,05):)4!+-/!(1--)!)*50,/(4/!501,!D1)8+,!:+-!4+1,04+-!-1,!:+1,!

/,(E+./0),+=! L+-! )4/+,4+1,04+-! 81! .0,/+2! +/! 81! -/,)(/1*! 5,0A)+44+4/! 8+! :'6*)4+4.+!

D(4D:)044(),+=! L+-!4+1,04+-!81!-/,)(/1*!+25,)*+4/! :+-! -6*(5<0,)4+-!"K!+/!"M7! B(./+1,-!

,651:-)B-=! L'+BB+/! ,651:-)B! 8+-! -6*(5<0,)4+-! 8+! .:(--+! "! +-/! *68)6! 5(,! :+-! ,6.+5/+1,-!

N+1,05):)4!gsk!+25,)*6-!5(,!:+-!4+1,04+-!*)D,(4/!A+,-!:+!.0,/+2=!W+!-T-/9*+!5+,*+/!()4-)!

8+! -65(,+,! :+-! 8+12! 5051:(/)04-! 8')4/+,4+1,04+-7! B(A0,)-(4/! :+! 865:(.+*+4/! 8+-!

)4/+,4+1,04+-!.0,/).(12!A+,-!:+1,!8+-/)4(/)04!B)4(:+!P>(,x4!+/!(:=7!khhgQ=!

!

!

L(! *)D,(/)04! 8+-! 4+1,04+-! 8(4-! :+! .+,A+(1! +4! 86A+:055+*+4/! -+,(! 804.!

865+48(4/+! 8+-! 5,0/6)4+-! 5+,*+//(4/! :+1,! *01A+*+4/! *()-! 6D(:+*+4/! 8+-! B(./+1,-!

+4A),044+*+4/(12! D1)8(4/! :+1,! /,(E+./0),+=!K1! .01,-!8+! :(!*)D,(/)04!8+-! )4/+,4+1,04+-!

.0,/).(127!:+-!B(./+1,-!8+!/,(4-.,)5/)04![:2gsk!,65,)*+4/!:(!501--+!4+1,)/)31+!+4!)4<);(4/!

:'+25,+--)04!8+!5,0/6)4+-!81!.T/0-31+:+//+!.0**+!>K?k!PE3>.)$'&'!*%Q##)>3"$*6%9.)$*3(%

4Q%01!?Kq"!P=4+%Q>$3<"$*6%i3("#*%7Q!PW0;0-!+/!(:=7!khh]Q=!W+.)!.04B),*+!804.!:(!46.+--)/6!

8+! :'+4.<(a4+*+4/! 5(-! J! 5(-! 8+! 8)BB6,+4/-! 5,0D,(**+-! 8+! 86A+:055+*+4/! 804/! :(!

.<,040:0D)+! +-/! 5,)*0,8)(:+=! ^4+! B0)-! 50-)/)0446-7! :+-! 4+1,04+-! A04/! 86A+:055+,! :+1,-!

5,0:04D+*+4/-!+/!6/(;:),!8+-!.04/(./-!+4/,+!+12=!

b) Développement de l’arbre dendritique  

! L+!86A+:055+*+4/!8+!:'(,;,+!8+48,)/)31+!+-/!6D(:+*+4/!14!5,0.+--1-!+4!5:1-)+1,-!

6/(5+-=! K:0,-! 31+! :'(204+! 5+,*+/! 8+! .0481),+! :+!*+--(D+! 4+,A+12! E1-31'J! -(! .);:+7! :+-!

8+48,)/+-7! 5:1-! .01,/+-! +/! 5:1-! 65()--+-7! .04-/)/1+4/! :(! -1,B(.+! 8+! ,6.+5/)04! +/!

8')4/6D,(/)04! 8+! .+-! *+--(D+-=! K)4-)! :+! 86A+:055+*+4/! 8+! :'(204+! +/! 8+-! 8+48,)/+-!



!
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5+,*+/! 8'6/(;:),! :(! .),.1)/+,)+! .6,6;,(:+=! L')4/+,A+4/)04! 8+! B(./+1,-! )4/,)4-931+-! +/!

+2/,)4-931+-! 5+,*+//,(! 8+! *+//,+! +4! 5:(.+! :'(,;0,)-(/)04! 8+48,)/)31+! 40/(**+4/! +4!

*081:(4/!:+!.T/0-31+:+//+!4+1,04(:!.0**+!E+!:'(;0,8+,()!8(4-!.+!.<(5)/,+=!

L+-! .1:/1,+-! 5,)*(),+-! 8+! 4+1,04+-! 8'<)550.(*5+! .04-/)/1+4/! 14!*089:+! .01,(**+4/!

1/):)-6! 501,! 6/18)+,! :+! 86A+:055+*+4/!4+1,04(:! +/! +4!5(,/).1:)+,! :+! 86A+:055+*+4/!8+-!

4+1,)/+-=![(4-!.+!*089:+! 3(%<3$.)\% :(,D+*+4/%86.,)/!5(,!S(,T!`(4Z+,7!04!5+1/!8)-/)4D1+,!

5:1-)+1,-!-/(8+-!8+!86A+:055+*+4/!8+!:'(,;0,)-(/)04!8+48,)/)31+=![(4-!14!5,+*)+,!/+*5-7!

:+! 4+1,04+! -5<6,)31+! (8<9,+! J! :(! -1,B(.+! 8+! .1:/1,+! +4! 31+:31+-! <+1,+-! +/! 6*+/! 8+-!

:(*+::)508+-!J!-(!-1,B(.+7!.'+-/! :+!-/(8+!g=![1,(4/! :+!-/(8+!k7!8+!5+/)/-!4+1,)/+-!*)4+1,-!

6*+,D+4/7!51)-7!8(4-!:(!5<(-+!"7!:'14!8+!.+-!5,0:04D+*+4/-!B0,*+!14!.i4+!8+!.,0)--(4.+!

+/!-'(::04D+!5:1-!,(5)8+*+4/!31+!:+-!(1/,+-!501,!.04-/)/1+,!:'(204+=!K1!.01,-!81!-/(8+!#!

:+-!8+48,)/+-!-+!B0,*+4/!J!5(,/),!8+-!4+1,)/+-!*)4+1,-!0;-+,A6-!+4!-/(8+!k=!U4B)47!:+!-/(8+!

$!.0,,+-5048!J!:(!-T4(5/0D+49-+7!(;0,86+!8(4-!:+!.<(5)/,+!-1)A(4/!P[0//)!+/!(:=7!gfeeQ=!W+-!

8)BB6,+4/-!-/(8+-!-04/!)::1-/,6-!8(4-!:(!K3/'.*%7,%

['(5,9-!.+!*089:+!04!5+1/!804.!86.,),+!:+!86A+:055+*+4/!8+!:'(,;,+!8+48,)/)31+!+4!/,0)-!

6/(5+-! 5,)4.)5(:+-7! 14+! 6/(5+! 8')4)/)(/)047! (A+.! :'6*+,D+4.+! 8+-! 4+1,)/+-! J! :(! -1,B(.+!

.+::1:(),+7!14+!6/(5+!8'6:04D(/)04!8+-!8+48,)/+-!+/!+4B)4!14+!5<(-+!8+!.0*5:+2)B).(/)04!81!

,6-+(1!8+48,)/)31+!(A+.!:(!B0,*(/)04!8+!;,(4.<+*+4/-=!

! !



!
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!

J%9,!")I)S)('/2"()2"6"1455"#"&'/,Z)2"()&",!4&"()2\>%554$/#5")"&)$,1',!")

?"(#%!*%>)($*C$*%6*%!"%>'!$'.*%=.31"3.*%6*%(*'.)(*#%6G:3==)>"1=*\%!*%6;<*!)==*1*($%6*%

>*#%6*.(3*.#%#'3$%>3(A%#$"6*#%>)(#;>'$3@#,%Q'%>)'.#%6'%#$"6*%+\%D:%"=.0#%!"%13#*%*(%>'!$'.*\%

)(%)&#*.<*%!G"==".3$3)(%6*%!"1*!!3=)6*#%<*("($%6;@).1*.%!"%#'.@">*%>*!!'!"3.*,%Q'%#$"6*%4\%

+4:%"=.0#%!"%13#*%*(%>'!$'.*\%6*%=*$3$#%=.)!)(/*1*($#%63$#%j%13(*'.#%k%#*%@).1*($,%?'."($%

!*%#$"6*%7\%7D:%"=.0#%!"%13#*%*(%>'!$'.*\%!G'(%6*%>*#%=.)!)(/*1*($#%<"%=.)/.*##3<*1*($%#*%

63@@;.*(>3*.% *(% "C)(*% *$% 6*<*(3.% =!'#% !)(/% A'*% !*#% "'$.*#,% R*#% "'$.*#% =.)!)(/*1*($#%

@).1"($% !*#%6*(6.3$*#%(*% #G"!!)(/*.)($%A'G"'% >)'.#%6'% #$"6*%5% _5% g)'.#%"=.0#% !"%13#*%*(%

>'!$'.*% )'% ?"2#% 3(% <3$.)\% ?]T`,% U(@3(\% "'% >)'.#% 6'% #$"6*% L\% ^% J% ?]T\% )(% "##3#$*% ^% !"%

1"$'."$3)(% 6*% !G".&).3#"$3)(% 6*(6.3$3A'*% "<*>% ()$"11*($% !G"==".3$3)(% 6*#% ;=3(*#%

6*(6.3$3A'*#,%%

%

Etablissement de la polarité neuronale 

L+-! 5,0/6)4+-! ?(,! -04/! B0,/+*+4/! )*5:)316+-! 8(4-! :(! 50:(,)-(/)04! .+::1:(),+=!

L'+25,+--)04! 8+-! 5,0/6)4+-! *?(,"! +/! *?(,%! 5(,/).)5+! J! :(! 50:(,)-(/)04! 8+-! 4+1,04+-!

<)550.(*5)31+-! 8+! -01,)-! +4! .1:/1,+=! U4! +BB+/7! (1! .01,-! 81! -/(8+! "! .0,,+-5048(4/! (1!

86A+:055+*+4/!8+!:'(204+7!:+-!5,0/6)4+-!*?(,"!+/!*?(,%!-+!:0.(:)-+4/!-56.)B)31+*+4/!J!

:'+2/,6*)/6! (204(:+! *()-! 5(-! (1! 4)A+(1! 8+-! (1/,+-! 4+1,)/+-7! -56.)B)(4/! ()4-)! :')8+4/)/6!

(204(:+! P@<)! +/! (:=7! khh"Q=! W+-! 8+12! 5,0/6)4+-! )4/+,(D)--+4/7! 5(,! ()::+1,-7! (A+.! :+-! O<0!

SY?(-+-! W8.#k! +/! O(.g7! B0,/+*+4/! )*5:)316+-! 8(4-! :(! 8T4(*)31+! 81! .T/0-31+:+//+!

8'(./)4+! +/! 46.+--(),+-! J! 8T4(*)31+! 81! .i4+! 8+! .,0)--(4.+! (204(:=! L+-! 5,0/6)4+-! ?(,!



!
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6/(4/! 86/+,*)4(4/+-! 8(4-! :(! 50:(,)-(/)04! 8+-! .+::1:+-! 65)/<6:)(:+-! (1! .01,-! 81!

86A+:055+*+4/7!04!501,,()/!)*(D)4+,!31+!:(!50:(,)/6!4+1,04(:+!-0)/!5,686/+,*)46+!89-!:+!

-/(8+! 8+! 5,6.1,-+1,! (1! 4)A+(1! 81! 4+1,065)/<6:)1*! D+,*)4(/)B=! L'6/(;:)--+*+4/! 8+! :(!

50:(,)/6!4+1,04(:+!+-/!6D(:+*+4/!B0,/+*+4/!.0,,6:6!(1!-+4-!8+!*)D,(/)04!(805/6=![(4-!:+!

.(-!8+-!4+1,04+-! .0,/).(12!*)D,(4/!8+! B(G04! ,(8)(:+7! 5(,! +2+*5:+7! :+! 5,0:04D+*+4/!8+!

/\/+! 8+A)+48,(! :(! 8+48,)/+! (5).(:+7! (:0,-! 31+! :+! 5,0:04D+*+4/! 8+! /,(a4+! 8044+,(!

4()--(4.+! J! :'(204+! P`(,4+-! +/! (:=7! khheQ=! W+-! ,6-1:/(/-! -1DD9,+4/! 804.! 31+! :+-! 5<(-+-!

5,6.0.+-! 81! 86A+:055+*+4/! 81! 4+1,04+! P5,0:)B6,(/)04! 8(4-! :'65)/<6:)1*! D+,*)4(/)B7!

*)D,(/)04Q!-+,()+4/!)*50,/(4/+-!501,!:(!*)-+!+4!5:(.+!8+!:(!50:(,)/6!4+1,04(:+=!

Initiation, élongation et complexification des dendrites 

L(!B0,*(/)04!8+-!8+48,)/+-7!/01/!.0**+!501,!:'(204+7!+-/!B0,/+*+4/!865+48(4/+!

8+!:'(./)A)/6!81!.T/0-31+:+//+=!U4!+BB+/7!31+!.+!-0)/!8(4-!:(!B0,*(/)04!8+-!5,0:04D+*+4/-!

*)D,(/0),+-! 01! 8(4-! :'6/(;:)--+*+4/! 8+! :'(,;0,)-(/)04! 4+1,04(:+7! :'(./)4+! +/! :+-!

*).,0/1;1:+-! 5+,*+//+4/7! ,+-5+./)A+*+4/7! 8+! D646,+,! :(! B0,.+! 46.+--(),+! J! :(!

86B0,*(/)04! 8+! :(!*+*;,(4+! +/! 8+! -/(;):)-+,! .+-! -/,1./1,+-! 401A+::+*+4/! B0,*6+-! P8(!

@):A(! (48! [0//)7! khhkQ=! L+-! O<0! SY?(-+-! -04/! ;)+4! .0441+-! 501,! 0,.<+-/,+,! :+-!

*01A+*+4/-! 81! .T/0-31+:+//+! +/! 40/(**+4/! 501,! 5(,/).)5+,! J! :(! *0,5<0D+49-+!

4+1,04(:+=! L+-! O<0! SY?(-+-! -04/! 31(:)B)6+-! 8'!y!)4/+,,15/+1,-! *0:6.1:(),+-!z! 0-.)::(4/!

+4/,+!14+!B0,*+!(./)A+7!:)6+!(1!SY?!+/!14+!B0,*+!)4(./)A+7!:)6+!(1!S[?=!L(!:)()-04!81!SY?!

+-/! .(/(:T-6+! 5(,! :+-! O<0! SUM-! PI'"(3(*% ('>!*)$36*% UC>:"(/*% K">$).#Q=! K! :')4A+,-+7! :+-!

5,0/6)4+-! O<0! SK?! PIY9"#*#% Q>$3<"$3(/% 9.)$*3(#Q! B(A0,)-+4/! :'<T8,0:T-+! 81! SY?! 5(,! :+-!

SY?(-+-7!,(*+4(4/!()4-)!.+-!8+,4)9,+-!J!:+1,!.04B0,*(/)04!)4(./)A+=!^4+!B0)-!(./)A6+-7!.+-!

5,0/6)4+-! )4/+,(D)--+4/! 5<T-)31+*+4/! (A+.! :+1,-! +BB+./+1,-! *081:(4/! ()4-)! :+!

.T/0-31+:+//+=!K1!-+)4!8+!.+//+!B(*)::+7! :+-!5,0/6)4+-!O<0K7!O(.!+/!W8.#k!04/!6/6!:+!5:1-!

:(,D+*+4/!6/18)6+-!+/!:+1,!+BB+/!-1,!:+!.T/0-31+:+//+!:(,D+*+4/!86.,)/!PS0A+Z!+/!(:=7!khh$Q=!

K:0,-! 31+! O<0K! +-/! 8(A(4/(D+! (--0.)6+! J! :(! B0,*(/)04! 8+-! B);,+-! 8+! -/,+--! P-/,1./1,+-!

.0*50-6+-! 8'(./)4+! +/! 8+! *T0-)4+! +/! )*5:)316+-! 8(4-! :(! .04/,(./):)/6! .+::1:(),+! +/! :(!

,6/,(./)04! 8+-! 5,0:04D+*+4/-Q7! :+-! 5,0/6)4+-! W8.#k! +/! O(.g! -04/! ,+-5+./)A+*+4/!

)*5:)316+-!8(4-!:(!B0,*(/)04!8+!B):0508+-!+/!:(*+::)508+-7!*0/+1,-!8+!:(!B0,*(/)04!+/!8+!

:'6:04D(/)04!8+!5,0/,1-)04-!*+*;,(4(),+-=!L'(./)A)/6!8+-!O<0!SY?(-+-!+-/!D646,(:+*+4/!

)481)/+! 5(,! :'(./)A(/)04! 8+! ,6.+5/+1,-! *+*;,(4(),+-! PO6.+5/+1,-! YT,0-)4+! q)4(-+7!

O6.+5/+1,-!W015:6-!(1!?,0/6)4+-!SQ=!U4!+BB+/7! :'(./)A(/)04!8+-!,6.+5/+1,-!/T,0-)4+!Z)4(-+!



!
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8+-!B(./+1,-!4+1,0/,05<)31+-!PY,ZQ!+-/!(--0.)6+!J!:(!*081:(/)04!8+-!(./)A)/6-!W8.#ksO(.g!

+/! O<0K! 8(4-! 8)BB6,+4/+-! :)D46+-! 4+1,04(:+-! *()-! (1--)! 8(4-! :+-! 4+1,04+-! +4! .1:/1,+!

5,)*(),+=![(4-!:+!.(-!8+-!4+1,04+-!<)550.(*5)31+-!+4!.1:/1,+7!:+!`[NM!-/)*1:+!:(!501--+!

4+1,)/)31+!A)(!:'(./)A(/)04!8+!W8.#k!PW<+14D!+/!(:=7!khh]Q=![+!*\*+7!:'(./)A(/)04!8+!O(.g!

+/!W8.#k!5(,!:+!NSM!)481)/!:(!501--+!4+1,)/)31+!8(4-!:+-!.+::1:+-!?Wgk!PK0Z)!+/!(:=7!khh#Q=!

L(! -/)*1:(/)04! 8+! :(! .,0)--(4.+! 4+1,)/)31+! 5(,! O(.g! +/! W8.#k! -+*;:+7! /01/+B0)-7!

865+48(4/+! 8+! :+1,! ,6D1:(/)04! 8(4-! :'+-5(.+! +/! :+! /+*5-! PK0Z)! +/! (:=7! khh#Q=! [(4-! :(!

*+-1,+! 0w! .+-! O<0! SY?(-+-! 5+1A+4/! \/,+! (./)A6+-! 5(,! 8)BB6,+4/-! ,6.+5/+1,-!

*+*;,(4(),+-7!04!5+1/! )*(D)4+,!31+! :(! :0.(:)-(/)04!8+!.+-!8)BB6,+4/-! ,6.+5/+1,-!501,,(!

)*5(./+,!:'(./)A)/6!8+-!O<0!SY?(-+-!8(4-!:'+-5(.+7!*()-!(1--)!8(4-!:+!/+*5-=!!

L+!*6.(4)-*+!8+!,(*)B).(/)04!8+-!4+1,)/+-!501,,()/!-1,A+4),!-0)/!(1!4)A+(1!8'14!4+1,)/+7!

5(,!:'6*+,D+4.+!8'14+!401A+::+!5,0/,1-)047!01!;)+4!(1!4)A+(1!81!.i4+!8+!.,0)--(4.+!:1)I

*\*+! 31)! 501,,(! -+! 8)A)-+,! +4! 8+12! 501,! 8044+,! 8+12! ;,(4.<+-! 8)BB6,+4/+-=! W+!

5,0.+--1-7!/01E01,-!50,/6!5(,!8+-!*01A+*+4/-!81!.T/0-31+:+//+7!+-/!B0,/+*+4/!-01*)-!J!

:(! .0*50-)/)04! 81!*).,0+4A),044+*+4/! .+::1:(),+! +/! 40/(**+4/! 8+! :'(./)A)/6! 4+1,04(:+!

+4A),044(4/+!PX(4!K+:-/!(48!W:)4+7!khh#Q=!U4!+BB+/7! :(!-/)*1:(/)04!8'14+!8+48,)/+!5(,!14!

;01/04!(204(:!B(A0,)-+!:(!*(/1,(/)04!8+!.+::+I.)=!L+-!O<0!SY?(-+-!-04/!8+-!5,0/6)4+-!.:6-!

8(4-!:')4/6D,(/)04!8+!.+-!-)D4(12!!+2/,(.+::1:(),+-!5(,!:+!4+1,04+!+4!86A+:055+*+4/!PX(4!

K+:-/!(48!W:)4+7!khh#Q=!_:!(!5(,!+2+*5:+!6/6!86*04/,6!.<+C!:+!/6/(,8!8+!n6405+!Ph*()='#%

R"*<3#Q!31'14!-/)*1:1-!A)-1+:!B(A0,)-()/!:+!86A+:055+*+4/!8+!:'(,;0,)-(/)04!8+48,)/)31+!(1!

4)A+(1!8+-!4+1,04+-!A)-1+:-!.+4/,(12!P@)4!+/!(:=7!khhkQ=!W+/!+BB+/7!31)!46.+--)/+!:'(./)A(/)04!

8+-! ,6.+5/+1,-! D:1/(*(/+,D)31+-!N>[K7! +-/! 5+,81! +4! 5,6-+4.+! 8+-!*1/(4/-! 80*)4(4/!

46D(/)B-! 8+! O(.g! +/! W8.#k! (:0,-! 31+! :')4<);)/)04! 8+! O<0K! 4'(! 5(-! 8+! .04-631+4.+7!

.04/,(),+*+4/! J! -(! B0,*+! .04-/)/1/)A+*+4/! (./)A+=! W+.)! 6/(;:)/! 804.! 14! :)+4! +4/,+! :(!

/,(4-*)--)04!D:1/(*(/+,D)31+7! :(! B0,*(/)04!8+! :'(,;0,)-(/)04!8+48,)/)31+!865+48(4/!8+-!

O<0!SY?(-+-! +/! :+! ,i:+! (4/(D04)-/+! 8+!O(.gsW8.#k!8'14+!5(,/! +/! O<0K!8'(1/,+! 5(,/=! L+!

86A+:055+*+4/! 8+! :'(,;,+! 8+48,)/)31+! 4+1,04(:! 5+1/! 6D(:+*+4/! \/,+! )481)/! 5(,! :(!

8T4(*)31+!.(:.)31+!4+1,04(:+!865+48(4/!8+!:'(./)A)/6=!U4!+BB+/7!:'+4/,6+!8+!.(:.)1*!8(4-!

:(! .+::1:+! J! :(! -1)/+! 8'14+! 8650:(,)-(/)047! A)(! :+-! .(4(12! .(:.)31+-! A0:/(D+I865+48(4/-7!

5,0A031+! :(! 501--+! 4+1,)/)31+! 8+! 4+1,04+-! .0,/).(12! 8+! ,(/! PO+8*048! +/! (:=7! khhkQ=!

L'(./)A(/)04!8+!:(!W(*q_X!PB"!>3'1ZB"!1)6'!3(W6*=*(6*($%=.)$*3(%i3("#*%$2=*%]TQ!-/)*1:+!

:(! /,(4-.,)5/)04! WOU`I865+48(4/+! +/! )481)/! :(! 501--+! 4+1,)/)31+7! 50/+4/)+::+*+4/! +4!
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5+,*+//(4/!:(!-T4/<9-+!8+!`[NM=!

K)4-)7!31+!.+!-0)/!5(,!14+!(./)04!8),+./+!-1,!:+!.T/0-31+:+//+!01!)48),+./+*+4/!5(,!

14+! (./)A)/6! /,(4-.,)5/)044+::+7! :(! *(/1,(/)04! 8+! :'(,;0,)-(/)04! 8+48,)/)31+! +-/! 804.!

B0,/+*+4/!)4B:1+4.6+!5(,!:'(./)A)/6!81!4+1,04+!+/!-1DD9,+!:(!.0I+2)-/+4.+!8+!-T-/9*+-!8+!

,6D1:(/)04!J!.01,/!+/!*0T+4!/+,*+=!L'(./)A)/6!4+1,04(:+!+-/7!5(,!()::+1,-7!+--+4/)+::+!J! :(!

-/(;):)-(/)04!8+-!-/,1./1,+-!-T4(5/)31+-!J!5,05,+*+4/!5(,:6!R!:+-!65)4+-!8+48,)/)31+-=!!

c) Morphogenèse des épines dendritiques 

L+-! 65)4+-! 8+48,)/)31+-! -04/! :+! 5,)4.)5(:! -1550,/! 8+-! -T4(5-+-! +2.)/(/,).+-=! W+-!

-/,1./1,+-7!5(,/).1:)9,+*+4/!,).<+-!+4!B):(*+4/-!8'(./)4+7!5+,*+//+4/!8'6/(;:),! :+!.04/(./!

+4/,+!8+12!4+1,04+-!+/! -1550,/+4/!()4-)! :(!.0**14).(/)04!+4/,+!.+-!8+,4)+,-=!M0,*6+-!

(1! 4)A+(1! 8+-! 8+48,)/+-7! +::+-! ,+5,6-+4/+4/! :(! 5(,/)+! 50-/I-T4(5/)31+! ,+.+A(4/!

:')4B0,*(/)04! /,(4-*)-+! 5(,! :+! ;01/04! -T4(5/)31+! (204(:7! 01! 5,6I-T4(5-+=! V4! 8)-/)4D1+!

D646,(:+*+4/! /,0)-! 5<(-+-! 8(4-! :+! 86A+:055+*+4/! 8+-! 65)4+-! 8+48,)/)31+-=! [(4-! 14!

5,+*)+,! /+*5-! :+-! 65)4+-! -04/! B0,*6+-! J! 5(,/),! 8'14+! 86B0,*(/)04! 8+! :(! *+*;,(4+!

8+48,)/)31+7!51)-!04!0;-+,A+!:+1,!*(/1,(/)04!+/!+4B)4!:+1,!6:)*)4(/)047!+4!B04./)04!8+!:+1,!

(./)A)/6!+/!8+!:+1,!-/(;):)/6=!@/,1./1,+::+*+4/!+::+-!-04/!.04-/)/16+-!8'14+!/\/+7!8+!/()::+!+/!

8+! B0,*+! A(,)(;:+! +/! 8'14! .01! :+-! ,+:)(4/! J! :(! 8+48,)/+7! 8+! :04D1+1,! +/! 8+! 8)(*9/,+!

A(,)(;:+=!!

Formation des épines dendritiques 

[)BB6,+4/-! *089:+-! 8+! B0,*(/)04! 8+-! 65)4+-! 04/! 6/6! 5,050-6-=! W+12I.)! -04/!

5,6-+4/6-!8(4-!:(!@3/'.*%5=!@+:04!14!5,+*)+,!*089:+7!.'+-/! :(!,+4.04/,+!+4/,+!14+!65)4+!

+4!A0)+!8+!*(/1,(/)04!+/!14+!+2/,6*)/6!(204(:+!31)!5+,*+//,(!:(!B0,*(/)04!8+!:(!-T4(5-+=!

[(4-! 14! -+.048! *089:+7! :'+2/,6*)/6! (204(:+! .04/(./+! 8),+./+*+4/! 14+! 8+48,)/+7!

)481)-(4/! ()4-)! :(! B0,*(/)04! -1;-631+4/+! 8'14+! 65)4+! 8+48,)/)31+=! U4B)47! 8(4-! 14!

/,0)-)9*+!*089:+7!:'65)4+!8+48,)/)31+!5(--+!5(,!14!-/(8+!8+!B):0508+!/,9-!*0;):+!31)7!(1!

.04/(./! 8'14! ;01/04! (204(:7! -+! -/(;):)-+! 501,! B0,*+,! :(! 50-/I-T4(5-+! Pm1-/+! (48!

`04<0+BB+,7!khh#Q=!K1!.01,-!8+!-04!86A+:055+*+4/7!:'65)4+!8+48,)/)31+!5(--+,(!804.!5(,!

8)BB6,+4/-! -/(8+-!*0,5<0:0D)31+-=! K=! ?+/+,-! +/! _=O=! q()-+,*(4IK;,(*0B! 04/! .:(--)B)6! :+-!

65)4+-! 8+48,)/)31+-! +4! /,0)-! .(/6D0,)+-7! +4.0,+! 1/):)-6+-! (1E01,8'<1)7! +4! B04./)04! 8+! :(!

:04D1+1,! +/! 8+! :'65()--+1,! 8+! :+1,! .017! ()4-)! 31+!8+! :(! :(,D+1,! 8+! :+1,! /\/+! P?+/+,-! (48!
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q()-+,*(4IK;,(*0B7!gf]hQ=!V4!)8+4/)B)+!()4-)!8+-!65)4+-!y!-/1;;T!z!P.01,/+-!+/!(A+.!14+!

/\/+!(1--)!:(,D+!31+!:+1,!.01Q7!y!*1-<,00*!z!P.01,/+-!(A+.!14+!/\/+!8+!/()::+!)*50,/(4/+!

+/!14!.01!5:1-!B)4Q!+/!y!/<)4!z!P(--+C!:04D1+-!(A+.!14+!5+/)/+!/\/+!+/!14!.01!B)4Q!P@3/'.*%5Q=!

!

!!

J%9,!");)S)#42"1"()2")J4!#/'%4&)2\,&")"5%&")2"&2!%'%:,")

U(% ;,<% !*%1)60!*%6*%F)$*!)% #*!)(% !*A'*!% !G;=3(*%6*(6.3$3A'*%;1*./*% 3(6;=*(6"11*($%6*%

#)(% 3($*.">$3)(% "<*>% !G"C)(*%l% 6"(#% !*% 1)60!*% 6*% E3!!*.Z9*$*.#% ;4<% >G*#$% !"% $*.13("3#)(%

"C)("!*% A'3% #$31'!*% !"% @).1"$3)(% 6*% !G;=3(*% 6*(6.3$3A'*%l% *(@3(% *(% ;><% 6"(#% !*% 1)60!*%

@3!)=)63"!\%!*%@3!)=)6*%>"=$'.*%!G"C)(*%"<"($%6*%6*<*(3.%'(*%;=3(*%6*(6.3$3A'*,%_m'#$*%"(6%

d)(:)*@@*.\%4MM5`%%

W0**+!.+:(!(!6/6!0;-+,A6!8(4-!:'<)550.(*5+!8+!,(/7!:(!B0,*+!8+!.+-!65)4+-!-+,()/!+4!:)+4!

6/,0)/! (A+.! :+1,! +BB).(.)/6! 8(4-! :(! /,(4-*)--)04! 81! -)D4(:=! U4! +BB+/7! (:0,-! 31+! :(!

/,(4-*)--)04! -T4(5/)31+! +-/! 5:1-! +BB).(.+! J! :'vD+! (81:/+! 31'(1! -/(8+! 50-/I4(/(:7! 14+!

6A0:1/)04!8+!:(!B0,*+!8+-!65)4+-!+-/!0;-+,A6+!(1!.01,-!81!86A+:055+*+4/!Pc(,,)-!+/!(:=7!

gffkQ=! W+-! ,6-1:/(/-! -1DD9,+4/! 31+! :(! 5<T-)0:0D)+! -T4(5/)31+! +-/! (--0.)6+! J! :(!

*0,5<0:0D)+!8+-!65)4+-!8+48,)/)31+-=!K)4-)7! :+-!8)BB6,+4.+-!-/,1./1,+::+-! :)6+-!J! :'vD+7!(1!

4)A+(1! 8+-! 65)4+-7! -+*;:+4/! 804.! -01-I/+48,+! :+-! 8)BB6,+4.+-! 8(4-! :'+BB).(.)/6! 8+! :(!

/,(4-*)--)04! -T4(5/)31+=! W+,/()4+-! B0,*+-! y!5,6.0.+-!z! 8'65)4+-! 8+48,)/)31+-! -+,04/!

804.!.04-)86,6+-!5:1/i/!)**(/1,+-7!+4!:)+4!(A+.!:+1,!*0)48,+!+BB).(.)/6!8(4-!:')4/6D,(/)04!
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81!-)D4(:!!P@3/'.*%LQ=!K)4-)7!8(4-!:'<)550.(*5+7!:+-!B):0508+-!()4-)!31+!:+-!65)4+-!y!-/1;;T!z!

-+,04/! 5:1-! )*50,/(4/+-! (1! .01,-! 8+-! -/(8+-! 8+! 86A+:055+*+4/7! (:0,-! 31+! :+-! 65)4+-!

y!/<)4z! +/! y!*1-<,00*!z! .04-/)/1+4/! :+-! /T5+-! :+-! 5:1-! ,+5,6-+4/6-! J! :'vD+! (81:/+7! (A+.!

40/(**+4/!14+!(1D*+4/(/)04!8+!:(!5,050,/)04!8+!y!*1-<,00*!z!Pc(,,)-!+/!(:=7!gffkQ=!

!

!

J%9,!")<S)$1/((%J%$/'%4&)2"()"5%&"()2"&2!%'%:,"()

";#<% R*#% ;=3(*#% 6*(6.3$3A'*#% )($% ;$;% >!"##;*#% *(% @)(>$3)(% 6*% !*'.% 1).=:)!)/3*% *$% =!'#%

=".$3>'!30.*1*($%6*%$.)3#%>.3$0.*#\%!*'.%!)(/'*'.%$)$"!*%_R`\%!*%63"10$.*%6*%!"%$b$*%_?:`%*$%!*%

63"10$.*% 6'% >)'% _?(`%l% R(%n% !)(/'*'.% 6'% >)',% ;=<" O(% )&$3*($% "3(#3% $.)3#% $2=*#% 6G;=3(*#%

6*(6.3$3A'*#%j%F$'&&2%k\%j%Y:3(%k\%j%E'#:.))1%k\%;/"!*1*($%.;=*.$).3;*#%*(%$.)3#%>!"##*#%

_6*% +% ^% 7`,% R*#% @3!)=)6*#% _>!"##*% 5`% (*% >)(#$3$'*($% ="#% 6*#% ;=3(*#% 6*(6.3$3A'*#% ^%

=.)=.*1*($% =".!;% 6"(#% !"% 1*#'.*% )o% 3!#% (*% #'==).$*($% ="#% 6G">$3<3$;% #2("=$3A'*,% ]!% *#$%

>)11'(;1*($%"613#%A'*%!"%1).=:)!)/3*%6*%>*#%;=3(*#%6*(6.3$3A'*#\%A'3%;<)!'*%"'%>)'.#%

6'%6;<*!)==*1*($\%*#$%*(%!3*(%;$.)3$%"<*>%!*'.%*@@3>">3$;%6"(#%!"%$."(#13##3)(%6'%1*##"/*%

(*.<*'C,%
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Stabilisation des épines dendritiques 

b1+:!31+!-0)/!:+!*089:+!8+!B0,*(/)04!8+!:'65)4+!8+48,)/)31+7!:+!.04/(./!(A+.!14+!

/+,*)4()-04!(204(:+!+/!:'(./)A)/6!4+1,04(:+!-+,04/!/,9-!)*50,/(4/!501,!-/(;):)-+,!:'65)4+!+/!

804.!:(!-T4(5-+=!U4!+BB+/7!:(!:);6,(/)04!8+!D:1/(*(/+!(1!4)A+(1!8'65)4+-!)**(/1,+-!)481)/!

8+-!.<(4D+*+4/-!*0,5<0:0D)31+-!+/!5<T-)0:0D)31+-!(--0.)6-!J!:+1,!*(/1,(/)04!P>(//)-04!

+/! (:=7! khg#Q=! [+!*\*+7! O01--)D40:! +/! .0::=! 04/!*04/,6! 31+! :'+25,+--)04! 8+! :(! 5,0/6)4+!

8'6.<(B(18(D+!50-/I-T4(5/)31+!@<(4Z"!)481)-()/!:(!B0,*(/)04!8'65)4+-!8+48,)/)31+-!8(4-!

8+-!4+1,04+-!D,(41:(),+-!81!.+,A+:+/7!0,)D)4+::+*+4/!+2+*5/-!8'65)4+-=!W+//+!B0,*(/)04!

6*% ()<)% 8'65)4+-! 8+48,)/)31+-! B04./)044+::+-7! )*5:)31+! :(! -/(;):)-(/)04! +/! :'(./)A)/6! 8+-!

,6.+5/+1,-! D:1/(*(/+,D)31+-! J! :(! -1,B(.+! 50-/I-T4(5/)31+7! .04B),*(4/! :')*5:).(/)04! 8+!

:'(./)A)/6! -T4(5/)31+! 8(4-! :(! *(/1,(/)04! 8+! :(! -T4(5-+! +/! :')*50,/(4.+! 8'14! .0*5:+2+!

5,0/6)31+!50-/I-T4(5/)31+!8(4-!.+!5,0.+--1-!PO01--)D40:!+/!(:=7!khh$Q=!K5,9-!:(!B0,*(/)04!

8+-! 65)4+-! 8+48,)/)31+-! +/! :+1,! -/(;):)-(/)04! (--0.)6+! J! :'(./)A)/6! 4+1,04(:+7! .+::+-I.)!

-1;),04/!14+!6/(5+!8'6:)*)4(/)04!*(--)A+!-1,!:+!5,)4.)5+!8+!y'#*%3$%).%!))#*%3$!z!+4/,(a4(4/!

804.! 14+! 8)-5(,)/)04! 8+-! 65)4+-! )4(./)A+-! 404! -/(;):)-6+-=! W+//+! 6/(5+! +-/! 6D(:+*+4/!

46.+--(),+! (1! ;04! 86A+:055+*+4/! 8+-! .),.1)/-! 4+1,04(12=! U4! +BB+/! 8+4-)/6! +2.+--)A+!

8'65)4+-!8+48,)/)31+-!501,,()/!\/,+!(--0.)6+!J!.+,/()4+-!5(/<0:0D)+-!.0**+!:+!-T48,i*+!

81!n!B,(D):+7!5(/<0:0D)+!.(,(./6,)-6+!5(,!14!,+/(,8!*+4/(:!-01A+4/!(--0.)6+!J!14!/,01;:+!

81!-5+./,+!(1/)-/)31+!PY@KQ!Pq1:Z(,4)!(48!M),+-/+)47!khgkQ=!!

!

K)4-)! 8(4-! /01/+-! :+-! 6/(5+-! 8+! :(! *)-+! +4! 5:(.+! 8+-! .),.1)/-! 4+1,04(127! .+-!

8+,4)+,-!6A0:1+4/!+/!*(/1,+4/!+4!B04./)04!8+!5,0.+--1-!)4/,)4-931+-!*()-!6D(:+*+4/!+4!

,6504-+! J! :(! .0*50-)/)04! 8+! :+1,! +4A),044+*+4/=! [+! .+! B()/7! :(! 5,6-+4.+! 8+! 5,0/6)4+-!

*+*;,(4(),+-7! 5+,*+//(4/! (12! 4+1,04+-! +4! 86A+:055+*+4/! 8')4/+,(D),! (A+.! .+/!

+4A),044+*+4/7! .0**+! :+-! ,6.+5/+1,-! 8+-! 4+1,0/,05<)4+-! 01!8+-! 4+1,0/,(4-*+//+1,-7!

-+,(! .,1.)(:+! +/! 5+,*+//,(! 8'(8(5/+,! :(! ,6504-+! .+::1:(),+7! .0**+! :(! 8T4(*)31+!

.T/0-31+:+//)31+!01!:'(./)A)/6!/,(4-.,)5/)044+::+7!(12!-)D4(12!+2/,(.+::1:(),+-=!
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2. Neurogenèse adulte 

! `)+4! 31+! :(! D646,(/)04! 8+! 401A+(12! 4+1,04+-! -+*;:+! .04B)46+! J! 14+! B+4\/,+!

86A+:055+*+4/(:+!5,6.)-+7! :'+2)-/+4.+!8+!4+1,04).<+-!(81:/+-!.<+C! :'c0**+!(!6/6!*)-+!

+4!6A)8+4.+!):!T!(!*()4/+4(4/!g]!(4-=!U4!+BB+/7!:'+2)-/+4.+!8+!5,0D64)/+1,-!4+1,(12!(!6/6!

0;-+,A6+! (1! 4)A+(1! 81! DT,1-! 8+4/6! 8+! :'<)550.(*5+7!*()-! 6D(:+*+4/! (1! 4)A+(1! 8+! :(!

.01.<+! -01-IA+4/,).1:(),+! ;0,8(4/! :+-! A+4/,).1:+-! :(/6,(127! (8E(.+4/+! (1! 40T(1! .(186!

PU,)Z--04! +/! (:=7! gffeQ=! _:! (7! 5:1-! ,6.+**+4/7! 6/6! 86*04/,6! 31+7! .<+C! :'c0**+7! :+-!

5,0D64)/+1,-!4+1,(12!0;-+,A6-!8(4-!:(!C04+!-01-IA+4/,).1:(),+!(81:/+7!6/()+4/!)4/6D,6-!(1!

4)A+(1!81!-/,)(/1*!501,!8+A+4),!8+-! )4/+,4+1,04+-! PU,4-/!+/!(:=7!khg#Q=!W<+C! :+!,(/!+/! :(!

-01,)-7!.+-!4+1,04+-!,+E0)D4+4/!:+-!;1:;+-!0:B(./)B-7!.+!31)!4+!-+*;:+!5(-!\/,+!:+!.(-!.<+C!

:'c0**+!PU,4-/!+/!(:=7!khg#Q=![(4-!:+!.(-!81!DT,1-!8+4/67!:+-!5,0D64)/+1,-!5,6-+4/-!8(4-!:(!

C04+!-01-ID,(41:(),+!*)D,+4/!8(4-!.01.<+!D,(41:(),+!501,!8044+,7!(1!;01/!8+!31+:31+-!

*0)-7! 8+-! .+::1:+-! D,(41:(),+-! *(/1,+-7! 5,0E+/(4/! 8(4-! :'(),+! WK"! 8+! :'<)550.(*5+!

PK)*04+! +/! (:=7! khg#Q=! L(! C04+! -01-IA+4/,).1:(),+! 8+-! A+4/,).1:+-! :(/6,(127! ()4-)! 31+! :(!

C04+!-01-ID,(41:(),+!81!DT,1-!8+4/67!(55(,()--+4/!804.!.0**+!8+-!4+1,04).<+-!(81:/+-!

.<+C!8+!40*;,+12!*(**)B9,+-=!L+-!5,0D64)/+1,-!4+1,(12!5,0:)B9,+4/7!-+!8)BB6,+4.)+4/!+/!

)4/9D,+4/! :+-! .),.1)/-! 86EJ! +4! 5:(.+=! Y01/+-! .+-! 0;-+,A(/)04-!*04/,+4/! 804.! :'+2)-/+4.+!

8'14+! 4+1,0D+49-+! (81:/+7! *()-! +-/I.+! 31+! .+-! 4+1,04+-! -04/! -01*)-! (12! *\*+-!

-T-/9*+-!8+!.04/,i:+!31'(1!.01,-!81!86A+:055+*+4/!+*;,T044(),+!{!U/!31+:!+-/! :+!,i:+!

8+!.+-!4+1,04+-!y!460IB0,*6-!z!{!!

a) Contrôle de la neurogenèse adulte 

! [(4-! :+! 86A+:055+*+4/! 5,6.0.+! 8+-! 5,6.1,-+1,-! 4+1,(127! .+,/()4+-! A0)+-! 8+!

-)D4(:)-(/)04! )*50,/(4/+-! 8(4-! :+! 86A+:055+*+4/! +*;,T044(),+7! -04/! 6D(:+*+4/!

)*5:)316+-! 8(4-! :(! 4+1,0D+49-+! (81:/+=! W'+-/! 5(,! +2+*5:+! :+! .(-! 8+! :(! A0)+! @<<! PF)(3>%

X*6/*:)/`=! L(! -)D4(:)-(/)04! (--0.)6+! J! @<<7! )*5:)316+! 8(4-! :+! 86A+:055+*+4/!

+*;,T044(),+7! +-/! /,9-! )*50,/(4/+! (1! 4)A+(1! 81! .):! 5,)*(),+=! ['(1/,+! 5(,/7! 14! ;:0.(D+!

50-/I4(/(:! 8+! :(! B0,*(/)04! 81! .):! 5,)*(),+! (1! 4)A+(1! 8+-! 5,0D64)/+1,-! 4+1,(12! (81:/+-!

;:031+! :(!4+1,0D+49-+7!40/(**+4/!(1!4)A+(1!81!DT,1-!8+4/67!+/!+4D+48,+!8+-!86B).)/-!

*46-)31+-! (--0.)6-! J! 14! 8T-B04./)044+*+4/! <)550.(*5)31+! PK*(80,IK,E04(! +/! (:=7!

khggQ=! W+.)! .04B),*+! :')*50,/(4.+! 81! .):! 5,)*(),+! 8(4-! :(! 4+1,0D+49-+! (81:/+7! *()-!

6D(:+*+4/! .+::+! 8+! :(! 4+1,0D+49-+! (81:/+! 8(4-! .+,/()4-! (-5+./-! 8+! :(! .0D4)/)04=! [+!

*\*+7! 8)A+,-! B(./+1,-! 4+1,0/,05<)31+-! .:6-! 81! 86A+:055+*+4/! +*;,T044(),+7!
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.04-+,A+4/!14!,i:+!8(4-!:(!4+1,0D+49-+!(81:/+=!L+!`[NM7!5(,!+2+*5:+7!B(A0,)-+!:(!-1,A)+!

8+!401A+(12!4+1,04+-!81!DT,1-!8+4/6!PL++!(48!@047!khhfQ=!!

W+-! 5,0D64)/+1,-! 4+1,(12! -+! /,01A+4/7! 8+! B()/7! +4/01,6-! 8+! .),.1)/-! .0*5:+2+-! +/!

.04-/)/1+4/!804.!8+-!.);:+-!501,! :+-!4+1,0/,(4-*+//+1,-!+4A),044(4/-=! _:!(!5(,!+2+*5:+!

6/6! *04/,6! .<+C! :(! -01,)-7! 31'14! D,015+! 8'(204+-! -6,0/04)4+,D)31+-7! 5,0A+4(4/! 8+-!

40T(12!81! ,(5<6! ,0-/,(:7! )44+,A()/! :(! -1,B(.+!81!5:+21-! .<0,0|8+7! J! :')4/+,B(.+! +4/,+! :+-!

A+4/,).1:+-!:(/6,(12!+/!:(!C04+!8+!4+1,0D+49-+!-01-IA+4/,).1:(),+!+/!31+!:'(./)A)/6!8+!.+-!

4+1,04+-!-6,0/04)4+,D)31+-!)481)-()/!:(!5,0:)B6,(/)04!8+-!5,0D64)/+1,-!4+1,(12!8+!:(!C04+!

-01-IA+4/,).1:(),+!PY04D!+/!(:=7!khg#Q=!W+//+!C04+!-+,()/!6D(:+*+4/!)44+,A6+!5(,!8'(1/,+-!

(204+-! 8+! 8)BB6,+4/+-! 4(/1,+-=! V4! 0;-+,A+7! 5(,! +2+*5:+7! .<+C! :+! ,(/7! 14+! )44+,A(/)04!

805(*)4+,D)31+7!5,0A+4(4/!8+!:(!-1;-/(4.+!40),+7!(T(4/!6D(:+*+4/!14!+BB+/!50-)/)B!-1,!:(!

5,0:)B6,(/)04! 8+-! 5,0D64)/+1,-! 4+1,(12! 8+! :(! C04+! -01-IA+4/,).1:(),+=! [+! *\*+7! :+!

D:1/(*(/+!-+,()/!)*50,/(4/!501,!:(!-1,A)+!8+-!E+14+-!4+1,04+-!Pm014D!+/!(:=7!khggQ=!U4B)47!

:'(./)A)/6! SK`K+,D)31+! (1! 4)A+(1! 8+! :(! C04+! 8+! 4+1,0D+49-+! 81! DT,1-! 8+4/6! )481)/! :(!

*(/1,(/)04!+/! :')4/6D,(/)04!8+-!E+14+-!.+::1:+-!D,(41:(),+-!8(4-!:+!.),.1)/!<)550.(*5)31+!

.<+C! :(! -01,)-! PS+!+/! (:=7! khh%Q=! L'(./)A)/6! .6,6;,(:+! -+*;:+!804.!*081:+,7! J!8)BB6,+4/+-!

6/(5+-7!:+!86A+:055+*+4/!8+-!5,0D64)/+1,-!4+1,(12!+/!8+-!E+14+-!4+1,04+-=!!

L+-! *6.(4)-*+-! 8+!*(/1,(/)04! 8+-! 4+1,04+-! y!460IB0,*6-!z! 4'04/! 5(-! 6/6! .:(),+*+4/!

86.,)/-=!V4!-()/!.+5+48(4/!31+!.+-!4+1,04+-!)4/6D,(4/!:+-!.),.1)/-!5,6I+2)-/(4/-!(805/+4/!

14+! *0,5<0:0D)+! +4! /01/! 50)4/! -)*):(),+! (12! 4+1,04+-! 5:1-! vD6-7! B(.):)/(4/! ()4-)! :+1,!

)4/6D,(/)04=! W+.)! -1DD9,+! 804.! 31+! :+-!*6.(4)-*+-!*)-! +4! E+1! 8(4-! :(!*(/1,(/)04! 8+-!

4+1,04+-!J!:'vD+!+*;,T04(),+!+/!J!:'vD+!(81:/+7!80)A+4/!\/,+!(--+C!-)*):(),+-=!V4!,+/,01A+!

40/(**+4/! 14+! )*5:).(/)04! )*50,/(4/+! 8+-! O<0! SY?(-+-! +/! 8+! :(! 8T4(*)31+! 81!

.T/0-31+:+//+! PX(808(,)(! +/! (:=7! khg"Q=! Y01/+B0)-7! :+-! 4+1,04+-! y!460IB0,*6-!z! -04/!

+4/01,6-!8+!.),.1)/-!.6,6;,(12!*(/1,+-7!.+!31)!4'+-/!5(-! :+!.(-!8+-!4+1,04+-! B0,*6-!(1!

.01,-! 8+! :(! 4+1,0D+49-+! +*;,T044(),+=! L+-! -/)*1:)! 5+,G1-! 5(,! :+-! 4+1,04+-! )--1-! 8+! :(!

4+1,0D+49-+!(81:/+!4+!-+,04/!804.!5(-!:+-!*\*+-!31'J!:'vD+!+*;,T044(),+=!

Y01-!.+-!6:6*+4/-!-1DD9,+4/!804.!31+!:(!4+1,0D+49-+!(81:/+!+*5,14/+!+4!5(,/)+!

:+-! *6.(4)-*+-! 8+! :(! 4+1,0D+49-+! +*;,T044(),+! J! :(! 8)BB6,+4.+! 5,9-! 31+!
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:'+4A),044+*+4/!.+::1:(),+!8(4-! :+!.(-!8+! :(!4+1,0D+49-+!(81:/+!+-/!.0*50-6!8+!.),.1)/-!

4+1,04(12!*(/1,+-=!W+-!4+1,04+-!-+,04/!804.!-01*)-!J!8)BB6,+4/+-!-/)*1:(/)04-=!

b) Rôle des neurones « néo-formés » 

! L+! ,i:+! 5,6.)-! 8+! :'(55(,)/)04!8+!401A+(12!4+1,04+-! )4/6D,(4/! :+! .+,A+(1! (81:/+!

4'(!5(-!.:(),+*+4/!51!\/,+!6/(;:)=!U4!+BB+/7!8(4-!:+!.(-!8+-!4+1,04+-!B0,*6-!(1!4)A+(1!81!

DT,1-! 8+4/67! 8+-! 6/18+-! 8+! .0,,6:(/)04! 04/! 51! *+//,+! +4! 6A)8+4.+! 14! :)+4! +4/,+!

:'(*6:)0,(/)04!8+-!/v.<+-!.0D4)/)A+-!(--0.)6+-!J!:'<)550.(*5+7!.0**+!5(,!+2+*5:+!8(4-!

:+!/+-/!8+!:(!5)-.)4+!8+!>0,,)-7!+/!:(!4+1,0D+49-+!(81:/+!.<+C!:(!-01,)-!P}<(0!+/!(:=7!khheF!

K*(80,IK,E04(! +/! (:=7! khggQ=! [+! 5:1-7! 8)BB6,+4/-! -/)*1:)! +2/6,)+1,-! *081:(4/! :(!

4+1,0D+49-+!(81:/+!(1!4)A+(1!8+! :(!C04+!-01-ID,(41:(),+!81!DT,1-!8+4/67! )*5(./+4/! :+-!

/v.<+-! 865+48(4/+-! 8+! :'<)550.(*5+! .<+C! :+! ,(/! +/! :(! -01,)-=! L'(./)A)/6! 5<T-)31+7! 5(,!

+2+*5:+7!-/)*1:+!:(!5,0:)B6,(/)04!8+-!5,0D64)/+1,-!4+1,(12!8+!:(!C04+!-01-ID,(41:(),+=![+!

*\*+7!:'+4,).<)--+*+4/!81!*):)+1!8+!A)+!5+,*+/!8+!-/)*1:+,!:(!8)BB6,+4.)(/)04!()4-)!31+!:(!

-1,A)+! 8+! .+-! 401A+(12! 4+1,04+-=! W+-! -/)*1:(/)04-! +2/+,4+-! (*6:)0,+4/! :+-! .(5(.)/6-!

.0D4)/)A+-! /+::+-! 31+! :(! ,+.044()--(4.+! -5(/)(:+! 01! :(! 8)-.,)*)4(/)04! 8+! *0/)B-7! 8+12!

5,0.+--1-!:)6-!(1!.),.1)/!<)550.(*5)31+7!5,0;(;:+*+4/!5(,!:')4/+,*68)(),+!8+!:(!-T4/<9-+!

8+!`[NM!PK)*04+!+/!(:=7!khg#Q=!`)+4!31+!.+-!.0,,6:(/)04-!()+4/!6/6!6/(;:)+-!8(4-!.+,/()4-!

5(,(8)D*+-!+256,)*+4/(127!:+1,!,+5,081./);):)/6!,+-/+!-1E+//+!J!.04/,0A+,-+=!K)4-)7!:+!:)+4!

+4/,+!:(!4+1,0D+49-+!(81:/+!+/!:(!.0D4)/)04!865+48!81!*089:+!+256,)*+4/(:7!()4-)!31+!8+!

:(!/v.<+!.0*50,/+*+4/(:+!6/18)6+=!?(,!.04-631+4/7!:(!4+1,0D+49-+!(81:/+!(1,()/!14!,i:+!

,+-/,+)4/! J! .+,/()4-! (-5+./-! 8+! :(! .0D4)/)04! +/! 31)! ,+-/+7! :+! 5:1-! -01A+4/7! J! .04B),*+,7!

40/(**+4/!.<+C!:'<1*()4=!!

W<+C! :'c0**+7! 14+! (:/6,(/)04! 81! 5,0.+--1-! 8+! 4+1,0D+49-+! (81:/+! 8(4-! .+,/()4+-!

-)/1(/)04-!5(/<0:0D)31+-7!.0**+!:+-!*(:(8)+-!4+1,086D646,(/)A+-7!(!6/6!)8+4/)B)6+=![(4-!

:+! .(-! 8+! :(! *(:(8)+! 8'K:C<+)*+,7! 5(,! +2+*5:+7! })(;,+A(! *$% >)!!,% 04/! 0;-+,A6! 14+!

8)*)41/)04!81!40*;,+!8+!5,0D64)/+1,-!4+1,(12!(1!4)A+(1!8+! :(! C04+!-01-IA+4/,).1:(),+!

P})(;,+A(! +/! (:=7! khh%Q=! L+! *\*+! /T5+! 8'0;-+,A(/)04-! (! 6/6! B()/! 8(4-! :(! *(:(8)+! 8+!

?(,Z)4-047!5(/<0:0D)+!8(4-!:(31+::+!86D646,+-.+4.+!8+-!4+1,04+-!805(*)4+,D)31+-!8+!:(!

-1;-/(4.+! 40),+! 501,,()/! (A0),! 14! +BB+/! 46D(/)B! -1,! :(! 4+1,0D+49-+! -01-IA+4/,).1:(),+!

Pm014D!+/!(:=7!khggQ=![+!*\*+7!:(!*(:(8)+!8+!c14/)4D/04!+-/!(--0.)6+!J!14+!8)*)41/)04!81!

40*;,+! 8+! 4+1,04+-! y!460IB0,*6-!z! PU,4-/! +/! (:=7! khg#Q=! W+-! 5(/<0:0D)+-!



!
#g!

4+1,086D646,(/)A+-! 6/(4/! (--+C! -T-/6*(/)31+*+4/! (--0.)6+-! J! 8+-! 86B).)/-! .0D4)/)B-!

)*50,/(4/-7! 04! 5+1/! -1550-+,! 31+! 404! -+1:+*+4/! :(! 86D646,+-.+4.+! 8+-! .),.1)/-! +4!

5:(.+7!*()-!6D(:+*+4/!14+!8)*)41/)04!8+! :(!4+1,0D+49-+!(81:/+7! B(A0,)-+4/! :'(55(,)/)04!

8+!.+-!-T*5/i*+-=!!

U4!-0**+7!:+!,i:+!+2(./!8+!:(!4+1,0D+49-+!(81:/+!4'(!5(-!6/6!,6+::+*+4/!6:1.)86!

+/! ,+-/+!<T50/<6/)31+*+4/!(--0.)6!J! :'6A0:1/)04!8+-! B04./)04-! .0D4)/)A+-!(1!.01,-!8+! :(!

A)+=!!

 Pathologies du développement et différenciation B.

neuronale 

^4+! 5(/<0:0D)+! 4+1,086A+:055+*+4/(:+! +-/! .(,(./6,)-6+! 5(,! 14+!*)-+! +4! 5:(.+!

(40,*(:+! 8+-! ,6-+(12! 4+1,04(12! (1! .01,-! 81! 86A+:055+*+4/7! )481)-(4/! 8+-!

*08)B).(/)04-! .0*50,/+*+4/(:+-! 50-/I4(/(:+-7! 86/+./(;:+-! 89-! :'+4B(4.+! 01!

:'(80:+-.+4.+=!!

[(4-! :(! *+-1,+! 0w! :(! *)-+! +4! 5:(.+! 8+-! .),.1)/-! 4+1,04(12! +-/! 14+! -1..+--)04!

8'6A94+*+4/-! )4/+,865+48(4/-7! 04! 5+1/! B(.):+*+4/! )*(D)4+,! 31'14! 8T-B04./)044+*+4/!

(1!.01,-!8'14+!6/(5+!()/!8+-!.04-631+4.+-!)*50,/(4/+-!-1,!:+-!6/(5+-!-1)A(4/+-=!K)4-)7!14!

86B(1/!8(4-! :(!*)D,(/)04!5+1/! )*5(./+,! :(! B0,*(/)04!8+! :'(,;0,)-(/)04!8+48,)/)31+7! +::+I

*\*+! )4B:1+4G(4/! :+! 86A+:055+*+4/! 8+-! 65)4+-! 8+48,)/)31+-! 31)! (BB+./+! :+!

B04./)044+*+4/!.6,6;,(:=!

1. Pathologies neurodéveloppementales et mutations 

associées 

L'0,)D)4+! 4+1,086A+:055+*+4/(:+! 8+! 5:1-)+1,-! 5(/<0:0D)+-! 5-T.<)(/,)31+-! (! 51!

\/,+! *)-+! +4! 6A)8+4.+! 5(,! :(! 5,6-+4.+! 8+! *1/(/)04-! (BB+./(4/! 5(,/).1:)9,+*+4/! :+-!

5,0.+--1-!81!86A+:055+*+4/!4+1,04(:=!W'+-/!5(,!+2+*5:+!:+!.(-!8+-!/,01;:+-!81!-5+./,+!

(1/)-/)31+7! 01! 8+! :(! -.<)C05<,64)+=! [(4-! :+! .(-! 81! -T48,i*+! 81! n! B,(D):+7! 5(/<0:0D)+!

.(,(./6,)-6+!5(,!14!,+/(,8!*+4/(:!-01A+4/!(--0.)6+!J!14!Y@K7!14+!*1/(/)04!81!D94+!K1.+!

(1! 4)A+(1! 81! .<,0*0-0*+! n! +-/! 0;-+,A6+=! W+! D94+! .08+! :(! 5,0/6)4+! M>O?! 31)! (!

,6.+**+4/! 6/6! )*5:)316+! 8(4-! :+! 5,0.+--1-! 8+! *)D,(/)04! 4+1,04(:+! 8+-! 4+1,04+-!

5T,(*)8(12!81!.0,/+2!PL(!M(/(!+/!(:=7!khg#Q=!U4!+BB+/7!14+!)4A(:)8(/)04!81!D94+!K1.+!.<+C!
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:(!-01,)-!)481)/!14!,+/(,8!8(4-!:(!*)D,(/)04!8+!.+-!4+1,04+-!*08)B)(4/7!+4!.04-631+4.+7!:(!

.044+./)A)/6! .6,6;,(:+=![+!*\*+7! 8+-!*1/(/)04-! (1!4)A+(1!81! D94+! .08(4/! :(! 5,0/6)4+!

@<(4Z"7! 14+!5,0/6)4+!8'6.<(BB(18(D+!8+! :(! 8+4-)/6! 50-/I-T4(5/)31+7! 04/! 6/6! )8+4/)B)6+-!

8(4-! :+-!Y@K!01! :(!-.<)C05<,64)+=!@<(4Z"!-/(;):)-+!14!.0*5:+2+!5,0/6)31+!B0,*6!5(,! :+-!

,6.+5/+1,-! D:1/(*(/+,D)31+-! +/! :'(./)4+=! K:0,-! 31+! @<(4Z"! B(A0,)-+! :(! B0,*(/)04! +/! :(!

*(/1,(/)04!8+-!65)4+-!8+48,)/)31+-!5(,!14!*6.(4)-*+!865+48(4/!8+! :'(./)4+7! .+,/()4+-!

*1/(/)04-! 81! D94+!FXQ-i77! ,+/,01A6+-! .<+C! 8+-! 5(/)+4/-! Y@K7! (BB+./+4/! .+//+! B04./)04!

P[1,(48!+/!(:=7!khgkQ=![(4-!:+!.(-!8+!:(!-.<)C05<,64)+!14+!*1/(/)04!81!D94+!?]FB+\!.08(4/!

:(!5,0/6)4+![_@Wg!P?3#.'=$*6%3(%F>:3P)=:.*(3"%+Q7!(!6/6!)8+4/)B)6+!.0**+!B(./+1,!8+!,)-31+!

*(E+1,=! [+-! 6/18+-! B04./)044+::+-! 04/! ,6A6:6! -04! )*50,/(4.+! 8(4-! :+-! 5,0.+--1-!

4+1,086A+:055+*+4/(12=! U4!+BB+/7![_@Wg! E01+!14! ,i:+! .:6!8(4-! :(!*)D,(/)04! ,(8)(:+!8+-!

4+1,04+-!.0,/).(12!A)(!:(!B0,*(/)04!8'14!.0*5:+2+!(A+.!8+12!(1/,+-!5,0/6)4+-!)*5:)316+-!

8(4-! :(! *)D,(/)04! 4+1,04(:+7! [)28.g! P?]h% 6)1"3(% >)($"3(3(/% +Q! +/! N8+:g! P@)4D<! +/! (:=7!

khghQ=! [+! 5:1-7! :+! .0*5:+2+! [_@Wgs[)28.g! B(A0,)-+! :(! 5,0:)B6,(/)04! 8+-! 5,0D64)/+1,-!

4+1,(127! (1! .01,-! 81!86A+:055+*+4/! +*;,T044(),+7! +4! ,6D1:(4/! :(! A0)+!j4/IS@q"usuI

.(/+4)4+! P@)4D<! +/! (:=7! khghQ=! [_@Wg! 5(,/).)5+! 6D(:+*+4/! J! :')4/6D,(/)04! 8+-! 401A+(12!

4+1,04+-! 8(4-! :'<)550.(*5+! (81:/+! +/! J! :(! *0,5<0D+49-+! 8+! .+-! 4+1,04+-7! 5(,! 14!

*6.(4)-*+!B()-(4/!)4/+,A+4),!:(!A0)+!8+!-)D4(:)-(/)04!KZ/I*YVO!P[1(4!+/!(:=7!khh]F!q)*!+/!

(:=7!khhfQ=!!

L+-! *1/(/)04-! (--0.)6+-! (12! 5(/<0:0D)+-! 4+1,086A+:055+*+4/(:+-! .0**+! :(!

-.<)C05<,64)+! 01! :+-! Y@K7! )*5(./+4/! 804.! :+-! 8)BB6,+4/+-! 5<(-+-! 81! 86A+:055+*+4/!

4+1,04(:7! ()4-)! 31+! :(! 4+1,0D+49-+! (81:/+=! [+! .+! B()/7! .+-! 5(/<0:0D)+-! -'(..0*5(D4+4/!

-01A+4/! 8'14+! (:/6,(/)04! 8+! :(! 8)BB6,+4.)(/)04! 4+1,04(:+7! .0**+! E+! :'(;0,8+,()! 8(4-! :(!

5(,/)+!-1)A(4/+=!

2. Différenciation neuronale et pathologies psychiatriques 

neurodéveloppementales 

! [+-!(:/6,(/)04-!8+!:(!8)BB6,+4.)(/)04!4+1,04(:+7!31+!.+!-0)/!(1!4)A+(1!8+-!8+48,)/+-!

01!8+-!65)4+-!8+48,)/)31+-7!-04/!0;-+,A6+-!8(4-!:+-!Y@K!+/!:(!-.<)C05<,64)+=!V4!,+/,01A+7!

5(,!+2+*5:+7!8(4-!:+!.(-!8+!:(!-.<)C05<,64)+!14+!(:/6,(/)04!8+!:'(,;0,)-(/)04!8+48,)/)31+!

(1!4)A+(1!8+!:'(),+!WK"!8+!:'<)550.(*5+7!)*5(./(4/!:+-!.),.1)/-!.0D4)/)B-!(--0.)6-!Pq1:Z(,4)!

(48! M),+-/+)47! khgkQ=! [+! *\*+7! 14+! 8)*)41/)04! 8+! :(! 8+4-)/6! 8+-! 65)4+-! 8+48,)/)31+-!
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8(4-! :+! .0,/+2! 5,6B,04/(:! 80,-0I:(/6,(:7! (! 6/6! 0;-+,A6+! .<+C! :+-! 5(/)+4/-! -.<)C05<,94+-=!

W+//+! (40*(:)+! +-/! .0,,6:6+! J! 14+! 8)*)41/)04! 8+! :'KON*! 8+! :(! O<0! SY?(-+! W8.#k7!

,6D1:(/+1,! .:6! 8+! :(! *0,5<0D+49-+! 8+-! 65)4+-! 8+48,)/)31+-! Pc)::! +/! (:=7! khh%Q=! ^4+!

(:/6,(/)04!8+! :(!*0,5<0D+49-+!8+-!65)4+-!8+48,)/)31+-!+-/!6D(:+*+4/!0;-+,A6+!8(4-! :+!

-T48,i*+! 81! n! B,(D):+! (A+.! 14+! B0,/+! (1D*+4/(/)04! 8+! :(! 8+4-)/6! 8'65)4+-! :04D1+-! +/!

B)4+-7! (--0.)6+! J! 14+! B0,*+! )**(/1,+! Pq1:Z(,4)! (48! M),+-/+)47! khgkQ=! [+! 5:1-7! 14+!

(40*(:)+!8+!:'(,;0,)-(/)04!8+48,)/)31+!+-/!(--0.)6+!J!5:1-)+1,-!5(/<0:0D)+-!.(,(./6,)-6+-!

5(,! 14! ,+/(,8! *+4/(:=! W'+-/! 5(,! +2+*5:+! :+! .(-! 8(4-! :+! -T48,i*+! 8+! O+//7! 5(/<0:0D)+!

4+1,0:0D)31+! 8'0,)D)4+! D646/)31+7! 5(,B0)-! (--0.)6+! J! 8+-! /,()/-! (1/)-/)31+-=! V4! 0;-+,A+!

40/(**+4/7!.<+C!.+-!5(/)+4/-7!14+!8)*)41/)04!8+!:'(,;0,)-(/)04!8+48,)/)31+!+/!81!40*;,+!

8'65)4+-! 8+48,)/)31+-! 8(4-! :+-! 4+1,04+-! 5T,(*)8(12! 81! .0,/+2! 5,6B,04/(:! +/! *0/+1,!

Pq(1B*(44!(48!>0-+,7!khhhQ=!

L+-! 5+,/1,;(/)04-! 8+! :(! 8)BB6,+4.)(/)04! 4+1,04(:+! .0481)-(4/! J! 8+-! 86B(1/-! 8+!

.044+./)A)/6! .6,6;,(:+! 5(,/).)5+4/! 804.! J! :(! 5(/<0D+49-+! 8+! 8)BB6,+4/+-! 5(/<0:0D)+-!

4+1,086A+:055+*+4/(:+-=! L'6:1.)8(/)04! 8+-! *6.(4)-*+-! 0,.<+-/,(4/! :+! 86A+:055+*+4/!

.6,6;,(:! +/! :(! 8)BB6,+4.)(/)04! 4+1,04(:+! +-/! 804.! 46.+--(),+! J! :(! .0*5,6<+4-)04! 8+! :(!

5<T-)05(/<0:0D)+! 8+! .+-! 86-0,8,+-! +/! J! :'6:(;0,(/)04! 8+! 401A+::+-! -/,(/6D)+-!

/<6,(5+1/)31+-=!! !
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II. LE SYSTEME SEROTONINERGIQUE 

L(! -6,0/04)4+7! 01! $IcT8,02T/,T5/(*)4+! P$IcYQ7! +-/! 14+! *040(*)4+! ;)0D94+!

-T4/<6/)-6+7!J!5(,/),!81!LI/,T5/05<(4+7!5(,!:(!/,T5/05<(4+!<T8,02T:(-+!k!PY5<kQ!+25,)*6+!

(1!4)A+(1! .+4/,(:!5(,! :+-!4+1,04+-! -6,0/04)4+,D)31+-=![(4-! :+-!4+1,04+-7! :(! -6,0/04)4+!

+-/! -/0.Z6+!8(4-! :+-! A6-).1:+-!5,6I-T4(5/)31+-! A)(! :+! /,(4-50,/+1,! A6-).1:(),+! -56.)B)31+!

8+-!*040(*)4+-!PT*#3>'!".%E)()"13(*%Y."(#=).$*.\%X>KYQ=!L(!-6,0/04)4+! :);6,6+!8(4-!

:(! B+4/+! -T4(5/)31+! 501,,(! -+! B)2+,! J! -+-! ,6.+5/+1,-! 5,6I! +/! 50-/I-T4(5/)31+-! +/! \/,+!

+4-1)/+! ,+.(5/6+! 5(,! :+! 4+1,04+! -6,0/04)4+,D)31+! A)(! 14! /,(4-50,/+1,! *+*;,(4(),+!

-56.)B)31+! PF*.)$)(3(% Y."(#=).$*.\% @UOYQ=! ^4+! B0)-! ,+.(5/6+! +::+! +-/! 86D,(86+! 5(,! :(!

*040(*)4+!02T8(-+!P>KVQ!+4!(.)8+!$I<T8,02TI)480:I(.6/)31+!P$Ic_KKQ=!W+-!*6.(4)-*+-!

-04/! )::1-/,6-! 8(4-! :(! @3/'.*% D=! L(! 86.01A+,/+! 8+! :(! -6,0/04)4+! (! 6/6! B()/+! +4! 5:1-)+1,-!

6/(5+-=! ['(;0,8! )-0:6+! 8(4-! :+-! (446+-! "h7! 5(,! X)//0,)0! U,-5(*+,7! J! 5(,/),! 8+-! .+::1:+-!

+4/6,0.<,0*(BB)4+-!8+! :(!*131+1-+! )4/+-/)4(:+!8+! :(5)4!.0**+!14+!-1;-/(4.+!.(5(;:+!

8+!5,0A031+,!:(!.04/,(./)04!8+-!*1-.:+-!:)--+-!81!/1;+!8)D+-/)B7!:(!-6,0/04)4+!B1/!+4-1)/+!

)8+4/)B)6+!.0**+!(D+4/!A(-0.04-/,)./+1,7!!+4!gf#e7!5(,!:'631)5+!8'_,A)4!?(D+!+/!)-0:6+!+/!

.(,(./6,)-6+!J!5(,/),!8+!-6,1*!;0A)4!+4!gf#f!5(,!>(1,).+!O(550,/!PO(550,/!+/!(:=7!gf#eQ=!

L'6/18+!8+!.+//+!*0:6.1:+!(!+4-1)/+!5+,*)-!8+!*+//,+!+4!6A)8+4.+!-+-!,i:+-!/,9-!A(,)6-7!

.0**+!E+!:'(;0,8+,()!5(,!:(!-1)/+=!

! !
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J%9,!")+)S)1/)(8&/5(")("!4'4&%&"!9%:,")

R"%#;.)$)(3(*%*#$%#2($:;$3#;*%=".%!*#%(*'.)(*#%#;.)$)(3(*./3A'*#%^%=".$3.%6'%RW$.2=$)=:"(*%

_Y.2=`%/.a>*%^% !"%$.2=$)=:"(*%:26.)C2!"#*%_Y=:`%*$%^% !"%6;>".&)C2!"#*%6*#%">36*#%"13(;#%

".)1"$3A'*#% _QQ?B`,% R"% #;.)$)(3(*% *#$% *(#'3$*% #$)>[;*% 6"(#% 6*#% <;#3>'!*#% /.a>*% ^% '(%

$."(#=).$*'.% <;#3>'!"3.*% _TEQY`,% p(*% ">$3<"$3)(% 6'% (*'.)(*% #;.)$)(3(*./3A'*% 3(6'3$% !"%

!3&;."$3)(%6*%#;.)$)(3(*%=".%*C)>2$)#*%6"(#%!"%@*($*%#2("=$3A'*,%R"%#;.)$)(3(*%=*'$%"!).#%

#*% !3*.% "'C% .;>*=$*'.#% =)#$#2("=$3A'*#% "3(#3% A'G"'C% "'$).;>*=$*'.#\% A'3% 3(6'3#*($% '(%

.;$.)>)($.N!*%(;/"$3@% #'.% !"% !3&;."$3)(%*$% #'.% !"% #2($:0#*%6*% #;.)$)(3(*,%?"(#% !*%(*'.)(*%

=.;W#2("=$3A'*\% !"% .*>"=$'.*% 6*% !"% #;.)$)(3(*% =".% #)(% $."(#=).$*'.% _FUHY`% *1=b>:*% !"%

=*.#3#$"(>*%6*% !"% #$31'!"$3)(,% R"% #;.)$)(3(*% .*>"=$;*% *#$% 6;/."6;*%=".% '(*%1)()"13(*%

)C26"#*%_EQO`,%

! !
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A. Anatomie et mise en place des circuits 

sérotoninergiques centraux 

1. Circuits sérotoninergiques centraux 

L+-!.0,5-!.+::1:(),+-!8+-!4+1,04+-!-6,0/04)4+,D)31+-!-04/!:0.(:)-6-!8(4-!:+-!40T(12!

81! ,(5<67! -)/16-! (1! 4)A+(1! 81! /,04.! .6,6;,(:7! 0w! ):-! -+! ,(--+*;:+4/! +4! 5:1-)+1,-! -01-I

D,015+-! P`g!J!`fQ=!L+-!4+1,04+-!8+-!40T(12!`g!J!`#! B0,*+4/! :+! ,(5<6!.(18(:!5,0E+/(4/!

8(4-! :(!*0H::+!65)4)9,+!+/!8(4-! :+! .+,A+:+/=!W+12!8+-!40T(12!`$!J!`f! B0,*+4/! :+! ,(5<6!

,0-/,(:7! -1;8)A)-6! +4! ,(5<6! 80,-(:! P`%I`]Q! +/! *68)(4! P`eI`fQ! +/! 5,0E+//+4/! 8(4-!

:'+4.65<(:+! PX)/(:)-! +/! (:=7! khg"Q=! L+-! 5,0E+./)04-! -6,0/04)4+,D)31+-! -+! ,65(,/)--+4/! /,9-!

:(,D+*+4/! (1! 4)A+(1! .6,6;,(:7! .04B6,(4/! ()4-)! J! :(! -6,0/04)4+! 14+! B04./)04!

4+1,0*081:(/,).+!*(E+1,+=!!

2. Mise en place des circuits sérotoninergiques centraux 

! L+-! 4+1,04+-! -6,0/04)4+,D)31+-! -04/! B0,*6-! /,9-! 5,6.0.6*+4/! (1! .01,-! 81!

86A+:055+*+4/!+*;,T044(),+7!(1!E01,!+*;,T044(),+!Ugh!.<+C!:(!-01,)-!+/!Ugk!.<+C!:+!,(/!

PX)/(:)-! +/! (:=7! khg"Q=! L+1,! 8)BB6,+4.)(/)04! 46.+--)/+! :'+25,+--)04! 8+-! B(./+1,-! 8+!

/,(4-.,)5/)04! NZ2k=k7! ?+/Ig7! ()4-)! 31+! L*2g;! PW<+4D! +/! (:=7! khh"Q=! ?+/Ig! 5+,*+/!

:'+25,+--)04! 8+-! 5,0/6)4+-! 86B)4)--(4/! :')8+4/)/6! 4+1,0.<)*)31+! 8+-! 4+1,04+-!

-6,0/04)4+,D)31+-7! .0**+! :(! /,T5/05<(4+! <T8,02T:(-+7! :+! /,(4-50,/+1,! @UOY! 01! +4.0,+!

X>KY=! L+-! (204+-! -6,0/04)4+,D)31+-! -+! 86A+:055+4/! 14! E01,! (5,9-! :'(55(,)/)04! 8+-!

4+1,04+-=! _:-! (//+)D4+4/! :+! 8)+4.65<(:+! (1! E01,! +*;,T044(),+! Ug$! .<+C! :+! ,(/! +/! :+!

/6:+4.65<(:+! 8+12! E01,-! (5,9-=! K1! -+)4! 81! .0,/+2! +4! 86A+:055+*+4/7! :+-! B);,+-!

-6,0/04)4+,D)31+-! -+! ,65(,/)--+4/! +4! 8+12! B()-.+(127! :'14! (1! 4)A+(1! -15+,B).)+:! P8(4-! :(!

C04+!*(,D)4(:+Q!+/!:'(1/,+!-01-!:(!5:(31+!.0,/).(:+!Pq)T(-0A(!(48!S(-5(,7!khggQ=!

! L(!*)-+!+4!5:(.+!5,6.0.+!81!-T-/9*+!-6,0/04)4+,D)31+7!()4-)!31+!:'6/+481+!8+!-04!

.<(*5! 8+! 5,0E+./)04! )*5:)31+! 31+! .+! -T-/9*+! 501,,(!*081:+,! 8+!*(4)9,+! )*50,/(4/+!

404! -+1:+*+4/! :'(./)A)/6! .6,6;,(:+7! *()-! 6D(:+*+4/! :+! 86A+:055+*+4/! 8+-! .),.1)/-!

4+1,04(12!PS(-5(,!+/!(:=7!khh"Q=!
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B. Récepteurs sérotoninergiques 

L(!-6,0/04)4+!+-/!:+!4+1,0/,(4-*+//+1,!31)!+2+,.+!-+-!+BB+/-!5(,!:')4/+,*68)(),+!81!

5:1-!D,(48!40*;,+!8+!,6.+5/+1,-7!31)!-04/7!501,!:(!*(E0,)/6!8+-!,6.+5/+1,-!.015:6-!(12!

5,0/6)4+-!S!POW?SQ=!

1. Structure générale d’un RCPG et transduction du signal 

_:! +2)-/+! (1! *0)4-! -)2! B(*)::+-! 8+! OW?S! 4+! 5,6-+4/(4/! (1.14+! -)*):(,)/6! 8+!

-631+4.+! P`0.Z(+,/! (48! ?)47! gfffQ=! L+-! ,6.+5/+1,-! 8+! :(! -6,0/04)4+! (55(,/)+44+4/! J! :(!

B(*)::+! g(! 8+-! OW?S=! N6(4*0)4-7! /01-! :+-! OW?S! 50--98+4/! 14! 80*()4+! (4.+-/,(:! ;)+4!

.04-+,A67! .04-/)/16! 8+! -+5/! <6:).+-! /,(4-*+*;,(4(),+-7! (55+:6! 80*()4+! <+5/(<6:).+-!

P<+5/(<+:).(:!80*()47!c[Q=!L+-!-+D*+4/-!/,(4-*+*;,(4(),+-!PY>7!40**6-!8+!Y>I_!J!Y>I

X__Q! 81! c[! -04/! ,+:)6-! 5(,! /,0)-! ;01.:+-! )4/,(.+::1:(),+-! P)g7! )k! +/! )"Q! +/! /,0)-! ;01.:+-!

+2/,(.+::1:(),+-! P+g7! +k! +/! +"Q7! :+-! 80*()4+-! NI! +/! WI/+,*)4(12! 6/(4/! ,+-5+./)A+*+4/!

+2/,(I! +/! )4/,(.+::1:(),+-=! W+-! 80*()4+-! -04/! 8+! :04D1+1,-! A(,)(;:+-=! L+-! OW?S! -04/!

(--0.)6-! J! 8+-! 5,0/6)4+-! S! <6/6,0/,)*6,)31+-7! .0*50-6+-! 8'14+! -01-I14)/6! r7! :)(4/! :(!

D1(40-)4+!8)5<05<(/+!PS[?Q!01!:(!D1(40-)4+!/,)5<05<(/+!PSY?Q!+/!8+-!-01-I14)/6-!u!+/!t!

Pc(::!+/!(:=7!gfffQ=!L(!,+.044()--(4.+!-6:+./)A+!8+!:(!5,0/6)4+!S!5(,!14!,6.+5/+1,!865+48!

8+! *0/)B-! 5(,/).1:)+,-! -)/16-! 8(4-! :+-! c[7! :+-! ;01.:+-! )4/,(.+::1:(),+-! +/! :'+2/,6*)/6!

.(,;02TI/+,*)4(:+!81!,6.+5/+1,! P`0.Z(+,/!(48!?)47!gfffQ=!L'(./)A)/6! B04./)044+::+!8+!.+-!

,6.+5/+1,-! +-/! ,6D1:6+! 5(,! 8+-! *08)B).(/)04-! 50-/I/,(81./)044+::+-! .0**+! :(!

5<0-5<0,T:(/)04=! K! :'<+1,+! (./1+::+7! 8+! 40*;,+12! 401A+(12! .04.+5/-! 04/! 6*+,D67!

,+48(4/! :'6/18+! 8+-! OW?S! 8'(1/(4/! 5:1-! .0*5:+2+=! K:0,-! 31+! :+-! 5,+*)+,-! *089:+-!

86.,)A(4/! :'(./)A)/6! 8+-! OW?S! 4+! 5,050-()+4/! 31'14+! 8T4(*)31+! 8'(./)A(/)04! J! 8+12!

.04B0,*(/)04-!P(./)A+s)4(./)A+Q7!:+-!6/18+-!(./1+::+-!86*04/,+4/!:'+2)-/+4.+!8'14!40*;,+!

)*50,/(4/! 8+! .04B0,*(/)04-! (./)A+-! 50--);:+-=! W+.)! -1DD9,+! 804.! 31+! :(! -)D4(:)-(/)04!

)*5:)31(4/!.+-! ,6.+5/+1,-!+-/!;+(1.015!5:1-!.0*5:+2+!31+!.+!31+! :'04!(!51! :')*(D)4+,=!

['(1/,+!5(,/7!04!-()/!86-0,*()-!31'+4!5:1-!8+-!5,0/6)4+-!S7!14!D,(48!40*;,+!8+!5,0/6)4+-!

-04/!.(5(;:+-!8')4/+,(D),!(A+.!:+-!80*()4+-!)4/,(.+::1:(),+-!8+!.+-!,6.+5/+1,-!Pc(::!+/!(:=7!

gfffQ=!V4!5+1/!+4!+BB+/! ,+/,01A+,!8+-! .0*5:+2+-!5,0/6)31+-! .0*5,+4(4/!8+-!5,0/6)4+-!

8'6.<(BB(18(D+7! 8+-! 5,0/6)4+-! 8+! -)D4(:)-(/)04! 01! 8+-! 5,0/6)4+-! (--0.)6+-! (1!

.T/0-31+:+//+=!L(!C04+!8'(4.,(D+!*(E+1,+!8+!.+-!5(,/+4(),+-!)4/,(.+::1:(),+-!01!S_?!PI9BH%

]($*.">$3(/%9.)$*3(Q!+-/! :+!80*()4+!WI/+,*)4(:!8+!.+-!,6.+5/+1,-! P`0.Z(+,/!+/!(:=7!khh"Q=!
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L+-! OW?S! 5+1A+4/! (1--)! )4/+,(D),! +4/,+! +12! 501,! B0,*+,! 8+-! <0*0I! 01! <6/6,08)*9,+-=!

W'+-/! 5(,! +2+*5:+! :+! .(-! 8+-! ,6.+5/+1,-! $IcYkK! +/! *S:1Ok! 31)! B0,*+4/! 14! .0*5:+2+!

B04./)044+:!*081:(4/!:(!,6504-+!)481)/+!5(,!8+-!5-T.<0/,05+-!<(::1.)40D94+-!.0**+!:+!

L@[!P63;$:2!"136*%6*%!G">36*%!2#*./3A'*Q!PS04C~:+CI>(+-0!+/!(:=7!khheQ=!Y01-!.+-!6:6*+4/-!

/+48+4/!804.!J!,+.04-)86,+,!:+-!OW?S!.0**+!8+-!5:(/+B0,*+-!8+!-)D4(:)-(/)04!(1/,+*+4/!

40**6+-!y!,6.+5/0-0*+-!z!P`0.Z(+,/!+/!(:=7!khh#Q=!L'6*+,D+4.+!8+!.+!.04.+5/!-1DD9,+!

31+! :+-! OW?S! -04/! .(5(;:+-! 8+! ,6D1:+,! 8+-! *6.(4)-*+-! (1--)! 8)A+,-! 31+! :(! -T4/<9-+!

5,0/6)31+7! :'(./)A)/6! 4+1,04(:+7! 01! :(! 8T4(*)31+! 81! .T/0-31+:+//+7! 8+! *(4)9,+! /,9-!

5,6.)-+7!8(4-!:'+-5(.+!+/!8(4-!:+!/+*5-=!!

2. Classification des récepteurs sérotoninergiques 

L(! -6,0/04)4+!+2+,.+! -+-! B04./)04-!D,v.+!J!8+-! ,6.+5/+1,-!31)! -04/!8)-/,);16-!(1!

4)A+(1! 81! -T-/9*+! 4+,A+12! .+4/,(:! +/! 8+-! /)--1-! 56,)5<6,)31+-=! W+-! ,6.+5/+1,-! -04/!

.:(--6-! +4! -+5/! B(*)::+-! P$IcYg! J! $IcY]Q! -+:04! :+1,-! 5,05,)6/6-! 5<(,*(.0:0D)31+-7! :+-!

-T-/9*+-! 8+! /,(4-81./)04! (1231+:-! ):-! -04/! .015:6-7! +/! :+! 8+D,6! 8')8+4/)/6! 8+! :+1,!

-631+4.+! P8+!#h!J!]h�!8(4-!14+!*\*+! B(*)::+Q! Pc0T+,!+/! (:=7! khhkQ=!K! :'+2.+5/)04!8+-!

,6.+5/+1,-! $IcY"7! 31)! -04/! 8+-! ,6.+5/+1,-I.(4(12! <0*05+4/(*6,)31+-! 404! -6:+./)B-7!

5+,*6(;:+-!(12!.(/)04-!*040A(:+4/-7!40/(**+4/!(12!)04-!-08)1*!PN(�Q7!50/(--)1*!Pq�Q7!

,1;)8)1*!PO;�Q7!:)/)1*!PL)�Q!+/!(12!)04-!(**04)1*!PNc#
�Q7!:+-!,6.+5/+1,-!8+!:(!-6,0/04)4+!

(55(,/)+44+4/!J! :(! B(*)::+!8+-! ,6.+5/+1,-!.015:6-!(12!5,0/6)4+-!S! POW?SQ! Pc0T+,!+/!(:=7!

khhkQ=!!

L+!.015:(D+!8+-!5,0/6)4+-!S!(--0.)6!(12!8)BB6,+4/-!,6.+5/+1,-!8+!:(!-6,0/04)4+!+-/!)::1-/,6!

+4!@3/'.*%J=!K1I8+:J!8+!:'(./)A(/)04!8+!.+-!A0)+-!8+!-)D4(:)-(/)04!.(404)31+-7!:(!-/)*1:(/)04!

8+-!,6.+5/+1,-!-6,0/04)4+,D)31+-!(!8+-!+BB+/-!;)+4!5:1-!.0*5:+2+-=!W+,/()4-!,6.+5/+1,-7!

.0**+!:+-!,6.+5/+1,-!$IcY#!+/!$IcY]!-04/7!5(,!+2+*5:+7!.015:6-!J!8'(1/,+-!5,0/6)4+-!S7!

:+-!5,0/6)4+-!Sg"!+/!Sgk!,+-5+./)A+*+4/=!W+!.015:(D+!(12!5,0/6)4+-!Sg"!+/!Sgk!+-/!(--0.)6!J!

:'(./)A(/)04!8+-!O<0!SY?(-+-!O<0K!+/!W8.#k=![+!*\*+7!:+!,6.+5/+1,!$IcYkW!*081:+!(1--)!

:'(./)A)/6!8+!:'+4CT*+!NV@!P-3$.3>%OC26*%F2($:"#*Q!,6D1:(4/!()4-)!:+-!A0)+-!8+!-)D4(:)-(/)04!

NV@I865+48(4/+-!P>)::(4!+/!(:=7!khheQ=!

! !
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J%9,!")?S)'!/&(2,$'%4&)2,)(%9&/1)$4,51")/,Z)!"$"5'",!()2")1/)("!4'4&%&")

X).13#% !*#% .;>*=$*'.#% LWXY7_QWU`%A'3% #)($% 6*#% .;>*=$*'.#% >"("'C% >"$3)(3A'*#\% !*#% "'$.*#%

1*1&.*#%6*%!"%@"13!!*%6*#%.;>*=$*'.#%6*%!"%#;.)$)(3(*%#)($%>)'=!;#%^%63@@;.*($*#%=.)$;3(*#%

I,%R*#%.;>*=$*'.#%LWXY+_Q\d\?WK`% #)($%>)'=!;#%^% !"%=.)$;3(*%I3Z)% 3(:3&"($% !G"6;(2!"$*%>2>!"#*%

_QB`% *$% !"% =.)6'>$3)(% 6GQE9>,% R*#% .;>*=$*'.% LWXYL_Q\d`% #*1&!*($% 3(:3&*.% !GQB% 1"3#% !*'.%

>)'=!"/*% *#$% 3(>*.$"3(,% % R*#% .;>*=$*'.#% LWXY5\% LWXYD% *$% LWXYJ% #)($\% *'C\% >)'=!;#% ^% !"%

=.)$;3(*% I#% ">$3<"($% !G"6;(2!"$*% >2>!"#*% *$% 3(6'#"($% !"% =.)6'>$3)(% 6GQE9>,% U(@3(\% !*#%

.;>*=$*'.#%LWXY4_QWB`%#)($%>)'=!;#%^% !"%=.)$;3(*%IAZ++%">$3<"($% !"%=:)#=:)!3="#*%B%_9RB`%*$%

3(6'3#"($% !"% =.)6'>$3)(% 6G3()#3$)!% $.3=:)#=:"$*% _]97`% *$% 6*% 63">2!/!2>;.)!% _?QI`,% _-3>:)!#%

"(6%-3>:)!#\%4MM8`=!

! !



!
$h!

 Fonctions  C.

1. Fonctions périphériques 

! >\*+! -)! :(! -6,0/04)4+! (55(,(a/! .0**+! 14! 4+1,0*081:(/+1,! .+4/,(:! .:67! ):! +-/!

)*50,/(4/! 8+! -01:)D4+,! 31'(A+.! f$�! 8+! :(! -6,0/04)4+! /0/(:+! :);6,6+! +4! 56,)5<6,)+7! 8+!

40*;,+1-+-!B04./)04-!56,)5<6,)31+-!-04/!6D(:+*+4/!*081:6+-!5(,!.+//+!*040(*)4+=!

L(! $IcY7! (1! 4)A+(1! 56,)5<6,)31+7! +-/! -T4/<6/)-6+! D,v.+! J! :(! /,T5/05<(4+! <T8,02T:(-+! g!

PY5<gQ7! 5(,! :+-! 4+1,04+-! -6,0/04)4+,D)31+-! 56,)5<6,)31+-! +/! 5(,! :+-! .+::1:+-!

+4/6,0.<,0*(BB)4+-! 8+! :(! *131+1-+! )4/+-/)4(:+=! L+! ,i:+! 8+! :(! -6,0/04)4+! 8(4-! :+!

B04./)044+*+4/!8)D+-/)B!+-/!(--0.)6!J!14+!*081:(/)04!81!56,)-/(:/)-*+!)4/+-/)4(:=!U::+!+-/7!

5(,!()::+1,-7! )*5:)316+!8(4-! :+! -T48,i*+!81!.i:04! ),,)/(;:+7!5(/<0:0D)+! :)6+!J! :(!*0/):)/6!

D(-/,0I)4/+-/)4(:+! PS+,-<047! khg"Q=! L(! -6,0/04)4+! (D)/! 6D(:+*+4/! .0**+! B(./+1,! 8+!

.,0)--(4.+! 5+,*+//(4/! :+! 86A+:055+*+4/! +/! :(! *)-+! +4! 5:(.+! 81! -T-/9*+! 4+,A+12!

+4/6,)31+=! [+! 5:1-7! :(! -6,0/04)4+! :);6,6+! 5(,! :+-! 4+1,04+-! +4/6,)31+-! 5(,/).)5+! (1!

,+401A+::+*+4/! 8+! :(! *131+1-+! )4/+-/)4(:+=! L(! -6,0/04)4+! -6.,6/6+! 5(,! :+-! .+::1:+-!

+4/6,0.<,0*(BB)4+-7! 31(4/! J! +::+7! B(A0,)-+! :+! 86A+:055+*+4/! +/! :(! ,6D646,+-.+4.+!

<65(/)31+! A)(! :+-! ,6.+5/+1,-! $IcYk!PS+,-<047! khg"Q=! U4B)47! 8(4-! :+! .(8,+!8+! -(! B04./)04!

8)D+-/)A+7! :(! -6,0/04)4+! -6.,6/6+! 5(,! :+-! .+::1:+-! +4/6,0.<,0*(BB)4+-! +2+,.+! 8+-! +BB+/-!

5,0I)4B:(**(/0),+-! 8(4-! :')4/+-/)47! 40/(**+4/! +4! (./)A(4/! :+-! .+::1:+-! )**14)/(),+-!

,6-)8+4/+-!!P@<(E);!(48!q<(47!khg$Q=!

U4!5:1-!8+!-04!,i:+!8(4-!:')4B:(**(/)04!D(-/,0I)4/+-/)4(:+7!:(!-6,0/04)4+!(!6D(:+*+4/!6/6!

)*5:)316+!8(4-! :(! ,6504-+! )**14)/(),+!+/!8(4-! :+!5,0.+--1-!D646,(:!8')4B:(**(/)04=! L(!

-6,0/04)4+! 56,)5<6,)31+! +-/! -/0.Z6+! 8(4-! :+-! 5:(31+//+-! D,v.+! J! :(! 5,6-+4.+! 81!

/,(4-50,/+1,! @UOY! J! :+1,!*+*;,(4+=! @1)/+! J! 14+! (./)A(/)04! 5:(31+//(),+7! :(! -6,0/04)4+!

5+1/!\/,+! :);6,6+!5(,!.+-!8+,4)9,+-!+/! B(A0,)-+,! :+! ,+.,1/+*+4/!8+!.+::1:+-! /+::+-!31+! :+-!

60-)405<):+-7! 5(,/).)5(4/! (1! 5,0.+--1-! )4B:(**(/0),+! P@<(E);! (48! q<(47! khg$Q=! K)4-)!

-/0.Z6+! +/! A6<).1:6+! J! /,(A+,-! :'0,D(4)-*+! 5(,! :+! -(4D7! :(! -6,0/04)4+! +2+,.+! -+-! 8)A+,-!

+BB+/-! 56,)5<6,)31+-=! U4! 5:1-! 8+-! 5:(31+//+-7! 8'(1/,+-! .+::1:+-! )*5:)316+-! 8(4-!

:')**14)/6!)446+7! *()-! 6D(:+*+4/! (8(5/(/)A+7! -04/! +4! *+-1,+! 8+! -/0.Z+,! 8+! :(!

-6,0/04)4+=! U4! +BB+/7! (:0,-! 31+! :+-! :T*5<0.T/+-! `! +/! :+-! *(-/0.T/+-! +25,)*+,()+4/! :+!

/,(4-50,/+1,! @UOY7! :+-! *(.,05<(D+-! +/! :+-! :T*5<0.T/+-! Y! +25,)*+4/! :(! Y5<g7! :+1,!



!
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5+,*+//(4/!()4-)!8+!-T4/<6/)-+,! :+1,!5,05,+!-/0.Z!8+!-6,0/04)4+! PK<+,47!khggQ=![+!5:1-7!

.+-! .+::1:+-! +25,)*+4/! 8)A+,-! ,6.+5/+1,-! -6,0/04)4+,D)31+-! P$IcYgKs`7! $IcYkKs`7! $IcY"7!!!!!!!

$IcY#7! $IcY]Q=! [(4-! :(! ,6504-+! )**14)/(),+7! :(! -6,0/04)4+! .04/,i:+! :+! 865:(.+*+4/! 8+-!

.+::1:+-! )**14)/(),+-! 5(,! .<)*)0/(./)-*+7! :'(./)A)/6! 5<(D0.T/(),+! 8+-!*(.,05<(D+-! +/! :(!

5,0:)B6,(/)04!8+-! :T*5<0.T/+-! Y! PK<+,47! khggQ=![+!5:1-7! 8+-!5(/<0:0D)+-! )4B:(**(/0),+-!

/+::+-! 31+! :'(-/<*+! 01! +4.0,+! :'(,/<,)/+! ,<1*(/0|8+! P)4B:(**(/)04! -T40A)(:+Q! 04/! 6/6!

(--0.)6+-!J!8+-!4)A+(12!8+!-6,0/04)4+!5:(-*(/)31+!6:+A6-!P@<(E);!(48!q<(47!khg$Q=!

L(! -6,0/04)4+! /),+! -04!40*!8+! -04!(./)A)/6!8+!y!A(-0/+4-+1,!81! -6,1*!z! )::1-/,(4/!804.!

-04!)*5:).(/)04!8(4-!:(!5<T-)0:0D)+!A(-.1:(),+=!W0**+!-04!40*!:+!-1DD9,+7!:(!$IcY!)481)/!

14+!A(-0.04-/,)./)04!01!A(-0,+:(2(/)04!A)(!:+-!,6.+5/+1,-!$IcYg`7!$IcYkKs`7!$IcY#!+/!$IcY]!

PWi/6!+/!(:=7!khh#Q=!['(1/,+!5(,/7!81!B()/!8+!-(!:0.(:)-(/)04!5:(31+//(),+7!:(!-6,0/04)4+!E01+!

14! ,i:+! 8(4-! :'(D,6D(/)04! 5:(31+//(),+7! J! :(! -1)/+! 8'14+! :6-)04! A(-.1:(),+=! U::+! B(A0,)-+!

6D(:+*+4/! :(! 5,0:)B6,(/)04! +/! :(! -1,A)+! 8+-! .+::1:+-! +480/<6:)(:+-! 5+,*+//(4/! ()4-)! :(!

,+.04-/,1./)04! A(-.1:(),+! PWi/6! +/! (:=7! khh#Q=! U4B)47! :(! -6,0/04)4+! 5(,/).)5+! (1!

86A+:055+*+4/!.(,8)(31+=!K)4-)7! .<+C! :(! -01,)-!Y=:+WZW7! )4A(:)86+!501,! :+!D94+!.08(4/! :(!

/,T5/05<(4+! <T8,02T:(-+! 56,)5<6,)31+7! 14! )*50,/(4/! 8T-B04./)044+*+4/! .(,8)(31+! +-/!

0;-+,A6!PWi/6!+/!(:=7!khh#Q=!

2. Fonctions centrales 

U4! 5:1-! 8+! -+-! 40*;,+12! ,i:+-! 56,)5<6,)31+-7! :(! -6,0/04)4+! (55(,(a/! 6D(:+*+4/!

.0**+! 14! )*50,/(4/! ,6D1:(/+1,! 81! -T-/9*+! 4+,A+12! .+4/,(:7! 0w! +::+! .04/,);1+! J! :(!

*081:(/)04! 8+! 40*;,+12! .0*50,/+*+4/-! .0**+! :'<1*+1,7! :'(42)6/67! :'(D,+--)A)/67! :(!

5,)-+!(:)*+4/(),+7! :+!.0*50,/+*+4/!-+21+:7! :+!.T.:+!A+)::+I-0**+):!+/! :(!.0D4)/)04!PL1.Z)7!

gffeQ=!

L'14+! 8+-! .:(--+-! 8'(4/)865,+--+1,-! :+-! 5:1-! .0441+! +-/! .04-/)/16+! 8+-! )4<);)/+1,-!

-56.)B)31+-!8+!:(!,+.(5/1,+!8+!-6,0/04)4+!P_@O@Q=!`:031(4/!:'(./)A)/6!81!/,(4-50,/+1,!@UOY!

+/! (1D*+4/(4/! ()4-)! :(! 31(4/)/6! 8+! $IcY! J! :(! -T4(5-+7! :+! ,i:+! 8+! .+-!*0:6.1:+-! )::1-/,+!

:')*50,/(4.+!8+!:(!$IcY!8(4-!:(!,6D1:(/)04!8+!:'<1*+1,!PL1.Z)7!gffeQ=!

L(! -6,0/04)4+! ,6D1:+! 6D(:+*+4/! :+-! B04./)04-! .0D4)/)A+-=! U4! B04./)04! 81! -T-/9*+! 8+!

4+1,0/,(4-*+//+1,! *081:6! +/s01! 8+! :(! 4(/1,+! 8+-! ,6.+5/+1,-! )*5:)316-7! :(! ,6504-+!

.0D4)/)A+! -+,(! A(,)(;:+=! L')*5(./! 8+-! 8)BB6,+4/-! ,6.+5/+1,-! -6,0/04)4+,D)31+-! -1,! :(!



!
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.0D4)/)04!+-/!(--+C! .0*5:+2+!81! B()/!31'+::+!865+48+! B0,/+*+4/!8+! :+1,! .015:(D+!+/!8+!

:+1,! :0.(:)-(/)047!J! :'6.<+::+! .6,6;,(:+!+/! .+::1:(),+=! L+-!4+1,04+-!81!40T(1! ,(5<6!80,-(:!

*081:+4/! :(! /,(4-*)--)04! 805(*)4+,D)31+! (1! 4)A+(1! 8+! 5:1-)+1,-! ,6D)04-! .6,6;,(:+-!

.0**+!:'(*TD8(:+7!:+!-/,)(/1*!01!:+!.0,/+2!5,6B,04/(:!PV:A+,(IW0,/6-!+/!(:=7!khheQ=!_:!(!5(,!

+2+*5:+!6/6!*04/,6!31+! :'(./)A)/6!8+! :(!A0)+!805(*)4+,D)31+!*6-0.0,/).0:)*;)31+!P(),+!

/+D*+4/(:+!A+4/,(:+7!KYX!!!40T(1!(..1*;+4-!!!.0,/+2!5,6B,04/(:Q!6/()/!*081:6+!5(,!:(!

-6,0/04)4+! A)(! :+! ,6.+5/+1,! $IcYkW=! U4! +BB+/7! :')4<);)/)04! 8+! .+! ,6.+5/+1,! 5(,! 14!

(4/(D04)-/+! -56.)B)31+! (1D*+4/+! :(! B,631+4.+! 8+! 86.<(,D+! 8+-! 4+1,04+-!

805(*)4+,D)31+-!8+!:'KYX!+/!:(!:);6,(/)04!8+!805(*)4+!(1!4)A+(1!81!40T(1!(..1*;+4-!+/!

81!.0,/+2!5,6B,04/(:=!L(!86,6D1:(/)04!8+!.+!,6.+5/+1,!.04/,);1+!(12!.0*50,/+*+4/-!:)6-!J!

:'(88)./)04! P[)! >(//+0! +/! (:=7! khhgQ=! ['(1/,+! 5(,/7! :+-! 4+1,04+-! -6,0/04)4+,D)31+-!

5,0A+4(4/! 81! 40T(1! ,(5<6! *68)(4! .04/,i:+4/! :+-! /v.<+-! .0D4)/)A+-! B()-(4/! )4/+,A+4),!

:'<)550.(*5+7! .0**+! 5(,! +2+*5:+! :(! *6*0),+! 8+! /,(A():7! 01! :(! *6*0),+! -5(/)(:+=! L(!

-6,0/04)4+! +2+,.+! 40/(**+4/! 14! +BB+/! )4<);)/+1,! -1,! :'(./)A)/6! <)550.(*5)31+! A)(! :+!

,6.+5/+1,! $IcYgK=! [+! *\*+7! +25,)*6! (1! 4)A+(1! 8+-! )4/+,4+1,04+-! SK`K+,D)31+-! 8+!

:'<)550.(*5+7! :+! ,6.+5/+1,! $IcY"! )4<);+! :')481./)04! 8+! :(! 50/+4/)(:)-(/)04! J! :04D! /+,*+!

PLY?Q7! .0**146*+4/! (--0.)6+! (1! 5,0.+--1-! 8+! *6*0,)-(/)04=! L+-! ,6.+5/+1,-! $IcY#!

-+*;:+4/!6D(:+*+4/!E01+,!14!,i:+!)*50,/(4/!8(4-!:(!.0D4)/)04!40/(**+4/!+4!*081:(4/!

:'(./)A)/6! .<0:)4+,D)31+! (1!4)A+(1!8+! :'<)550.(*5+!01!81! .0,/+2! 5,6B,04/(:! P`(,4+-! (48!

@<(,57! gfffQ=! U4B)47! :+! ,6.+5/+1,! $IcY%7! +25,)*6! 8(4-! :+-! ,6D)04-! .6,6;,(:+-! :+-! 5:1-!

:(,D+*+4/!)*5:)316+-!8(4-!:(!.0D4)/)04!P.0,/+2!5,6B,04/(:7!-/,)(/1*7!<)550.(*5+Q!E01+!14!

,i:+!.+4/,(:!8(4-!:+-!5,0.+--1-!.0D4)/)B-7!.0**+!E+!:'(;0,8+,()!8(4-!:+!.<(5)/,+!-1)A(4/=!

L(! -6,0/04)4+! +2+,.+! 6D(:+*+4/! 14+! B04./)04!4+1,0+480.,)4+! )*50,/(4/+! 81! B()/! 8+! -(!

,+:(/)04! (A+.! :'<T50/<(:(*1-=! U4! +BB+/7! :+! ,6.+5/+1,! $IcY]! +-/! B0,/+*+4/! +25,)*6! (1!

4)A+(1!81!40T(1!-15,(I.<)(-*(/)31+!<T50/<(:(*)31+!0w!):!*081:+!:'<0,:0D+!.),.(8)+44+!

P`(,4+-! (48! @<(,57! gfffQ=! [+! *\*+7! 14+! )44+,A(/)04! 8+-! 40T(12! *68)(4-! 8+!

:'<T50/<(:(*1-! P40T(12! 5(,(A+4/,).1:(),+7! A+4/,0*68)(4! +/! -15,(.<)(-*(/)31+Q! 5(,! 8+-!

4+1,04+-! -6,0/04)4+,D)31+-!*68)+,()/! :+! ,i:+!8+! :(! -6,0/04)4+!8(4-! :(!5,)-+!(:)*+4/(),+!

PL+);0l)/C! +/! (:=7! gffhQ=!^4+! (1D*+4/(/)04!8+! :(! $IcY! (1!4)A+(1!8+! .+-!40T(12!+-/7! +4!

+BB+/7!(--0.)6+!J!14+!<T505<(D)+!40/(**+4/!A)(!14!*6.(4)-*+!)*5:)31(4/! :+!,6.+5/+1,!

$IcYkW!P`(,4+-!(48!@<(,57!gfffQ=!!
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3. Fonctions développementales 

L(! -6,0/04)4+! +-/! 6D(:+*+4/! 14! (./+1,! )*50,/(4/! 81! 86A+:055+*+4/!

+*;,T044(),+=! K1! .01,-! 81! 86A+:055+*+4/! .6,6;,(:7! :+! 5:(.+4/(! -+*;:+! E01+,! 14! ,i:+!

-)D4)B).(/)B! 8(4-! :'(550,/! 8+! -6,0/04)4+! J! :'+*;,T04=! U4! +BB+/! :(! 5,6-+4.+! 8'14+!

/,T5/05<(4+! <T8,02T:(-+! 5:(.+4/(),+! .(/(:T-+,()/! :(! -T4/<9-+! 8+! -6,0/04)4+! 5(,! :+!

5:(.+4/(7!J!5(,/),!81!/,T5/05<(4+!*(/+,4+:7!.+!31)!5+,*+//,()/!40/(**+4/!8+!.04/,i:+,!:(!

31(4/)/6! 8+! -6,0/04)4+! .6,6;,(:+! 5+48(4/! :+! 86A+:055+*+4/! 8+-! 4+1,04+-!

-6,0/04)4+,D)31+-!P`044)4!+/!(:=7!khggQ=!!

a) Rôle neurodéveloppemental de la 5-HT 

[)A+,-!*089:+-!*1,)4-!8'<T50-6,0/04)4+,D)+!04/!6/6!86A+:0556-!+/!04/!5+,*)-!8+!

*+//,+!+4!6A)8+4.+!:+!,i:+!86A+:055+*+4/(:!8+!:(!-6,0/04)4+=![(4-!14!5,+*)+,!*089:+7!

14+! )4A(:)8(/)04! 8+! :(! Y5<! 8(4-! :+-! 4+1,04+-! 81! ,(5<6! )4<);+! :(! -T4/<9-+! .+4/,(:+! 8+!

-6,0/04)4+! P-01,)-! Y5<kIsIQ7! 8(4-! 14! -+.048! *089:+! :+! /,(4-50,/+1,! A6-).1:(),+! 8+!

-6,0/04)4+! X>KYk! +-/! -6:+./)A+*+4/! (;0:)! 8(4-! :+-! .+::1:+-! +25,)*(4/! :+! /,(4-50,/+1,!

@UOY7! +*5\.<(4/! 804.! :+! -/0.Z(D+! A6-).1:(),+! 8+! $IcY! 8(4-! .+-! 4+1,04+-! P-01,)-!

X>KYk@UOY!W,+Q7!+4B)4!8(4-!14!/,0)-)9*+!*089:+7!:+!/,(4-50,/+1,!X>KYk!+-/!-6:+./)A+*+4/!

)4A(:)86!8(4-!:+-!4+1,04+-!-6,0/04)4+,D)31+-!81!,(5<6!+25,)*(4/!?+/g!P-01,)-!X>KYk?+/gI

W,+Q!PN(,;012IN\*+!+/!(:=7!khg"Q=![(4-!:+-!8+12!5,+*)+,-!*089:+-7!:+!/(12!8+!-6,0/04)4+!

.+4/,(:!+-/! ,681)/!8+!f$�!.04/,+!]$�!.<+C! :+-! -01,)-!X>KYk?+/gIW,+=![(4-!.<(.14!8+!.+-!

*089:+-7!14!,+/(,8!8+!.,0)--(4.+!+-/!0;-+,A6!(1!.01,-!8+!:(!56,)08+!50-/I4(/(:+!5,6.0.+=!

L(!-6A6,)/6!81!5<640/T5+!0;-+,A6!+-/!J!*+//,+!+4!,+:(/)04!(A+.!:+!4)A+(1!8+!865:6/)04!+4!

-6,0/04)4+=! K)4-)7! :+-! -01,)-! Y5<kIsI! ! +/! X>KYk@UOYIW,+! 04/! 14! ,+/(,8! 8+! .,0)--(4.+! 5:1-!

)*50,/(4/! 31+! :+-! -01,)-! X>KYk?+/gIW,+7! .<+C! :+-31+::+-! .+//+! 865:6/)04! +-/! 5:1-! B();:+!

PN(,;012IN\*+!+/!(:=7!khg"Q=!`)+4!31+!.+!,+/(,8!-0)/!5(,! :(!-1)/+!.0*5+4-67! ):! .04B),*+!

:')*5:).(/)04!8+!:(!-6,0/04)4+!8(4-!:(!.,0)--(4.+!8+-!401A+(1I46-=!U4!5:1-!8'14!,+/(,8!81!

86A+:055+*+4/! D646,(:7! 14! :6D+,! ,+/(,8! 81! 86A+:055+*+4/! .6,6;,(:! 50-/I4(/(:! +-/!

6D(:+*+4/!0;-+,A6!.<+C! :+-!-01,)-!Y5<kIsI!+/!X>KYk@UOYIW,+! PN(,;012IN\*+!+/!(:=7!khg"Q=!

>\*+!-)! .+-!0;-+,A(/)04-! /+48+4/!J!*04/,+,!14!+BB+/!*086,6!8+! :(! -6,0/04)4+!8(4-! :+!

86A+:055+*+4/7!):!+-/!B0,/!5,0;(;:+!31+!:+-!(:/6,(/)04-!+4D+48,6+-!5(,!8+-!A(,)(/)04-!8+!

:(! .04.+4/,(/)04! 8+! $IcY! (1! .01,-! 81! 86A+:055+*+4/! .6,6;,(:! -0)+4/! 5:1-! -1;/):+-! +/!

8(A(4/(D+!0;-+,A(;:+-! J! :'6.<+::+! .+::1:(),+=!K:0,-!31+! :(!865:6/)04! -6,0/04)4+,D)31+!4+!

-+*;:+! 5(-! )*5(./+,! :+! 86A+:055+*+4/! +*;,T044(),+7! *()-! 5:1/i/! :+! 86A+:055+*+4/!
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50-/I4(/(:7!14+!6:6A(/)04!(40,*(:+!8+!-6,0/04)4+!.<+C!:'+*;,T04!(!14!+BB+/!86:6/9,+!-1,!

:+! 86A+:055+*+4/! .0,/).(:=! U4! +BB+/7! .<+C! 8+-! -01,)-! qV! 501,! :+! D94+! .08(4/! :+!

/,(4-50,/+1,!8+!:(!-6,0/04)4+7!-+!/,(81)-(4/!5(,!14!+2.9-!8+!-6,0/04)4+!.6,6;,(:+7!O)..)0!

*$% >)!!,! 04/! 0;-+,A6! 14+! (:/6,(/)04! 8(4-! :+! 50-)/)044+*+4/! 8+-! )4/+,4+1,04+-!

SK`K+,D)31+-!81!.0,/+2!PO)..)0!+/!(:=7!khhfQ=![+!*\*+7!14+!(55:).(/)04!8+!-6,0/04)4+!J!

B0,/+!.04.+4/,(/)04!,681)/!:(!A)/+--+!8+!*)D,(/)04!8+-!4+1,04+-!5T,(*)8(12!8+!-01,)-!5(,!

14! *6.(4)-*+! ,6A+,-);:+! PO)..)0! +/! (:=7! khggQ=! L+-! *6.(4)-*+-! )*5:)316-! 8(4-! .+!

5,0.+--1-!-+,04/!86/()::6-!1/:6,)+1,+*+4/=!L+-!(:/6,(/)04-!0;-+,A6+-!(1!4)A+(1!.+::1:(),+!

/,01A+4/7!5(,!()::+1,-7!14!6.<0!8(4-! :+!.0*50,/+*+4/!8+-!-01,)-!+250-6+-!/,9-! E+14+-!J!

14! +2.9-! 8+! -6,0/04)4+! .6,6;,(:+=! ^4+! )4A(:)8(/)04! /,(4-)/0),+! 81! /,(4-50,/+1,! 8+! :(!

-6,0/04)4+! (1! .01,-! 81!86A+:055+*+4/! .6,6;,(:! .<+C! :(! -01,)-! P+4/,+! ?#! +/! ?kgQ! )481)/!

14+!(1D*+4/(/)04!8+-! .0*50,/+*+4/-!(42)+12!J! :'vD+!(81:/+7! -1DD6,(4/!14+!(:/6,(/)04!

81!B04./)044+*+4/!6*0/)044+:!.<+C!.+-!-01,)-!PK4-0,D+!+/!(:=7!khh#Q=!W+-!,6-1:/(/-!-04/!J!

*+//,+!+4!,+:(/)04!(A+.!:'+2)-/+4.+!8'14!50:T*0,5<)-*+!-1,!:+!5,0*0/+1,!81!D94+!.08(4/!

:+!/,(4-50,/+1,!8+! :(!-6,0/04)4+!.<+C! :'c0**+=!W+//+!*1/(/)04! )481)/! :(!-T4/<9-+!8'14+!

B0,*+! :04D1+! 01! .01,/+! 8+! .+! /,(4-50,/+1,7! 4'(T(4/! 5(-! :+!*\*+! 4)A+(1! 8'+25,+--)04=!

K)4-)7!:+-!+*;,T04-!50,/+1,-!8+!:(!B0,*+!.01,/+7!(--0.)6+!J!14+!,+.(5/1,+!*0)4-!+BB).(.+!

8+! :(! $IcY7! 501,,()+4/! \/,+! +250-6-! J! 14+! .04.+4/,(/)04! +2/,(.+::1:(),+! +2.+--)A+! 8+!

-6,0/04)4+! (1! .01,-! 8+! :+1,! 86A+:055+*+4/7! )481)-(4/! 14! ,+*08+:(D+! 8+-! .),.1)/-!

4+1,04(12!31)!501,,()/!\/,+!J!:'0,)D)4+!8+!:+1,!5:1-!B0,/+!-1-.+5/);):)/6!J!86A+:055+,!8+-!

/,01;:+-! .0*50,/+*+4/(12! PW(4:)! (48! L+-.<7!khh]Q=!^4!+2.9-!8+! -6,0/04)4+! -(4D1)4+!(!

6D(:+*+4/!6/6!0;-+,A6!.<+C!.+,/()4-!-1E+/-!(1/)-/+-7!-1DD6,(4/7!:J!+4.0,+7!14+!,15/1,+!8+!

:'<0*60-/(-)+!-6,0/04)4+,D)31+!P`0T:(4!+/!(:=7!khh]Q=!

W+-!0;-+,A(/)04-!.04B),*+4/!804.!:')*50,/(4.+!81!/(12!8+!-6,0/04)4+!(1!.01,-!81!

86A+:055+*+4/!501,!:(!B0,*(/)04!8+-!.),.1)/-!.6,6;,(12=!L(!.04.+4/,(/)04!8+!-6,0/04)4+!

-T4(5/)31+! J! :'vD+! (81:/+! +-/! +-/)*6+! .0**+! 6/(4/! 8+! :'0,8,+! 81! *>! 501,! 14+!

.04.+4/,(/)04!8+!:'0,8,+!81!�>!+4!+2/,(I-T4(5/)31+!PO)..)0!+/!(:=7!khhfQ=!L+-!4)A+(12!8+!

.04.+4/,(/)04!)*5:)316-!8(4-!:+!86A+:055+*+4/!4'04/!5(-!6/6!86.,)/-=!V4!5+1/!/01/+B0)-!

.04.:1,+7! 8+-! 8)BB6,+4/+-! 6/18+-! ,6(:)-6+-7! 31+! /01/! .+! 31)! B()/! A(,)+,! :(! 31(4/)/6! 8+!

-6,0/04)4+! 8)-504);:+! (1! .01,-! 81! 86A+:055+*+4/7! 31+! .+! -0)/! 8+-! *08)B).(/)04-!

D646/)31+-!01!+4A),044+*+4/(:+-7!(!50/+4/)+::+*+4/!14! )*5(./!-1,! :(!*)-+!+4!5:(.+!8+!

.),.1)/-!B04./)044+:-!+/!8+!.+!B()/!-1,!:+!.0*50,/+*+4/!J!:'vD+!(81:/+=!!
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b) Récepteurs sérotoninergiques impliqués 

dans le développement neuronal 

! L+-! +BB+/-! 4+1,086A+:055+*+4/(12! 8+! :(! -6,0/04)4+! -04/!*68)6-! 5(,! -+-! 8)A+,-!

,6.+5/+1,-!+/!865+48+4/!804.!8+!:+1,!8T4(*)31+!8'+25,+--)047!8+!:+1,!:0.(:)-(/)04!+/!8+!

:(!,6D1:(/)04!8+!:+1,!(./)A)/6!B04./)044+::+=!

W<(.14+! 8+-! 8)BB6,+4/+-! B(*)::+-! 8+! ,6.+5/+1,! -6,0/04)4+,D)31+! -+*;:+! E01+,! 14! ,i:+!

8(4-!:+!86A+:055+*+4/!4+1,04(:=!!

[(4-! :(! B(*)::+! 8+-! ,6.+5/+1,-! $IcYg7! +25,)*6! /i/! (1! .01,-! 81! 86A+:055+*+4/!

+*;,T044(),+7! :+! ,6.+5/+1,! $IcYgK! 5,0*+1/! :(! *(/1,(/)04! 8+! :'(,;,+! 8+48,)/)31+! 8(4-!

:'<)550.(*5+7!*()-!6D(:+*+4/!:(!4+1,0D+49-+!(81:/+!(1!4)A+(1!8+-!C04+-!-01-ID,(41:(),+!

+/! -01-IA+4/,).1:(),+=! L+! ,6.+5/+1,! $IcYg`7! +25,)*6! (1! 4)A+(1! 8+-! (204+-! /<(:(*0I

.0,/).(12!+4!86A+:055+*+4/7!E01+,()/!14!,i:+!8(4-!:+1,!D1)8(D+!PS(-5(,!+/!(:=7!khh"Q=!!

[(4-! :(! B(*)::+! 8+-! ,6.+5/+1,-! $IcYk7! :+! ,6.+5/+1,! $IcYk`! B(A0,)-+! :(! 5,0:)B6,(/)04! +/! :(!

-1,A)+! .+::1:(),+=! U25,)*6! 5:1-! /(,8! (1! .01,-! 81! 86A+:055+*+4/! +*;,T044(),+7! :+!

,6.+5/+1,!$IcYkK!+-/!)*50,/(4/!501,!:(!8)BB6,+4.)(/)04!4+1,04(:+7!*()-!6D(:+*+4/!501,!:(!

*(/1,(/)04!8+48,)/)31+=![+!5:1-7! ):!*081:+! :'+25,+--)04!81!`[NM!(1!4)A+(1!81!.0,/+2!+/!

8+! :'<)550.(*5+=! L+! ,6.+5/+1,! $IcYkW7! 31(4/! J! :1)7! -+*;:+! 5:1/i/! )*5:)316! 8(4-! :+-!

5,0.+--1-!8+!5:(-/).)/6!-T4(5/)31+!(1!4)A+(1!8+!:'<)550.(*5+!PS(-5(,!+/!(:=7!khh"Q=!U4B)47!

):!(!6/6!86*04/,6!31+!:'+BB+/!5,0:)B6,(/)B!8+-!(204+-!-6,0/04)4+,D)31+-!/(5)--(4/!:+!5:+21-!

.<0,0|8+!(81:/+! -1,! :+-!5,0D64)/+1,-!4+1,04(12!8+! :(! C04+! -01-IA+4/,).1:(),+! )*5:)31()/!

:+-!,6.+5/+1,!$IcYkW!PY04D!+/!(:=7!khg#Q=!!

L+-!,6.+5/+1,-!$IcY"!5(,/).)5+4/!(1--)!(1!86A+:055+*+4/!4+1,04(:=!_:!(7!5(,!+2+*5:+7!6/6!

*04/,6! 31+! :')4A(:)8(/)04! D646/)31+! 01! 5<(,*(.0:0D)31+! 81! ,6.+5/+1,! $IcY"K! )481)-()/!

14+! .0*5:+2)B).(/)04! (;+,,(4/+! 8+! :(! 8+48,)/+! (5).(:+! 8+-! 4+1,04+-! 5T,(*)8(12! 81!

.0,/+27! A)(! 14! *6.(4)-*+! )*5:)31(4/! :(! ,++:)4! PW<(*+(1! +/! (:=7! khhfQ=! W+-! ,6-1:/(/-!

-1DD9,+4/! 804.! 31+! :+! ,6.+5/+1,! $IcY"K! E01+! 14! ,i:+! )*50,/(4/! 8(4-! :(!*(/1,(/)04! 8+!

:'(,;0,)-(/)04!8+48,)/)31+=!!

L+-! ,6.+5/+1,-! $IcY#! +/! $IcY]! +2+,.+4/! 14! ,i:+! (4/(D04)-/+! -1,! :+! 86A+:055+*+4/! 8+!

:'(,;0,)-(/)04!8+48,)/)31+!*+//(4/!+4! E+1!14!.015:(D+!,+-5+./)B!(12!5,0/6)4+-!Sg"!+/!Sgk!
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(--0.)6+-!J!14+!(./)A(/)04!8+-!O<0!SY?(-+-!O<0K!+/!W8.#k=!U4!+BB+/7! ):! (!6/6!86*04/,6!

31'+4! 5:1-! 8'(./)A+,! :(! 5,0/6)4+! S-7! :+! A(,)(4/! 8'65)--(D+! P(Q! 81! ,6.+5/+1,! $IcY#! 6/()/!

6D(:+*+4/!.015:6!J!:(!5,0/6)4+!Sg"!+/!31'):!)481)-()/!:'(./)A(/)04!8+!:(!SY?(-+!O<0K!+/!81!

*6.(4)-*+!8+!/,(4-.,)5/)04!865+48(4/!8+!:(!-631+4.+!@OU!PF*.'1%H*#=)(#3<*%U!*1*($Q7!

5,0A031(4/! ()4-)! 14+! ,6/,(./)04! 8+-! 4+1,)/+-7! 8(4-! 14+! :)D46+! 8+! 4+1,0;:(-/0*+-! ()4-)!

31+!8(4-!8+-!.1:/1,+-!5,)*(),+-!8+!4+1,04+-!<)550.(*5)31+-!P?04)*(-Z)4!+/!(:=7!khhkQ=!K!

:')4A+,-+7! :+! ,6.+5/+1,! $IcY]! +-/! .015:6! J! :'(./)A)/6! 8+-! O<0! SY?(-+-! O<0K! +/! W8.#k! +/!

5,0A031+! 14+! 6:04D(/)04! 8+-! 4+1,)/+-! 8(4-! 8+-! 4+1,04+-! <)550.(*5)31+-! +4! .1:/1,+!

PqA(.<4)4(! +/! (:=7! khh$Q=! L+! ,6.+5/+1,! $IcY]! E01+! 6D(:+*+4/! 14! ,i:+! 8(4-! :(! 501--+!

4+1,)/)31+! A)(! 14+! (./)A(/)04! 8+! :(! A0)+! 8+-! >K?! Z)4(-+-! UOqgsk! 8+! B(G04! W8Z$I

865+48(4/+! +/! 14+! -T4/<9-+! 8+! 5,0/6)4+-! P@5+,(4C(! +/! (:=7! khg"Q=! U4! +BB+/7! 14+!

-/)*1:(/)04!81!,6.+5/+1,!$IcY]!(A+.!14!(D04)-/+!-/)*1:+!:(!A0)+!8+-!>K?!Z)4(-+-!UOqgsk!

+/! (1D*+4/+! :(! :04D1+1,! 8+-! 4+1,)/+-! 8(4-! 8+-! 4+1,04+-! 8+! .0,/+2! +/! 8+! -/,)(/1*! +4!

.1:1,+=! W+/! +BB+/! -1,! :(! A0)+! UOqgsk! +/! -1,! :(! 501--+! 4+1,)/)31+! +-/! ;:0316! 5(,! :(!

,0-.0A)/)4+!P14!)4<);)/+1,!8+!W8Z$Q=!!

U4B)47! :')*5:).(/)04! 81! ,6.+5/+1,! $IcY%! 8(4-! :+! 86A+:055+*+4/! 4+1,04(:! -+,(! (;0,86+!

8(4-!:+!.<(5)/,+!-1)A(4/=!

! !
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III. LE RECEPTEUR 5-HT6 

 Gène et protéine A.

L+!,6.+5/+1,!$IcY%!(!6/6!.:046!+4!gff"!5(,!O1(/!*$%>)!!,!J!5(,/),!81!-/,)(/1*!8+!,(/!

PO1(/!+/!(:=7!gff"Q=! L(!5,0/6)4+!<1*()4+7!.0*5/(4/!##h!(.)8+-!(*)46-7!+-/!.086+!5(,! :+!

D94+! :$.D! -1,! :+! .<,0*0-0*+! g=! ^4! <0*0:0D1+! 8+! .+! D94+! (! 6D(:+*+4/! 6/6! *)-! +4!

6A)8+4.+!.<+C!8)A+,-+-!+-59.+-!804/!:+!,(/!+/!:(!-01,)-=!L'<0*0:0D1+!81!,6.+5/+1,!$IcY%!

+-/! +25,)*6! J! 5(,/),! 81! .<,0*0-0*+! $! .<+C! :+! ,(/! +/! #! .<+C! :(! -01,)-! +/! 8044+! 14+!

5,0/6)4+!5:1-!.01,/+!8+!8+12!(.)8+-!(*)46-!.<+C!:+!,(/!Pj00::+T!+/!(:=7!khh#Q=!K1!.01,-!81!

86A+:055+*+4/!.6,6;,(:7! :'KON*!81!,6.+5/+1,!$IcY%!+-/!+25,)*6!8+!*(4)9,+!5,6.0.+7!J!

5(,/),! 81! gk9*+! E01,! +*;,T044(),+! PUgkQ! .<+C! :+! ,(/! PUgh! .<+C! :(! -01,)-Q7! +4! 5(,(::9:+! J!

:'(55(,)/)04!8+-!5,+*)+,-!4+1,04+-!-6,0/04)4+,D)31+-=!@04!+25,+--)04!-+!-/(;):)-+!+4-1)/+!

J!:'vD+!(81:/+!PX)/(:)-!+/!(:=7!khg"Q=!

['14!50)4/!8+!A1+!-/,1./1,(:7! :'(4(:T-+!81!,6.+5/+1,!8+!,(/!(!*04/,6!31'):!.04-+,A()/!8+-!

-)*):)/18+-!(A+.!8'(1/,+-!,6.+5/+1,-!-6,0/04)4+,D)31+-!.015:6-!J!:(!5,0/6)4+!S-7!.0**+!:(!

5,6-+4.+!8'14!(-5(,/(/+!+4!50-/)/)04!gh%7! )*50,/(4/!501,! :(! :)()-04!8+! :(! -6,0/04)4+!(1!

,6.+5/+1,!+/!:(!5,6-+4.+!8'14+!;01.:+!)"!+/!8'14!80*()4+!WI/+,*)4(:!8+!D,(48+!/()::+=!U4!

NI/+,*)4(:7!14+!(-5(,(D)4+!+4!50-)/)04!f!+-/!)*5:)316+!8(4-!:(!D:T.0-T:(/)04!81!,6.+5/+1,!

$IcY%7! +/! 8+12! .T-/6)4+-! +4! 50-)/)04! ff! +/! geh! -04/! 5,0;(;:+*+4/! ,+-504-(;:+-! 8+! :(!

B0,*(/)04! 8'14! 504/! 8)-1:B1,+! +4/,+! :+-! ;01.:+-! +k! +/! +"! PO1(/! +/! (:=7! gff"Q=! L+! -)/+! 8+!

:)()-04!8+!:(!-6,0/04)4+!-1,!:+!,6.+5/+1,!$IcY%!-+!-)/1+!(1!4)A+(1!8'14+!50.<+!B0,*6+!5(,!

:+-!80*()4+-!/,(4-*+*;,(4(),+-!___7!X!+/!X_=!b1(/,+!(.)8+-!(*)46-7!)8+4/)B)6-!J!5(,/),!8+!:(!

-631+4.+!81!,6.+5/+1,!$IcY%!8+!,(/7!-+,()+4/!5(,/).1:)9,+*+4/!)*50,/(4/-!501,!:(!:)()-04!

8+! .+! :)D(48R! Y,5ghk7! K-5gh%7! K:(ke]! +/! K-4kee! P`0+--! +/! (:=7! gffeQ=! W+-! 8)BB6,+4/-! (.)8+-!

(*)46-!-04/!.04-+,A6-!.<+C!:'c0**+=!

L+!D94+!:$.D!<1*()4!5+1/!6D(:+*+4/!\/,+!J!:'0,)D)4+!8'14!A(,)(4/!8'65)--(D+!81!,6.+5/+1,!

$IcY%=! U4! +BB+/7! ):! +2)-/+! 14+! B0,*+! /,04316+! 81! ,6.+5/+1,! 81+! J! 14+! 86:6/)04! 8+! kef!

5(),+-! 8+! ;(-+-! .08(4/! :+! 80*()4+! /,(4-*+*;,(4(),+! _X! +/! :(! ;01.:+! )"! 81! ,6.+5/+1,=!

W+//+! 86:6/)04! +4/,()4+! 14! 86.(:(D+! 81! .(8,+! 8+! :+./1,+! 5,0A031(4/! :'(55(,)/)04! 8'14!

.0804! @YV?! 5,6*(/1,6! +/! :(! -T4/<9-+! 8'14+! 5,0/6)4+! (A+.! /,0)-! 80*()4+-!

/,(4-*+*;,(4(),+-! +/! 14! 80*()4+! WI/+,*)4(:! .01,/=! @1,+25,)*6! 8(4-! 14+! :)D46+! 8+!!!!



!
$e!

WV@I]7! .+! ,6.+5/+1,! /,043167! ;)+4! 31'+25,)*6! J! :(!*+*;,(4+7! +-/! )4.(5(;:+! 8+! :)+,! :(!

-6,0/04)4+!+/! +-/!404! B04./)044+:=! W+! A(,)(4/!8'65)--(D+!+-/! )4+2)-/(4/! .<+C! :+! ,(/!01! :(!

-01,)-!PV:-+4!+/!(:=7!gfffQ=!!

^4! -+1:! 50:T*0,5<)-*+! (! 6/6! 86/+./6! -1,! :+! D94+! .08(4/! :+! ,6.+5/+1,! $IcY%! PWk%]YQ!

8044(4/! :)+1! J! 14+! *08)B).(/)04! -T404T*+! 8'(.)8+-! (*)46-=! `)+4! 31+! 8+! 40*;,+1-+-!

6/18+-! -+! -0)+4/! (//+:6+-! J! B(),+! :+! :)+4! +4/,+! .+! 50:T*0,5<)-*+! +/! :(! -1-.+5/);):)/6! J!

86A+:055+,!8+-!5(/<0:0D)+-! .0**+! :(!*(:(8)+!8'K:C<+)*+,7! :(! -.<)C05<,64)+!01!+4.0,+!

:+-! /,01;:+-! ;)50:(),+-7! :+-! ,6-1:/(/-! -+! -04/! (A6,6-! /,9-! <6/6,0D94+-! +/! B0,/+*+4/!

865+48(4/!8+!:(!5051:(/)04!6/18)6+=!K)4-)7!(1.14+!.04.:1-)04!.:(),+!4'(!51!\/,+!/),6+!-1,!

:')*5:).(/)04! 8+! .+! 50:T*0,5<)-*+! 8(4-! :+-! *(:(8)+-! 5-T.<)(/,)31+-! Pj00::+T! +/! (:=7!

khh#Q=!

 Localisation B.

[)BB6,+4/+-! 6/18+-! 04/! .<+,.<6! J! .(,(./6,)-+,! :(! :0.(:)-(/)04! 81! ,6.+5/+1,! $IcY%!

.<+C!:'c0**+7!:+!,(/!+/!:(!-01,)-=!

W<+C!:'c0**+7!:'1/):)-(/)04!50-/I*0,/+*!8'14!:)D(48!81!,6.+5/+1,!$IcY%!,(8)0*(,316!+/!

8+! /+.<4)31+-! 8')**140<)-/0.<)*)+7! (! 5+,*)-! 8+! *+//,+! +4! 6A)8+4.+! :'+25,+--)04! 81!

,6.+5/+1,!+4!D,(48+!*(E0,)/6!(1!4)A+(1!81!-/,)(/1*7!*()-!(1--)!8(4-!:+!.0,/+2!5,6B,04/(:!

+/!:'<)550.(*5+!P>(,(CC)/)!+/!(:=7!khgkF!>(,(CC)/)!+/!(:=7!khg"Q=!W+-!6/18+-!04/!6D(:+*+4/!

5+,*)-! 8+! *04/,+,! 31+! :+! ,6.+5/+1,! $IcY%! 6/()/! +25,)*6! (1! 4)A+(1! 4+1,04(:! 8(4-! :+!

-/,)(/1*7! 8(4-! :+-! (-/,0.T/+-! +/! :+-! 4+1,04+-! 5T,(*)8(12! 81! .0,/+27! ()4-)! 31+! 8(4-! :+-!

4+1,04+-! 5T,(*)8(12! 8+! :'<)550.(*5+=! _:! -+*;:+! 804.! 31'+4! B04./)04! 8+! :(! ,6D)04!

.6,6;,(:+! 6/18)6+7! :+! ,6.+5/+1,! $IcY%! <1*()4! -0)/! +25,)*6! 8(4-! 8)BB6,+4/-! /T5+-!

.+::1:(),+-=!

L'6/18+!8+!:(!:0.(:)-(/)04!81!,6.+5/+1,!$IcY%!.<+C!:+!,(/!(!6/6!.0481)/+!D,v.+!J!8)BB6,+4/+-!

(55,0.<+-=! L'6/18+! 8+! :(! ,65(,/)/)04! 8+! :'KON*! 81! ,6.+5/+1,! 5(,! <T;,)8(/)04! 3(% #3$'! (!

,6A6:6!14+!+25,+--)04!*(E0,)/(),+!81!,6.+5/+1,!8(4-!:+!-/,)(/1*7!:+!40T(1!(..1*;+4-!+/7!

;)+4!31+!*0)4-!)*50,/(4/+7!8(4-!:+!.0,/+2!+/!:'<)550.(*5+!Pj(,8!+/!(:=7!gff$Q=![+!5:1-7!

:'1/):)-(/)04! 8'14! (4/(D04)-/+! ,(8)0*(,316! 81! ,6.+5/+1,! P:+! @`k$e$e$Q! (! 5+,*)-!

8'0;-+,A+,! :'+25,+--)04! /,9-! )*50,/(4/+! 81! ,6.+5/+1,! $IcY%! 8(4-! :+-! 40T(12! .(186I



!
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51/(*+47! :+! 40T(1! (..1*;+4-! +/7! 8(4-! 14+! *0)48,+! *+-1,+7! 8(4-! :+! .0,/+2! +/!

:'<)550.(*5+! PO0;+,/-! +/! (:=7! khhkQ=! ^4+! /,9-! B0,/+! +25,+--)04! 81! ,6.+5/+1,! $IcY%! (!

6D(:+*+4/!6/6!0;-+,A6+!8(4-!:+!5:+21-!.<0,0|8+!8+!.+-!,(/-7!-1DD6,(4/!31+!.+!,6.+5/+1,!

501,,()/!*68)+,! :'+BB+/!8+-!(BB6,+4.+-!-6,0/04)4+,D)31+-!.<0,0|8(:+-!-1,! :(!4+1,0D+49-+!

(81:/+!8(4-!:(!C04+!-01-IA+4/,).1:(),+=!L(!:0.(:)-(/)04!81!,6.+5/+1,!$IcY%!8(4-!:+!.+,A+(1!

8+! ,(/! (!6D(:+*+4/!6/6!0;-+,A6+!5(,!14+!(55,0.<+!8')**140<)-/0.<)*)+! P@3/'.*%8`=! U4!

+BB+/7!14!(4/).0,5-!8),)D6!.04/,+!14!-+D*+4/!8+!:(!5(,/)+!WI/+,*)4(:+!81!,6.+5/+1,!$IcY%!(!

5+,*)-!8+!*+//,+!+4!6A)8+4.+7!14+!B0)-!8+!5:1-7! :'+25,+--)04!81!,6.+5/+1,!$IcY%!8(4-!:+!

-/,)(/1*7!:+!40T(1!(..1*;+4-7!:+-!/1;+,.1:+-!0:B(./)B-!+/!:'<)550.(*5+=!W+//+!(55,0.<+!(!

6D(:+*+4/!*)-!+4!6A)8+4.+!14!D,(8)+4/!8'+25,+--)04!.0,/).(:!(4/6,0I50-/6,)+1,7!-1DD6,(4/!

14+!+25,+--)04!5:1-!)*50,/(4/+!81!,6.+5/+1,!8(4-!:+!.0,/+2!5,6B,04/(:=!U::+!(!(1--)!5+,*)-!

8+!*04/,+,! :(!5,6-+4.+!81! ,6.+5/+1,!(1!4)A+(1!81!.+,A+:+/! PS6,(,8!+/!(:=7! gff]Q=!K)4-)7!

:'+4-+*;:+! 8+! .+-! (55,0.<+-7! ,6(:)-6+-! -1,! :+! .+,A+(1! 8+! ,(/7! *04/,+! :'+25,+--)04!

5,6B6,+4/)+::+! 81! ,6.+5/+1,! $IcY%! 8(4-! 8+-! ,6D)04-! B0,/+*+4/! )*5:)316+-! 8(4-! :+-!

5,0.+--1-!.0D4)/)B-!.0**+!:+!-/,)(/1*7!:+!.0,/+2!5,6B,04/(:!+/!:'<)550.(*5+=![1!50)4/!8+!

A1+!8+!:(!:0.(:)-(/)04!.+::1:(),+!81!,6.+5/+1,!$IcY%!.<+C!:+!,(/7!):!-+*;:+!\/,+!+25,)*6!8(4-!

:+-! 4+1,04+-! 5T,(*)8(12! 8+! :'<)550.(*5+! 01! 81! .0,/+27! ()4-)! 31+! 8(4-! :+-! 4+1,04+-!

SK`K+,D)31+-!Pc(*04!+/!(:=7!gfffF!j00::+T!+/!(:=7!khh#Q=![(4-! :+!-/,)(/1*7! :+!,6.+5/+1,!

-+*;:+! *(E0,)/(),+*+4/! +25,)*6! 8(4-! :+-! 1*63'1% #=3(2% (*'.)(#% P>@NQ7! 4+1,04+-!

SK`K+,D)31+-! 8+! 5,0E+./)04=! W04.+,4(4/! -(! :0.(:)-(/)04! -1;I.+::1:(),+7! :+! ,6.+5/+1,! +-/!

+25,)*6! 5,6B6,+4/)+::+*+4/! 8(4-! :+! .0*5(,/)*+4/! 8+48,)/)31+! +/! 04! +4! ,+/,01A+! 14+!

B0,/+! 31(4/)/6! (1! 4)A+(1! 81! .):! 5,)*(),+7! 8(4-! .+,/()4+-! ,6D)04-! .0**+! :+! -/,)(/1*!

Pc(*04! +/! (:=7! gfffQ=! L+! .):! 5,)*(),+! +-/! 5,6-+4/! J! :(! -1,B(.+! 8+! 40*;,+1-+-! .+::1:+-! T!

.0*5,)-!:+-!4+1,04+-=!W+//+!-/,1./1,+!.04.+4/,+!5:1-)+1,-!OW?S!E01(4/!14!,i:+!)*50,/(4/!

8(4-! :+! 86A+:055+*+4/=! L+! /,(B).! 8+! .+-! ,6.+5/+1,-! (1! 4)A+(1! 8+-! .):-! 5,)*(),+! +-/!

5,)*0,8)(:!+/!5:1-)+1,-!*1/(/)04-!8(4-!:+-!D94+-!.08(4/!8+-!5,0/6)4+-!)*5:)316+-!8(4-!.+!

5,0.+--1-!04/!6/6!(--0.)6+-!J!14+!(:/6,(/)04!81!86A+:055+*+4/!.6,6;,(:=!L+!.):!5,)*(),+!

(55(,(a/! 804.! .0**+! 14! .0*5(,/)*+4/! .+::1:(),+! )*50,/(4/! 501,! :+! 86A+:055+*+4/!

.6,6;,(:!PL++!(48!S:++-047!khghQ=!!

!



!
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!

J%9,!")7)S)%##,&414$/1%(/'%4&)2,)!"$"5'",!)<=>'+)2/&()1")$"!6"/,)2")!/')

]11'()."63)/."11*#% #'.% $."(>:*#% #"/3$$"!*#% 6*% >*.<*"'C% 6*% ."$#\% )&$*('#% "=.0#%

3(>'&"$3)(\% ^% /"'>:*\% *(% =.;#*(>*% 6G'(% "($3>).=#% .*>)(("3##"($% !*% .;>*=$*'.% LXYD% *$% ^%

6.)3$*%*(%=.;#*(>*%6'%1b1*%"($3>).=#%=.;"!"&!*1*($%#"$'.;,%O(%63#$3(/'*%!G*C=.*##3)(%6'%

.;>*=$*'.% 6"(#% !*% >).$*C%=.;@.)($"!% _B9K`\% !*% ()2"'%">>'1&*(#% _(Q>`\% !*#% ()2"'C% >"'6;W

='$"1*(%_B9'`\%!G:3==)>"1=*%_X3=`%*$%!*%>*.<*!*$%_B*.`,%Q6"=$;%6*%_I;.".6%*$%"!,\%+VVJ`,%

!

L+-!6/18+-!50,/(4/!-1,!:+!,6.+5/+1,!$IcY%!.<+C!:(!-01,)-!-04/!*0)4-!40*;,+1-+-=!c),-/!*$%

>)!!,! 04/!*04/,67! +4! 1/):)-(4/! :+! @`k$e$e$! ,(8)0*(,3167! 31+! :+! 4)A+(1! 8'+25,+--)04! 81!

,6.+5/+1,! $IcY%! 8(4-! :+! .+,A+(1! 8+! -01,)-! 6/()/! *0)4-! )*50,/(4/! 31+! .<+C! :+! ,(/! +/!

:'c0**+=! L+! 4)A+(1! 8'KON*! .08(4/! :+! ,6.+5/+1,! +-/! 6D:(*+4/!*0)48,+! .<+C! :(! -01,)-7!

.0*5(,6! (12! 8+12! (1/,+-! +-59.+-! 6/18)6+-! Pc),-/! +/! (:=7! khh"Q=! W+5+48(4/! 8'(1/,+-!

6/18+-7!1/):)-(4/!501,!*089:+!:(!-01,)-7!04/!51!*+//,+!+4!6A)8+4.+!14!+4,).<)--+*+4/!81!

,6.+5/+1,! (1! 4)A+(1! 81! .0,/+27! 81! -/,)(/1*! +/! 81! 40T(1! (..1*;+4-7! 8+! *(4)9,+!

.0<6,+4/+! (A+.! .+! 31)! (! 5,6.68+**+4/! 6/6! 6/(;:)! .<+C! :'c0**+! +/! :+! ,(/=! L+! 4)A+(1!

8'+25,+--)04!D646,(:!81!,6.+5/+1,!$IcY%!-+*;:+!/01/+B0)-!*0)4-!)*50,/(4/!.<+C!:(!-01,)-!

P@A+44)4D--04! +/! (:=7! khh]Q=! L'+25,+--)04! 81! ,6.+5/+1,! $IcY%! *1,)4! (! 40/(**+4/! 6/6!

0;-+,A6+! 8(4-! :+-! 4+1,04+-! 5T,(*)8(12! +/! :+-! )4/+,4+1,04+-! 81! .0,/+27! (1! .01,-! 8+! :(!

5<(-+! *)D,(/0),+! PO)..)0! +/! (:=7! khhfF! O)..)0! +/! (:=7! khggQ=! L(! 8)BB6,+4.+! 8+! 5,0B):!

5<(,*(.0:0D)31+! +4/,+! :+! ,6.+5/+1,! 8+! ,(/7! 8'c0**+! +/! 8+! -01,)-! +-/! 6D(:+*+4/!

-01:)D46+!8(4-! :'6/18+!8+!c),-/!*$%>)!!=!K:0,-!31+!.+,/()4-!(4/(D04)-/+-!81!,6.+5/+1,!04/!

14+!B0,/+!(BB)4)/6!501,!:+-!,6.+5/+1,-!8+!,(/!+/!8'<1*()47!.+::+I.)!-+*;:+!5+,81+!8(4-!:+!

.(-!8+!:(!-01,)-=!W+!B()/!4'+-/!/01/+B0)-!5(-!14+!D646,(:)/6!+/!):!+-/!)*50,/(4/!8+!41(4.+,!

.+-!0;-+,A(/)04-=![(4-!.+//+!6/18+\!-+1:!14!:)D(48!5(,*)!:(!8)C()4+!/+-/6+7!4+!-+!:)+!5:1-!(1!



!
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,6.+5/+1,=! U4! ,+A(4.<+7! 8+! 40*;,+12! :)D(48-! 04/! 8+-! (BB)4)/6-! A0)-)4+-! 501,! :+-!

,6.+5/+1,-!8'c0**+7!8+! ,(/!+/!8+!-01,)-7! .0**+!5(,!+2+*5:+! :+!@`k]gh#%!804/! :+!5q)!

A(,)+!8+!f7g!.<+C!:'c0**+!+/!:+!,(/!J!e7f!.<+C!:(!-01,)-=!U4!-0**+7!:'1/):)-(/)04!8+!:(!-01,)-!

.0**+!*089:+!8'6/18+!8(4-!:+!.(-!81!,6.+5/+1,!$IcY%!+-/!5+,/)4+4/7!):!B(18,(!.+5+48(4/!

-'(--1,+,! 8+! :'+25,+--)04! 81! ,6.+5/+1,! 8(4-! :+-! ,6D)04-! 6/18)6+-! ()4-)! 31+! 81! 5,0B):!

5<(,*(.0:0D)31+!8+-!:)D(48-!1/):)-6-=!!

U4! .04.:1-)047! :+! ,6.+5/+1,! $IcY%! +-/! +25,)*6! 31(-)*+4/! +2.:1-)A+*+4/! 8(4-! :+!

-T-/9*+!4+,A+12!.+4/,(:7!(1!4)A+(1!8+!,6D)04-!E01(4/!14!,i:+!+--+4/)+:!8(4-!:+-!5,0.+--1-!

.0D4)/)B-=!@(! :0.(:)-(/)04!.+::1:(),+!+/!-1;I.+::1:(),+!-1DD9,+!14+!)*5:).(/)04!81!,6.+5/+1,!

8(4-! :(! *081:(/)04! 8+! :(! 4+1,0/,(4-*)--)04! *()-! 6D(:+*+4/! 8(4-! :+! 86A+:055+*+4/!

4+1,04(:=! L+! ,6.+5/+1,! $IcY%! ,+5,6-+4/+! 804.! 14! .(48)8(/! -6,)+12! (1! .04/,i:+! 8+-!

B04./)04-! .0D4)/)A+-7! 8'14+! 5(,/7! +4! *081:(4/! :'(./)A)/6! 8+! ,6D)04-! /+::+-! 31+!

:'<)550.(*5+7! :+! -/,)(/1*! +/! :+! .0,/+2! 5,6B,04/(:! +/7! 8'(1/,+! 5(,/7! +4! .04/,);1(4/! (1!

86A+:055+*+4/!8+-!.),.1)/-!(1!-+)4!8+!.+-!-/,1./1,+-=!

 Couplage et signalisation C.

[+51)-!-(!86.01A+,/+7!:+-!*6.(4)-*+-!8+!-)D4(:)-(/)04!(--0.)6-!(1!,6.+5/+1,!$IcY%!

04/!B()/!:'0;E+/!8+!40*;,+1-+-!6/18+-=!K)4-)7!+4!5:1-!8+!:(!A0)+!S-!y!.:(--)31+!z7!8'(1/,+-!

A0)+-!8+!-)D4(:)-(/)04!04/!51!\/,+!*)-+-!+4!6A)8+4.+7!.0**+!.+:(!+-/!)::1-/,6!8(4-!:(!@3/'.*%

V=!

L+! ,6.+5/+1,! $IcY%! )4/+,(D)/! (A+.! :(! 5,0/6)4+!S-! 5(,! :')4/+,*68)(),+! -(! /,0)-)9*+!;01.:+!

)4/,(.+::1:(),+!Pq(4D!+/!(:=7!khh$Q=!L'(./)A(/)04!8+!:(!5,0/6)4+!S-!5(,!:+!,6.+5/+1,!)481)/!:(!

5,081./)04!8'K>?.7!(./)A(4/!()4-)!:(!Z)4(-+!?qK!P9.)$*3(%i3("#*%KQ=!L(!?qK!5<0-5<0,T:+!:+!

B(./+1,!8+!/,(4-.,)5/)04!WOU`!P>QE9%H*#=)(63(/%U!*1*($%d)'(6Q!5+,*+//(4/!:'+25,+--)04!

8+! D94+-! 865+48(4/! 81! *0/)B! WOU! P>QE9% H*#=)(63(/% U!*1*($Q=! ?:1-)+1,-! *1/(4/-!

(--0.)6-! J! 14+! (./)A(/)04! A(,)(;:+! 8+! :(! 5,0/6)4+! S-! 04/! 6/6! D646,6-7! 5(,/).)5(4/! J! :(!

.0*5,6<+4-)04! 8+-! *6.(4)-*+-! 8+! -)D4(:)-(/)04! 81! ,6.+5/+1,! )*5:)31(4/! .+//+! A0)+=!

K:0,-!31+! :(!;01.:+! )"!+-/! )*50,/(4/+!501,! :')4/+,(./)04!(A+.! :(!5,0/6)4+!S-7! :+!80*()4+!

Y>__!-+,()/!)*50,/(4/!501,!:'(./)A(/)04!8+!.+//+!5,0/6)4+!S=!U4!+BB+/7!14+!/,)5:+!*1/(/)04!

(1!4)A+(1!8+-!(.)8+-!(*)46-!%f7!]h!+/!]k7!81!80*()4+!Y>__7!+*5\.<+! :'(./)A(/)04!8+! :(!

5,0/6)4+! S-=! K)4-)7! :+! /,)5:+!*1/(4/! $IcY%! PM
%fLsY]h_s[]kKQ7! 01!*1/(4/! $IcY%II#?*"6\! 4+!



!
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-/)*1:+! 5:1-! :(! 5,081./)04! 8'K>?.! P}<(4D! +/! (:=7! khh%Q=! K:0,-! 31+! :')*5:).(/)04! 8+! .+-!

,6-)81-! 8(4-! :(! :)()-04!81! :)D(48!+-/! 8)-.1/(;:+7! :'(;-+4.+!8'(./)A(/)04!8+! :(! 5,0/6)4+!S-!

-1DD9,+,()/!5:1/i/!:+1,!)*5:).(/)04!8(4-!:+-!.<(4D+*+4/-!.04B0,*(/)044+:-!81!,6.+5/+1,7!

,+-504-(;:+-! 8+! :'(./)A(/)04! 8+! :(! 5,0/6)4+! S-=! [+! :(! *\*+! B(G047! 14+! -/,(/6D)+! 8+!

*1/(D+49-+! (! 5+,*)-! 8+! *+//,+! +4! 6A)8+4.+! 14+! -631+4.+! .,)/)31+! 501,! :'(./)A)/6!

.04-/)/1/)A+!8+! ,6.+5/+1,! A)-IJIA)-! 8+! :(! A0)+!S-=! L+!*0/)B! ``nn`! P`!R! ,6-)81!;(-)31+7! n!R!

,6-)81!404I;(-)31+Q7!*081:+!:'(./)A)/6!.04-/)/1/)A+!8+-!OW?S=!W+!*0/)B!+-/!5,6-+4/!8(4-!:(!

;01.:+!)"!81!,6.+5/+1,!$IcY%!+/!.04-+,A6!.<+C!:'c0**+7!:+!,(/!+/!:(!-01,)-!Pj00::+T!+/!(:=7!

khh#Q=!L')4/,081./)04!8+!*1/(/)04-!504./1+::+-!(1!4)A+(1!8+!.+!*0/)B7!8(4-!:+!,6.+5/+1,!

$IcY%! *1,)47! )4<);+! :'(./)A)/6! .04-/)/1/)A+! 8+! .+! 8+,4)+,7! 8(4-! 14! -T-/9*+! 8'+25,+--)04!

<6/6,0:0D1+7!.04B),*(4/!804.!:')*50,/(4.+!8+!.+//+!-631+4.+!8(4-!:'(./)A)/6!.04-/)/1/)A+!

81!,6.+5/+1,!Pq0<+4!+/!(:=7!khhgQ=!

^4+!)4/+,(./)04!+4/,+!:+!,6.+5/+1,!$IcY%!+/!:(!@,.!Z)4(-+!MT4!(!6D(:+*+4/!6/6!86.,)/+!5(,!

m14!*$% >)!!,! Pm14! +/! (:=7! khh]Q=! L(! 5,0/6)4+! MT4! )4/+,(D)/! (A+.! :+! 80*()4+! WI/+,*)4(:! 81!

,6.+5/+1,!$IcY%!5(,!:')4/+,*68)(),+!8+!-04!80*()4+!@c"=!L(!-1,+25,+--)04!8+!MT4!8(4-!14!

-T-/9*+! 8'+25,+--)04! <6/6,0:0D1+7! (1D*+4/+! :'(8,+--(D+! *+*;,(4(),+! +/! :'(./)A)/6! 81!

,6.+5/+1,!$IcY%7!(:0,-!31'14+!(./)A(/)04!81!,6.+5/+1,!)481)/!:'(1/05<0-5<0,T:(/)04!8+!MT4!

(1!4)A+(1!8+!:(!YT,#kh7!(1D*+4/(4/!()4-)!-04!(./)A)/6!Z)4(-+=!L(!A0)+!$IcY%sMT4!+-/!(--0.)6+!

J!:'(./)A(/)04!8+!:(!A0)+!8+-!>K?!q)4(-+-!UOqgsk!Pm14!+/!(:=7!khh]Q=!

L(!*\*+!631)5+!(!*)-!+4!6A)8+4.+7!31+:31+-!(446+-!5:1-!/(,87!14+!)4/+,(./)04!+4/,+! :(!

5,0/6)4+! &(;Ig! Pq'(% Q>$3<"$3)(% 6)1"3(% d3(63(/% =.)$*3(W+Q! +/! :(! ;01.:+! )"! ()4-)! 31+! :+!

80*()4+!WI/+,*)4(:! 81! ,6.+5/+1,! $IcY%!Pm14! +/! (:=7! khghQ=!^4+! (./)04! ,6.)5,031+! +4/,+!

.+-! 8+12! 5,0/6)4+-! (! 6/6! 86.,)/+=! K)4-)7!:'+25,+--)04! 8+! &(;Ig! ,6D1:+! 404! -+1:+*+4/!

:'(./)A)/6! 81! ,6.+5/+1,! *()-! 6D(:+*+4/! -04! (8,+--(D+! J! :(! *+*;,(4+7! (:0,-! 31+!

:'(./)A(/)04!81! ,6.+5/+1,! )481)/! :(! /,(4-:0.(/)04!8+! &(;Ig!8(4-! :+!40T(17! -04!(--0.)(/)04!

(A+.! :+! B(./+1,!8+! /,(4-.,)5/)04!.I&14!+/!14+!(1D*+4/(/)04!8+! :(!5<0-5<0,T:(/)04!8+!.+!

8+,4)+,=! L(! A0)+! $IcY%s&(;Ig! 5+,*+//,()/! 804.! 8+! ,6D1:+,! :'(./)A)/6! /,(4-.,)5/)044+::+! 8+!!!

.I&14=![+!5:1-7!8+-!.048)/)04-!<T502)31+-!5,0A031+4/!14+!(1D*+4/(/)04!8+!:'+25,+--)04!

8+!$IcY%!+/!&(;Ig7!14!5,0.+--1-!31)!+-/!J!:'0,)D)4+!8'14!+BB+/!4+1,05,0/+./+1,!Pm14!+/!(:=7!

khghQ=!
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q)*!*$%>)!!,!04/!(1--)!,6.+**+4/! )8+4/)B)6!14+!)4/+,(./)04!+4/,+! :+!,6.+5/+1,!$IcY%!+/! :(!

5,0/6)4+!>K?g;! PE3>.)$'&'!*%Q##)>3"$*6%9.)$*3(%+&Q=!>K?g;! )4/+,(D)/! (A+.! :+!80*()4+!!

WI/+,*)4(:! 81! ,6.+5/+1,! A)(! -(! -01-I14)/6! :6D9,+! LWg! PR3/:$% B:"3(% +Q=! W+//+! )4/+,(./)04!

5+,*+//,()/! 40/(**+4/! 8'(1D*+4/+,! :'+25,+--)04! *+*;,(4(),+! 81! ,6.+5/+1,! +/! 8+!

8)*)41+,! -04! )4/+,4(:)-(/)04! (./)A)/6I865+48(4/+=! W+//+! )4/+,(./)04! )481)/! 804.! 14+!

(1D*+4/(/)04!8+! :(!5,081./)04!8'K>?.!+/! :'(./)A(/)04!8+! :(! A0)+!UOqgsk7!*68)6+!5(,! :+!

,6.+5/+1,!$IcY%!Pq)*!+/!(:=7!khg#Q=!

U4B)47! D,v.+! J! 14+! (55,0.<+!5,0/60*)31+7! 40/,+! 631)5+! (! ,6.+**+4/!*)-! +4! 6A)8+4.+!

14+! )4/+,(./)04!+4/,+!8)BB6,+4/-!*+*;,+-!81!.0*5:+2+!*YVOWg! P1"11"!3"(%Y"./*$%)@%

H"="12>3(%B)1=!*C%+Q%+/! :+!,6.+5/+1,!$IcY%! P>+BB,+!+/!(:=7!khgkQ=!L'6/18+!B04./)044+::+!

31)! (! -1)A)! (!*04/,6! 31+! :'(./)A(/)04! 8+-! ,6.+5/+1,-! $IcY%! -/)*1:()/! :(! A0)+!*YVO! 404!

-+1:+*+4/!3(%<3$.)7!*()-!(1--)!8(4-!:+!.0,/+2!5,6B,04/(:!8+!,(/=!W+//+!(./)A(/)04!865+48!8+!

:'(--0.)(/)04! +4/,+! :+! ,6.+5/+1,! +/!*YVO! +/! B()/! )4/+,A+4),! :(! A0)+! ?_"qIKZ/! +/! :(! 5+/)/+!

5,0/6)4+!S!O<+;=![+!5:1-7! :'(8*)4)-/,(/)04!8+! ,(5(*T.)4+!J!8+-! ,(/-! ,6A+,-+! :+-!86B).)/-!

.0D4)/)B-! )481)/-! 5(,! :')4E+./)04! 8'(D04)-/+-! $IcY%7! 86*04/,(4/! :')*5:).(/)04! 8+! :(! A0)+!

*YVO!8(4-!:(!,6D1:(/)04!8+-!B04./)04-!.0D4)/)A+-!5(,!:+!,6.+5/+1,=![+!*\*+7!:'(./)A(/)04!

5,0:04D6+! 8+! *YVO7! 865+48(4/+! 81! ,6.+5/+1,! $IcY%! 8(4-! 8+-! *089:+-!

86A+:055+*+4/(12! 8+! -.<)C05<,64)+! P)-0:+*+4/! -0.)(:! (5,9-! -+A,(D+! 01! /,()/+*+4/!

.<,04)31+! J! :(! 5<+4.T.:)8)4+! (1! -/(8+! 4604(/(:Q7! +-/! (--0.)6+! (! 8+-! 86B).)/-! .0D4)/)B-!

,6A+,-6-!5(,!:(!,(5(*T.)4+!*()-!(1--)!5(,!14!(4/(D04)-/+!-56.)B)31+!81!,6.+5/+1,!$IcY%=!

W+//+!6/18+!(!804.!5+,*)-!8')8+4/)B)+,!14+!401A+::+!A0)+!8+!-)D4(:)-(/)04!86.:+4.<6+!5(,!

:+! ,6.+5/+1,! $IcY%! +/! (! 86*04/,6! :')*5:).(/)04! 81! ,6.+5/+1,! 8(4-! :(! ,6D1:(/)04! 8+-!

B04./)04-!.0D4)/)A+-=! !
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J%9,!")B)S)64%"()2")(%9&/1%(/'%4&)/((4$%""()/,)!"$"5'",!)<=>'+)

R*%.;>*=$*'.%LWXYD%*#$%"##)>3;%^%=!'#3*'.#%=".$*("3.*#%3($.">*!!'!"3.*#%1;63"($%63@@;.*($*#%

<)3*#%6*%#3/("!3#"$3)(,%R"%<)3*%I#%=*.1*$%!G">$3<"$3)(%6'%@">$*'.%6*%$."(#>.3=$3)(%BHUd%=".%

!G3($*.1;63"3.*%6*%!"%9iQ,%RG">$3<"$3)(%6'%.;>*=$*'.%3(6'3$%'(*%$."(#!)>"$3)(%6*%!"%=.)$;3(*%

q"&+% *$% !G">$3<"$3)(% #'&#;A'*($*% 6*% >Wq'(,% q"&+\% K2(% *$% EQ9+&% "'/1*($*% !G*C=.*##3)(%

1*1&."("3.*%6'%.;>*=$*'.,%K2(%3(6'3$%;/"!*1*($%!G">$3<"$3)(%6*%!"%<)3*%6*#%EQ9%i3("#*#%

UHi+Z4,%U(@3(\%!*%.;>*=$*'.%3($*."/3$%"<*>%=!'#3*'.#%1*1&.*#%6'%>)1=!*C*%1YOHB+\%6)($%

1YOH,%RG">$3<"$3)(%6*%!"%<)3*%1YOH%=".%!*#%"/)(3#$*#%6'%.;>*=$*'.%="##*%=".%!"%<)3*%9]7iW

Q[$,%

! !
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 Fonctions D.

1. Contrôle de la prise alimentaire 

L+!*1/(4/!S-[+(8!(!6/6!1/):)-6!501,!D646,+,!14+!-01,)-!q_!Pi()>[%](Q!8(4-!:(31+::+!

:+! ,6.+5/+1,! $IcY%! +-/! )4.(5(;:+! 8'(./)A+,! :(! 5,0/6)4+! S@=! L(! -01,)-! $IcY%IS-[+(8! (! 14!

86A+:055+*+4/! 40,*(:! +/7! (! 5,)0,)7! 5(-! 8+! 5<640/T5+! .0*50,/+*+4/(:! 5(,/).1:)+,=! U4!

,+A(4.<+7! :'6/18+! 81! .0*50,/+*+4/! (:)*+4/(),+! 8+! .+//+! -01,)-! (!*04/,6! 31'+::+! (A()/!

14+!/+48(4.+!J! :'<T505<(D)+! :0,-31'+::+!6/()/!-01*)-+!J!14!,6D)*+!,).<+!+4!D,()--+-=![+!

5:1-7!.+//+!-01,)-!+-/!5:1-!,6-)-/(4/+!J!:(!5,)-+!8+!50)8-!)481)/+!5(,!.+!,6D)*+7!.0*5(,6!J!

8+-!-01,)-!-(1A(D+-!PM,(--+//0!+/!(:=7!khheQ=!W+-!,6-1:/(/-!-1DD9,+4/!804.!14+!)*5:).(/)04!

81!,6.+5/+1,!$IcY%!+/!8+!:(!A0)+!S-!(--0.)6+7!8(4-!:(!5,)-+!(:)*+4/(),+=![+!:(!*\*+!B(G047!

:')4<);)/)04!81!,6.+5/+1,!5(,! )4E+./)04!8'14!0:)D041.:60/)8+!(4/)-+4-!01!8'14!(4/(D04)-/+!

P:+! O0Ih#%]fhQ! )481)/! 14+! 8)*)41/)04! 8+! :(! 5,)-+! (:)*+4/(),+! +/! 8+! :(!*(--+! .0,50,+::+!

.<+C!:+!,(/!Pj00::+T!+/!(:=7!khhgQ=!

L(!,6D1:(/)04!8+!:(!5,)-+!(:)*+4/(),+!5(,!:+!,6.+5/+1,!$IcY%!-'+25:)31+,()/!5(,!:'+25,+--)04!

81!,6.+5/+1,!(1!4)A+(1!8+-!4+1,04+-!SK`K+,D)31+-!81!40T(1!(,316!8+!:'<T50/<(:(*1-=!

L')4<);)/)04!81!,6.+5/+1,!$IcY%!+25,)*6!5(,!:+-!4+1,04+-!SK`K+,D)31+-!81!40T(1!(,316!

5,0A031+,()/! 14+! (./)A(/)04! 8+-! 4+1,04+-! J! ?V>W! P9.)W)=3)1;!"()>).$3(*Q=! W+.)!

B(A0,)-+,()/! :(! :);6,(/)04! 81! 5+5/)8+! (40,+2)D94+! rI>@c! PrWE*!"()>2$*% F$31'!"$3(/%

X).1)(*Q!5(,!.+-!8+,4)+,-7!8)*)41(4/7!+4!.04-631+4.+7! :(!5,)-+!(:)*+4/(),+!Pj00::+T!+/!

(:=7!khh#Q=!!

2. Modulation de la neurotransmission 

a) Neurotransmission cholinergique 

[+-! +256,)+4.+-! 8+! *).,08)(:T-+! .<+C! :+! ,(/7! 04/! *)-! +4! 6A)8+4.+! 31'14+!

(8*)4)-/,(/)04! 0,(:+! 8'14! (4/(D04)-/+! .0*56/)/)B! 81! ,6.+5/+1,! $IcY%! 801;:()/! :(!

.04.+4/,(/)04! 5,6B,04/(:+! +4! (.6/T:.<0:)4+! PKW<Q! E1-31'J! 8+12! <+1,+-! (5,9-!

:'(8*)4)-/,(/)04=! L+! B()/! 31+! :+! ;:0.(D+! 81! ,6.+5/+1,! )481)-+! 14+! (1D*+4/(/)04! 8(4-! :(!

:);6,(/)04!8'KW<!(1!4)A+(1!81!.0,/+2!5,6B,04/(:7!-1DD9,+!31+!.+:1)I.)!+2+,.+!14+!)4<);)/)04!

8+! :(! /,(4-*)--)04! .<0:)4+,D)31+! PO)+*+,! +/! (:=7! khh"Q=! L'(1D*+4/(/)04! 8+! :(! :);6,(/)04!

8'KW<! 8(4-! :+! .0,/+2! 5,6B,04/(:7! )481)/+! 5(,! :+-! (4/(D04)-/+-! 81! ,6.+5/+1,! $IcY%7! (7! 8+!

5:1-7! 6/6!(--0.)6+!J!14+!(*6:)0,(/)04!8+-!5+,B0,*(4.+-!8(4-! :+! /+-/!8'6A)/+*+4/!5(--)B!
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PO)+*+,! +/! (:=7! khh"Q=! W+.)! )*5:)31+! 804.7! 404! -+1:+*+4/! 31+! :+! ,6.+5/+1,! *081:+! :(!

4+1,0/,(4-*)--)04! .<0:)4+,D)31+! (1! 4)A+(1! 81! .0,/+2! 5,6B,04/(:7! *()-! 6D(:+*+4/! 31'):!

*081:+!:+-!B04./)04-!.0D4)/)A+-!8(4-!8+-!5(,(8)D*+-!+256,)*+4/(12!8(4-!:+-31+:-!.+::+I.)!

+-/! (:/6,6+=! L'+BB+/! ;646B)31+! 8+-! (4/(D04)-/+-! 81! ,6.+5/+1,! $IcY%7! 8(4-! :+-! 86B).)/-!

.0D4)/)B-! )481)/!5(,!14+!(:/6,(/)04!8+! :(!/,(4-*)--)04!.<0:)4+,D)31+7!(!6/6!.04B),*6!8(4-!

8'(1/,+-!6/18+-=![(4-!14!*089:+!8+!-01,)-!/,()/6+-!J!:(!-.050:(*)4+!P14!(4/(D04)-/+!8+-!

,6.+5/+1,-! .<0:)4+,D)31+-! *1-.(,)4)31+-Q7! 8+-! (:/6,(/)04-! .0D4)/)A+-! -04/! 0;-+,A6+-7!

.0**+! 5(,! +2+*5:+! 8(4-! :+! /+-/! 8+! ,+.044()--(4.+! 8'0;E+/=! L+! O0I#"%e$$#! P14!

(4/(D04)-/+! 81! ,6.+5/+1,! $IcY%Q! (*6:)0,+! 8+!*(4)9,+! -)D4)B).(/)A+! :+-! 86B).)/-! 0;-+,A6-!

8(4-!.+!*089:+!PL)+;+4!+/!(:=7!khh$Q=!

K)4-)7! :+! ,6.+5/+1,! $IcY%! 501,,()/! \/,+! 14+! .);:+! )4/6,+--(4/+! 8(4-! :+! .04/,i:+! 8+-!

B04./)04-!.0D4)/)A+-!)*5:)31(4/!:+!-T-/9*+!.<0:)4+,D)31+=!!

b) Neurotransmission glutamatergique 

[+-!6/18+-!8+!*).,08)(:T-+-! .<+C! :+! ,(/!04/!6D(:+*+4/!*04/,6!31+! :+! ,6.+5/+1,!!!

$IcY%!*081:()/! :(!4+1,0/,(4-*)--)04!D:1/(*(/+,D)31+=!U4!+BB+/7![(l-04!*$%>)!!,!04/!*)-!

+4!6A)8+4.+!14+!(1D*+4/(/)04!8+!:(!:);6,(/)04!8+!D:1/(*(/+!(1!4)A+(1!81!.0,/+2!B,04/(:!

(5,9-! /,()/+*+4/! ()D1! (A+.! 14! (4/(D04)-/+! 81! ,6.+5/+1,! P:+! @`k]gh#%Q! (:0,-! 31+! .+!

/,()/+*+4/! 4')*5(./+! 5(-! :+! 4)A+(1! +2/,(.+::1:(),+! 8+!*040(*)4+-! 8(4-! :+! .0,/+2! +/! :+!

-/,)(/1*!P[(l-04!+/!(:=7!khhhQ=!W+-!,6-1:/(/-!04/!6/6!.04B),*6-!8(4-!14+!-+.048+!6/18+!

,6(:)-6+!5(,!:(!*\*+!631)5+7!(E01/(4/!.+//+!B0)-!(12!,6D)04-!86EJ!6/18)6+-7!:'<)550.(*5+!

+/! :+!40T(1!(..1*;+4-=!K)4-)7!(:0,-!31+! :+! /,()/+*+4/!(A+.! :+!@`k]gh#%!4')481)/!5(-!8+!

A(,)(/)04-! 8(4-! :(! .04.+4/,(/)04! +2/,(.+::1:(),+! 8+! *040(*)4+-! (1! 4)A+(1! 8+!

:'<)550.(*5+! 80,-(:! +/! 81! 40T(1! (..1*;+4-7! .+! 8+,4)+,! 5,0A031+! 14+! (1D*+4/(/)04!

-)D4)B).(/)A+!8+!:(!:);6,(/)04!8+!D:1/(*(/+!8(4-!:'<)550.(*5+7!-1DD6,(4/!804.!:'+2)-/+4.+!

8'14+! )4<);)/)04! /04)31+! 8+! :(! :);6,(/)04! 8+! D:1/(*(/+! 8(4-! .+//+! -/,1./1,+7! :+A6+! 5(,!

:')4<);)/)04!81! ,6.+5/+1,! $IcY%! P[(l-04!+/! (:=7! khhgQ=![(4-! :'<)550.(*5+7! :+! /,()/+*+4/!

(A+.! 14! (D04)-/+! 81! ,6.+5/+1,! $IcY%! P:+! jKmgegge]Q! )481)/! 14+! 8)*)41/)04! 8+! :(!

:);6,(/)04! 8+! D:1/(*(/+7! .04B),*(4/! :'+BB+/! ,65,+--+1,! +2+,.6! 5(,! :+! ,6.+5/+1,! -1,! :(!

/,(4-*)--)04!D:1/(*(/+,D)31+!P@.<+.</+,!+/!(:=7!khheQ=!
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c) Neurotransmission monoaminergique 

W0**+!.+:(!(!6/6!5,6.68+**+4/!6A03167!.<+C!:+!,(/!(81:/+7!(1.14!.<(4D+*+4/!

8(4-!:+!4)A+(1!+2/,(.+::1:(),+!;(-(:!+4!805(*)4+!P[KQ7!-6,0/04)4+!01!40,(8,64(:)4+!PNKQ!

4'(! 6/6! 0;-+,A6! 8(4-! :+! .0,/+27! :+! -/,)(/1*7! :'<)550.(*5+! 01! :+! 40T(1! (..1*;+4-! J! :(!

-1)/+! 8'14+! )4<);)/)04! ()D1+! 81! ,6.+5/+1,! $IcY%! P[(l-04! +/! (:=7! khhhQ=! K! :')4A+,-+7! 14+!

8)*)41/)04!8+!:(!:);6,(/)04!8+![K!(!6/6!0;-+,A6+!8(4-!:+!.0,/+2!B,04/(:7! :'(*TD8(:+!()4-)!

31+!8(4-!:+!-/,)(/1*7!(5,9-!(./)A(/)04!81!,6.+5/+1,!$IcY%!5(,!14!/,()/+*+4/!()D1!(A+.!14!

(D04)-/+! P@.<+.</+,! +/! (:=7! khheQ=! L(! -/)*1:(/)04! 81! ,6.+5/+1,! )481)/! 6D(:+*+4/! 14+!

8)*)41/)04!8+!:(!31(4/)/6!8+![K!+/!8+!$IcY!8(4-!:+!.0,/+2!B,04/(:!80,-0:(/6,(:=!W+-!+BB+/-!

-1,!:(!:);6,(/)04!8+!$IcY!+/!8+![K!-04/!)4<);6-!5(,!14!/,()/+*+4/!(A+.!14!(4/(D04)-/+!8+-!

,6.+5/+1,-!SK`KK!P:(!;).1.1::)4+Q=!W+-!,6-1:/(/-!-1DD9,+4/!31+!:')4<);)/)04!:(!:);6,(/)04!8+!

$IcY!+/!8+![K!5(--+!5(,!14+!(./)A(/)04!81!,6.+5/+1,!SK`KK!P@.<+.</+,!+/!(:=7!khheQ=!K:0,-!

31'14+!)4<);)/)04!81!,6.+5/+1,!$IcY%!4+!-+*;:+!5(-!(A0),!8'+BB+/!-1,!:(!4+1,0/,(4-*)--)04!

*040(*)4+,D)31+7! 14+! -/)*1:(/)04! 8+! .+:1)I.)! )481)/! 14+! 8)*)41/)04! 8+! :(! 31(4/)/6!

+2/,(.+::1:(),+!8+!805(*)4+!+/!8+!-6,0/04)4+7! -1DD6,(4/!804.!31+!.+!8+,4)+,!+2+,.+!14!

.04/,i:+!46D(/)B!-1,!:(!4+1,0/,(4-*)--)04!*040(*)4+,D)31+=!!

d) Neurotransmission GABAergique 

^4+!-/)*1:(/)04!5(,!8+-!(D04)-/+-!81!,6.+5/+1,!$IcY%!)481)/!14+!(1D*+4/(/)04!8+!

:(! :);6,(/)04! 8+! SK`K=! U4! +BB+/7! 8+12! (D04)-/+-! 81! ,6.+5/+1,! ,6.+**+4/! 86.,)/-7! :+!

jKmgegge]!+/! :+!jKmkhe#%%7!(1D*+4/+4/! :(! /,(4-*)--)04!SK`K+,D)31+!8(4-!5:1-)+1,-!

,6D)04-! .6,6;,(:+-! .<+C! :+! ,(/=! @.<+.</+,! *$% >)!!,! 04/! *04/,6! 31+! :(! -/)*1:(/)04! 81!

,6.+5/+1,!(A+.!:+!jKmgegge]7!)481)-()/!14+!(1D*+4/(/)04!8+!:(!:);6,(/)04!8+!SK`K!8(4-!

:+!.0,/+2!B,04/(:!80,-0:(/6,(:7!(--0.)6+!J!:(!8)*)41/)04!8+!:(!31(4/)/6!;(-(:+!8+!-6,0/04)4+!

+/! 8+! 805(*)4+! +2/,(.+::1:(),+-! 5,6.68+**+4/! *+4/)0446+=! [+! :(! *\*+! B(G047! 14+!

-/)*1:(/)04!81! ,6.+5/+1,!$IcY%!8(4-! :+! -/,)(/1*7! :'<)550.(*5+!+/! :'(*TD8(:+! )481)/!14+!

(1D*+4/(/)04! )*50,/(4/+! 8+! :(! :);6,(/)04! 8+! SK`K! 8(4-! .+-! ,6D)04-! P@.<+.</+,! +/! (:=7!

khheQ=! L+!jKmgegge]! 5,0A031+! 6D(:+*+4/! 14+! (1D*+4/(/)04! 8+-! .01,(4/-! )4<);)/+1,-!

8(4-! :'(),+!WKg!8+! :'<)550.(*5+!8+! ,(/7!5(,(::9:+*+4/!J!14+! )4<);)/)04!81!5,0.+--1-!8+!

LY?!Pj+-/!+/!(:=7!khhfQ=!

!
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K)4-)7!8'(5,9-!:+-!8)BB6,+4/+-!6/18+-!,6(:)-6+-7!:+!,6.+5/+1,!$IcY%!-+*;:+!.04/,i:+,!

8),+./+*+4/! :(! :);6,(/)04! 8+! SK`K! +/! )48),+./+*+4/! :(! :);6,(/)04! 8+! D:1/(*(/+7! 8+!

805(*)4+7!8+!-6,0/04)4+!+/!8'(.6/T:.<0:)4+=!L'+25,+--)04!81!,6.+5/+1,!-1,! :+-!4+1,04+-!

SK`K+,D)31+-! +-/! 5,0;(;:+*+4/! J! :'0,)D)4+! 8+! .+-! 0;-+,A(/)04-7! .0**+! .+:(! +-/!

-.<6*(/)-6!+4!@3/'.*%+M=!W+5+48(4/7!:+!,6.+5/+1,!$IcY%!6/(4/!6D(:+*+4/!+25,)*6!-1,!:+-!

4+1,04+-! 5T,(*)8(12! +2.)/(/+1,-! 81! .0,/+2! +/! 8+! :'<)550.(*5+7! :(! ,6D1:(/)04! 8+! :(!

4+1,0/,(4-*)--)04! 5(,! .+! 8+,4)+,! 80)/! \/,+! 5:1-! .0*5:+2+=! L+! ,6.+5/+1,! $IcY%! -+*;:+!

804.! \/,+! 14! (./+1,! .:6! 8+! :(! *081:(/)04! 8+! :(! 4+1,0/,(4-*)--)04! SK`K+,D)31+! +/!

D:1/(*(/+,D)31+!8(4-!8)BB6,+4/+-!,6D)04-!.04/,i:(4/!:+-!B04./)04-!.0D4)/)A+-=!

! !
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!

!

J%9,!")-.S)$4&'!41")2")1/)&",!4'!/&(#%((%4&)5/!)1")<=>'+!)"Z5!%#")(,!)1"()

&",!4&"()9/0/"!9%:,"()

RG3(:3&3$3)(%$)(3A'*%*C*.>;*%=".%!*#%(*'.)(*#%IQdQ*./3A'*#\%*C=.31"($%!*%.;>*=$*'.%LWXYD\%

#'.% !*#% (*'.)(*#% /!'$"1"$*./3A'*#% 6'% >).$*C% *$% 6*% !G:3==)>"1=*% *#$% !*<;*% =".% '(%

$."3$*1*($% "<*>% '(% "($"/)(3#$*% 6'% .;>*=$*'.% LWXYD,% ?G"'$.*% =".$\% !"% #$31'!"$3)(% 6*% >*#%

(*'.)(*#%IQdQ*./3A'*\%"<*>%'(%"/)(3#$*%6'% .;>*=$*'.%LWXYD\%"'/1*($*% !"% !3&;."$3)(%6*%

IQdQ% =".% >*#% (*'.)(*#% *$% 3(:3&*% !"% (*'.)$."(#13##3)(% 6)="13(*./3A'*% *$%

#;.)$)(3(*./3A'*%=".% !G3($*.1;63"3.*% 6*#% .;>*=$*'.#%IQdQQ,% Q6"=$;%6*% _F>:*>:$*.% *$% "!,\%

4MM8`,%
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3. Cognition 

[+!40*;,+12!(4/(D04)-/+-!81!,6.+5/+1,!$IcY%!+2+,.+4/!14!+BB+/!5,0I.0D4)/)B!.<+C!

:+-!,04D+1,-7!*()-!6D(:+*+4/!.<+C!:'c0**+!P>)/.<+::!(48!N+1*()+,7!khh$F!`+4<(*�!+/!

(:=7!khg#Q=!

L'1/):)-(/)04!8'14!0:)D041.:60/)8+!(4/)-+4-!PVKQ!;:031(4/!:'+25,+--)04!81!,6.+5/+1,!$IcY%7!

01! 8'14+! (55,0.<+! 5<(,*(.0:0D)31+! (A+.! 8+-! (4/(D04)-/+-! 81! ,6.+5/+1,7! (! 5+,*)-! 8+!

*+//,+!+4!6A)8+4.+!:')*5:).(/)04!81!,6.+5/+1,!$IcY%!8(4-! :+-!5,0.+--1-!.0D4)/)B-!.<+C! :+!

,(/=! U4! +BB+/7! 14! /,()/+*+4/! (A+.! :+! O0! h#I%]fh7! 01! 14+! )4E+./)04! _WX! 8'VK7! .);:(4/! :+!

,6.+5/+1,!$cY%!(*6:)0,+!:+-!5+,B0,*(4.+-!8(4-!:+!/+-/!8+!:(!5)-.)4+!8+!>0,,)-!.<+C!:+!,(/!

Pj00::+T!+/!(:=7!khhgQ=!

L'+BB+/! 5,0I.0D4)/)B! 8+! :')4<);)/)04! 81! ,6.+5/+1,! $IcY%! (! 6D(:+*+4/! 6/6! 0;-+,A6! 8(4-!

8)BB6,+4/-!*089:+-!5,6I.:)4)31+-!8+!86B).)/-!.0D4)/)B-!.<+C!:+!,(/=!L)+;+4!*$%>)!!,!04/!*04/,6!

31+!:'(4/(D04)-/+!81!,6.+5/+1,!$IcY%!O0I#"%e$$#7!,6A+,-()/!:+-!86B).)/-!.0D4)/)B-!(--0.)6-!

J!14+!(:/6,(/)04!81!-T-/9*+!.<0:)4+,D)31+!01!81!-T-/9*+!-6,0/04)4+,D)31+=!U4!+BB+/7!(:0,-!

31'14! /,()/+*+4/! J! :(! -.050:(*)4+! 01! 31'14+! *08)B).(/)04! 8+! :(! 4+1,0/,(4-*)--)04!

-6,0/04)4+,D)31+7! )481)/+! 5(,! 14+! 8)*)41/)04! 8+! :'(550,/! +4! /,T5/05<(4+7! (:/9,+4/! :+-!

5+,B0,*(4.+-! 8(4-! :+! /+-/! 8+! ,+.044()--(4.+! 8'14! 401A+:! 0;E+/7! :'1/):)-(/)04! 8'14!

(4/(D04)-/+!81! ,6.+5/+1,! ,6A+,-+!.+-!86B).)/-! PL)+;+4!+/!(:=7!khh$Q=![+!*\*+7!(:0,-!31+!

:'(8*)4)-/,(/)04!8+!O0!h#I%]fh7!14!(1/,+!(4/(D04)-/+!81!,6.+5/+1,!$IcY%7!4'(*6:)0,+!5(-!

5(,!:1)I*\*+!:+-!5+,B0,*(4.+-!8(4-!:+!/+-/!8+!,+.044()--(4.+!8'14!401A+:!0;E+/!.<+C!:+!

,(/7! ):! +-/! +4! ,+A(4.<+! .(5(;:+! 8+! ,6A+,-+,! :+-! 86B).)/-! )481)/-! 5(,! 14! ;:0.(D+! 8+! :(!

4+1,0/,(4-*)--)04! .<0:)4+,D)31+! 8(4-! .+! /+-/7! .04B),*(4/! ()4-)! :+-! ,6-1:/(/-! 0;/+41-!

5,6.68+**+4/! Pj00::+T!+/!(:=7!khh"Q=!L')4<);)/)04!81!,6.+5/+1,!$IcY%!+-/!6D(:+*+4/!+4!

*+-1,+!8+! ,6A+,-+,! :+-!(:/6,(/)04-! .0D4)/)A+-!0;-+,A6+-!8(4-!8+-!*089:+-!5,6I.:)4)31+-!

4+1,086A+:055+*+4/(12!8+!-.<)C05<,64)+=![+-!,(/-!-01*)-!J!14!)-0:+*+4/!-0.)(:!(5,9-!:+!

-+A,(D+!01!;)+4!J!14!/,()/+*+4/!460I4(/(:!(A+.!8+!:(!5<+4.T.:)8)4+!P?W?7!(4/(D04)-/+!81!

,6.+5/+1,! N>[KQ! A0)+4/! :+1,-! 5+,B0,*(4.+-! 86.:)4+,! 8(4-! :+-! /+-/-! 8+! ,+.044()--(4.+!

-0.)(:+!01!8+!,+.044()--(4.+!8'14!401A+:!0;E+/=!^4!/,()/+*+4/!()D1!8+!.+-!,(/-7!(1!-/(8+!

(81:/+7! (A+.! 14! (4/(D04)-/+! 81! ,6.+5/+1,! $IcY%! P:+! @`k$e$e$Q7! (A(4/! :(! 5<(-+!

8'+4/,(a4+*+4/7!,6A+,-+!:+-!86B).)/-!0;-+,A6-!P>+BB,+!+/!(:=7!khgkQ=!^4!(1/,+!(4/(D04)-/+!

81!,6.+5/+1,7! :+!L1!KU$eh$#!P01!@S@I$geQ!+2+,.+!(1--)!14!+BB+/!5,0I.0D4)/)B!-1,!8+-!,(/-!
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/,()/6-!(A+.!:(!?W?=!U4!+BB+/7!(:0,-!31'14!/,()/+*+4/!-1;.<,04)31+!(A+.!:(!?W?!8)*)41+!:+-!

5+,B0,*(4.+-! 8(4-! 14! /+-/! 8+! ,+.044()--(4.+! 8'0;E+/7! 14! /,()/+*+4/! ()D1! (A+.! :+!!!!!!!!!!!!!

L1!KU$eh$#!,+-/(1,+! :+-!.(5(.)/6-!.0D4)/)A+-!8(4-!.+! /+-/! PK,4/!+/!(:=7!khghQ=![+!5:1-7!:+!

@`"ffee$7!14!(4/(D04)-/+!0,(:+*+4/!(./)B!81!,6.+5/+1,!$IcY%7!(*6:)0,+!:+-!.(5(.)/6-!8+!

,+.044()--(4.+! -5(/)(:+7! .<+C! 8+-! ,(/-! vD6-! Pc),-/! +/! (:=7! khh%Q=! W+-! ,6-1:/(/-! -1DD9,+4/!

804.! 31+! :+-! (4/(D04)-/+-! 81! ,6.+5/+1,! $IcY%! +2+,.+4/! 14! +BB+/! ;646B)31+! -1,! :+-!

(:/6,(/)04-!40,*(:+-!+/!5(/<0:0D)31+-!8+-!5,0.+--1-!.0D4)/)B-=!

[+! 40*;,+1-+-! 6/18+-! 04/! 804.! 51! (//+-/+,! 8+! :'+BB).(.)/6! 8+-! (4/(D04)-/+-! 81!

,6.+5/+1,! $IcY%! 8(4-! :+-! 5+,B0,*(4.+-! .0D4)/)A+-! *+//(4/! +4! E+1! 8)BB6,+4/-! .),.1)/-!

.6,6;,(12!.0**+!:+-!/+-/-!8+!,+.044()--(4.+!-5(/)(:+7!8+!,+.044()--(4.+!8'0;E+/!01!8+!

,+.044()--(4.+! -0.)(:+! .<+C! :+! ,(/=! L+-! *6.(4)-*+-! 8'(./)04! 8+! .+-! (4/(D04)-/+-! 81!

,6.+5/+1,!$IcY%!4+!-04/!5(-!/0/(:+*+4/!.0*5,)-=!W0**+!E+!:'()!5,6.68+**+4/!5,6-+4/67!

:+! ,6.+5/+1,! $IcY%! *081:+! :(! 4+1,0/,(4-*)--)04! (--0.)6+! J! 5:1-)+1,-! D,(48-! -T-/9*+-!

)*5:)316-! 8(4-! :+-! 5,0.+--1-! .0D4)/)B-! PD:1/(*(/+7! 805(*)4+7! (.6/T:.<0:)4+Q=! K)4-)7!

:')4<);)/)04! 81! ,6.+5/+1,! $IcY%! 501,,()/! 5(,/).)5+,! J! :'(*6:)0,(/)04! 8+-! B04./)04-!

.0D4)/)A+-7! (:/6,6+-! 8(4-! 8)A+,-+-! 5(/<0:0D)+-7! +4! *081:(4/! :'(./)A)/6! 8+-! .),.1)/-!

.6,6;,(12!)*5:)316-!8(4-!:(!.0D4)/)04=!

4. Développement neuronal 

U4!5:1-!8+!-+-!B04./)04-!4+1,0*081:(/,).+-7!:+!,6.+5/+1,!$IcY%!E01+!6D(:+*+4/!14!

,i:+!.+4/,(:!8(4-!:(!*)-+!+4!5:(.+!8+-!.),.1)/-!.6,6;,(12!P[(T+,!+/!(:=7!khg$Q=!K1!*0*+4/!

0w! (! 86*(,,6! *04! 5,0E+/! 8+! /<9-+7! :')*5:).(/)04! 81! ,6.+5/+1,! $IcY%! 8(4-! :+!

86A+:055+*+4/! 81! .+,A+(1! (A()/! +--+4/)+::+*+4/! 6/6! 86.,)/+! 8(4-! :+! 5,0.+--1-! 8+!

*)D,(/)04! 4+1,04(:+=! U4! +BB+/7! O)..)0! *$% >)!!,! 04/!*)-! +4! 6A)8+4.+! :+! B()/! 31+! :+-! +BB+/-!

86:6/9,+-! -1,! :(! *)D,(/)04! 8+-! 4+1,04+-! .0,/).(12! .(1-6-! 5(,! 14! +2.9-! 8+! -6,0/04)4+7!

5(--()+4/! 5(,! :+! ,6.+5/+1,! $IcY%=! W0**+! E+! :'()! 5,6.68+**+4/! 6A03167! :(! A)/+--+! 8+!

*)D,(/)04! 8+-! )4/+,4+1,04+-! .0,/).(12! +-/! (BB+./6+! 8+! *(4)9,+! 80-+I865+48(4/+! +/!

,6A+,-);:+7!5(,!14+!(1D*+4/(/)04!8+! :(! -6,0/04)4+!+2/,(.+::1:(),+7!8(4-!8+-! /,(4.<+-!8+!

.0,/+2!8+!-01,)-!+*;,T044(),+-=!K:0,-!31+!.+-!4+1,04+-!+25,)*+4/!:+-!,6.+5/+1,-!$IcY"K!

+/! $IcY%7! :'(55:).(/)04!8'14!(D04)-/+!81! ,6.+5/+1,!$IcY%! P:'U>["e%heeQ!*)*+! :+-! +BB+/-!

)481)/-!5(,!14!+2.9-!8+!$IcY7!.04/,(),+*+4/!J! :'(D04)-/+!$IcY"K=![+!5:1-7! :+-!+BB+/-!8+!:(!!

$IcY! +/! 8+! :'U>["e%hee! -04/! ;:0316-! 5(,! :'(55:).(/)04! 8'14! (4/(D04)-/+! 81! ,6.+5/+1,!!!!!
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$IcY%7! :+! @`k$e$e$=! K:0,-! 31+! :'(55:).(/)04! 8+! B0,-Z0:)4+! P14! (./)A(/+1,! 8+! :'(864T:(/+!

.T.:(-+Q! *)*+! :+-! +BB+/-! 0;/+41-! (A+.! 14! (D04)-/+! 81! ,6.+5/+1,! $IcY%7! )48)31(4/!

:')*5:).(/)04! 8+! :(! A0)+! S-! 8(4-! .+! 5,0.+--1-7! 14! )4<);)/+1,! 8+! :(! ?qK! 4+! ,6A+,-+! 31+!

5(,/)+::+*+4/! :+! ,(:+4/)--+*+4/! 4+1,04(:! )481)/! 5(,! :'U>["e%hee7! -1DD6,(4/! 804.!

:'+2)-/+4.+!8'14+!(1/,+!A0)+!8(4-! :(! ,6D1:(/)04!81!5,0.+--1-!*)D,(/0),+!5(,! :+!,6.+5/+1,!!

$IcY%! PO)..)0!+/!(:=7!khhfQ=![+! :(!*\*+!B(G047!O)..)0!*$%>)!!,!04/!*04/,67!-1,!14!*089:+!

.0*5(,(;:+7!31'14+!(55:).(/)04!8'U>["e%hee! )481)-()/!14!,(:+4/)--+*+4/!8+-!4+1,04+-!

5T,(*)8(12!81!.0,/+2!8+!*(4)9,+!,6A+,-);:+=!K)4-)7!14+!(1D*+4/(/)04!8+! :(!31(4/)/6!8+!!

$IcY! (1! .01,-! 81! 86A+:055+*+4/! .0,/).(:! )481)/! 14! 86B(1/! 8+!*)D,(/)04! 8+-! 4+1,04+-!

5T,(*)8(127! *68)6! 5(,! :+! ,6.+5/+1,! $IcY%! +/! +-/! (--0.)6! J! 14+! (..1*1:(/)04! 8+! .+-!

4+1,04+-!8(4-!:+-!.01.<+-!.0,/).(:+-!:+-!5:1-!5,0B048+-!PO)..)0!+/!(:=7!khggQ=!!

L+! ,6.+5/+1,!$IcY%! E01+!804.!14! ,i:+! )*50,/(4/!8(4-! :(!*)D,(/)04!4+1,04(:+=! L+!

;1/!8+!*04!/,(A():!8+!/<9-+!(!.04-)-/6!J!FNMMGN)NP)X]OKNPDN)KN)G^RN)KY)GXDNHMNYG)KQPV)

K\QYMGNV)HEQVNV)KY)KX]NR_HHNFNPM)PNYG_PQR!+/!J!XRYDOKNG)RNV)FXDQPOVFNV)F_RXDYRQOGNV)

QVV_DOXV)QY)D_PMG^RN)PNYG_KX]NR_HHNFNPMQR)HQG)RN)GXDNHMNYG)<=>'+=!L+-!,6-1:/(/-!-+,04/!

86.,)/-!1:/6,)+1,+*+4/=!!

 Le récepteur 5-HT6, une cible thérapeutique  E.

[+51)-! :(! 86.01A+,/+! 81! ,6.+5/+1,! $IcY%7! .+:1)I.)! +-/! 8+A+41! 14+! .);:+!

/<6,(5+1/)31+!5,0*+//+1-+!8(4-!8)A+,-+-!5(/<0:0D)+-!)*5:)31(4/!14!8T-B04./)044+*+4/!

81!-T-/9*+!4+,A+12!.+4/,(:!Pm14!(48!O<)*7!khggQ=!

1. Obésité 

W0**+! E+! :'()! *+4/)0446! 5,6.68+**+4/7! 14+! )4<);)/)04! 81! ,6.+5/+1,! $IcY%!

5+,*+//,()/!8+! :+A+,! :')4<);)/)04!8+-!4+1,04+-!J!?V>W!81!40T(1!(,316!<T50/<(:(*)31+!

B(A0,)-(4/!()4-)!:(!:);6,(/)04!8'rI>@c!+/!8)*)41(4/7!+4!.04-631+4.+7!:(!5,)-+!(:)*+4/(),+!

Pj00::+T! +/! (:=7! khh#Q=! L+-! 6/18+-! 5,6I.:)4)31+-! 04/7! +4! +BB+/7! 51! *04/,+,! 31+! :+-!

(4/(D04)-/+-!81!,6.+5/+1,!$IcY%!)481)-()+4/!14+!8)*)41/)04!8+!:(!5,)-+!(:)*+4/(),+!+/!8+!

:(! *(--+! .0,50,+::+! +4! B(A0,)-(4/! :(! -+4-(/)04! 8+! -(/)6/6=! [+! .+! B()/7! .+,/()4-! 8+! .+-!

(4/(D04)-/+-! 04/! 51! 5(--+,! +4! 5<(-+! .:)4)31+! 8+! 86A+:055+*+4/! 501,! /,()/+,! :'0;6-)/6!

Pc+(:!+/!(:=7!khheQ=!!
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2. Schizophrénie 

[+! 40*;,+1-+-! 5(/<0:0D)+-! 5-T.<)(/,)31+-! 4+1,086A+:055+*+4/(:+-! -04/!

(--0.)6+-!J!8+-!(:/6,(/)04-!.0D4)/)A+-=!b1+!.+!-0)/7!5(,!+2+*5:+7!8(4-!:+!.(-!8+-!/,01;:+-!

81!-5+./,+!(1/)-/)31+7!01!8(4-! :(! -.<)C05<,64)+7!14+!(:/6,(/)04!81!.0*50,/+*+4/!-0.)(:!

01! 8+-! B04./)04-! +26.1/)A+-! +-/! 0;-+,A6+! .<+C! :'c0**+! P>)::(4! +/! (:=7! khgkQ=! L+-!

(4/(D04)-/+-! -56.)B)31+-! 81! ,6.+5/+1,! $IcY%! -+! -04/! *04/,6-! /,9-! +BB).(.+-! E1-31'J!

*()4/+4(4/! 501,! /,()/+,! .+-! (:/6,(/)04-7! 40/(**+4/!8(4-! 8+-!*089:+-! 5,6I.:)4)31+-! 8+!

-.<)C05<,64)+=! K:0,-! 31+! :+-! *0:6.1:+-! 8+! :(! 401A+::+! D646,(/)04! 8'(4/)5-T.<0/)31+-7!

.0**+! :(!.:0C(5)4+!01! :'0:(4C(5)4+7!04/!14+!(BB)4)/6! )*50,/(4/+!501,! :+! ,6.+5/+1,7! :+1,!

+BB+/!5,0I.0D4)/)B!+-/!:)*)/6!Pq++B+!+/!(:=7!khh]F!>)::(4!+/!(:=7!khgkQ=!L'(;-+4.+!8'+BB+/-!-1,!

:(! .0D4)/)04! 501,,()/! \/,+! +25:)316+! 5(,! 8+-! +BB+/-! 86:6/9,+-! :)6-! J! :+1,! (--0.)(/)04! J!

8'(1/,+-!,6.+5/+1,-=![+!401A+::+-!*0:6.1:+-!31)!50--98+4/!14+!(BB)4)/6!)*50,/(4/+!501,!

:+! ,6.+5/+1,! $IcY%7!*()-! 6D(:+*+4/! 14+! )*50,/(4/+! -6:+./)A)/6! A)-IJIA)-! 8+! .+:1)I.)7! 04/!

804.! 6/6! 86A+:0556+-! P>)/.<+::! (48! N+1*()+,7! khh$Q=! W+-! (4/(D04)-/+-! $IcY%! -6:+./)B-!

+2+,.+4/! 14! +BB+/! 5,0I.0D4)/)B! 8(4-! 8+! 40*;,+12! 5(,(8)D*+-! +256,)*+4/(12! 0w! :(!

.0D4)/)04! +-/! (BB+./6+=! L+! @`k$e$e$7! 5(,! +2+*5:+7! +-/! .(5(;:+! 8+! ,6A+,-+,! :+-! 86B).)/-!

0;-+,A6-! 8(4-! 8+-! /+-/-! 8+! ,+.044()--(4.+! -0.)(:+! 01! 8+! ,+.044()--(4.+! 8'0;E+/-! 8(4-!

8+-!*089:+-!4+1,086A+:055+*+4/(12!8+!-.<)C05<,64)+!.<+C!:+!,(/!P>+BB,+!+/!(:=7!khgkQ=!

[+! *\*+7! 8(4-! :+! /+-/! 8+! ,+.044()--(4.+! 8'14! 401A+:! 8'0;E+/! +BB+./16! -1,! :+! ,(/7! :+!

@`k]gh#%! ,+-/(1,+! :+-! 5+,B0,*(4.+-! (5,9-! 14! )4/+,A(::+! 5,0:04D6! +4/,+! :(! 5<(-+!

8'(55,+4/)--(D+!+/!:(!5<(-+!8+!/+-/!Pq)4D!+/!(:=7!khh#Q=!W+,/()4-!(4/(D04)-/+-!81!,6.+5/+1,!

$IcY%! .0**+7! 5(,! +2+*5:+7! :+! @`]#k#$]7! 01! +4.0,+! :+! @S@I$ge7! -04/! +4! .01,-! 8+!

86A+:055+*+4/! .:)4)31+! 501,! /,()/+,! :+-! -T*5/i*+-! .0D4)/)B-! 0;-+,A6-! 8(4-! :(!

-.<)C05<,64)+! PW0804T! +/! (:=7! khggQ=! `)+4! 31'(1.14+! 8+! .+-! *0:6.1:+-! 4+! -0)/!

-56.)B)31+*+4/! 86A+:0556+! 501,! :+-! /,01;:+-! 81! -5+./,+! (1/)-/)31+7! :(! .0*5,6<+4-)04!

8+-!*6.(4)-*+-!.0D4)/)B-!.0*5:+2+-! )*5:)316-!8(4-!.+-!5(/<0:0D)+-!+/! :'6:1.)8(/)04!8+-!

*6.(4)-*+-! 8+! -)D4(:)-(/)04! (--0.)6-! (1! ,6.+5/+1,! $IcY%! 86.:+4.<6-! 5(,! .+-!*0:6.1:+-!

5,0I.0D4)/)A+-7!501,,(!01A,),!8+!401A+::+-!A0)+-!/<6,(5+1/)31+-=!

3. Maladie d’Alzheimer 

[+! *\*+! 31+! 8(4-! :+! .(-! 8+-! 5(/<0:0D)+-! 4+1,086A+:055+*+4/(:+-7! :+-!

5(/<0:0D)+-! 4+1,086D646,(/)A+-! -04/! 6D(:+*+4/! (--0.)6+-! J! 8+-! 86B).)/-! .0D4)/)B-!
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)*50,/(4/-! P^5/04! +/! (:=7! khheQ=! W0**+! E+! :'()! (;0,86! 8(4-! :+! .<(5)/,+! 5,6.68+4/7! :+!!!!!!!!

L1! KU$eh$#! P@S@I$geQ! (! 14! +BB+/! ;646B)31+! -1,! :+-! 86B).)/-! .0D4)/)B-! )481)/-! 5(,! 14!

/,()/+*+4/!J!:(!?W?=!W+!401A+:!(4/(D04)-/+!81!,6.+5/+1,!$IcY%!(55(,(a/!804.!.0**+!14!

01/):! 5<(,*(.0:0D)31+! 5,0*+//+1,! 8(4-! :+! /,()/+*+4/! 8+-! (:/6,(/)04-! .0D4)/)A+-!

0;-+,A6+-!404!-+1:+*+4/!8(4-! :(!-.<)C05<,64)+7!*()-!(1--)!8(4-! :(!*(:(8)+!8'K:C<+)*+,!

PK,4/! +/! (:=7! khghQ=! W+/! (4/(D04)-/+! 81! ,6.+5/+1,! $IcY%! +-/7! +4! +BB+/7! +4! 5<(-+! ___! 8+!

86A+:055+*+4/! .:)4)31+! 8(4-! :+! /,()/+*+4/! -T*5/i*(/)31+! 8+! :(! *(:(8)+! 8'K:C<+)*+,!

PW0804T! +/! (:=7! khggQ=! [+! 5:1-7! .+//+!*\*+!*0:6.1:+! +-/! +4! 5<(-+! 8+! /+-/! .:)4)31+! +4!

.0*5:6*+4/!81!804656C):7! 14! )4<);)/+1,!8+! :'(.6/T:.<0:)4+!+-/6,(-+7!86EJ!1/):)-6!8(4-! :+!

/,()/+*+4/! -T*5/i*(/)31+!8+! :(!*(:(8)+!8'K:C<+)*+,! PW0804T!+/!(:=7! khggQ=!K)4-)7! (:0,-!

31+! 8+-! (4/(D04)-/+-! $IcY%! ,6A+,-+4/! :+-! 86.)B)/-! .0D4)/)B-! 0;-+,A6-! .<+C! 8+-! (4)*(12!

vD6-7!01!)481)/-!5(,!14+!(:/6,(/)04!8+!:(!/,(4-*)--)04!.<0:)4+,D)31+7!14!.+,/()4!40*;,+!8+!

.+-!*0:6.1:+-7!.0**+!:+!L1!KU$eh$#7!:+!@`]#k#$]!01!:+!@K>I$"g7!-04/!(./1+::+*+4/!+4!

5<(-+!8+!86A+:055+*+4/!.:)4)31+!501,!/,()/+,!.+-!86B).)/-!8(4-!:+!.04/+2/+!8+!:(!*(:(8)+!

8'K:C<+)*+,!P^5/04!+/!(:=7!khheQ=!!

4. Anxiété et dépression 

W04/,(),+*+4/! (12! (1/,+-! 5(/<0:0D)+-7! 8(4-! :+! .(-! 8+! :(! 865,+--)04! 01! 8+-!

/,01;:+-!(42)+127!.+!-04/!*(E0,)/(),+*+4/!:+-!(D04)-/+-!81!,6.+5/+1,!$IcY%!31)!+2+,.+4/!

14!+BB+/!;646B)31+=!W+.)!+-/!+4!(..0,8!(A+.!:+!B()/!31+!:'14!8+-!5,)4.)5(12!5<640/T5+-!8+!

:(! -01,)-! $IcY%! qV! +-/! 14+! (42)6/6! (..,1+! PY+.0//! (48! `,+44(47! khhhQ=! K)4-)7! :'U>[Y7!

(8*)4)-/,6!5(,!A0)+!-T-/6*)31+!J! :(!-01,)-7!8)*)41+! :(!56,)08+!8')**0;):)/6!8(4-! :+!/+-/!

8+!:(!-1-5+4-)04!5(,!:(!31+1+7!8(4-!:+31+:!:'(;-+4.+!8+!*01A+*+4/!(//+-/+!8+!:'6/(/!8+!

86-+-50),!8+! :(!-01,)-=!U4!5(,(::9:+7! :(!-/)*1:(/)04!81!,6.+5/+1,!$IcY%!5(,! :'U>[Y! )481)/!

14+!(1D*+4/(/)04!8+! :(!5<0-5<0,T:(/)04!8+! :(!5,0/6)4+![KO??"k!P?)="13(*%"(6%>QE9%

H*/'!"$*6% 9:)#=:)=.)$*3(% 74Q! +/! 8+! :(! -01-I14)/6! S:1Og! 81! ,6.+5/+1,! D:1/(*(/+,D)31+!

K>?K7! ()4-)! 31+! :'(1D*+4/(/)04! 8+! :'KON*! 81! B(./+1,! 8+! /,(4-.,)5/)04! .IM0-7! 8(4-! :+!

.0,/+2! +/! :+! -/,)(/1*=! L+-! +BB+/-! 50-)/)B-! -1,! :+! .0*50,/+*+4/! )481)/-! 5(,! :'(D04)-/+! 81!

,6.+5/+1,! -04/7! 5(,! ()::+1,-7! )4<);6-! 5(,! :+! 5,6/,()/+*+4/! (A+.! 14! (4/(D04)-/+! 81!

,6.+5/+1,!$IcY%7!.04B),*(4/!:(!-56.)B).)/6!8+!:')*5:).(/)04!8+!.+!8+,4)+,!8(4-!.+!5,0.+--1-!

P@A+44)4D--04!+/!(:=7!khh]Q=!^4+!(1/,+!+25:).(/)04!501A(4/!\/,+!J! :'0,)D)4+!8+! :'+BB+/!8+-!

(D04)-/+-! $IcY%! (! 6/6! *)-+! +4! 6A)8+4.+! 5(,! [+! M01;+,/! *$% >)!!,! 31)! 04/! 0;-+,A6! 14+!

(1D*+4/(/)04!8+!:(!-T4/<9-+!8+!`[NM!:0,-!8'14+!-/)*1:(/)04!-1;I.<,04)31+!81!,6.+5/+1,!
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$IcY%=! K:0,-! 31'14+! 8)*)41/)04! 8+! :(! 31(4/)/6! 8+! `[NM7! 40/(**+4/! (1! 4)A+(1! 8+!

:'<)550.(*5+7!+-/!0;-+,A6+!8(4-! :(!865,+--)047!14! /,()/+*+4/!(A+.!8+-!(4/)865,+--+1,-!

-+*;:+! (A0),! 14! +BB+/! 50-)/)B! -1,! :(! -T4/<9-+! 8+! `[NM7! -1550,/(4/! :'<T50/<9-+!

4+1,0/,05<)31+!8+!:(!865,+--)04!P8+!M01;+,/!+/!(:=7!khg"Q=![(4-!.+//+!6/18+7![+!M01;+,/!

*$% >)!!,!*04/,+4/!31'14! /,()/+*+4/!310/)8)+47!5+48(4/!31(/,+! E01,-7!5(,!14!(D04)-/+!81!

,6.+5/+1,! $IcY%! P:+! Lm$e%]g"Q! )481)/! 14+! (1D*+4/(/)04! 8+! :'KON*! 81! `[NM! 8(4-!

:'<)550.(*5+!P8+!M01;+,/!+/!(:=7!khg"Q=!L(!/,(4-.,)5/)04!81!D94+!81!`[NM!+-/!40/(**+4/!

-01-! :+! .04/,i:+! 81! B(./+1,! WOU`7! :1)I*\*+! )48),+./+*+4/! (./)A6! 5(,! :(! 5,081./)04!

8'K>?.!5(,!:')4/+,*68)(),+!8+!:(!?qK=!V4!5+1/!804.!)*(D)4+,!31+!.'+-/!A)(!.+!*6.(4)-*+!

31+! :+! ,6.+5/+1,! $IcY%! .04/,i:+! :'+25,+--)04! 81! `[NM=! W+-! ,6-1:/(/-! -1DD9,+4/! 804.!

31'14+!(1D*+4/(/)04!8+! :'(./)A)/6!81! ,6.+5/+1,!$IcY%! 501,,()/! (A0),!14!+BB+/!;646B)31+!

-1,!:(!865,+--)047!+4!(1D*+4/(4/!:(!-T4/<9-+!8+!B(./+1,-!8+!.,0)--(4.+!.0**+!:+!`[NM=!

K)4-)7! :+-!(D04)-/+-!81! ,6.+5/+1,!$IcY%!501,,04/!.04-/)/1+,!14+!-/,(/6D)+! /<6,(5+1/)31+!

50/+4/)+::+! 501,! /,()/+,! :+-! /,01;:+-! 8+! :'<1*+1,7! /01/! +4! ,)-31(4/! 8')*5(./+,!

46D(/)A+*+4/!:(!.0D4)/)04=!!

!

!

L+! ,6.+5/+1,!$IcY%! +-/!804.!14+! .);:+! /<6,(5+1/)31+!5,0*+//+1-+!8(4-!8)A+,-+-!

5(/<0:0D)+-=!L+-!8)BB6,+4/-!.0*50,/+*+4/-!*68)6-!5(,! :+-!(4/(D04)-/+-!01! :+-!(D04)-/+-!

81! ,6.+5/+1,! $IcY%! )*5:)31+4/! /,9-! 5,0;(;:+*+4/! 8)BB6,+4/+-! A0)+-! 8+! -)D4(:)-(/)04!

)481)-(4/7!(!B0,/)0,)7!14+!,6504-+!.+::1:(),+!A(,)(;:+=!L+-!(D04)-/+-!81!,6.+5/+1,!04/7!5(,!

+2+*5:+7! 14! +BB+/! ;646B)31+! -1,! :(! 865,+--)047! *()-! 86:6/9,+! -1,! :(! .0D4)/)04=! KB)4! 8+!

:)*)/+,! .+,/()4-! +BB+/-! -+.048(),+-! (--0.)6-! (12! :)D(48-!81! ,6.+5/+1,!$IcY%7! ):! -+,(!804.!

)*50,/(4/7!J! :'(A+4),7!8'(4(:T-+,!5,6.)-6*+4/! :+-!*6.(4)-*+-!8+!-)D4(:)-(/)04!(--0.)6-!J!

.+-!8)BB6,+4/-!:)D(48-=! !
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IV. LA PROTEINE CDK5 

L(!5,0/6)4+!W8Z$!PB2>!3(%?*=*(6*($%i3("#*%L`!+-/!14+!W8Z!(/T5)31+!8(4-!:(!*+-1,+!

0w! +::+! 50--98+! -+-! 5,05,+-! .0I(./)A(/+1,-7! -04! (./)A)/6! Z)4(-+! 4+! 865+48(4/! 5(-!

*(E0,)/(),+*+4/!8+-! .T.:)4+-! +/! 0w! -(! B04./)04!5,)4.)5(:+! 4'+-/! 5(-! :+! .04/,i:+!81! .T.:+!

.+::1:(),+!.0**+!401-!(::04-!:+!A0),!5(,!:(!-1)/+=!

 Structure et Fonctions A.

1. Structure et régulation 

a) Cdk5, une « pseudo » Cdk 

U4!865)/!8+!.+-!.(,(./6,)-/)31+-!8)BB6,+4/+-7!W8Z$!.04-+,A+!/01/+B0)-!14+!-/,1./1,+!

-)*):(),+!(12!(1/,+-!W8Z! P@3/'.*%++Q=!U4!+BB+/7! :(!5,0/6)4+!W8Z$!+-/!14+!-6,)4+s/<,604)4+!

Z)4(-+!31)!.04-+,A+!:(!-/,1./1,+!;):0;6+!.(,(./6,)-/)31+!8+-!W8Z7!(A+.!14!:0;+!NI/+,*)4(:!

PL0;+!NQ!+/!14!:0;+!WI/+,*)4(:!PL0;+!WQ=!U4/,+!.+-!8+12!:0;+-!-+!/,01A+!:+!-)/+!8+!:)()-04!

8+!:'KY?=!L'(..9-!8+!:'KY?!J!W8Z$!+-/!.04/,i:6!5(,!14!-+D*+4/!P:(!;01.:+!YQ!31)7!:0,-31+!:(!

W8Z! +-/! )4(./)A+7! +*5\.<+! :(! :)()-04! 8+! :'KY?! ()4-)! 31+! 81! -1;-/,(/=! W04/,(),+*+4/! (12!

(1/,+-!W8Z7!W8Z$!4+!46.+--)/+!5(-!8+!5<0-5<0,T:(/)04!5(,/).1:)9,+!(1!4)A+(1!8+!:(!;01.:+!

Y!501,!\/,+!(./)A6+=!K1!4)A+(1!81!:0;+!N7!-+!/,01A+!14+!-631+4.+!?@@KLOU!P?@YK_OU!.<+C!

:+-! (1/,+-! W8ZQ! (8E(.+4/+! J! :(! ;01.:+! 8')4<);)/)047! ,).<+! +4! D:T.)4+-! P;01.:+! SQ=! W+//+!

-631+4.+!+-/!)*50,/(4/+!501,!:'(./)A(/)04!8+!W8Z$=![+12!5<0-5<0,T:(/)04-!(1!4)A+(1!8+!

:(! ;01.:+! S! -04/! 6D(:+*+4/! )*50,/(4/+-! 501,!*081:+,! :'(./)A)/6! 8+! W8Z$=! K:0,-! 31+! :(!

5<0-5<0,T:(/)04!8+! :(!Y<,g#! )4<);+! :'(./)A)/6!8+!.+//+!W8Z7! :(!5<0-5<0,T:(/)04!8+! :(!YT,g$!

5(,! :+-!Z)4(-+-!8+!:(!B(*)::+!8+!@,.7!.IK;:!+/!MT47!-/)*1:+! :'(./)A)/6!8+!W8Z$!PL(:)0/)!+/!(:=7!

khghQ=! L+-! *1/(4/-! W8Z$! [g##N! +/! W8Z$! q""Y7! 8+12! 80*)4(4/-! 46D(/)B-! 86501,A1-!

8'(./)A)/6!Z)4(-+7!04/7!5(,!()::+1,-7!B0,/+*+4/!.04/,);16!J!:(!.0*5,6<+4-)04!8+-!B04./)04-!

865+48(4/+-!8+!.+//+!W8Z!(/T5)31+!PN)Z0:).!+/!(:=7!gff%Q=!

b) Régulation dépendante de p35/p39 

L'(./)A)/6!8+!W8Z$!865+48!8+!-04! )4/+,(./)04!(A+.! :'14!8+!-+-!.0I(./)A(/+1,-!5"$!

01!5"f7!/01-!8+12!+25,)*6-!(1!4)A+(1!.6,6;,(:=!L(!:)()-04!8+!:'14+!8+!.+-!5,0/6)4+-7!5(,!

-04! 80*()4+! WI/+,*)4(:7! (1! *0/)B! ?@@KLOU! 8+! W8Z$7! 5+,*+/! :+-! .<(4D+*+4/-!

.04B0,*(/)044+:-!46.+--(),+-!J! :'(./)A(/)04!8+!W8Z$=!L+-!5,0/6)4+-!5"$!+/!5"f!-+*;:+4/!
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(A0),!8+-!B04./)04-!8)-/)4./+-7!;)+4!31+!5(,B0)-!,+8048(4/+-7!+4!B04./)04!8+!:(!,6D)04!0w!

+::+-! -04/!+25,)*6+-=!U::+-! -04/! /01/+B0)-!(--0.)6+-!J! :(!*\*+!-56.)B).)/6!8+! -1;-/,(/! 3(%

<3$.)! Pm(*(8(! +/! (:=7! khh]Q=! W+5+48(4/7! 5"$! (! 6/6! :(,D+*+4/! 5:1-! 6/18)6+! 31+! 5"f=! L+!

.04/,i:+! 8+! :'6/(/! 8+! 5<0-5<0,T:(/)04! 8+! 5"$! -+*;:+! 5(,/).1:)9,+*+4/! )*50,/(4/! 501,!

:'(./)A)/6!W8Z$=!U4!+BB+/7!W8Z$!5<0-5<0,T:+!+::+I*\*+!5"$!(1!4)A+(1!8+! :(!@+,e! +/!8+! :(!

Y<,g"e=! L(! 5<0-5<0,T:(/)04! 8+! :(! @+,e! +-/! (--0.)6+! J! 14+! ,6/+4/)04! .T/05:(-*)31+! 81!

.0*5:+2+!5"$sW8Z$!P@<(<!(48!L(<),)7!khg#Q=!L(!5<0-5<0,T:(/)04!8+!:(!Y<,g"e7!+4!,+A(4.<+7!

)481)/!14+!86D,(8(/)04!5,0/6(-0*(:+!8+!5"$!,+:(/)A+*+4/! ,(5)8+!+/!+*5\.<+! :+!.:)A(D+!

.(:5(|4+I865+48(4/!8+!5"$!(--0.)6!J!-(!4+1,0/02).)/6!P@3/'.*%+4Q!Pq1-(Z(l(!+/!(:=7!khhhQ=!

L'6/(/! 8+! 5<0-5<0,T:(/)04! 8+! 5"$! A(,)+! (1! .01,-! 81! 86A+:055+*+4/=! V4! ,+/,01A+7! +4!

+BB+/7!8(4-!:+!.+,A+(1!+*;,T044(),+7!14+!B0,*+!8+!5"$!,6-)-/(4/+!J!:(!.(:5(|4+!+/!804/!:+!

,+401A+::+*+4/! -+,(! ,(5)8+7! (:0,-! 31+! 8(4-! :+! .+,A+(1! (81:/+! :'(;-+4.+! 8+!

5<0-5<0,T:(/)04!8+!:(!Y<,g"e!+-/!(--0.)6+!J!14+!(1D*+4/(/)04!8+!:(!-+4-);):)/6!(1!.:)A(D+!

5(,!:(!.(:5(|4+!+/!J!14!,(:+4/)--+*+4/!8+!-04!,+401A+::+*+4/!P@()/0!+/!(:=7!khh"F!@<(<!(48!

L(<),)7!khg#Q=!!

U4!5:1-!81!.04/,i:+!8+! :'(./)A)/6!8+!W8Z$7!5"$!+/!5"f!,6D1:+4/!6D(:+*+4/!-(! :0.(:)-(/)04!

-1;I.+::1:(),+=!U4!+BB+/7! :(!5,6-+4.+!8'14+!D:T.)4+!*T,)-/0T:6+! PSkQ! (1!4)A+(1!NI/+,*)4(:!

8+!.+-!5,0/6)4+-!5+,*+/!:'(8,+--(D+!J!:(!*+*;,(4+!81!.0*5:+2+!5"$I5"fsW8Z$7!B(.):)/(4/!

-04!(..9-!J!8+-!-1;-/,(/-!*+*;,(4(),+-!PK-(8(!+/!(:=7!khheQ=!!

L'+25,+--)04! 8+! 5"$! +-/!*081:6+! 5(,! 8+-! B(./+1,-! 8+! .,0)--(4.+! .0**+! :+! `[NM!01! :+!

NSM=! U4! +BB+/7! 8(4-! 8+-! .+::1:+-! ?Wgk7! 14+! -/)*1:(/)04! 5(,! :+! NSM! )481)/! 14+! B0,/+!

(1D*+4/(/)04!8+!:'+25,+--)04!8+!5"$!(:0,-!31+!:'+25,+--)04!8+!W8Z$!4'+-/!5(-!(BB+./6+=!L(!

-/)*1:(/)04! 5(,! :+! NSM! 5,0A031+! 14+! (./)A(/)04! -01/+41+! 8+! :(! A0)+! 8+-!>K?q! +/! 14+!

(./)A(/)04! 81! B(./+1,! 8+! /,(4-.,)5/)04! UD,g7! .0481)-(4/! J! 14+! (1D*+4/(/)04! 8+!

:'+25,+--)04! 8+! 5"$! +/! 8+! :'(./)A)/6! W8Z$! (--0.)6+! Pc(,(8(! +/! (:=7! khhgQ=! W+-! ,6-1:/(/-!

.04B),*+4/! :')*50,/(4.+! 8+! 5"$! 8(4-! :+! .04/,i:+! 8+! :'(./)A)/6! 8+! W8Z$=! W+! 5,0.+--1-!

-+*;:+!6D(:+*+4/!+4D(D6! :0,-!8'14+!-/)*1:(/)047!5(,! :+!`[NM7!8+!4+1,04+-!.6,6;+::+12!

+4!.1:/1,+!5,)*(),+7!)48)31(4/!31+!.+//+!A0)+!-+,()/!5,6-+,A6+!8(4-!:+-!4+1,04+-!Pc(,(8(!

+/!(:=7!khhgQ=!



!
]e!

Y01-!.+-!6:6*+4/-!-1DD9,+4/!31+!:'(./)A)/6!8+!W8Z$7!.04/,i:6+!5(,!5"$!+/!5"f7!80)/!

\/,+!B)4+*+4/!,6D1:6+!8(4-!:+!/+*5-!*()-!(1--)!8(4-!:'+-5(.+=![+-!B0,*+-!/,04316+-!+4!

NI/+,*)4(:! 8+-! .0I(./)A(/+1,-! 5"$s5"f! P5k$s5kfQ! -04/! (--0.)6+-! J! 8+-!

8T-B04./)044+*+4/-! /,9-! )*50,/(4/-7! )*5:)316-! 8(4-! 8)BB6,+4/+-! 5(/<0:0D)+-7! .0**+! E+!

:'(;0,8+,()!1:/6,)+1,+*+4/!PW,1C!(48!Y-()7!khh#Q=!

c) Régulation par les cyclines 

L(!.T.:)4+!U!+-/!+4!*+-1,+!8')4<);+,!)48),+./+*+4/!:'(./)A)/6!8+!W8Z$=!W+//+!.T.:)4+!

+-/! B0,/+*+4/!+25,)*6+!8(4-! :+! .+,A+(1!+/!40/(**+4/!8(4-! :+! .0,/+2!+/! :'<)550.(*5+=!

[(4-!:+-!4+1,04+-7!:(!.T.:)4+!U!+-/!+4,).<)+!8(4-!:+-!8+48,)/+-!+/!8(4-!:'(204+!PV8(E)*(!+/!

(:=7! khggQ=! V8(E)*(! *$% >)!!,% 04/! *)-! +4! 6A)8+4.+7! 5(,! 14+! (55,0.<+! 5,0/60*)31+7!

:')4/+,(./)04!+4/,+!:(!.T.:)4+!U!+/!W8Z$!8(4-!:+!.+,A+(1!8+!-01,)-=!L'(4(:T-+!B04./)044+::+!(!

,6A6:6!31+7!8(4-!.+!.0*5:+2+7!W8Z$!6/()/!)4(./)A+!PV8(E)*(!+/!(:=7!khggQ=!W+!D,015+!(!804.!

51! *+//,+! +4! 6A)8+4.+! :(! -631+-/,(/)04! 8+! W8Z$! 5(,! :(! .T.:)4+! U! 8(4-! 14! .0*5:+2+!

.(/(:T/)31+*+4/! )4(./)B7! )48)31(4/! 804.! 14+! )4<);)/)04! )48),+./+! 8+! :'(./)A)/6! W8Z$! 5(,!

.+//+!.T.:)4+! P@3/'.*%+4Q=![+!5:1-7! :(!-1,+25,+--)04!81!*1/(4/!80*)4(4/!46D(/)B!8+!W8Z$!

+-/!.(5(;:+!8+!,6A+,-+,!:+!5<640/T5+!)481)/!5(,!14+!)4A(:)8(/)04!8+!:(!.T.:)4+!U!8(4-!8+-!

4+1,04+-!+4!.1:/1,+7!.04B),*(4/!31+!:(!-631+-/,(/)04!5(,!:(!.T.:)4+!U!+-/!)*50,/(4/+!8(4-!

:(! ,6D1:(/)04! 8+! :'(./)A)/6! 8+! W8Z$! PV8(E)*(! +/! (:=7! khggQ=! L(! ,6D1:(/)04! 8+! W8Z$! 5(,! :(!

.T.:)4+! U! (E01/+! 14+! 8)*+4-)04! J! :(! ,6D1:(/)04! 8+! :'(./)A)/6! 8+! .+//+! Z)4(-+7! .04B),*(4/!

:')*50,/(4.+!8+!.04/,i:+,!:+!5:1-!B)4+*+4/!50--);:+!:'(./)A)/6!8+!W8Z$!(B)4!8+!*()4/+4),!14!

B04./)044+*+4/!.6,6;,(:!40,*(:=!!

>\*+! -)! 5"$s5"f! -04/! :+-! .0I(./)A(/+1,-! 5,)4.)5(12! 8+! W8Z$7! .+,/()4+-! .T.:)4+-!

.04/,);1+4/!6D(:+*+4/!J!-04!(./)A(/)04=!W'+-/! :+!.(-!8+! :(!.T.:)4+! _!31)7!+4!5:1-!8'(./)A+,!

W8Z$7!.04/,i:+!(1--)!-(!:0.(:)-(/)04!-1;I.+::1:(),+=!L'1/):)-(/)04!8+!-01,)-!4'+25,)*(4/!5:1-!

:(! .T.:)4+! _! P.T.:)4! _IsIQ! 01! ;)+4! 5"$! P5"$IsIQ! 04/! 5+,*)-! 8+! *+//,+! +4! 6A)8+4.+! .+//+!

,6D1:(/)04=! U4! +BB+/7! .<+C! :+-! -01,)-! .T.:)4! _IsI7! W8Z$! +-/! :0.(:)-6+! 5,6B6,+4/)+::+*+4/! (1!

4)A+(1!81!.T/0-0:!+/!8+! :(!*+*;,(4+!5:(-*)31+=!K! :')4A+,-+7!.<+C! :+-!-01,)-!5"$IsI7!W8Z$!

+-/! *(E0,)/(),+*+4/! 0;-+,A6+! 8(4-! :+! 40T(1=! W+-! ,6-1:/(/-! -1DD9,+4/! 804.! 31+! :+-!

5,050,/)04-!,+-5+./)A+-!8+!5"$!+/!8+!.T.:)4+!_!5+,*+//+4/!8+!.04/,i:+,!:(!:0.(:)-(/)04!-1;I

.+::1:(),+! 8+! W8Z$! P@3/'.*% +4Q=! [+! 5:1-7! :')4/+,(./)04! +4/,+! :(! .T.:)4+! _! +/! W8Z$! 5+,*+/! J!



!
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.+//+!8+,4)9,+!8'(A0),!14!50)4/!8'(4.,(D+!8(4-!:+!40T(17!B(A0,(;:+!J!14+!(./)A)/6!41.:6(),+!

Pc(D*(44!+/!(:=7!khg$Q=!

!

!

!

J%9,!")--)S)('!,$',!")2")$2@<)

B6[L%*#$%'(*%=.)$;3(*%&3!)&;*\%>)(#$3$';*%6G'(%!)&*%BW$*.13("!%_B`%*$%6G'(%!)&*%-W$*.13("!%

_-`,%U($.*%>*#%6*'C%!)&*#%#*%$.)'<*%!*%#3$*%6*%!3"3#)(%6*%!GQY9,%RG">>0#%6*%!GQY9%^%B6[L%*#$%

>)($.N!;%=".%'(%#*/1*($%_!"%&)'>!*%Y`%A'3\% !).#A'*%!"%B6[%*#$%3(">$3<*\%*1=b>:*%!"%!3"3#)(%

6*%!GQY9%"3(#3%A'*%6'%#'&#$."$,%]>3\%B6[L%*#$%#>:;1"$3#;*%6"(#%#"%>)(@).1"$3)(%">$3<*\%!3;*%

^% #)(% >)W">$3<"$*'.% =7L,% B*% 6*.(3*.% #*% !3*% "'% (3<*"'% 6*% !"% #;A'*(>*% 9FFQRHU% 6'% !)&*%-%

"6g">*($*% ^% !"% &)'>!*% 6G3(:3&3$3)(% _&)'>!*% I`,% ?*'C% =:)#=:).2!"$3)(#% "'% (3<*"'% 6*% !"%

&)'>!*%I%1)6'!*($% !G">$3<3$;% 6*%B6[L,% R"% =:)#=:).2!"$3)(% Y:.
+5
% 3(:3&*% !G">$3<3$;% 6*%B6[L%

"!).#%A'*%!"%=:)#=:).2!"$3)(%6*%!"%Y2.
+L
%=".%!*#%[3("#*#%>WQ&!%*$%K2(%!G">$3<*,%

!

!

!

!



!
eh!

!

!

J%9,!")-3)S)!"9,1/'%4&)2")1\/$'%6%'")"')2")1/)14$/1%(/'%4&)2")$2@<)

R"% 12.3#$)2!"$3)(% 6*% =7L% 3(6'3$% '(% "(>."/*% 6'% >)1=!*C*% =7LZB6[L% ^% !"% 1*1&."(*%

=!"#13A'*,% B6[L% =:)#=:).2!*% =7L% "'% (3<*"'% 6*% !"% F*.
8
% 3(6'3#"($% '(*% .;$*($3)(%

>2$)=!"#13A'*%6'% >)1=!*C*%=7LZB6[L,% R"%=:)#=:).2!"$3)(%6*% !"% Y:.
+78

% 6*%=7L%=".%B6[L%

3(6'3$% '(*%6;/."6"$3)(%=.)$;"#)1"!*% 6*%=7L% .*!"$3<*1*($% ."=36*% *$% *1=b>:*% !*% >!3<"/*%

>"!="s(*W6;=*(6"($% 6*% =7L% "##)>3;% ^% #"% (*'.)$)C3>3$;,% R"% 6;=:)#=:).2!"$3)(% 6*% >*$$*%

$:.;)(3(*%6;=*(6."3$%6*#%=:)#=:"$"#*#%99+%)'%994Q%_F:":%"(6%R":3.3\%4M+5`,%R"%>2>!3(*%U%

#;A'*#$.*%B6[L%6"(#%'(%>)1=!*C*%3(">$3@,%R"%>2>!3(*%]%3($*."/3$%"<*>%B6[L%*$%@"<).3#*%"3(#3%

#"%!)>"!3#"$3)(%('>!;"3.*,%

) )
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2. Fonctions neuronales normales et pathologiques 

W8Z$! +-/! +25,)*6+! /,9-! B0,/+*+4/! 8(4-! :+! .+,A+(1! +/! ,6D1:+! 8+! 40*;,+12!

*6.(4)-*+-! .:6-! 81! B04./)044+*+4/! .6,6;,(:! 5(,! :')4/+,*68)(),+! 8+! /,9-! 40*;,+1-+-!

.);:+-=! U4! +BB+/7! .8Z$! 5<0-5<0,T:+! 8+-! 5,0/6)4+-! )*5:)316+-! 8(4-! 8)BB6,+4/-! 5,0.+--1-!

.0**+7!5(,!+2+*5:+7!.+,/()4-!,6.+5/+1,-!*+*;,(4(),+-!PN>[K7!Y,Z`7�Q7!8+-!5,0/6)4+-!

8+! :(! 8+4-)/6! 50-/I-T4(5/)31+! .0**+! ?@[If$7! 8+-! 5,0/6)4+-! 8+! -)D4(:)-(/)04! .0**+!

[KO??"k7!8+-!5,0/6)4+-!.04/,i:(4/!:(!8T4(*)31+!8+!.T/0-31+:+//+!PY(17!jKXUIgQ!+/!8+-!

5,0/6)4+-! )*5:)316+-!8(4-! :(!*)D,(/)04!4+1,04(:+! PN8+:g7![.2Q! PL(:)0/)!+/!(:=7!khghQ=! &'()7!

8(4-!:(!-1)/+!8+!.+!.<(5)/,+7!.<0)-)!.+,/()4+-!8+!.+-!.);:+-!(B)4!8')::1-/,+,! :+!,i:+!8+!W8Z$!

8(4-! :+! B04./)044+*+4/!4+1,04(:! 40,*(:! +/! 5(/<0:0D)31+=! U4B)47! W8Z$!5<0-5<0,T:+!8+-!

B(./+1,-! 8+! /,(4-.,)5/)04! .0**+! >UMk! PE2)>2$*% U(:"(>*.% K">$).% 4Q! +/! @YKY"! PF3/("!%

Y."(#6'>*.%"(6%Q>$3<"$).%)@%Y."(#>.3=$3)(%7Q!PL(:)0/)!+/!(:=7!khghQ=!K)4-)7!W8Z$!+-/!)*5:)316+!

8(4-! 8)A+,-! 5,0.+--1-! .0**+! :(! /,(4-*)--)04! +/! :(! 5:(-/).)/6! -T4(5/)31+! ()4-)! 31+! :(!

8)BB6,+4.)(/)04!4+1,04(:+=![+!.+!B()/7!14+!86,6D1:(/)04!8+!:'(./)A)/6!W8Z$!501,,(!(A0),!8+-!

.04-631+4.+-!86:6/9,+-!-1,!:+!B04./)044+*+4/!.6,6;,(:=!!

a) Fonctions normales 

W8Z$! +2+,.+! 14+! B04./)04! )*50,/(4/+! 8(4-! :(! /,(4-*)--)04! +/! :(! 5:(-/).)/6!

-T4(5/)31+=!!

W8Z$! .0*5/+7! 5(,*)! -+-! .);:+-7! 8)BB6,+4/-! ,6.+5/+1,-! /,(4-*+*;,(4(),+-=! W+//+! Z)4(-+!

5<0-5<0,T:+7! 5(,! +2+*5:+7! :(! -01-I14)/6!NOkK!81! ,6.+5/+1,! D:1/(*(/+,D)31+!N>[K!(1!

4)A+(1!8+! :(!@+,gk"k=!W+//+!5<0-5<0,T:(/)04!+-/!(--0.)6+!J!14+!*081:(/)04!81!5,0.+--1-!

8+!LY?!8(4-!:'(),+!WKg!8+!:'<)550.(*5+!PL)!+/!(:=7!khhgQ=!L'1/):)-(/)04!8'14!*089:+!8+!-01,)-!

qV!.048)/)044+:!PqV.Q!8+!W8Z$7!(!6D(:+*+4/!5(,/).)56!J!:(!.0*5,6<+4-)04!8+!:')*5:).(/)04!

8+!.+//+!Z)4(-+!8(4-! :(!5:(-/).)/6!-T4(5/)31+!+/! :'(55,+4/)--(D+=!^4+!(1D*+4/(/)04!8+! :(!

-01-I14)/6! NOk`! 81! ,6.+5/+1,! N>[K7! 8(4-! :'<)550.(*5+! 8+! .+-! -01,)-7! (! 5+,*)-! 8+!

*+//,+!+4!6A)8+4.+!:(!,6D1:(/)04!8+!:(!86D,(8(/)04!8+!.+//+!-01-I14)/6!5(,!W8Z$=!W<+C!:+-!

-01,)-!qV.7!:(!86D,(8(/)04!8+!NOk`!+-/!;:0316+7!)481)-(4/!14+!(1D*+4/(/)04!8+-!.01,(4/-!

N>[K!+/!14+!8)*)41/)04!81!-+1):!8')481./)04!8+!:(!LY?!8(4-!:'(),+!WKg=![1!50)4/!8+!A1+!

.0*50,/+*+4/(:7! :+-!-01,)-!qV.!50--98+4/!14+!B:+2);):)/6!.0D4)/)A+!-156,)+1,+!(12!-01,)-!

-(1A(D+-=!U4!+BB+/7!+::+-!*04/,+4/!14+!(*6:)0,(/)04!8+-!5+,B0,*(4.+-!8(4-!14!5(,(8)D*+!

8+! .048)/)044+*+4/! 8+! 5+1,! *()-! (1--)! 8(4-! :'+2/)4./)04! 8+! .+! .048)/)044+*+4/=! L(!



!
ek!

*\*+! /+48(4.+! +-/! 0;-+,A6+! 8(4-! :+! /+-/! 8+! :(! 5)-.)4+! 8+!>0,,)-7! (5,9-! )4A+,-)04! 81!

.(8,(4/!.);:+!.04/+4(4/!:(!5:(/+B0,*+!Pc(l(-:)!+/!(:=7!khh]Q=!!

W8Z$! 5<0-5<0,T:+! 6D(:+*+4/! :+! ,6.+5/+1,! Y,Z`! 81! `[NM! (1! 4)A+(1! 8+! :(! @+,#]e=! L(!

5<0-5<0,T:(/)04!8+!.+//+! -6,)4+!5+,*+/!14+! )4/+,(./)04!+4/,+!Y,Z`!+/! :(!O<0!SUM!Y_K>!

31)!-+*;:+!46.+--(),+!501,!:(!5:(-/).)/6!-/,1./1,(:+!865+48(4/+!8+!:'(./)A)/6!81!,6.+5/+1,!

N>[K=!U4!+BB+/7!:(!5<0-5<0,T:(/)04!8+!Y,Z`!5(,!W8Z$!5+,*+/!:'(./)A(/)04!8+!:(!A0)+!O(.I

?Kq7! 865+48(4/! 8+! :'(./)A)/6! 81! ,6.+5/+1,! N>[K7! *081:(4/! ()4-)! :(! *0,5<0:0D)+! 8+-!

65)4+-! 8+48,)/)31+-=! L')4/+,(./)04! +4/,+! Y,Z`! +/! Y_K>! +-/! 6D(:+*+4/! 46.+--(),+! J! :(!

-T4/<9-+! 5,0/6)31+! *YVOI865+48(4/+! *)-+! +4! E+1! 8(4-! :+! 5,0.+--1-! 8+! 5:(-/).)/6!

-T4(5/)31+=! U4! .04-631+4.+7! :(! LY?! 8(4-! :'<)550.(*5+! +-/! (:/6,6+! .<+C! :+-! -01,)-! q_7!

*1/6+-!(1!4)A+(1!81!-)/+!8+!5<0-5<0,T:(/)04!8+!W8Z$!-1,!Y,Z`!P-01,)-!Y,Z`@#]eKs@#]eKQ=!V4!

0;-+,A+7! +4! 5(,(::9:+7! 14+! 8)*)41/)04! 8+-! 5+,B0,*(4.+-! 8(4-! :+-! /+-/-! 8+! :(! 5)-.)4+! 8+!

>0,,)-! +/! 8+! :(! ,+.044()--(4.+! 8'14! 401A+:! 0;E+/7! .<+C! .+-! -01,)-=! W+.)! -1DD9,+! 804.!

:'+2)-/+4.+!8'14!:)+4!+4/,+!:(!5<0-5<0,T:(/)04!8+!Y,Z`P@+,#]eQ!5(,!W8Z$!+/!:(!,6D1:(/)04!8+!

:(! 8T4(*)31+! 8'(./)4+! +/! 8+! :(! -T4/<9-+! 5,0/6)31+! 865+48(4/+! 81! ,6.+5/+1,! N>[K7!

46.+--(),+!(1!,+*08+:(D+!(./)A)/6I865+48(4/!8+-!65)4+-!8+48,)/)31+-!PL()!+/!(:=7!khgkQ=!!

W8Z$! +-/! 804.! 14+! 5,0/6)4+! .:6! 8+! :(! -)D4(:)-(/)04! 4+1,04(:+=! U::+! ,6D1:+! :+-!

*6.(4)-*+-! -1550,/(4/! :(!*6*0,)-(/)04!*()-!6D(:+*+4/! :'01;:)! +/!+2+,.+!804.!14! ,i:+!

.+4/,(:!8(4-!:(!5:(-/).)/6!4+1,04(:+=!!

b) Fonctions pathologiques 

W0**+! E+! :'()! 5,6.68+**+4/! *+4/)04467! :'(./)A)/6! 8+! W8Z$! +-/! ,6D1:6+! 8+!

*(4)9,+! 5,6.)-+! +4! B04./)04! 8+! :(! 5,6-+4.+! 8+! -04! (./)A(/+1,! 5,)4.)5(:! 5"$! +/! 8+! -(!

:0.(:)-(/)04! -1;I.+::1:(),+=! ^4+! 86,6D1:(/)04! 8+-! -T-/9*+-! 8+! .04/,i:+! 8+! :'(./)A)/6! 8+!

W8Z$!(!8+-!+BB+/-!86:6/9,+-!-1,!:+!B04./)044+*+4/!4+1,04(:=!L(!5,0/6)4+!5"$!+-/!.:)A6+!+4!

NI/+,*)4(:!5(,!:(!.(:5(|4+7!804/!:'(./)A)/6!+-/!865+48(4/+!81!W(k�7!501,!8044+,!:(!5,0/6)4+!

5k$=!^4+! (1D*+4/(/)04!81!W(k�! )4/,(.+::1:(),+! (--0.)6+! J! 14! -/,+--! .+::1:(),+7! 5,0A031+!

804.! :+! .:)A(D+!8+!5"$!+/!(1D*+4/+! :(!5,050,/)04!8+!5k$=! L(!5,0/6)4+!5k$!+-/! /01E01,-!

.(5(;:+! 8+! -+! :)+,! J! W8Z$! +/! 8+! :'(./)A+,7! .+5+48(4/! .+! .:)A(D+! -155,)*+! :+! -+D*+4/!

*T,)-/0T:6! 46.+--(),+! J! :'(8,+--(D+! *+*;,(4(),+! 8+! 5"$! Pq1-(Z(l(! +/! (:=7! khhhQ=!

L'(--0.)(/)04! 8+! W8Z$! (A+.! .+! .0I(./)A(/+1,! /,04316! (! 8+12! +BB+/-! *(E+1,-!F! gQ! :(!
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*08)B).(/)04! 8+! :(! :0.(:)-(/)04! -1;I.+::1:(),+! 8+! W8Z$! :)6+! J! :'(;-+4.+! 8+! :(! 5(,/)+!!!!!!!!!!!!!!

NI/+,*)4(:+! ,+-504-(;:+!8+! :'(8,+--(D+!*+*;,(4(),+!8+!5"$=! U4! :'(;-+4.+!8'(8,+--(D+!

*+*;,(4(),+7!:+!.0*5:+2+!5k$sW8Z$!8+A)+4/!.T/0-0:)31+!+/!B(A0,)-+!804.!:'(..9-!8+!W8Z$!

(12! 5,0/6)4+-! +4A),044(4/+-! Pq1-(Z(l(! +/! (:=7! khhhQ7! kQ! :(! :)()-04! 8+! 5k$! J! W8Z$! +-/!

(--0.)6+! J! 14+! <T5+,(./)A(/)04! 8+! W8Z$! PW,1C! (48! Y-()7! khh#F! L++! +/! (:=7! khhhQ=!

L'<T5+,(./)A)/6! 8+! W8Z$! (! 6/6! (--0.)6+! J! :'<T5+,5<0-5<0,T:(/)04! 8+! :(! 5,0/6)4+! Y(1!

P5,0/6)4+!(--0.)6+!(12!*).,0/1;1:+-Q!8(4-!:+!.04/+2/+!8+!:(!*(:(8)+!8'K:C<+)*+,!PW,1C!+/!

(:=7!khh"Q=!U4!+BB+/7!8(4-!14!*089:+!8+!-01,)-!q_!5k$!)481./);:+7!14+!(1D*+4/(/)04!8+!:(!

5,050,/)04! 8+! 5k$! J! :'vD+! (81:/+! +-/! .:(),+*+4/! (--0.)6+! J! 14+! 4+1,086D646,+-.+4.+!

8(4-!:+!.0,/+2!+/!:'<)550.(*5+=!W+,/()4-!8+-!5,)4.)5(12!*(,31+1,-!8+!:(!5(/<0:0D)+!-04/!

0;-+,A6-!.<+C!.+-!-01,)-7!.0**+!14+!8)*)41/)04!81!A0:1*+!.6,6;,(:7!14+!(1D*+4/(/)04!

8+! :'(./)A(/)04! D:)(:+! P(--0.)6+! J! 14! 6/(/! )4B:(**(/0),+Q! +/! :(! B0,*(/)04!

8'+4.<+A\/,+*+4/-!4+1,0B);,)::(),+-!PW,1C!+/!(:=7!khh"Q=!W+-!0;-+,A(/)04-!-04/!J!*+//,+!+4!

,+:(/)04!(A+.!14+!(1D*+4/(/)04!8+!:(!5<0-5<0,T:(/)04!8+!:(!5,0/6)4+!Y(1!8(4-!:+-!,6D)04-!

/01.<6+-!.<+C!.+-! -01,)-!5k$! PW,1C!+/!(:=7!khh"Q=!^4+!-1,+25,+--)04!8+!5k$!4')481)/!5(-!

14+! <T5+,5<0-5<0,T:(/)04! 8+-! .);:+-! 5<T-)0:0D)31+-! 8+! W8Z$!*()-! 5,0A031+! 5:1/i/! 14!

.<(4D+*+4/!8+!.);:+-=!U4!+BB+/7!(:0,-!31+!Y(1!4'+-/!5(-!01!5+1!5<0-5<0,T:6+!5(,!W8Z$!+4!

.048)/)04-!40,*(:+-7! :+!.0*5:+2+!5k$sW8Z$!(!14+!-56.)B).)/6!8'(./)04!(..,1+!501,!.+//+!

5,0/6)4+!PW,1C!+/!(:=7!khh"Q=!W+!.<(4D+*+4/!8+!.);:+7!(--0.)6!J!14+!(./)A)/6!5,0:04D6+!8+!

W8Z$7! .0481)/! J! 14! *6.(4)-*+! 8'<T5+,5<0-5<0,T:(/)04! 5(/<0:0D)31+7! 5,0A031(4/! :(!

B0,*(/)04! 8'+4.<+A\/,+*+4/-! 4+1,0B);,)::(),+-! 4+1,0/02)31+-7! 8(4-! :'<)550.(*5+! +/! :+!

.0,/+2! 8+! .+-! -01,)-! PW,1C! +/! (:=7! khh"Q=! L+! .0*5:+2+! 5k$sW8Z$! +-/! 6D(:+*+4/! )*5:)316!

8(4/! :(!*0,/!4+1,04(:+! )481)/+!5(,! :+!5+5/)8+!KuPgI#kQ! .<+C! :(! -01,)-7! -1DD6,(4/!804.!14!

*6.(4)-*+! J! :'0,)D)4+! 8+! :(! 4+1,0/02).)/6! (--0.)6+! (1! 5+5/)8+! KuPgI#kQ! 8(4-! :(! *(:(8)+!

8'K:C<+)*+,! PL++! +/! (:=7! khhhQ=! [+! *\*+7! 14+! (1D*+4/(/)04! 8+! :'(./)A)/6! W8Z$! (! 6/6!

0;-+,A6+!8(4-!14!*089:+!*1,)4!8+!:(!*(:(8)+!8+!?(,Z)4-04=!K:0,-!31'14+!(1D*+4/(/)04!

8+!:'(./)A)/6!8+!:(!.(:5(|4+!+-/!,+-504-(;:+!8+!:(!*0,/!4+1,04(:+!8(4-!.+!*089:+7!@*)/<!*$%

>)!!,!04/!0;-+,A6!14+!(1D*+4/(/)04!8+!:'+25,+--)04!8+!5k$!+/!8+!:'(./)A)/6!8+!W8Z$=!`)+4!

31+!:(!.);:+!8+!W8Z$!8(4-!.+!*089:+!4'()/!5(-!6/6!86.,)/+7!:'(./)A(/)04!(;6,,(4/+!8+!W8Z$!

5(,! 5k$! +-/! :)6+! J! :(! 86D646,+-.+4.+! 8+-! 4+1,04+-! -/,)(/(12! 8(4-! .+! 5(,(8)D*+!

+256,)*+4/(:!P@*)/<!+/!(:=7!khh"Q=!W+.)!.04B),*+!804.!:+!,i:+!81!.0*5:+2+!5k$sW8Z$!8(4-!

8+-!5,0.+--1-!4+1,0/02)31+-!8'6/)0:0D)+-!8)BB6,+4/+-=!
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 Rôle dans le développement neuronal B.

L+! ,i:+! 8+! W8Z$! 8(4-! :+! 86A+:055+*+4/! 4+1,04(:! +-/! 86EJ! -1DD6,6! 5(,! :+!

5<640/T5+!8+-!-01,)-!86B).)+4/+-!+4!W8Z$!P-01,)-!W8Z$IsIQ=!U4!+BB+/7!:+-!-01,)-!W8Z$IsI!-04/!

8+! 5:1-! 5+/)/+! /()::+7! *+1,+4/! 5+1! 8+! /+*5-! (5,9-! :+1,! 4()--(4.+! +/! 5,6-+4/+4/! 14!

)*50,/(4/!86B(1/!8+! :(*)4(/)04! .0,/).(:+7! -1DD6,(4/!804.! :')*50,/(4.+!8+!W8Z$!8(4-! :(!

*)D,(/)04!4+1,04(:+=![+!5:1-7!:+-!-01,)-!801;:+!qV!501,!:+-!.0I(./)A(/+1,-!8+!W8Z$!P5"$IsI!

+/! 5"fIsIQ! 50--98+4/! :+! *\*+! 5<640/T5+! 31+! :+-! -01,)-! W8Z$IsI7! )48)31(4/! 31+! .+-! .0I

(./)A(/+1,-! -04/!46.+--(),+-!(12! B04./)04-!4+1,086A+:055+*+4/(:+-!8+!W8Z$!! Pq0!+/!(:=7!

khhgQ=! _:! +2)-/+! .+5+48(4/! 14+! 8)BB6,+4.+! +4/,+! :+-! 801;:+-! *1/(4/-! 5"$�sIs5"fIsI! +/!!!!!!!

5"$IsIs5"f�sI=! U4! +BB+/7! (:0,-! 31+! :(! :(*)4(/)04! .0,/).(:+! +/! <)550.(*5)31+! 8+-! -01,)-!!!!!!!!!!!!

5"$�sIs5"fIsI!,+--+*;:+!J!.+::+!8+-!-01,)-!-(1A(D+-7! :+-!-01,)-!5"$IsIs5"f�sI!5,6-+4/+4/!14!

5<640/T5+! -)*):(),+! (12! -01,)-! 801;:+! qV! 5"$IsIs5"fIsI=! W+-! ,6-1:/(/-! -1DD6,+4/! 31+!

:'(./)A)/6! +*;,T044(),+! 8+! W8Z$! -+,()/! 8(A(4/(D+! (--0.)6+! J! 5"$! 31'J! 5"f! Pq0! +/! (:=7!

khhgQ=![+!5:1-7! :'+25,+--)04!8+! :(!5,0/6)4+!5"$!+-/! ,6D1:6+!(1!.01,-!81!86A+:055+*+4/!

4+1,04(:=! V4! 0;-+,A+7! +4! +BB+/7! 14+! +25,+--)04! *(2)*(:+! (1! .01,-! 8+! :(! *)D,(/)04!

4+1,04(:+!.<+C!:(!-01,)-7!+4/,+!:+!E01,!+*;,T044(),+!g$!PUg$Q!+/!:(!4()--(4.+!P?hQ!PN)Z0:).!

+/!(:=7!gff%Q=!W+-!,6-1:/(/-!-1DD9,+4/!:'+2)-/+4.+!8'14!4)A+(1!8+!,6D1:(/)04!-56.)B)31+!J!:(!

56,)08+! 86A+:055+*+4/(:+7! 5,0;(;:+*+4/! (--0.)6! J! :(! B04./)04! 8+! W8Z$! 8(4-! :+!

86A+:055+*+4/!4+1,04(:=!

K:0,-!31+!:')*5:).(/)04!8+-!O<0!SY?(-+-!8(4-!:+!86A+:055+*+4/!4+1,04(:!(!:(,D+*+4/!6/6!

86.,)/+7! :+! .0*5:+2+! 5"$sW8Z$! E01+,()/! 14! ,i:+! 8(4-! :(! -)D4(:)-(/)04! 865+48(4/! 8+! :(!

5,0/6)4+!O(.=!L+!.0*5:+2+!5"$sW8Z$!5+1/7!+4!+BB+/7!-'(--0.)+,!(A+.!:(!B0,*+!(./)A+!8+!O(.!

+/!-04!+BB+./+1,!?Kqg=!L(!B0,*(/)04!8+!.+!.0*5:+2+!8+!*(4)9,+!/,(4-)/0),+!+2+,.+!14!,i:+!

)4<);)/+1,!-1,!:'(./)A)/6!8+!?Kqg=!W+!.0*5:+2+!-+,()/!804.!14!*0T+4!8+!,6D1:+,!8+!B(G04!

8T4(*)31+!:(!50:T*6,)-(/)04!8+!:'(./)4+!(--0.)6+!J!?Kqg!8(4-!:+!86A+:055+*+4/!4+1,04(:!

PN)Z0:).!+/!(:=7!gffeQ=!

L')*5:).(/)04! 8+! W8Z$! 8(4-! :(! *)D,(/)04! 4+1,04(:+! 5(--+! 5(,! :(! 5<0-5<0,T:(/)04! 8+!

8)BB6,+4/+-! .);:+-! )*5:)316+-! 8(4-! :+! 5,0.+--1-! 8+! 41.:60Z)49-+=! U4! +BB+/7! :+-! 5,0/6)4+-!

L)-g! +/! [.27! 86.,)/+-! 5,6.68+**+4/7! -04/! ,6D1:6+-! 5(,! W8Z$=! [(4-! :+! .(-! 8+! :(! [.27! :(!

5<0-5<0,T:(/)04! :(! @+,kf]! 5(,! W8Z$7! +-/! 46.+--(),+! J! :'(./)A)/6! 8+! :(! [.2! 8(4-! :(!

/,(4-:0.(/)04!41.:6(),+=!W+/!+BB+/!5(--+!5,0;(;:+*+4/!5(,!14+!,6D1:(/)04!8+!:(!8T4(*)31+!
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8+-!*).,0/1;1:+-! PY(4(Z(!+/!(:=7!khh#;Q=! L(!5,0/6)4+!N8+:g7! .04/+41+!8(4-! :+!.0*5:+2+!

L)-gs8T46)4+sN8+:g7!+-/!6D(:+*+4/!14+!.);:+!8+!W8Z$=!W8Z$!5<0-5<0,T:+!N8+:g!(1!4)A+(1!

8+! /,0)-! ,6-)81-! :0.(:)-6-!8(4-! :(! ,6D)04! )*5:)316+!8(4-!-04! )4/+,(./)04!(A+.! :(!8T46)4+=!

`)+4!31+!:+!,i:+!8+!.+-!5<0-5<0,T:(/)04-!4+!-0)/!5(-!.:(),7!:+!B()/!31'+::+-!-+!-)/1+4/!8(4-!:(!

,6D)04! )*5:)316+! 8(4-! :')4/+,(./)04! 8+! N8+:g! (A+.! :(! 8T46)4+! )*5:)31+! 31+! .+-!

5<0-5<0,T:(/)04-! 501,,()+4/! .04/,i:+,! :')4/+,(./)04! +4/,+! N8+:g! +/! :(! 8T46)4+!

PN)+/<(**+,! +/! (:=7! khhhQ=! L(! 5,0/6)4+! MKq! PK)>"!% Q6:*#3)(% i3("#*Q! +-/! B0,/+*+4/!

)*5:)316+! 8(4-! :(! *0/):)/6! .+::1:(),+! +/! .04-/)/1+! (1--)! 14+! .);:+! 8+! W8Z$=! W8Z$!

5<0-5<0,T:+! MKq! (1! 4)A+(1! 8+! :(! @+,]"k=! W+//+! 5<0-5<0,T:(/)04! +-/! 46.+--(),+! J! :(!

-/(;):)-(/)04! MKqI865+48(4/+! 8+-!*).,0/1;1:+-! 56,)41.:6(),+-! (1! .01,-! 8+! :(!*)D,(/)04!

4+1,04(:+=!L(!-1,+25,+--)04!8'14!*1/(4/!MKqP@]"kKQ!)481)/!14!86B(1/!8+!50-)/)044+*+4/!

8+-!4+1,04+-!.0,/).(12!.<+C!:(!-01,)-7!5,0;(;:+*+4/!8�!J!14+!(:/6,(/)04!81!*01A+*+4/!

41.:6(),+=!L(!5<0-5<0,T:(/)04!8+!MKq!5(,!W8Z$!E01+!804.!14!,i:+!*(E+1,!8(4-!:(!*)D,(/)04!

4+1,04(:+! +4! 5(,/).)5(4/! J! :(! -/(;):)-(/)04! 8+-! ,6-+(12! 8+! *).,0/1;1:+-! 56,)41.:6(),+-!

B(A0,)-(4/! ()4-)! :(! /,(4-:0.(/)04! 41.:6(),+! Pn)+! +/! (:=7! khh"Q=! U4B)47! W8Z$! 5<0-5<0,T:+! :(!

5,0/6)4+! [)28.g! (1! 4)A+(1! 8+! :(! @+,k$h! 5+,*+//(4/! J! .+//+! 5,0/6)4+! 8')4/+,(D),! (A+.! :+!

.0*5:+2+![_@WgsN8+:g7!*6.(4)-*+!+--+4/)+:!(1!5,0.+--1-!8+!*)D,(/)04!,(8)(:+!P@)4D<!+/!

(:=7!khghQ=!

U4! 5:1-! 8+! -04! ,i:+! 8(4-! :(! *)D,(/)047! W8Z$! +-/! (1--)! /,9-! )*50,/(4/+! 501,! :(!

8)BB6,+4.)(/)04!4+1,04(:+=! U::+!5,0*+1/!40/(**+4/! :(!501--+!4+1,)/)31+!8+!8)BB6,+4/+-!

B(G04-=!L(!5<0-5<0,T:(/)04!8+! :(!Z)4(-+!?./(),+g!(1!4)A+(1!8+! :(!@+,f$7!5(,!+2+*5:+7!+-/!

46.+--(),+! (1! 86A+:055+*+4/! 8+! :'(,;,+! 8+48,)/)31+! 8+-! 4+1,04+-! 8'<)550.(*5+! +4!

.1:/1,+!PM1!+/!(:=7!khggQ=![+!*\*+7!W8Z$!+-/!46.+--(),+!J!:(!501--+!4+1,)/)31+!)481)/+!5(,!

14+! -/)*1:(/)04! (1! `[NM=! U4! +BB+/7! .0**+! E+! :'()! 5,6.68+**+4/! 6A03167! (:0,-! 31+!

5"$sW8Z$! )4/+,(D)/! (A+.! :+! ,6.+5/+1,! Y,Z`7! 14+! -/)*1:(/)04! (1! `[NM! 5,0A031+! :(!

5<0-5<0,T:(/)04!,6.)5,031+!8+!:(!YT,g$!8+!W8Z$!5(,!Y,Z`!+/!8+!:(!@+,#]e!8(4-!:+!80*()4+!

)4/,(.+::1:(),+! 8+! Y,Z`! 5(,! W8Z$=! W+-! 6A94+*+4/-! 8+! 5<0-5<0,T:(/)04! +4/,(a4+4/! 14+!

(1D*+4/(/)04! 81! 40*;,+! 8+! 4+1,)/+-! 5,)*(),+-! -1,! 8+-! 4+1,04+-! 8'<)550.(*5+-! +4!

.1:/1,+!5(,!14!*6.(4)-*+!W8.#kI865+48(4/!PW<+14D!+/!(:=7!khh]Q=!W8Z$!5(,/).)5+!(1--)!J!

:(! *0,5<0D+49-+! 8+-! 65)4+-! 8+48,)/)31+-=! U4! +BB+/7! W8Z$! 5<0-5<0,T:+! :(! 5,0/6)4+!!!!

jKXUIg7! ,6D1:(/+1,! .:6! 8+! :(! 8T4(*)31+! 81! .T/0-31+:+//+! 8'(./)4+7! (1! 4)A+(1! 8+! /,0)-!

-6,)4+-! P@+,"gh7! @+,"f]! +/! @+,##gQ=! L(! 5<0-5<0,T:(/)04! 8+-! -6,)4+-! "gh! +/! "f]! )481)/! 14+!
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(1D*+4/(/)04! 81! 40*;,+! 8+! 5,0/,1-)04-! 8+! .:(--+! #! PB):0508+-Q! 5(,(::9:+*+4/! J! 14+!

8)*)41/)04!8+-!65)4+-!8+!.:(--+-!g7!k!+/!"!Py!-/1;;T!z7!y!*1-<,00*!z7!y!/<)4!zQ!8(4-!8+-!

.1:/1,+-! 5,)*(),+-! +/! 8+-! /,(4.<+-! 8+! -/,)(/1*! Pq)*! +/! (:=7! khh%Q=! [+! 5:1-7! 8(4-! :+-!

4+1,04+-!4'+25,)*(4/!5(-!:(!.T.:)4+!U!04!0;-+,A+!14+!<T5+,5<0-5<0,T:(/)04!8+-!@+,"gh!+/!

@+,##g!8+!jKXUIg7!(--0.)6+!J!14+!8)*)41/)04!81!40*;,+!8+!-T4(5-+-!8(4-!:'<)550.(*5+!

8+! -01,)-7! )48)31(4/! 804.! 31+! .+//+! .T.:)4+! ,6D1:+! :'(./)A)/6! 8+! W8Z$! 8(4-! :(!

*0,5<0D+49-+!8+-!65)4+-!8+48,)/)31+-!PV8(E)*(!+/!(:=7!khggQ=!!

W+-!,6-1:/(/-!-1DD9,+4/!804.!31+!W8Z$!.04/,i:+!:(!8)BB6,+4.)(/)04!4+1,04(:+!J!8)BB6,+4/-!

4)A+(127! 8+! :(! *)D,(/)04! J! :(! .0*5:+2)B).(/)04! 8+! :'(,;0,)-(/)04! 8+48,)/)31+7! 5(,!

:')4/+,*68)(),+!8+!8)BB6,+4/+-!.);:+-!)*5:)316+-!8(4-!:(!-)D4(:)-(/)04!01!:(!8T4(*)31+!81!

.T/0-31+:+//+=!

!

U4!.04.:1-)04!W8Z$!E01+!14!,i:+!.:6!8(4-!:(!5:(-/).)/6!-T4(5/)31+!*()-!6D(:+*+4/!

8(4-! :(!*)-+!+4!5:(.+!8+-!.),.1)/-!4+1,04(12=! L'(./)A)/6!8+!.+//+!Z)4(-+!+-/! ,6D1:6+! /,9-!

B)4+*+4/!5(,!-04! )4/+,(./)04!(A+.!-+-!8)BB6,+4/-!(./)A(/+1,-!31)!*081:+4/!6D(:+*+4/!-(!

:0.(:)-(/)04!-1;.+::1:(),+!+/!-(!-56.)B).)/6!8+!-1;-/,(/=!^4+!(:/6,(/)04!81!B04./)044+*+4/!

8+! .+//+! 5,0/6)4+! (1,(! 804.! 8+! D,(A+-! .04-631+4.+-! 5(/<0:0D)31+-! .0**+! .+:(! (! 6/6!

)::1-/,6!8(4-!.+!.<(5)/,+=!

! !
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V. LA PROTEINE WAVE-1 

W0**+!.+:(!(!5,6.68+**+4/!6/6!*+4/)04467! :(!5,0/6)4+!jKXUIg!.04-/)/1+!14+!

.);:+! )*50,/(4/+! 8+! W8Z$! 8(4-! :(! *0,5<0D+49-+! 8+-! 65)4+-! 8+48,)/)31+-=! W+! .<(5)/,+!

5,6-+4/+,(!804.!.+//+!5,0/6)4+!8'14!50)4/!8+!A1+!-/,1./1,(:!+/!B04./)044+:=!

 Structure et régulation des WASP A.

L(! 8T4(*)31+! 81! .T/0-31+:+//+! 8'(./)4+! +-/! 14! 6:6*+4/! B048(*+4/(:! 8(4-! :(!

,6504-+! 8+-! .+::1:+-! J! :+1,! +4A),044+*+4/=! L+-! .<(4D+*+4/-! 8+!*0,5<0:0D)+! 0;-+,A6-!

404! -+1:+*+4/! (1! .01,-! 8+! :'(./)A)/6! 4+1,04(:+! (81:/+7! *()-! (1--)! /01/! (1! :04D! 81!

86A+:055+*+4/! 8+-! 4+1,04+-7! )*5:)31+4/! 14! ,+*(4)+*+4/! )*50,/(4/! 81! .T/0-31+:+//+!

-01-IE(.+4/!PL107!khhkQ=!V4!5+1/7!5(,!+2+*5:+7!0;-+,A+,!(1!-+)4!8+-!.i4+-!8+!.,0)--(4.+7!

-/,1./1,+-!/,9-!8T4(*)31+-7!*0/+1,-!81!5,0:04D+*+4/!8+-!4+1,)/+-7!14+!B0,/+!8+4-)/6!8+!

50:T*9,+-!8'(./)4+=![+!*\*+7!:+-!65)4+-!8+48,)/)31+-!-04/!8+-!-/,1./1,+-!/,9-!,).<+-!+4!

(./)4+! PL107! khhkQ=! L(! 50:T*6,)-(/)04! 8+! :'(./)4+! *040*6,)31+! PSQ! 501,! B0,*+,! 8+-!

B):(*+4/-! 8'(./)4+! PMQ! +-/! 14+! 6/(5+! 5,)*0,8)(:+! 501,! (--1,+,! .+//+! 8T4(*)31+=! W+-!

B):(*+4/-!-'(--+*;:+4/!+4!801;:+-!<6:).+-7!+::+-I*\*+-!0,D(4)-6+-!+4!,6-+(12!;,(4.<6-=!

KB)4! 8+! 5+,*+//,+! :(! B0,*(/)04! 8+! 401A+(12! B):(*+4/-! 8'(./)4+7! :'(--0.)(/)04! 8+! /,0)-!

5,0/6)4+-! 8'(./)4+! S! +-/! 46.+--(),+7! ):! -'(D)/! 8+! :'6/(5+! 8+! 41.:6(/)04=! L(! B0,*(/)04! 8+!

401A+(12!B):(*+4/-!8'(./)4+!;,(4.<6-!+-/!5+,*)-+!D,v.+!J!:')4/+,A+4/)04!8+!5,0/6)4+-!8+!

41.:6(/)04!.0**+!:+!.0*5:+2+!K,5ks"!PK./)4!O+:(/+8!?,0/+)4!ks"Q=!Y,9-!5+1!(./)B!5(,! :1)!

*\*+7!:+!.0*5:+2+!K,5ks"!,+31)+,/!:')4/+,A+4/)04!8+!-'>!*"$3)(%9.)1)$3(/%K">$).#%PN?MQ!

501,! 5+,*+//,+! :+! 5,0.+--1-! 8+! 41.:6(/)04! +/! 804.! :(! 8T4(*)31+! 81! ,6-+(1! 8'(./)4+!

PO08(:!+/!(:=7!khh$Q=!

1. La Famille WASP 

a) Description 

W+//+! B04./)04! 8+! N?M! +-/! (--1,6+! 5(,! :+-! 5,0/6)4+-! 8+! :(! B(*)::+! jK@?7! 501,!

S3#[)$$%Q!6.3>:%F2(6.)1*%9.)$*3(=!^4+!*1/(/)04!,6.+--)A+!-1,!:+!.<,0*0-0*+!n7!(--0.)6+!

(1! -T48,i*+! 8+!j)-Z0//IK:8,).<7! 5(/<0:0D)+! .(,(./6,)-6+! 5(,! 14+! )**14086B).)+4.+7! (!

5+,*)-!8')8+4/)B)+,!:(!5,0/6)4+!jK@?=!?(,!:(!-1)/+7!:+-!(1/,+-!*+*;,+-!8+!:(!B(*)::+!jK@?!

04/! 6/6! )8+4/)B)6-! 5(,! <0*0:0D)+! 8+! -631+4.+! P`1,)(4+Z! (48! @08+,:)4D7! khg"Q=! W+//+!
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B(*)::+! 8+! N?M! .0*5,+48! -)2! *+*;,+-7! 8+! -/,1./1,+! /,9-! -)*):(),+7! *()-! 804/! :(!

:0.(:)-(/)04! A(,)+!R!jK@?7! NIjK@?7!jKXU7!jK@c7!jcK>>! +/! &>m=! L(! ,65(,/)/)04! 8+-!

*+*;,+-!8+!.+//+!B(*)::+!+-/!(--+C!:(,D+7!.+5+48(4/!:+-!5,0/6)4+-!NIjK@?!+/!jKXUIgs"!

-+! ,+/,01A+4/! +4! D,(48+! *(E0,)/6! 8(4-! :+! -T-/9*+! 4+,A+12! .+4/,(:=! L+! 80*()4+!!!!!!!!!!!!!!!!!

WI/+,*)4(:7! J! :'0,)D)4+!8+! :'(./)A(/)04!81! .0*5:+2+!K,5ks"7! +-/! /,9-! .04-+,A6! (1! -+)4!8+!

.+//+! B(*)::+=! L(! 5(,/)+! NI/+,*)4(:+7! +4! ,+A(4.<+7! :+1,! .04B9,+! :+1,! -56.)B).)/6! -5(/)(:+!

P`1,)(4+Z!(48!@08+,:)4D7!khg"Q=!!!

b) WASP/WAVE  et Rho GTPases 

KB)4! 8'(8(5/+,! :(! 8T4(*)31+! 81! .T/0-31+:+//+! 8'(./)4+! J! :'+4A),044+*+4/! 8+-!

4+1,04+-!/01/!(1!:04D!8+!:+1,!+2)-/+4.+7!):!+-/!46.+--(),+!31+!:')4B0,*(/)04!5,0A+4(4/!8+-!

-/)*1:)!+2/,(.+::1:(),+-!/,(4-)/+!8+!:(!*+*;,(4+!A+,-!:+!.T/0-31+:+//+=!L+-!5+/)/+-!SY?(-+-!

8+!/T5+!O<0!-04/!8+-!5,0/6)4+-!.:6-!8(4-!:'(8(5/(/)04!8+!:(!8T4(*)31+!81!.T/0-31+:+//+!

8'(./)4+! (12! -/)*1:)! +2/6,)+1,-! PS0A+Z! +/! (:=7! khh$Q=! W+-! O<0! SY?(-+-! 5+1A+4/! \/,+!

(./)A6+-! 5(,! 5:1-)+1,-! ,6.+5/+1,-!*+*;,(4(),+-! +/!*081:+4/! :+! .T/0-31+:+//+! 8'(./)4+7!

40/(**+4/!5(,!:')4/+,*68)(),+!8+-!5,0/6)4+-!jK@?!P@3/'.*%+7Q!P?04)*(-Z)4!+/!(:=7!khh]Q=!

K:0,-!31+! :(! -6,0/04)4+!+-/! )*5:)316+!8(4-! :(!8)BB6,+4.)(/)04!4+1,04(:+7! .+,/()4-!8+! -+-!

,6.+5/+1,-! *081:+4/! 8),+./+*+4/! :'(./)A)/6! 8+-! O<0! SY?(-+-! 5(,! :')4/+,*68)(),+! 8+-!

5,0/6)4+-!Sgk!+/!Sg"=!W'+-/!40/(**+4/!:+!.(-!8+-!,6.+5/+1,-!$IcY#!+/!$IcY]!31)7!.0**+!E+!

:'()! (;0,86! 5,6.68+**+4/7! .04/,i:+4/! ()4-)! :(! 501--+! 4+1,)/)31+! 8+! 4+1,04+-!

8'<)550.(*5+! +4! .1:/1,+=! [+! *\*+7! :+! ,6.+5/+1,! N>[K! 81! D:1/(*(/+! *081:+! :(!

*0,5<0D+49-+!8+-!65)4+-!8+48,)/)31+-!+4!(./)A(4/! :+-!O<0!SY?(-+-!5(,! :')4/+,*68)(),+!

8+!SUM-!.0**+7!5(,!+2+*5:+7!Y)(*g!P?04)*(-Z)4!+/!(:=7!khh]Q=!L'(./)A(/)04!8+!W8.#k!5(,!

:+!,6.+5/+1,!Y,Z`7!-1)/+!J!14+!-/)*1:(/)04!5(,!:+!`[NM7!)::1-/,+!6D(:+*+4/!:')*5:).(/)04!8+-!

,6.+5/+1,-!/T,0-)4+!Z)4(-+!8(4-!:+!.04/,i:+!8+!:'(./)A)/6!8+-!O<0!SY?(-+-!PW<+14D!+/!(:=7!

khh]Q=! L+-! O<0! SY?(-+-! (D)--+4/! 5(,! :')4/+,*68)(),+! 8'14! .+,/()4! 40*;,+! 8'+BB+./+1,-7!

.(5(;:+-! 8+!*081:+,! :+! .T/0-31+:+//+7! .0**+!5(,! +2+*5:+! ?Kq! P=4+%Q>$3<"$*6% i3("#*Q!

31)! .04/,i:+! :(! 50:T*6,)-(/)04! 8+! :'(./)4+! A)(! :(! Z)4(-+! L_>q! PL)4Igg7! _-:Ig7! (48! >+.I"!

Z)4(-+Q!+/!:(!.0B):)47!01!+4.0,+!:+-!5,0/6)4+-!jK@?!31)!B04/!:'0;E+/!81!5(,(D,(5<+!-1)A(4/!

PS0A+Z!+/!(:=7!khh$Q=!!

! !
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J%9,!")-IS)1%"&)"&'!")(%9&/1)"Z'!/$"11,1/%!"`)A/(5()"')$8'4(:,"1"''"))

?3@@;.*($#% .;>*=$*'.#% $."(#1*1&."("3.*#% >)11*\% =".% *C*1=!*\% !*#% .;>*=$*'.#% 6'%

/!'$"1"$*\% 6*% !"% #;.)$)(3(*\% 6*#% (*'.)$.)=:3(*#\% )'% *(>).*% 6*#% #*1"=:).3(*#\% #)($%

>"="&!*#% 6G">$3<*.% !*#% H:)% IY9"#*#,% R*#% IUK#% _/'"(3(*% ('>!*)$36*% *C>:"(/*% @">$).`%

@">3!3$*($% !"% !3&;."$3)(%6'%I?9%=".% !*#%IY9"#*#,% R"%H:)%IY9"#*% !3;*%"'%IY9%*#$%">$3<*%*$%

=*.1*$% ^% #)(% $)'.% !G">$3<"$3)(% 6*% 63@@;.*($#% *@@*>$*'.#\% =".13% !*#A'*!#% #*% $.)'<*($% !*#%

=.)$;3(*#% 6*% !"% @"13!!*% SQF9,% R*#% IQ9#% _IY9"#*% ">$3<"$3(/% =.)$*3(#`% =*.1*$$*($%

!G:26.)!2#*%6'%IY9%=".%!*#%H:)%IY9"#*#\%."1*("($%"3(#3%>*#%6*.(30.*#%^%!*'.%>)(@).1"$3)(%

3(">$3<*,% RG">$3<3$;% 6*#% H:)% IY9"#*#% *#$% ;/"!*1*($% 1)6'!;*% =".% !*#% I?]#% _/'"(3(*%

('>!*)$36*%63##)>3"$3)(%3(:3&3$).#`%6)($%!G">$3<3$;%*#$%3(:3&;*%=".%!*#%I?K#%_I?]%63##)>3"$3)(%

@">$).#`,% 9Qi%n% =4+% ">$3<"$*6% [3("#*%l% HOBi%n% H:)% "##)>3"$*6% =.)$*3(% i3("#*,% Q6"=$;% 6*%

_9)(31"#[3(%*$%"!,\%4MMJ`,%

% %
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2. Structure et Régulation des protéines WAVE 

L(! 5,0/6)4+! jKXU! PSQF9% @"13!2% T*.=.)!3(W:)1)!)/)'#% =.)$*3(Q7! 01! @WKO!

PF'==.*##).%)@%>QE9%H*>*=$).%#3/("!3(/Q7!(!6/6!*)-+!+4!6A)8+4.+!+4!gffe!5(,!<0*0:0D)+!

8+! -631+4.+! (A+.! :+-! 5,0/6)4+-!jK@?! +/! NIjK@?! P>)Z)! +/! (:=7! gffeQ=! ^4! (4! (5,9-7! :+!

*\*+! D,015+! )8+4/)B)+! 8+12! (1/,+-! )-0B0,*+-7! jKXUIk! +/! jKXUI"7! jKXUIg! 6/(4/! :(!

5,+*)9,+! .(,(./6,)-6+! P@1+/-1D1! +/! (:=7! gfffQ=! L(! 8)BB6,+4.+! +4/,+! .+-! )-0B0,*+-! ,6-)8+!

5,)4.)5(:+*+4/!8(4-! :+1,! ,65(,/)/)04! /)--1:(),+7! :+1,! -/,1./1,+!+/! :+1,! B04./)04!6/(4/! /,9-!

.04-+,A6+-=! L+-! )-0B0,*+-!jKXUIg! +/!jKXUI"! -04/! /,9-!*(E0,)/(),+*+4/! +25,)*6+-! (1!

4)A+(1!81!/)--1!.6,6;,(:=!V4!,+/,01A+!40/(**+4/!:+-!4)A+(12!:+-!5:1-!6:+A6-!8+!jKXUIg!

8(4-! :+! .0,/+27! :'<)550.(*5+7! :'(*TD8(:+! +/! :+! -/,)(/1*! P[(<:! +/! (:=7! khh"Q=! L(! 5,0/6)4+!

jKXUIk!+-/!+25,)*6+!8(4-!:+!.+,A+(17!:+!.0+1,7!:+!.i:047!:+!/<T*1-7!:(!,(/+7!:+-!,+)4-!+/!8+!

*(4)9,+! 5:1-! )*50,/(4/+! 8(4-! :+! 5:(.+4/(7! :+-! 501*04-! +/! :+-! :+1.0.T/+-! .),.1:(4/-!

P@1+/-1D1!+/!(:=7!gfffQ=!!

L+-!5,0/6)4+-!jKXU!-04/!.0*50-6+-!8'14!80*()4+!jc[!PSQTU%X)1)!)/)'#%?)1"3(Q!NI

/+,*)4(:7! -1)A)! 8'14! 80*()4+! ;(-)31+! P`Q7! 51)-! 8'14+! C04+! ,).<+! +4! 5,0:)4+-! P?Q! +/! J!

:'+2/,\*)/6! WI/+,*)4(:+7! 14+! ,6D)04! (55+:6+! XIWIK7! .04-/)/16+! 8+! /,0)-! 80*()4+-!R! X!

PT*.=.)!3(% :)1)!)/2Q7! W% PB*($."!% )'% B)((*>$3(/% #*A'*(>*Q% +/! K% PQ>363>% #*A'*(>*Q!

P`1,)(4+Z!(48!@08+,:)4D7!khg"Q=!L(!-/,1./1,+!8+-!5,0/6)4+-!jKXU-!+-/! )::1-/,6+!+4!@3/'.*%

+5\%Q=!L(!,6D)04!XWK!5+,*+/!:(! :)()-04!8+!:'(./)4+!+/! :'(./)A(/)04!81!.0*5:+2+!K,5ks"=!U4!

+BB+/7!:+!80*()4+!X!+-/!)*5:)316!8(4-!:(!:)()-04!8+!:'(./)4+!*040*6,)31+!+/!:+!80*()4+!K!

8(4-! :')4/+,(./)04! (A+.! :+! .0*5:+2+! K,5ks"=! L+-! 80*()4+-! X! +/! W! -04/! 46.+--(),+-! J!

:'(./)A)/6! N?M! 8+! .+-! 5,0/6)4+-! Pc�B4+,! +/! (:=7! khhgQ=! W+//+! ,6D)04! XWK7! :0,-31'+::+! +-/!

)-0:6+7!50--98+!14+!(./)A)/6!.04-/)/1/)A+!+/!46.+--)/+!804.!8'\/,+!B)4+*+4/!,6D1:6+!501,!

.04/,i:+,! :(!8T4(*)31+!8+!:'(./)4+!Pc�B4+,!+/!(:=7!khhgQ=!U4!5:1-!8+-!80*()4+-!`!+/!?7! :+!

80*()4+! XWK! +-/! 6D(:+*+4/! .04-+,A6! .<+C! /01-! :+-!*+*;,+-! 8+! :(! B(*)::+!jK@?=! L+-!

5,0/6)4+-!jK@?! +/! NIjK@?! 50--98+4/! 14! -T-/9*+! 8'(1/0I)4<);)/)04! .04B0,*(/)044+::+!

.(,(./6,)-6!5(,!14+!)4/+,(./)04!)4/,(*0:6.1:(),+!+4/,+! :+!80*()4+!XWK!+/! :+!80*()4+!8+!

:)()-04! 8+-! O<0SY?(-+-! PS`[\% IY9"#*#% d3(63(/% ?)1"3(Q7! (;-+4/! 8(4-! :+-! 5,0/6)4+-!

jKXU-=!W8.#k!8(4-!-(!.04B0,*(/)04!(./)A+!-+!:)+!8),+./+*+4/!(1!4)A+(1!81!80*()4+!S`[!

:+A(4/!()4-)!:')4<);)/)04!)*50-6+!5(,!:')4/+,(./)04!(A+.!:+!80*()4+!XWK!+/!5+,*+//(4/!-04!

)4/+,(./)04! (A+.! :+! .0*5:+2+! K,5ks"! Pq)*! +/! (:=7! khhhQ=! W+5+48(4/7!jKXU! -+! 8)-/)4D1+!

-/,1./1,+::+*+4/!8+!-+-!<0*0:0D1+-!jK@?!+/!NIjK@?!404!-+1:+*+4/!5(,!:(!5,6-+4.+!81!
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80*()4+!NI/+,*)4(:!jc[!*()-!6D(:+*+4/!5(,! :'(;-+4.+!81!80*()4+!S`[=!U/(4/!80446!

:'(;-+4.+!8+! .+!80*()4+7! )*5:)316!8(4-! :'(1/0I)4<);)/)04!8+!jK@?!+/!NIjK@?7!04!5+1/!

)*(D)4+,!31+!:+!*08+!8+!,6D1:(/)04!8+!jKXU!+-/!/,9-!5,0;(;:+*+4/!8)BB6,+4/=!

a) WAVE regulatory complex 

L(! 5,0/6)4+! jKXUIg! +-/! -631+-/,6+! 8(4-! 14! .0*5:+2+! 5,0/6)31+! (55+:6! jOW7!

501,!SQTU%H*/'!"$).2% B)1=!*C=! W+! .0*5:+2+! +-/! B0,*6!5(,! :+-! 5,0/6)4+-! ?_Ogkg! P=L7%

](6'>3&!*%1*##*(/*.%H-Q%+4+Q7!N(5g!P->[WQ##)>3"$*6%9.)$*3(%+Q7!c@?W"hh!PX*1"$)=)3*$3>%

F$*1Z9.)/*(3$).%B*!!%=.)$*3(%7MMQ!+/!K;)g!PQ&!%]($*.">$).%+Q%PU8+4!+/!(:=7!khhkQ=!jKXUIk!+/!

jKXUI"!B04/!6D(:+*+4/!5(,/)+!8+!.0*5:+2+-!(4(:0D1+-!PS(1/,+(1!+/!(:=7!khh#F!@/0A0:8!+/!

(:=7! khh$Q=! K1! -+)4! 81! .0*5:+2+!jOW7! -+1:-!K;)g! +/!c@?W"hh! )4/+,(D)--+4/! 8),+./+*+4/!

(A+.! jKXU=! N(5g! +-/! ,+.,1/6+! 5(,! K;)g7! (--0.)6+! (1! 80*()4+! jc[! +/! )4/+,(D)/! (A+.!

?_Ogkg!PS(1/,+(1!+/!(:=7!khh#F!U8+4!+/!(:=7!khhkQ=!L(!-/,1./1,+!8+!.+!.0*5:+2+!+-/!)::1-/,6+!

+4!@3/'.*%+5\%d=!!

K:0,-! 31+! jKXUIg! -+1:+! (./)A+! 8+! *(4)9,+! .04-/)/1/)A+! :(! 50:T*6,)-(/)04! 8+! :'(./)4+7!

jKXUIg!(1!-+)4!81!.0*5:+2+!jOW!4+!50--98+!5(-!14+! /+::+!(./)A)/67! -1DD6,(4/!31+! :+-!

5,0/6)4+-!.04-/)/1(4/!.+!8+,4)+,!+2+,.+4/!14+!(./)04!)4<);)/,).+!-1,! :'(./)A)/6!8+!jKXUIg!

PU8+4!+/!(:=7!khhkF!L+;+4-0<4!(48!q),-.<4+,7!khhfQ=!!

W04/,(),+*+4/! (12! 5,0/6)4+-!jK@?! 804/! :'(./)A(/)04! +-/! (--0.)6+! J! W8.#k7! .'+-/! :(! O<0!

SY?(-+!O(.!31)!5(,/).)5+!J! :'(./)A(/)04!8+-!jKXU! P>)Z)!+/!(:=7!gffeQ=!K)4-)7!U8+4!*$%>)!!,!

04/!5,050-6!14!*6.(4)-*+!8'(./)A(/)04!-+:04!:+31+:!:(!:)()-04!8+!O(.!J!?_Ogkg!)481)/!14+!

8)--0.)(/)04! 8+-! .0*5:+2+-! O(.s?_OgkgsN(5g! +/! c@?W"hhsjKXUIg7! 5+,*+//(4/! ()4-)!

:'(./)A(/)04! 8+!jKXUIg! +/! :(! 50:T*6,)-(/)04! 8+! :'(./)4+! PU8+4! +/! (:=7! khhkQ=! W+5+48(4/7!

.+//+! A)-)04! (! 6/6! ,+*)-+! +4! 31+-/)04! 5:1-! ,6.+**+4/=! L(! :)()-04! 8+! :(! 5,0/6)4+! O(.! J!

?_Ogkg! )481)/! 5:1/i/! 14+! *081:(/)04! .04B0,*(/)044+::+! :);6,(4/! :+! 80*()4+! XWK! 8+!

jKXUIg7!5,0.+--1-!J!:'0,)D)4+!8+!-04!(./)A(/)04!P@3/'.*%+5\dQ!PW<+4!+/!(:=7!khghQ=![+!5:1-7!

:(!:)()-04!81!80*()4+!;(-)31+!`!8+-!jKXU!J!8+-!5<0-5<0:)5)8+-!*+*;,(4(),+-7!.0**+!:+!

?_?"! P9:)#=:"$362]()#3$)!% _7\5\L`$.39:)#=:"$*Q7! B(A0,)-+! 14! ,(55,0.<+*+4/! (A+.! :(! B(.+!

)4/+,4+! 8+! :(! *+*;,(4+! 5:(-*)31+=! W+//+! )4/+,(./)04! 5+,*+/! 804.! :+! ,+.,1/+*+4/!

*+*;,(4(),+!8+-!jKXU!B(A0,(;:+!J! :(!B0,*(/)04!8+! :(*+::)508+-!J! :(!-1,B(.+!.+::1:(),+=!

U4B)47!:'6/(/!8+!5<0-5<0,T:(/)04!8+-!jKXU!(55(,(a/!)*50,/(4/!8(4-!:(!,6D1:(/)04!8+!:+1,!

(./)A)/6!.(/(:T/)31+7!.0**+!E+!:'(;0,8+,()!8(4-!:(!5,0.<()4+!5(,/)+!PW<+4!+/!(:=7!khghQ=!!



!
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U4!.04.:1-)047!.0**+! )::1-/,6!8(4-! :(! @3/'.*%+57! :'(./)A)/6!8+! :(!5,0/6)4+!jKXUIg!

+-/! ,6D1:6+!5(,!-04!(--0.)(/)04!J!31(/,+!(1/,+-!5,0/6)4+-!(1!-+)4!81!.0*5:+2+!jOW=!L(!

B)2(/)04! 8+! :(! O<0! SY?(-+! O(.! (1! 4)A+(1! 8+! .+! .0*5:+2+! )481)/! 8+-! .<(4D+*+4/-!

.04B0,*(/)044+:-!:);6,(4/!:(!,6D)04!.(/(:T/)31+!8+!jKXUIg!P,6D)04!XWKQ!B(A0,)-(4/!()4-)!:(!

41.:6(/)04!8+!:'(./)4+!5(,!:')4/+,*68)(),+!8'K,5ks"=!!

b) Régulation par phosphorylation 

K;:7! @,.! +/! W8Z$! -04/! :+-! /,0)-! Z)4(-+-! .0441+-! 501,! 5<0-5<0,T:+,!jKXUIg=! L+-!

5,0/6)4+-! K;:! PQ&*!#)(% $2.)#3(*% [3("#*`! +/! @,.! PH)'#% F".>)1"% <3.'#Q7! -04/! 8+12! /T,0-)4+!

Z)4(-+-! ,+.044()--(4/! :+-! *0/)B-! ,+-5+./)B-! _sXsLI8InInI?sM! +/! 8I@! 01! 8I[sU=! L(!

5<0-5<0,T:(/)04! 8+! jKXUIg! (1! 4)A+(1! 8+-! /T,0-)4+-! g$g! +/! gk$! 5(,! K;:! +/! @,.7!

,+-5+./)A+*+4/7! 5+,*+/! 8+! :);6,+,! :(! ,6D)04! XWK! B(A0,)-(4/! ()4-)! :(! :);6,(/)04! 8+! .+!

80*()4+!+/! :'(./)A)/6!8+!jKXUIg! PW<+4!+/!(:=7!khghF!>+480C(7!khg"Q=! L(!5,0/6)4+!W8Z$7!

31)!,+.044()/!:+-!*0/)B-!(s'?7!.);:+7!+4!,+A(4.<+7!/,0)-!-6,)4+-!(1!4)A+(1!81!80*()4+!,).<+!

+4!5,0:)4+-!8+!jKXUIg=!U4!+BB+/7!:+-!-6,)4+-!"gh7!"f]!+/!##g!-04/!5<0-5<0,T:6+-!5(,!W8Z$!

J! -/�.<)0*6/,)+! 6D(:+! .<+C! :+! ,(/! Pq)*! +/! (:=7! khh%Q=! W+-! -6,)4+-! -04/7! 5(,! ()::+1,-7!

.04-+,A6+-! .<+C! :(! -01,)-! +/! .<+C! :'c0**+7! 8+! *\*+! 31+! :+1,! 5<0-5<0,T:(/)047! J!

:'+2.+5/)04!8+!:(!@+,##g!804/!:(!5<0-5<0,T:(/)04!4'(!5(-!6/6!)8+4/)B)6+!.<+C!:'c0**+=!['14!

50)4/!8+!A1+!B04./)044+:7!:(!5<0-5<0,T:(/)04!8+!.+-!/,0)-!-6,)4+-!(!14!+BB+/!)4<);)/+1,!-1,!

:(! 50:T*6,)-(/)04! 8+! :'(./)4+! )481)/+! 5(,! jKXUIg7! (A+.! 14! +BB+/! 5,680*)4(4/! 8+! :(!

5<0-5<0,T:(/)04!8+!:(!-6,)4+!"gh7!5(,!,(550,/!(12!-6,)4+-!"f]!+/!##g!P:(!5<0-5<0,T:(/)04!

8+! :(! @+,##g! 4'(T(4/! 31+! /,9-! 5+1! 8'+BB+/! -1,! :'(./)A)/6!jKXUIgQ! Pq)*! +/! (:=7! khh%Q=! W+-!

5<0-5<0,T:(/)04-! -04/! )*5:)316+-! 8(4-! :+! 5,0.+--1-! 8+! *0,5<0D+49-+! 8+-! 65)4+-!

8+48,)/)31+-=!U4!+BB+/7!+4!8)*)41(4/!:'(./)A)/6!8+!jKXUIg7!.+-!5<0-5<0,T:(/)04-!)481)-+4/!

14+! (1D*+4/(/)04! 8+! :(! 5,050,/)04! 8+! B):0508+-! 8(4-! 8+-! .1:/1,+-! 5,)*(),+-! +/! 8+-!

/,(4.<+-!8+!-/,)(/1*!Pq)*!+/!(:=7!khh%Q=!L(!865<0-5<0,T:(/)04!8+!.+-!-6,)4+-!+-/!(--1,6+!

5(,! :(! 5<0-5<(/(-+! ??kK7! +::+I*\*+! 865+48(4/+! 8+! :'(./)A)/6! 8+! :(! Z)4(-+! ?qK7! 5(,!

:')4/+,*68)(),+!8'14+!5<0-5<0,T:(/)04!(./)A(/,).+!8+!:(!-01-I14)/6!`$%"!8+!??kK!PW+D:)(!+/!

(:=7!khghF!K<4!+/!(:=7!khh]Q=!!

!

! !
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J%9,!")-;)S)('!,$',!")"')!"9,1/'%4&)2")A/6"=-)

;#<% F$.'>$'.*% /;(;."!*% 6*#% =.)$;3(*#%SQTU,%SX?%n%SQTU% X)1)!)/2% ?)1"3(\% d%n% d"#3>%

#*A'*(>*\%9H?%n%9.)!3(*%H3>:%?)1"3(\%T%n%T*.=.)!3(%:)1)!)/2\%B%n%B)((*>$3(/%#*A'*(>*\%Q%n%

Q>363>% #*A'*(>*,% ;=<% F$.'>$'.*% 6'% %SQTU% H*/'!"$).2% B)1=!*C%% _SHB`,%SQTUW+% 3($*."/3$%

"<*>%!*#%=.)$;3(*%XF9B7MM%*$%Q&3+,%B*$$*%6*.(30.*%3($*."/3$%"<*>%-"=+%A'3%.*>.'$*%9]H+4+,%

RG">$3<3$;%6*%SQTUW+%*#$%"3(#3%3(:3&;*%=".%#)(%3($*.">$3)(%"<*>%>*%>)1=!*C*%=.)$;3A'*,%R"%

@3C"$3)(% 6*% !"% H:)% IY9"#*% H">% =.)<)A'*% '(% >:"(/*1*($% 6*% >)(@).1"$3)(% 6'% SHB\%

!3&;."($%"3(#3% !*%6)1"3(%TBQ%@"<).3#"($%#)(% 3($*.">$3)(%"<*>%Q.=4Z7%*$% !"%=)!21;.3#"$3)(%

6*%!G">$3(*,%Q6"=$;%6*%_d'.3"(*[%"(6%F)6*.!3(/\%4M+7`,%% %
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 Fonctions neurodéveloppementales de WAVE-1 B.

jKXUIg! (D)/! 5,)4.)5(:+*+4/! .0**+! 14! +BB+./+1,! 8+! O(.g=! U/(4/! 80446! :+! ,i:+!

*(E+1,! 81! .T/0-31+:+//+! 8'(./)4+! 8(4-! :(!*0,5<0D+49-+! 4+1,04(:+7! 04! )*(D)4+! 31+! :(!

5,0/6)4+! jKXUIg! +-/! 14! *68)(/+1,! )*50,/(4/! 8+! .+-! .<(4D+*+4/-=! V4! ,+/,01A+7! 5(,!

()::+1,-7! 14! +4,).<)--+*+4/! 8+!jKXUIg! (1! 4)A+(1!81! .i4+!8+! .,0)--(4.+7!*()-! (1--)! (1!

4)A+(1!8+-!65)4+-!8+48,)/)31+-!P@08+,:)4D!+/!(:=7!khh]Q=!W+-!-/,1./1,+-!+25,)*+4/!5:1-)+1,-!

,6.+5/+1,-! *+*;,(4(),+-7! -1DD6,(4/! 804.! 31+! jKXUIg! 5(,/).)5+! (./)A+*+4/! J! :(!

*0,5<0D+49-+! 4+1,04(:+! +4! (8(5/(4/! :(! 8T4(*)31+! 81! .T/0-31+:+//+! 8'(./)4+! (12!

-)D4(12!+2/,(.+::1:(),+-!5+,G1-!5(,!.+-!8+12!,6D)04-!+4!5(,/).1:)+,=!!

L'0;-+,A(/)04! 8+! -01,)-! )4A(:)86+-! 501,! jKXUIg! P-01,)-! jKXUIgIsIQ! (! 5+,*)-! 8+!

/),+,! 31+:31+-! .04.:1-)04-! 5,6:)*)4(),+-! -1,! :')*5:).(/)04! 8+! .+//+! 5,0/6)4+! 8(4-! :+!

86A+:055+*+4/! 4+1,04(:=! L'+25,+--)04! 8+! jKXUIg! +-/! 5,0D,+--)A+*+4/! ,+-/,+)4/+! (1!

-T-/9*+! 4+,A+12! .+4/,(:! (1! .01,-! 81! 86A+:055+*+4/=! U4! +BB+/7! (:0,-! 31'(1! E01,!

+*;,T044(),+! f! PUfQ! jKXUIg! +-/! +25,)*6! 5(,/01/! 8(4-! :'+*;,T047! +::+! (805/+!

5,0D,+--)A+*+4/!14+!+25,+--)04!-56.)B)31+!(1!4)A+(1!81!.+,A+(1!+/!8+!:(!*0H::+!65)4)9,+!

J!Uge=!L+-!401A+(12I46-!qV!-04/!:6D9,+*+4/!5:1-!5+/)/-!31+!:+1,-!<0*0:0D1+-!-(1A(D+-=!

_:-! 50--98+4/! 6D(:+*+4/! 14! A0:1*+! .6,6;,(:! )4B6,)+1,=! W+-! -01,)-! *+1,+4/! /,9-!

5,6.0.6*+4/=! L'6/18+! 81! 86A+:055+*+4/! 3(% <3$.)! 8+-! 4+1,04+-! .0,/).(12! 8+-! -01,)-!

jKXUIgIsI! 4'(! 5(-! ,6A6:6! 8+! 8)BB6,+4.+-! *(E+1,+-7! +4! *(/)9,+! 8+! 86A+:055+*+4/!

4+1,04(:=!W+.)!5(,(a/!6/044(4/!(1!A1!8+!:')*50,/(4.+!8+!.+//+!5,0/6)4+!8(4-! :+!.04/,i:+!

81! .T/0-31+:+//+! 8'(./)4+! P[(<:! +/! (:=7! khh"Q=! ['(1/,+-! 6/18+-7! 1/):)-(4/! 6D(:+*+4/! 8+-!

4+1,04+-!4'+25,)*(4/!5:1-!jKXUIg7!04/!.+5+48(4/!(550,/6!8'(1/,+-! ,6-1:/(/-=!U4!+BB+/7!

:+-! 4+1,04+-! 8'<)550.(*5+! )--1-! 8+-! -01,)-!jKXUIgIsI! 86A+:055+4/! 8+-! 4+1,)/+-!*0)4-!

:04D-! .0*5(,6-! (12! 4+1,04+-! -(1A(D+-! P@08+,:)4D! +/! (:=7! khh]Q=! W+//+! 0;-+,A(/)04! +-/!

.0<6,+4/+!(A+.!14!+4,).<)--+*+4/!8+!jKXUIg!8(4-!:+-!.i4+-!8+!.,0)--(4.+=![+!*\*+7!04!

0;-+,A+!14+!8)*)41/)04!8+!:(!8+4-)/6!8+-!65)4+-!8+48,)/)31+-!-1,!8+-!/,(4.<+-!8+!.0,/+2!

+/!8'<)550.(*5+!8+!-01,)-!jKXUIgIsI!(81:/+=!W+-!0;-+,A(/)04-!-1DD9,+4/!804.!B0,/+*+4/!

31+!jKXUIg!E01+!14!,i:+!)*50,/(4/!8(4-!:+!86A+:055+*+4/!8+!:'(,;0,)-(/)04!8+48,)/)31+!

P@08+,:)4D! +/! (:=7! khh]Q=! [+! 5:1-7! (:0,-! 31+! :')4<);)/)04! 8+! jKXUIg! +-/! (--0.)6+! J! 14+!

(:/6,(/)04! 8+! :(! /,(4-*)--)04! -T4(5/)31+! <)550.(*5)31+! +/! 81! 5,0.+--1-! 8+! LY?7! 04!

0;-+,A+! 6D(:+*+4/! 14+! 8)*)41/)04! 8+-! 5+,B0,*(4.+-! .0D4)/)A+-! 8(4-! :+-! /+-/-! 8+! :(!



!
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5)-.)4+! 8+!>0,,)-! +/! 8+! :(! ,+.044()--(4.+! 8'14! 401A+:! 0;E+/! .<+C! :+-! -01,)-!jKXUIgIsI!

P@08+,:)4D!+/!(:=7!khh"Q=!!

!

jKXUIg!+-/!804.!14!(./+1,!.:6!8+!:(!8)BB6,+4.)(/)04!4+1,04(:+!81!B()/!8+!-04!,i:+!

.+4/,(:!8(4-!:(!,6D1:(/)04!8+!:(!8T4(*)31+!81!.T/0-31+:+//+!8'(./)4+=![+!5:1-7!:'(./)A)/6!8+!

jKXUIg!5+1/!\/,+!*081:6+7!404!-+1:+*+4/!5(,! :+-!Z)4(-+-!K;:7! @,.!+/!W8Z$7!*()-!(1--)!

5(,!8)BB6,+4/-!,6.+5/+1,-!*+*;,(4(),+-!5(,!:')4/+,*68)(),+!8+!:(!O<0!SY?(-+!O(.g=!!

! !
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I. Implication de la voie 5-HT6/Cdk5 dans 

la pousse neuritique 

 Contexte et objectifs A.

W0**+!E+!:'()!6A0316!+4!)4/,081./)047!(1!.01,-!8+!:(!8)BB6,+4.)(/)04!8+-!4+1,04+-7!

:+-! 5,0:04D+*+4/-! 31)! :+-! .(,(./6,)-+4/! -'(::04D+4/! 5,0D,+--)A+*+4/! +/! -+! 8)BB6,+4.)+4/!

*0,5<0:0D)31+*+4/!+/! B04./)044+::+*+4/!501,! B0,*+,!8'14+!5(,/! :'(204+7!31)! /,(4-*+/!

:')4B0,*(/)047! +/! 8'(1/,+! 5(,/! :+-! 8+48,)/+-7! 31)! )4/9D,+4/! :+-! )4B0,*(/)04-! ,+G1+-=! L+!

86A+:055+*+4/! 8+-! 4+1,)/+-! +-/! 804.! 14+! 6/(5+! .,1.)(:+! 501,! 5+,*+//,+! :+-! .04/(./-!

+4/,+!:+-!4+1,04+-!+/!:(!*)-+!+4!5:(.+!8+-!.),.1)/-!.6,6;,(12=!^4+!(40*(:)+!(1!.01,-!81!

86A+:055+*+4/!8+!:'(,;0,)-(/)04!4+1,04(:+!5+1/7!8+!.+!B()/7!\/,+!J!:'0,)D)4+!8+!40*;,+12!

8T-B04./)044+*+4/-!.6,6;,(12!Pq1:Z(,4)!(48!M),+-/+)47!khgkQ=!

L+! ,6.+5/+1,! $IcY%7! +25,)*6!8+!*(4)9,+! 5,6.0.+! (1! .01,-! 81!86A+:055+*+4/! .6,6;,(:7!

+-/! .0441! 501,! E01+,! 14! ,i:+! )*50,/(4/! 8(4-! :(! *)D,(/)04! 8+-! 4+1,04+-! .0,/).(12=! W+!

8+,4)+,!501,,()/!50/+4/)+::+*+4/!\/,+! )*5:)316!8(4-!8'(1/,+-!6/(5+-!81!86A+:055+*+4/!

4+1,04(:=![+!5:1-7! :+!,6.+5/+1,!$IcY%!+-/!8+A+417!8+51)-!31+:31+-!(446+-7!!14+!.);:+!8+!

.<0)2! 8'14! 50)4/! 8+! A1+! 5<(,*(.0:0D)31+=! U4! 5:1-! 8+! -04! +25,+--)04! +4,).<)+! 8(4-!

.+,/()4+-! ,6D)04-! .6,6;,(:+-! .+4/,(:+-! 8(4-! :+-! 5,0.+--1-! .0D4)/)B-7! :+-! (4/(D04)-/+-! 81!

,6.+5/+1,! ,6A+,-+4/! :+-! 86B).)/-! .0D4)/)B-! 40/(**+4/! 0;-+,A6-! 8(4-! :(! -.<)C05<,64)+!

P5(/<0:0D)+! 4+1,086A+:055+*+4/(:+Q! +/! 8(4-! :(! *(:(8)+! 8'K:C<+)*+,! P5(/<0:0D)+!

4+1,086D646,(/)A+Q!P>)/.<+::!(48!N+1*()+,7!khh$F!`+4<(*�!+/!(:=7!khg#Q=!

L+!50)4/!8+!865(,/!8+!.+!/,(A():!(!6/6!8+!.(,(./6,)-+,!8+!*(4)9,+!404!;)()-6+!:')4/+,(./0*+!

81! ,6.+5/+1,! (B)4! 8'(A0),! 14+! A)-)04! 8'+4-+*;:+! 8+-! A0)+-! 8+! -)D4(:)-(/)04!

50/+4/)+::+*+4/! +4D(D6+-! 5(,! .+! 8+,4)+,=! ^4! 5,+*)+,! .,);:+! 5,0/60*)31+! (! 6/6!

5,6.68+**+4/! ,6(:)-6! 5(,! 40/,+! 631)5+7! 8(4-! :+! ;1/! 8')8+4/)B)+,! :+-! 5,0/6)4+-!

)4/+,(D)--(4/!(A+.! :+! ,6.+5/+1,!$IcY%=! L'+25,+--)04!8'14!,6.+5/+1,!$IcY%! /(D167!8(4-!14!

-T-/9*+!8'+25,+--)04!<6/6,0:0D1+7!(!5+,*)-!8+!*+//,+!+4!6A)8+4.+!:')4/+,(./)04!+4/,+!:+!

,6.+5/+1,!+/!8+-!5,0/6)4+-!/+::+-!31+!*YVO!01!W8Z$7!/01/+-!:+-!8+12!)*5:)316+-!8(4-!:(!

8)BB6,+4.)(/)04!4+1,04(:+! P>+BB,+!+/! (:=7! khgkQ=!KB)4!8+!5,6.)-+,! .+-! ,6-1:/(/-!0;/+41-!J!

5(,/),! 8'14+! :)D46+! 8+! cUqIkf"7! 401-! (A04-7! 8(4-! :+! /,(A():! 5,6-+4/6! ).)7! 1/):)-6! 14+!

(55,0.<+! 5,0/60*)31+! .0*5:6*+4/(),+=! L+-! 5,0/6)4+-! +25,)*6+-! 8(4-! :+! .+,A+(1! 8+!



!
ff!

-01,)-! (81:/+! 04/! 6/6! 51,)B)6+-! 5(,! .<,0*(/0D,(5<)+! 8'(BB)4)/6! +4! 1/):)-(4/! :+! 80*()4+!!!!!!

WI/+,*)4(:! 81! ,6.+5/+1,! $IcY%! .0**+! (55v/7! .+! 80*()4+! (T(4/! 14! ,i:+! .:6! 8(4-!

:')4/+,(./)04!(A+.!:+-!5(,/+4(),+-!)4/,(.+::1:(),+-=!W+-!5,0/6)4+-!04/!+4-1)/+!6/6!)8+4/)B)6+-!

5(,!-5+./,0*6/,)+!8+!*(--+!5(,!:(!?:(/+B0,*+!8+!?,0/60*)31+!M04./)044+::+!PM??Q=!W+//+!

(55,0.<+! (! 5+,*)-! 8+! .04B),*+,! :+-! ,6-1:/(/-! 5,6.68+**+4/! 0;/+41-! +/! 8+!*+//,+! +4!

6A)8+4.+! "]! 5,0/6)4+-! )4/+,(D)--(4/! (A+.! :+! 80*()4+! WI/+,*)4(:! 81! ,6.+5/+1,! $IcY%=!

S,v.+! J! .+//+! (55,0.<+! .0*5:6*+4/(),+7! 401-! (A04-! 51! )8+4/)B)+,! 8+-! 5(,/+4(),+-!

(88)/)044+:-!81!,6.+5/+1,!$IcY%!31)!4+!-04/!5(-!+25,)*6-!8(4-!:+-!cUqIkf"7!*()-!+4,).<)-!

8(4-!:+!/)--1!.6,6;,(:=!W'+-/!5(,!+2+*5:+!:+!.(-!8+!:(!SY?(-+!O<+;!PH"#%X)1)!)/%U(.3>:*6%
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I
n addition to its well-established role in neurotransmission in the 
adult brain, serotonin (5-hydroxytryptamine, 5-HT) influences  
neurodevelopmental processes such as neuronal migration,  

neurite growth and dendritic spine morphogenesis and thereby  
contributes to the shaping of brain circuits essential for higher-order  
functions such as cognition and mood1. Accordingly, anomalies  
in 5-HT–mediated signaling during critical phases of cerebral  
development may be related to the pathogenesis of neurodevelop-
mental disorders such as schizophrenia, autism and attention deficit 
hyperactivity disorder2.

Among the G protein–coupled receptors (GPCRs) activated by 
5-HT and suspected to modulate neuronal development, 5-HT6Rs 
are of particular interest inasmuch as their activation in prefron-
tal cortex is implicated in the cognitive deficits observed in several 
developmental models of schizophrenia, whereas their blockade 
improves cognition in these models3–5. However, the precise role 
of 5-HT6Rs in developmental processes and the signaling pathways 
mediating their action remain largely unknown. One obvious can-
didate would be the canonical 5-HT6R–linked Gs/adenylyl cyclase 
pathway6 as cyclic AMP is strongly implicated in the control of neu-
ronal migration, which itself is modulated by 5-HT6Rs7. However, 
a protein kinase A inhibitor only partially reversed the influence 
of 5-HT6R stimulation upon migration, raising the possibility 
that alternative signaling mechanisms participate in the control of  
neuronal migration by 5-HT6Rs7.

Identifying protein partners of a given GPCR is a valuable strat-
egy to uncover new signaling pathways in light of much evidence 
indicating that GPCRs can interact with extensive protein net-
works, which include proteins dedicated to signal transduction8.  
Exploiting a proteomic analysis of the 5-HT6R complex purified by 
co-immunoprecipitation with recombinant 5-HT6Rs, we recently 
found that 5-HT6Rs interact with mTOR complex 1 (mTORC1) and 
that activation of the mTOR pathway by 5-HT6Rs transduces their 
deleterious influence upon cognition9.

Here, we used a complementary strategy based on affinity puri-
fication of receptor interacting proteins from mice brain using the 

receptor C terminus as bait, in line with previous findings that iden-
tified this domain as the major site contributing to GPCR associa-
tion with intracellular protein networks10. We found that the 5-HT6R  
C terminus recruits a network of proteins, including Cdk5 and some 
of its substrates, known to control actin cytoskeleton dynamics  
as well as neuronal migration, neurite growth and dendritic  
spine morphogenesis11,12. Functional studies revealed that 5-HT6Rs 
promote neurite growth of cultured neurons via a mechanism 
involving their phosphorylation by associated Cdk5 at a serine  
residue located in the C terminus and activation of the Cdc42  
signaling pathway.

RESULTS
Identification of a 5-HT6R–associated protein network
We incubated the C-terminal domain of the mouse 5-HT6R 
(5-HT6Ct) fused to GST with detergent-solubilized protein extracts 
from mice brain and pulled-down proteins retained by affinity. 
We included a cleavage site for the Tev protease between GST and 
5-HT6Ct to eliminate contaminant proteins interacting with beads 
or GST. This strategy limited the recruitment of contaminating 
proteins in control pulldowns performed with beads conjugated to 
GST and allowed the detection of proteins specifically recruited by 
the 5-HT6Ct directly on the gels (Fig. 1a). Systematic analysis by 
tandem MS of proteins in samples from four independent control 
experiments and four experiments performed with the 5-HT6Ct 
bait identified 37 proteins specifically interacting with the 5-HT6Ct 
(Supplementary Results, Supplementary Tables 1 and 2). These 
included a network of proteins known to control actin cytoskeleton 
dynamics, including Cdk5, Wiskott-Aldrich syndrome protein– 
family verprolin homologous protein 1 (WAVE-1), one of the Cdk5 
substrates; phosphatase 2A (PP2A), which dephosphorylates and 
activates WAVE-1; and the Arp2–Arp3 complex, which is also 
known to be activated by WAVE-1 (refs. 12–14) (Fig. 1b).

This protein network is a key regulator of neuronal migration, neu-
rite growth and dendritic spine morphogenesis11,12, suggesting that 
it might contribute to the regulation of these neurodevelopmental  
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Cdk5 induces constitutive activation of 5-HT6 
receptors to promote neurite growth
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The serotonin6 receptor (5-HT6R) is a promising target for treating cognitive deficits of schizophrenia often linked to altera-
tions of neuronal development. This receptor controls neurodevelopmental processes, but the signaling mechanisms involved 
remain poorly understood. Using a proteomic strategy, we show that 5-HT6Rs constitutively interact with cyclin-dependent  
kinase 5 (Cdk5). Expression of 5-HT6Rs in NG108-15 cells induced neurite growth and expression of voltage-gated Ca2+  
channels, two hallmarks of neuronal differentiation. 5-HT6R–elicited neurite growth was agonist independent and prevented 
by the 5-HT6R antagonist SB258585, which behaved as an inverse agonist. Moreover, it required receptor phosphorylation at 
Ser350 by Cdk5 and Cdc42 activity. Supporting a role of native 5-HT6Rs in neuronal differentiation, neurite growth of primary 
neurons was reduced by SB258585, by silencing 5-HT6R expression or by mutating Ser350 into alanine. These results reveal a 
functional interplay between Cdk5 and a G protein–coupled receptor to control neuronal differentiation. 
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processes by 5-HT6Rs. Given the importance of Cdk5 in the func-
tional regulation of this network, we focused our study on the 
5-HT6R–Cdk5 interaction. Immunoprecipitation followed by 
western blot analysis confirmed the association of Cdk5 with the 
hemagglutinin (HA)-tagged 5-HT6R expressed in neuroblastoma- 
glioma NG108-15 cells (Fig. 1c and Supplementary Fig. 13). 
Moreover, activation of 5-HT6Rs by WAY181187 or WAY208466, 
two specific synthetic 5-HT6 agonists, did not further enhance 
the 5-HT6R–Cdk5 interaction, whereas the treatment of cells with 
SB258585, a 5-HT6 ‘antagonist’, strongly reduced the recruitment of 
Cdk5 (Fig. 1c and Supplementary Fig. 1a). To further validate this 
interaction and its modulation by SB258585 in an authentic cellular 
context, we performed bioluminescence resonance energy trans-
fer (BRET) experiments in NG108-15 cells expressing YFP-tagged 
5-HT6R and a Renilla luciferase (Rluc)-tagged Cdk5. Donor satura-
tion curves showed that this interaction can be detected by BRET, 
is inhibited by SB258585 (Fig. 1d) and is specific of the 5-HT6R as 
it is not detectable in cells expressing YFP-tagged 5-HT4R (another 
Gs-coupled 5-HTR) and Rluc-Cdk5 (Supplementary Fig. 1b). The 
activity of Cdk5 is tightly regulated by its interaction with specific 
activators, the most abundant one being p35 (refs. 15,16). Though  
our proteomic screen did not identify Cdk5 activators, p35  
co-immunoprecipitated with the 5-HT6R expressed in NG108-15 
cells (Supplementary Figs. 2 and 13), indicating that the receptor 
recruits a Cdk5–activator complex.

5-HT6Rs induce neurite growth of NG108-15 cells via Cdk5
In line with increasing evidence implicating Cdk5 in CNS 
development11,12, we examined whether 5-HT6Rs, via the recruit-
ment of Cdk5, promote the differentiation of neuroblastoma- 
glioma NG108-15 cells, a model commonly used for investigating  
mechanisms underlying neuronal development. Expression 
of YFP-tagged 5-HT6Rs in NG108-15 cells induced marked  
morphological changes usually associated with neuronal  
differentiation, including neurite growth (Fig. 2a). Treating cells 
with WAY181187 did not amplify neurite growth elicited by 5-HT6R 
expression, whereas SB258585 treatment strongly reduced neurite 
length (Fig. 2a and Supplementary Fig. 3a). As raising cAMP  
levels triggers NG108-15 cell differentiation17, we examined whether 
cAMP signaling has a role in receptor-elicited neurite growth 

by using a 5-HT6R bearing a triple mutation at conserved TM II 
residues, which impairs receptor signaling through Gs (referred 
to as 5-HT6R Gs dead)18. Expressing the 5-HT6R triple mutant  
in NG108-15 cells induced the same morphological changes as 
those induced by expression of the wild-type receptor (Fig. 2a and 
Supplementary Fig. 3a). Further supporting cAMP-independent  
effects and a specific role for 5-HT6R, expression in NG108- 
15 cells of the 5-HT4 receptor, which exhibits strong (constitu-
tive) activity at Gs signaling19, induced a much less pronounced  
increase in neurite length compared with 5-HT6Rs (Supplementary 
Fig. 4). Moreover, the morphogenetic effects induced by 5-HT6R 
expression were independent of mTORC1 activation as they were 
not affected by treatment of cells with rapamycin (Fig. 2a and 
Supplementary Fig. 3a).

In contrast, treating NG108-15 cells expressing 5-HT6R with 
roscovitine or alsterpaullone, two pharmacological Cdk5 inhibitors, 
strongly reduced the neurite length, as assessed 24 h after trans-
fection (Fig. 2b and Supplementary Fig. 3b). Further supporting 
a role of Cdk5, co-expressing a Cdk5 dominant-negative mutant 
(Cdk5T33)20 with the 5-HT6R also significantly (P < 0.001) reduced 
neurite length (Fig. 2b and Supplementary Fig. 3b).

5-HT6R induces NG108-15 cell differentiation through Cdk5
As only differentiated NG108-15 cells express high voltage– 
activated Ca2+ channels17,21, we next examined whether NG108-15 
cells expressing 5-HT6Rs and displaying morphological changes 
showed functional Ca2+ responses upon KCl depolarization. As 
expected, in cells expressing 5-HT6Rs, we observed robust KCl-
induced elevations in cytosolic Ca2+ concentration that were sup-
pressed by isradipine, a blocker of voltage-gated calcium channels, 
whereas KCl did not elicit a detectable Ca2+ response in NG108-15 
cells expressing GFP alone (Fig. 3a–c). WAY181187 did not affect 
5-HT6R–elicited Ca2+ responses (Fig. 3d), whereas SB258585 or ros-
covitine treatment abolished KCl-elicited Ca2+ increases (Fig. 3e,f). 
Further supporting the specificity of 5-HT6R–mediated effects, we 
did not detect KCl-induced Ca2+ responses in cells transfected with 
a 5-HT4 receptor construct (Fig. 3g). Ca2+ responses measured in 
cells expressing 5-HT6Rs were comparable with those obtained 
in cells treated with dibutiryl cAMP and dexamethasone for 48 h  
(Fig. 3h,i), a procedure classically used to induce NG108-15 cell 
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Figure 1 | Proteomic characterization of the 5-HT6R–associated complex. (a) SDS-PAGE analysis of mouse brain proteins pulled down with 5-HT6 

C-terminal domain (5-HT6Ct). Control pulldown was performed with GST alone. The image shows a colloidal Coomassie blue–stained gel obtained in  

a typical experiment. Arrows indicate the position of protein bands specifically recruited by 5-HT6Ct. MW, molecular weight. (b) A simple interaction  

file was designed and imported in Cytoscape (v 2.8.1) to graphically show the interactions between the 5-HT6R and a network of proteins involved in  

the control of cytoskeleton dynamics. The black nodes represent receptor partners identified in the current screen. (c) Co-immunoprecipitation (IP)  

of Cdk5 with HA-5HT6Rs expressed in NG 108-15 cells, treated with either vehicle, WAY181187 (1 M), WAY208466 (1 M) or SB258585 (10 M).  

The inputs represent 5% of the total protein amount used for immunoprecipitations. The image shows representative blots of four independent 

experiments performed on different sets of cultured cells. (d) Titration curves of the 5-HT6-YFP–Cdk5-Rluc interaction in NG108-15 cells with or  

without exposure to SB258585 (10 M). BRET max went from 93.4  2.4 arbitrary units (AU) for the nontreated cells to 66.8  2.6 AU for cells  

treated with SB258585. Data show mean  s.e.m. of quadruplicate determinations performed in a representative experiment. Three other experiments 

performed on different sets of cultured cells yielded similar results.
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differentiation17. Collectively, these results show that expression of 
5-HT6Rs induces agonist-independent morphological and func-
tional changes in NG108-15 cells that are characteristic of neuronal 
differentiation and require Cdk5 activity.

Cdk5 phosphorylates the 5-HT6R at Ser350
To further examine the functional role of physically associated 
Cdk5, we immunoprecipitated 5-HT6Rs and analyzed the activity 
of co-immunoprecipitated Cdk5 using histone H1 as a substrate for 
in vitro kinase assay. Cdk5 co-immunoprecipitated with 5-HT6Rs 
was active and able to phosphorylate its substrate in vitro (Fig. 4a 
and Supplementary Figs. 5a and 13). We then explored whether 
Cdk5 can phosphorylate the receptor itself, in line with previ-
ous findings indicating that Cdk5-elicited phosphorylation of the 
brain-derived neurotrophic factor (BDNF) receptor TrkB is essen-
tial for TrkB-mediated regulation of dendritic growth22. Analysis 
by tandem MS of the immunoprecipitated receptor followed by 
database search using phosphorylation as a variable modification 
identified a single phosphorylated residue (Ser350) located in the 
5-HT6Ct (Supplementary Fig. 5b). Interestingly, in silico analysis 
identified this serine as a Cdk5 consensus phosphorylation site. 
Consistent with these findings, quantification of the corresponding  

phosphorylated peptide ion signal from extracted ion chromato-
grams indicated that roscovitine treatment strongly inhibited Ser350 
phosphorylation. In line with its ability to disrupt the 5-HT6R–Cdk5  
interaction, SB258585 also reduced Ser350 phosphorylation  
(Fig. 4b and Supplementary Fig. 5b).

Role of Ser350 phosphorylation in neurite growth
To analyze the impact of Ser350 phosphorylation upon NG108-15 
cell differentiation, we mutated it into either alanine (S350A) or 
aspartate (S350D) to inhibit or mimic phosphorylation, respec-
tively. Stimulation of the S350A 5-HT6R expressed in NG108-15 
cells by WAY181187 elicited cAMP production at a level comparable  
to that determined in cells expressing wild-type receptors, indicat-
ing that it was expressed at the cell surface and functionally coupled  
to Gs (Supplementary Fig. 6a). However, mutating Ser350 into 
alanine strongly reduced the ability of 5-HT6R to promote neurite 
growth of NG108-15 cells (Fig. 4c and Supplementary Fig. 5d).  
In contrast, expression of the S350D mutant clearly enhanced 
neurite growth, and the co-expression of the Cdk5 dominant- 
negative mutant did not affect these morphological changes (Fig. 4c  
and Supplementary Fig. 5d). Further supporting a cAMP- 
independent mechanism, mutating Ser350 into aspartate resulted 
in a complete loss of the ability of the 5-HT6R to stimulate adeny-
lyl cyclase (Supplementary Fig. 6a). The inability of the aspartate 
mutant to elicit a cAMP response upon agonist stimulation did 
not reflect an inhibition of Gs signaling induced by Cdk5-operated 
Ser350 phosphorylation. Indeed, we measured comparable basal 
and agonist-stimulated cAMP production in cells expressing the 
wild-type receptor alone or in combination with the Cdk5 activator 
p35 (Supplementary Fig. 6b). Likewise, treating cells expressing the 
wild-type receptor with roscovitine did not affect constitutive and  
agonist-elicited cAMP levels. This suggests that the lack of cAMP 
signaling observed for the S350D mutant might result from a con-
formational change induced by the mutation itself. It is unlikely 
that such a conformational change would affect neurite growth, 
as the S350D mutant promoted neurite growth to the same extent 
as the wild-type receptor. This result, together with the inabil-
ity of the S350A mutant to elicit neurite growth, as observed in 
cells expressing the wild-type receptor following Cdk5 inhibi-
tion, strongly supports a direct role of Ser350 phosphorylation  
in the morphogenetic effects of the receptor.

Phosphorylation of the 5-HT6R activates the Cdc42 pathway
The previous findings show a critical role of Cdk5 catalytic activ-
ity in 5-HT6R–elicited neurite extension and that the growth-
promoting effect of Cdk5 depends on 5HT6R phosphorylation 
at Ser350. Rho GTPases, such as RhoA, Rac1 and Cdc42, are 
key regulators of the actin cytoskeleton, and the Cdc42 signal-
ing pathway has been involved in BDNF-induced neurite growth,  
a process depending on phosphorylation of TrkB receptors by Cdk5  
(ref. 22). We thus explored whether 5-HT6R expression in 
NG108-15 cells results in the activation of a Rho GTPase path-
way, using RhoA, Rac1 and Cdc42 Raichu probes23,24. These 
probes consist of chimera containing a Rho GTPase and the Rho 
GTPase binding domain of Pak, fused to the fluorophores CFP 
and YFP. When the Rho GTPase is activated, the conformation of 
the binding domain is altered, resulting in increased fluorescence 
resonance energy transfer (FRET) between the fluorophores. 
We found that expression of the 5-HT6R in NG108-15 cells only 
affected the FRET signal of the Cdc42 Raichu probe (Fig. 5a and 
Supplementary Fig. 7), indicating a specific activation of the 
Cdc42 signaling pathway by the 5-HT6R. Exposing cells to either 
roscovitine or SB258585 inhibited Cdc42 activation elicited by 
5-HT6R expression. Moreover, expression of the S350D mutant, 
but not the S350A mutant, activated the Cdc42 pathway, even in 
the presence of roscovitine (Fig. 5b). Collectively, these results 
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Figure 2 | 5-HT6R expression induces neurite growth of NG108-15 cells  

through a Cdk5-dependent mechanism. (a) NG108-15 cells were transfected 

with plasmids encoding either GFP alone or wild-type YFP-tagged 5-HT6R or 

YFP-tagged receptor mutant not able to activate Gs-adenylyl cyclase  

(Gs dead) and treated with WAY181187 (WAY, 1 M), SB258585 (SB, 10 M)  

or rapamycin (Rapa, 100 nM). Cells were fixed, and neurite length was 

quantified (Supplementary Fig. 3a). The image shows fields representative 

of three independent experiments performed on different cultures. Scale 

bar, 10 m. (b) NG108-15 cells were transfected together with a plasmid 

encoding either GFP alone or wild-type YFP-tagged 5-HT6R and either 

an empty vector or a plasmid encoding mCherry-tagged Cdk5 dominant-

negative mutant (Cdk5dn, magenta labeling). Roscovitine (50 M) and 

Alsterpaullone (25 M) were added immediately after transfection, and 

neurite length was quantified 24 h after transfection. The image shows fields 

representative of three independent experiments performed on different 

cultures. Neurite length, measured in each experimental condition, is 

indicated in Supplementary Figure 3b. Scale bar, 10 m.
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clearly identify Ser350 phosphorylation by 
Cdk5 as a necessary step for 5-HT6R–elicited  
Cdc42 activation. Co-expression of a  
dominant-negative Cdc42 mutant (Cdc42dn) 
with the 5-HT6R in NG108-15 cells resulted in a significant  
(P < 0.001) decrease in neurite length (Fig. 5c and Supplementary 
Fig. 8), indicating that Cdc42 activation is involved in 5-HT6R– 
induced neurite growth.

5-HT6Rs promote neurite growth in primary neurons
To explore whether the 5-HT6R can also promote neurite growth 
of primary cultured neurons, we first overexpressed 5-HT6Rs in 
neurons from regions known to endogenously express the receptor, 
such as the striatum and the hippocampus25. Infection of neurons 
from both structures with a 5-HT6R viral construct resulted in a 
significant (P < 0.001) increase in neurite length after 1 d in vitro  
compared with that in GFP-infected neurons (Fig. 6a and 
Supplementary Fig. 9a). To assess whether endogenous 5-HT6Rs 
have a role in neurite growth of primary neurons, we silenced 
their expression by transfecting neurons with a siRNA directed 
against the receptor. We validated the ability of the siRNA to impair 
5-HT6R expression by immunofluorescence and western blotting 
in NG108-15 cells and by quantitative PCR in primary neurons 
(Supplementary Fig. 10), as no antibody allowing for detection of 
endogenously expressed 5-HT6Rs is currently available. Silencing 
5-HT6R expression resulted in shortening of neurite length mea-
sured 24 h after seeding, both in hippocampal neurons and striatal 
neurons (Fig. 6b and Supplementary Fig. 9b). Further supporting 
a role of endogenously expressed 5-HT6Rs in the control of neurite 
growth of hippocampal and striatal neurons, treatment of cultures 
with SB258585 reduced neurite length to levels comparable to those 
measured in cultures transfected with the siRNA directed against 
5-HT6Rs (Fig. 6b and Supplementary Fig. 9b). Neither SB258585 
nor the 5-HT6R siRNA affected the number of primary dendrites 
and the complexity of the dendritic tree of these neurons, as assessed 
by Sholl analysis (Supplementary Fig. 11), suggesting that 5-HT6Rs 
selectively stimulate neurite extension.

Treating striatal or hippocampal neurons with roscovitine also 
decreased their neurite length (Supplementary Fig. 12a) but did 
not affect the number of primary dendrites nor the complexity of 
their dendritic tree (Supplementary Fig. 11), supporting a role for 

Cdk5 in neurite extension of primary neurons. In contrast with 
expression of the wild-type receptor, expression of the 5-HT6R

S350A 
did not increase neurite growth of hippocampal neurons (Fig. 6c 
and Supplementary Fig. 9c). Moreover, co-expression of Cdc42dn 
resulted in a marked inhibition of neurite growth induced by 5-HT6R 
expression and also reduced the neurite length of GFP-transfected 
neurons (Fig. 6d and Supplementary Fig. 9d), indicating that the 
Cdc42 pathway contributes to neurite growth elicited by native 
receptors. Collectively, these observations indicate that 5-HT6R– 
elicited neurite growth of primary neurons requires both receptor 
phosphorylation at Ser350 and the activation of the Cdc42 signal-
ing pathway by Cdk5, as previously established in neuroblastoma 
cells. In contrast, neurite growth elicited by 5-HT6Rs was indepen-
dent of Gs and mTOR signaling pathways, as the 5-HT6R Gs dead 
mutant was still able to induce neurite growth to the same extent 
as the wild-type receptor in hippocampal neurons (Fig. 6c), and 
treatment of neurons with rapamycin did not affect neurite length 
(Supplementary Fig. 12a).

5-HT6Rs promote neurite growth in cultured brain explants
We next sought to determine the influence of 5-HT6R upon neurite 
growth in organized brain tissue using cultured hippocampal and 
striatal explants. Treating the explants with SB258585 induced a sig-
nificant (P < 0.01) reduction of neurite length, as assessed 24 h after 
the onset of the treatment (Supplementary Fig. 12b). Roscovitine 
treatment likewise reduced neurite length of explants. This suggests 
that the 5-HT6R–Cdk5 pathway promotes neurite growth in orga-
nized brain tissue, as previously established in primary cultures of 
dissociated neurons.

DISCUSSION
To characterize new signaling mechanisms underlying the control 
of neurodevelopmental processes by 5-HT6Rs, we exploited an 
unbiased proteomic approach, which identified 37 proteins that 
reproducibly interact with the 5-HT6R C-terminal domain, includ-
ing the serine/threonine kinase Cdk5 and a number of its substrates, 
which are known to control actin cytoskeleton dynamics. Further 
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Figure 3 | 5-HT6R expression induces NG108-15 

cell differentiation. NG108-15 cells transfected 

with a plasmid encoding either GFP alone (a, h), 

YFP-tagged 5-HT6R (b–f) or YFP-tagged 5-HT4 

receptor (5-HT4) (g). Cells expressing GFP were 

treated for 48 h with either vehicle (a; control) 

or dexamethasone (Dexa, 2 M) and dibutiryl-

cAMP (dbcAMP, 20 M) (h). Cells expressing 

YFP-tagged 5-HT6R were treated for 48 h with 

either vehicle (b), WAY181187 (WAY, 1 M) (d), 

SB258585 (SB, 10 M) (e), roscovitine (Rosco, 50 

M) (f). Representative recordings of variations in 

cytosolic Ca2+ levels in response to KCl (50 mM)-

induced depolarization (black bars). (c) Cells 

were treated with isradipine (3 M) before KCl-

induced depolarization. (i) The histogram shows 

the quantification of the calcium peak height in 
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fields containing approximately ten transfected 
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experiments showed that the interaction of Cdk5 with full-length 
5-HT6Rs, already detected in absence of ligand, is a dynamic process 
that depends on their conformational state. One particular receptor 
conformation in the absence of ligand is favorable for 5-HT6R–Cdk5 
complex formation, and SB258585, a specific 5-HT6 antagonist of Gs 
signaling, behaves as an inverse agonist to disrupt this spontane-
ous (constitutive) association. Apart from the classic association of 
GPCRs with Gs proteins and -arrestins, the present results repre-
sent what is to our knowledge one of the first examples whereby the 
conformational state of a receptor modifies its interaction with a 
GPCR-interacting protein26.

Cdk5 differs from other members of the Cdk family in that its 
interaction with a specific activator (p35 or p39 in neurons) rather 
than cyclins governs its functional activity15. Though the pro-
teomics screen did not allow identification of Cdk5 activators by 
MS, most likely reflecting the low expression level of p35 in adult 
mouse brain27, western blot experiments clearly demonstrated co- 
immunoprecipitation of the 5-HT6R with p35, the primary Cdk5 
activator expressed during cortical development. The precise archi-
tecture and stoichiometry of the complex formed by 5-HT6Rs, Cdk5 

and p35 remains to be established. However, recruitment of the p35–
Cdk5 complex by 5-HT6Rs supports the notion that Cdk5 bound 
to 5-HT6Rs is enzymatically active, as outlined by the ability of the 
5-HT6R complex to induce phosphorylation of the Cdk5 substrate  
histone H1 in vitro.

The critical part played by the p35–Cdk5 kinase complex in neu-
rodevelopmental processes such as neurite growth12 prompted us 
to investigate whether 5-HT6Rs control neuronal differentiation via 
Cdk5. The data showed that 5-HT6Rs promote neurite growth in 
NG108-15 cells, primary hippocampal or striatal neurons as well 
as in hippocampal or striatal explants in an agonist-independent 
manner. Moreover, these morphogenetic effects were independent 
of receptor coupling to Gs and to mTOR, another signaling pathway 
known to influence neurodevelopmental processes28 and, as recently 
reported9, be involved in the control of cognition by the 5-HT6R. 
Instead, we found that control of neurite growth required functional 
activity of Cdk5. Reminiscent of its ability to prevent association 
of 5-HT6Rs with Cdk5, SB258585 inhibited the neurite growth 
induced by 5-HT6R expression. Accordingly, SB258585 behaved as 
an inverse agonist toward 5-HT6R–operated Cdk5 signaling. The 

c Control

G
FP

G
FP

-C
d

c4
2

d
n

5-HT6R

300a

200

FR
E

T
 s

ig
n

al
(%

 o
f 

co
n

tr
o

l)

***

100

0

RhoA

RhoA +
 5

-H
T 6

R

Rac1
 +

 5
-H

T 6
R

Cdc4
2 +

 5
-H

T 6
R

Cdc4
2

Rac1

b

FR
E

T
 s

ig
n

al
(%

 o
f 

co
n

tr
o

l)

*** ***
**

300

200

100

0

Cdc4
2

+ 5
-H

T 6
R

+ 5
-H

T 6
R+SB

+ 5
-H

T 6
R +

 R
osc

o

+ 5
-H

T 6
R S

350A

+ 5
-H

T 6
R S

350D

+ 5
-H

T 6
R S

350D +
 R

osc
o

Figure 5 | Neurite growth elicited by 5-HT6R expression requires Cdc42 

activity. (a) NG108-15 cells were transfected with plasmids encoding 

either Rac1 or RhoA or Cdc42 Raichu probes, alone or in combination 

with a plasmid encoding 5-HT6R. The histogram shows the FRET signal 

reflecting Rho-GTPase activation state. Data, expressed in percentage 

of values measured in absence of receptor, represent mean  s.e.m. of 

values obtained in five independent experiments. ***P < 0.001 versus 

corresponding condition in absence of 5-HT6R. (b) NG108-15 cells were 

transfected with the plasmid encoding the Cdc42 Raichu probe, alone 

or in combination with a plasmid encoding the wild type or 5-HT6RS350A 

or 5-HT6RS350D, and treated with either vehicle, SB258585 (10 M) or 

roscovitine (50 M) for 24 h. The histogram shows the FRET signal 

reflecting Cdc42 activation state. Data represent mean  s.e.m. of values 

obtained in four independent experiments. **P < 0.01, ***P < 0.001 versus 

Cdc42 alone. (c) NG108-15 cells were transfected together with a plasmid 

encoding HA-5-HT6R in combination with either GFP or a GFP-tagged 

Cdc42 dominant-negative (GFP-Cdc42dn) construct. The magenta signal 

corresponds to HA labeling of the receptor. Neurite length measured in 

each experimental condition is indicated in Supplementary Figure 8.  

Scale bar, 10 m.

Mock HA-5-HT6R

HA
5-HT6R

Dimer

Monomer

Vehicl
e

Vehicl
e

SB258585

Rosc
o

Cdk5
dn

Histone H1
autoradiography

a

Vehicl
e

SB258585

Rosc
o

QASLA p350S PSLR

100

***

*80
60
40

N
o

rm
al

iz
ed

p
ep

ti
d

e 
ra

ti
o

20
0

b

Control Cdk5dnc

WT

S350A

S350D

Figure 4 | Neurite growth elicited by 5-HT6R expression requires 

receptor phosphorylation at Ser350. (a) NG108-15 cells were transfected 

with either an empty plasmid (Mock) or a plasmid encoding HA-tagged 

5-HT6R alone or were transfected together with Cdk5dn, and then cells 

were exposed to either vehicle or SB258585 (10 M) or roscovitine  

(Rosco, 50 M). Receptors were immunoprecipitated with the anti-HA 

antibody, and Cdk5 activity in immunoprecipitates was analyzed in an  

in vitro kinase assay using histone H1 as a substrate. The data illustrated 

are representative of three independent experiments. (b) Quantification 

of the QASLAp350SPSLR peptide ion signal, based on calculated extracted 

ion chromatogram (XIC) area (Supplementary Fig. 5b). Values were 

normalized to the XIC area of the nonphosphorylated QASLASPSLR 

peptide. Data, expressed in percentage of the normalized value obtained 

from vehicle-treated cells, represent mean  s.e.m. of values obtained in 

three independent analyses. *P < 0.05 and ***P < 0.001 versus vehicle.  

(c) NG108-15 cells were transfected together with a plasmid encoding 

either GFP alone or YFP-tagged versions of the wild type (WT) or 

5-HT6RS350A or 5-HT6RS350D and either an empty vector (control) or a 

plasmid encoding the mCherry-tagged Cdk5 dominant-negative mutant 

(Cdk5dn, magenta labeling). Neurite length was quantified 24 h after 

transfection. The pictures show representative fields of three independent 

experiments. Neurite length, measured in each experimental condition, is 

indicated in Supplementary Figure 5c. Scale bar, 10 m.
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ability of SB258585 to impair both the receptor-Cdk5 physical inter-
action and neurite growth suggests that this interaction might be 
essential for 5-HT6R–elicited neuronal differentiation.

In an attempt to identify downstream substrates of Cdk5 asso-
ciated with the 5-HT6R and underlying its effect upon neuronal 
differentiation, we found that Cdk5 phosphorylated the receptor 
itself at Ser350 located in the receptor C-terminal domain and that 
this phosphorylation event was required for receptor-elicited neu-
rite growth. These findings suggest a reciprocal interplay between 
5-HT6Rs and Cdk5, whereby the latter not only participates in 
receptor-operated signaling but also behaves as an upstream 
5-HT6R activator to promote neuronal differentiation. They also 
provide what is to our knowledge one of the first examples of modu-
lation of GPCR constitutive activity by a GPCR-interacting protein, 
Cdk5. To our knowledge, the only other example is the modulation 
of agonist-independent activity of group I metabotropic glutamate 
receptors (mGluR1a and mGluR5) by the constitutively expressed 
Homer3 protein26. In contrast to the effects of Cdk5 described here, 
association of Homer3 with the C-terminal domain of mGluR1a or 

mGluR5 prevents agonist-independent activation of these receptors, 
whereas the activity-dependent short Homer1a isoform behaves as 
a dominant-negative regulator of the interaction between mGluR1a 
or mGluR5 and Homer3 and thereby promotes constitutive activity 
of these receptors26. This particular form of constitutive activity is 
required for homeostatic scaling, a non-Hebbian form of neuronal 
plasticity that controls neuronal excitability and informational con-
tent of synaptic arrays during change in network activity29. Notably, 
Cdk5 itself can reinforce interactions between mGluRs and Homer 
proteins through the phosphorylation of threonine and serine resi-
dues (Thr1164 and Ser1167) within the Homer-binding domain of 
the receptors30. This suggests that Cdk5 might positively or nega-
tively modulate mGluR1a or mGluR5 constitutive activity, depend-
ing of the nature of the Homer isoform predominantly associated 
with the receptor.

The mechanism underlying agonist-independent 5-HT6R acti-
vation by Cdk5 was unexpected because GPCR phosphorylation is 
generally the initial event triggering receptor desensitization and 
internalization. Notably, the Gs-adenylyl cyclase pathway, classically 
activated by 5-HT6Rs, did not require receptor phosphorylation 
at Ser350. Rather, several lines of evidence suggest that receptor-
elicited Cdk5 and Gs signaling are independent events, associ-
ated to different receptor conformational states: the 5-HT6R

S350A 
mutant fully activated adenylyl cyclase but did not increase neurite 
growth, whereas 5-HT6R

S350D reproduced the morphogenetic effects 
of the wild-type receptor but was not capable of coupling to the  
Gs-adenylyl cyclase pathway. A considerable amount of pharmaco-
logical and functional studies, and more recently NMR studies, have 
shown that GPCRs can adopt many active states31. Some of them are 
stabilized in the presence of an agonist plus a particular G protein 
or arrestins or by mutations. The present study suggests that at least 
two active conformations of 5-HT6Rs exist. One, which requires 
agonist stimulation, couples to Gs. The other is agonist independent 
yet requires receptor phosphorylation by Cdk5 to promote neurite 
growth. Such a phosphorylation-dependent activation of a non- 
ligand-bound GPCR has already been demonstrated for the  
pituitary adenylyl cyclase–activating polypeptide type 1 (PAC1) 
receptor32. However, the activation mode and impact upon  
receptor signaling are quite different: a receptor tyrosine kinase  
transactivates PAC1 receptors through their phosphorylation 
on tyrosine residues, whereas 5-HT6R activation results from 
its phosphorylation at a unique serine by a serine/threonine  
kinase. Moreover, PAC1 receptor phosphorylation promotes  
Gs-dependent signaling, whereas 5-HT6R phosphorylation induces 
Gs-independent signaling.

Phosphorylation of membrane receptors by Cdk5 resulting 
in modulation of their functional status has also been established 
for ionotropic receptors and receptor tyrosine kinases (RTKs). For 
instance, Cdk5 associates with and phosphorylates the NR2A sub-
unit of N-methyl-d-aspartate (NMDA) receptors at Ser1232. This 
phosphorylation event increases NMDA receptor conductance 
and promotes long-term potentiation induction in CA1 hippo-
campal pyramidal neurons33. Cdk5 likewise phosphorylates the 
BDNF receptor TrkB at Ser478 located in the intracellular juxta-
 membrane region of TrkB22. Reminiscent of the effect of 5-HT6R 
phos phorylation at Ser350, TrkB phosphorylation at Ser478 is a 
necessary step for BDNF-triggered dendritic growth in primary 
hippocampal neurons22. Collectively, these findings and the current 
study suggest that Cdk5 phosphorylates and activates both a RTK 
and a GPCR to promote neurite growth.

Small GTPases of the Rho family (RhoA, Rac1 and Cdc42) are 
key regulators of actin cytoskeleton remodeling, and each controls 
different aspects of neuronal morphogenesis. Rac1 and Cdc42 
are positive regulators of neurite growth, whereas RhoA induces 
stress fiber formation, leading to growth cone collapse and neurite 
retraction8. Moreover, a recent study suggests that Cdc42 is more  

Figure 6 | 5-HT6Rs promote neurite growth of cultured hippocampal 

and striatal neurons Primary cultured striatal and hippocampal neurons 

were infected with viral constructs encoding either HA-tagged 5-HT6-

IRES-GFP or GFP alone. (a) The magenta labeling corresponds to HA 

staining. Neurite length was measured using the GFP signal. Representative 

fields of three independent experiments performed on different cultures 

are illustrated. Neurite length, measured in each experimental condition, 

is indicated in Supplementary Figure 9a. Scale bar, 10 m. (b) Neurons 

were transfected with control or 5-HT6R siRNA and treated with vehicle 

or SB258585. Data represent mean  s.e.m. of values obtained in at least 

three fields of cells from three independent cultures (at least 318 neurites 

analyzed per condition in the striatum and 297 in the hippocampus).  

***P < 0.001 versus control siRNA. (c) Hippocampal neurons expressing 

either GFP or HA-tagged wild type, 5-HT6RS350A or Gs-dead 5-HT6Rs  

are illustrated. The magenta labeling corresponds to HA staining of 

5-HT6Rs. Neurite length, measured in each experimental condition, is 

indicated in Supplementary Figure 9c. Scale bar, 10 m. (d) Neurite  

length was quantified from hippocampal neurons expressing GFP or  

GFP-Cdc42dn, alone or in combination with HA-tagged 5-HT6Rs, using 

MAP2 immunostaining. Data represent mean  s.e.m. of values obtained 

in at least three fields of cells from three independent cultures (at least 127 

neurites analyzed per condition). *P < 0.05, **P < 0.01 and ***P < 0.001 

versus GFP-transfected neurons.
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specifically involved in early steps of dendrite development,  
whereas Rac1 is important for late steps of dendritic growth and 
spine maturation34. Here, we identified Cdc42 as a downstream 
mediator of neurite growth elicited by the 5-HT6R–Cdk5 complex, 
corroborating previous findings indicating involvement of Cdc42 in 
neurite growth elicited by BDNF (via the phosphorylation of TrkB 
by Cdk5)22 and activation of the 5-HT7 receptor35. Contrasting to 
the effects mediated by the TrkB and 5-HT7 receptors, which require 
receptor activation by a ligand, 5-HT6R–induced Cdc42 activation 
to promote neurite growth was agonist independent. Moreover, 
TrkB activation increased the number of primary dendrites and 
did not affect neurite length and branching22, whereas 5-HT6Rs  
selectively increased neurite length. Therefore, activation of mem-
brane receptors (either RTKs or GPCRs) through their phos-
phorylation by Cdk5 might confer specificity for the morphogenetic 
effects of Cdk5 and Cdc42.

The identification of WAVE1, another Cdk5 substrate control-
ling dendritic spine morphogenesis14, in the 5-HT6R complex sug-
gests that, beyond shaping neuronal morphology, 5-HT6R–operated 
Cdk5 signaling might also function to modulate synaptogenesis12. 
However, as outlined above, much remains to be deciphered 
regarding cellular events intervening between Cdk5-mediated 
phos phorylation of 5-HT6Rs and modulation of developmental pro-
cesses such as neurite growth, with even the intriguing possibility 
that Cdk5-mediated phosphorylation itself modifies the interaction 
of 5-HT6Rs with its protein partners.

Finally, from a pathophysiological perspective, it would be of 
interest to further examine the functional significance of Cdk5-
mediated phosphorylation of 5-HT6Rs to developmental processes 
and to establish whether this mechanism is disrupted in CNS disor-
ders such as schizophrenia. The precise functional and pathophysio-
logical significance of Cdk5-mediated phosphorylation of 5-HT6Rs 
and the cellular cascades ultimately leading to neurite growth and 
to other receptor-controlled processes perturbed in developmental 
disorders, such as neuronal migration7, will be of considerable inter-
est to explore in future studies. Inasmuch as Cdk5 and 5-HT6Rs are 
also both implicated in cellular events related to the pathogenesis 
and potentially the treatment of Alzheimer’s disease36,37, possible 
interactions between 5-HT6Rs and Cdk5 at later stages of life also 
warrant exploration. 

Received 14 November 2013; accepted 30 April 2014; 
published online 1 June 2014

METHODS
Methods and any associated references are available in the online 
version of the paper.
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 Résumé et perspectives C.

1. 5-HT6/Cdk5, une nouvelle voie de signalisation 

impliquée dans le développement neuronal 
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[(4-! .+! .(-7! 8+12! .);:+-! 8+! W8Z$7! [.2! +/! MKq7! .0441+-! 501,! E01+,! 14! ,i:+! 8(4-! :(!

*)D,(/)04!4+1,04(:+7!-+,()+4/!)*5:)316+-=!U4!+BB+/7!(:0,-!31+!:'+25,+--)04!81!,6.+5/+1,!$I

cY%! 8(4-! :+-! .+::1:+-! NSgheIg$! (1D*+4/+! :(! 5<0-5<0,T:(/)04! W8Z$I865+48(4/+! 8+! .+-!

8+12! 5,0/6)4+-7! .+! 5,0.+--1-! +-/! 8)*)416! 8(4-! 8+-! 4+1,04+-! 5,)*(),+-! 8+! .0,/+2! 8(4-!

:+-31+:-! :'+25,+--)04! 81! ,6.+5/+1,! +-/! )4<);6+! P&(.0;-<(D+4! +/! (:=7! khg#Q=! W+-! ,6-1:/(/-!



!
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.04B),*+4/! 804.! :')*50,/(4.+! 8+! :(! A0)+! $IcY%sW8Z$! (D04)-/+I)4865+48(4/+! 8(4-! :+!

86A+:055+*+4/!4+1,04(:=!

W0**+! E+! :'()! 6A03167! :+! ,6.+5/+1,! $IcY%! )4/+,(D)/! (A+.! 8'(1/,+-! 5,0/6)4+-! 6D(:+*+4/!

)*5:)316+-!8(4-!:+!86A+:055+*+4/!4+1,04(:7!.0**+!jKXUIg7!S?O_Ng!01!?KL>=!L+!,i:+!

4+1,086A+:055+*+4/(:! 8+! .+-! 5,0/6)4+-! -+,(! 86.,)/! 8(4-! :(! 8)-.1--)04! D646,(:+=!

Y01/+B0)-7!:')4/+,(./)04!+4/,+!:+!,6.+5/+1,!+/!.+-!8)BB6,+4/+-!5,0/6)4+-!-1DD9,+!31+!.+:1)I.)!

,6D1:+! 8)BB6,+4/-!*6.(4)-*+-! 4+1,086A+:055+*+4/(12=! [(4-! :(! -1)/+! 8+!*04! /,(A():! E+!

*+! -1)-! 804.! )4/6,+--6+! J! 14+! (1/,+! 5,0/6)4+! )8+4/)B)6+! 8(4-! :+! .,);:+! 5,0/60*)31+!

5,6.68+**+4/!86.,)/7!:(!5,0/6)4+!jKXUIg=!

! !
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! !
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II. Implication du récepteur 5-HT6 dans la 

morphogenèse des épines dendritiques  

 Contexte A.

L'(55,0.<+! 5,0/60*)31+! A)-(4/! J! )8+4/)B)+,! :+-! 5,0/6)4+-! )4/+,(D)--(4/! (A+.! :+!

,6.+5/+1,! $IcY%! (! 6D(:+*+4/! 5+,*)-! 8+! *+//,+! +4! 6A)8+4.+! 14+! )4/+,(./)04! +4/,+! :+!

,6.+5/+1,!+/!jKXUIg7!5,0/6)4+!.:6!8(4-! :(!,6D1:(/)04!8+! :(!8T4(*)31+!81!.T/0-31+:+//+!

8'(./)4+=! W0**+! E+! :'()! 86.,)/! +4! )4/,081./)047! jKXUIg! +-/! 14+! .);:+! 8+! W8Z$! +/! :(!

5<0-5<0,T:(/)04! 8+! .+//+! 5,0/6)4+! +-/! B0,/+*+4/! )*5:)316+! 8(4-! :+! .04/,i:+! 8+! :(!

*0,5<0D+49-+!8+-!65)4+-!8+48,)/)31+-=!U4!+BB+/7!W8Z$!5<0-5<0,T:+! :(!5,0/6)4+!jKXUIg!

(1!4)A+(1!8+!/,0)-!-6,)4+-!P@+,"gh7!@+,"f]7!@+,##gQ!+/!:(!5<0-5<0,T:(/)04!8+!.+-!-6,)4+-7!5:1-!

5(,/).1:)9,+*+4/!8+-!@+,"gh!+/!@+,"f]7!8)*)41+!:'(./)A)/6!8+!jKXUIg!+/!+-/!(--0.)6+!J!14+!

(1D*+4/(/)04! 8+! :(! 5,050,/)04! 8'65)4+-! 8+48,)/)31+-! *0,5<0:0D)31+*+4/! )**(/1,+-!

Pq)*!+/!(:=7!khh%Q=!L(!865<0-5<0,T:(/)04!8+!.+-!-6,)4+-!+-/!.(/(:T-6+!5(,! :(!5<0-5<(/(-+!

??kK7! 804/! :'(./)A)/6! 865+48! 8+! :(! ?qK! PW+D:)(! +/! (:=7! khghF! K<4! +/! (:=7! khh]Q=! W+//+!

5<0-5<(/(-+!(!6D(:+*+4/!6/6!)8+4/)B)6+!.0**+!5(,/+4(),+!)4/,(.+::1:(),+!81!,6.+5/+1,!$I

cY%=! K)4-)7! :+-! 8)BB6,+4/-! (./+1,-! 8+! .+//+! A0)+! 8+! -)D4(:)-(/)047! .04/,i:(4/! :(!

*0,5<0D+49-+!8+-!65)4+-!8+48,)/)31+-7!-04/!5<T-)31+*+4/!(--0.)6-!(1!,6.+5/+1,!$IcY%=!

W+//+! 0;-+,A(/)04! (! *0/)A6! :(! -+.048+! 5(,/)+! 8+! *04! /,(A():! 8+! /<9-+=! &'()7! 8(4-! 14!

5,+*)+,! /+*5-7! 6/18)6! :'OFHRODQMO_P) KY) GXDNHMNYG) <=>'+) KQPV) RQ) c_GFQMO_P) KNV) XHOPNV)

KNPKGOMOaYNV7! +/! 8(4-! 14! -+.048! /+*5-! 8+! +4/,+5,)-! :'(4(:T-+! 81! G^RN) KN) RQ) ]_ON)

$KL<CA/6"=-)KQPV)DN)HG_DNVVYV=!

W0**+! E+! :'()! 86.,)/! +4! )4/,081./)047! :(! 5<0-5<0,T:(/)04! 8+!jKXUIg! 5(,! W8Z$! .04/,i:+!

-04!(./)A)/6!8+!-'>!*"$3)(%9.)1)$3(/%K">$).!+/!)4<);+!:(!50:T*6,)-(/)04!8+!:'(./)4+!)481)/+!

5(,!K,5ks"7!6D(:+*+4/!)8+4/)B)6+!8(4-!:+!.0*5:+2+!(--0.)6!(1!,6.+5/+1,!$IcY%=![(4-!.+//+!

-+.048+! 5(,/)+! E'()! 804.! 6*)-! :'<T50/<9-+! -+:04! :(31+::+! :+! ,6.+5/+1,! $IcY%! 501,,()/!

.04/,i:+,!:(!*0,5<0D+49-+!8+-!65)4+-!8+48,)/)31+-!+4!*081:(4/!:'(./)A)/6!8+!jKXUIg!A)(!

-04!)4/+,(./)04!(A+.!W8Z$!+/s01!??kK!PK3/'.*%+DQ=! !
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J%9,!")-+)S)>854'>"(")(,!)1/)#42,1/'%4&)2")1/)5>4(5>4!81/'%4&)2")A/6"=-)

5/!)1")!"$"5'",!)))<=>'+))

R*% .;>*=$*'.% LWXYD% 3($*."/3$% "<*>% !*#% =.)$;3(*#% I#\% B6[L\% SQTUW+\% 994Q% *$% Q.=4Z7,% R*%

.;>*=$*'.%#*."3$%6)(>%*(%1*#'.*%6*%1)6'!*.%!G">$3<3$*.%6*%SQTUW+%=".%!G3($*.1;63"3.*%6*%

#"%=:)#=:).2!"$3)(%=".%B6[L%"'%(3<*"'%6*#%#;.3(*#%7+M\%7VJ%*$%55+,%R"%6;=:)#=:).2!"$3)(%

6*%SQTUW+%=)'.."3$%b$.*%1;63;*%=".%!"%=:)#=:"$"#*%994Q\%*!!*W1b1*%">$3<;*%=".%!"%9iQ\%

^%!"%#'3$*%6G'(*%">$3<"$3)(%6'%.;>*=$*'.%*$%6*%!"%<)3*%I#,%SQTUW+%">$3<;*%=)'.."3$%"3(#3%#*%

!3*.% ^% Q.=4Z7% >"$"!2#"($% !"% =)!21;.3#"$3)(% 6*% !G">$3(*,% R"% 1)6'!"$3)(% 6*% !G">$3<3$;% 6*%

SQTUW+%=".%!*%.;>*=$*'.%=)'.."3$%=".$3>3=*.%^%#)(%31=!3>"$3)(%6"(#%!"%1).=:)/*(0#*%6*#%

;=3(*#%6*(6.3$3A'*#,%

) )
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 Matériel & Méthodes B.

1. Rôle du récepteur 5-HT6 dans la morphogenèse des 

épines dendritiques 

a) Cultures primaires de neurones 

d’hippocampe 

L+-! .1:/1,+-! 5,)*(),+-! 8+! 4+1,04+-! 8'<)550.(*5+! 04/! 6/6! ,6(:)-6+-! J! 5(,/),!

8'+*;,T04-!8+!-01,)-!Fc3##!J!Ug]=$=!L+-!4+1,04+-!-04/!8)--0.)6-!5(,!14!/,()/+*+4/!8+!$!

*)41/+-!(A+.!8+!:(!/,T5-)4+IU[YK!h7h$�!8):16+!(1!g!Rgh!PR3@*%Y*>:()!)/3*#Q7!-1)A)!5(,!14+!

8)--0.)(/)04!*6.(4)31+!J!:'()8+!8+!/,0)-!5)5+//+-!5(-/+1,!,086+-7!8+!8)(*9/,+!86.,0)--(4/=!

U4A),04! g!*)::)04! 8+! 4+1,04+-! 8'<)550.(*5+! -04/! +4-+**+4.6-! 5(,! ;0a/+! 8+! ?6/,)! 8+!

"$**!8+!8)(*9/,+=!L+!*):)+1!1/):)-6!501,!:(!.1:/1,+!+-/!:+!N+1,0;(-(:!PR3@*%Y*>:()!)/3*#Q!

-155:6*+4/6!(A+.!81!`k]!P$hn7!R3@*%Y*>:()!)/3*#Q7!81!D:1/(*(2!Pghhn7!R3@*%Y*>:()!)/3*#Q!

+/! 8+-! (4/);)0/)31+-=! KB)4! 8'05/)*)-+,! :'(8<6-)04! 8+-! 4+1,04+-! (1! 5:(-/)31+! 01! (12!

:(*+::+-!8+!A+,,+7!.+::+-I.)!-04/!,+.01A+,/+-!8+!?0:TILIV,4)/<)4+!Pke7$!*DsLQ!5+48(4/!14+!

41)/!J!"]�W=!&'()!+4-1)/+!,6(:)-6!14+!8+12)9*+!5<(-+!8+!.0(/)4D!8(4-!81!*):)+1!8+!.1:/1,+!

-155:6*+4/6! (A+.! gh�! 8+! -6,1*! 8+! A+(1! B6/(:! P@XMQ! 8)(:T-6! +/! g�Ds*:! 8+! :(*)4)4+!

5+48(4/! "! <+1,+-! J! "]�W=! &'()! .<0)-)! 8'1/):)-+,! 81! @XM! 8)(:T-6! (B)4! 8'6A)/+,! 14+!

.04/(*)4(/)04!5(,!:(!-6,0/04)4+!.04/+41+!8(4-!:+!-6,1*!-/(48(,8=!L(!*0)/)6!81!*):)+1!8+!

.1:/1,+!+-/!,+*5:(.6+!5(,!81!*):)+1!B,()-!J!#7!]!+/!gh![_X=!!

b) Transfection et traitements 

L+-! 4+1,04+-! -04/! /,(4-B+./6-! J! ][_X! (A+.! :(! :)50B+./(*)4+! khhh! PR3@*%

Y*>:()!)/3*#Q=!V4!/,(4-B+./+!k�D!8'K[N!5:(-*)8)31+!.08(4/! :'+SM?!5(,!;0a/+!8+!"$**=!

L'1/):)-(/)04! 8'14+! 5,0/6)4+! /+::+! 31+! :'+SM?! 5+,*+/! 8'0;-+,A+,! :(! -/,1./1,+! +/! :(!

*0,5<0:0D)+! 8+-! 65)4+-! 8+48,)/)31+-=! L'(D04)-/+! 81! ,6.+5/+1,! $IcY%! 1/):)-6! +-/! :+!

jKmgegge]! PkIPgIP%I.<:0,0)*)8(C0�k7gI&�/<)(C0:I$IT:-1:B04T:QIgXI)480:+I"I

T:Q+/<(4(*)4+Q7!-T4/<6/)-6!5(,!:+!:(;0,(/0),+!@+,A)+,!PW,0)--TI-1,I@+)4+Q=!L'(4/(D04)-/+!81!

,6.+5/+1,! +-/! :+! @`k]gh#%! P$I.<:0,0INIP#I*+/<02TI"I5)5+,(C)4IgIT:5<+4T:QI"I*+/<T:IgI

;+4C0/<)05<+4+IkI-1:B04(*)8+Q!PY)>.3#Q=!L+-!/,()/+*+4/-!(A+.!:+![>@V!PA6<).1:+7!<:>!Q7!:+!

jKmgegge]! PSQmQ! 01! :+! @`k]gh#%! PFdQ! -04/! +BB+./16-! J! ][_X! +/! :+-! 4+1,04+-! -04/!

+4-1)/+!B)26-!J!gk[_X=!
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c) Immunocytochimie, microscopie et 

analyse 

L+-!4+1,04+-!-04/!B)26-!gh!*)4!8(4-!#�!8+!5(,(B0,*(:86<T8+!P?MKQ=!L+-!:(*+::+-!

-04/!+4-1)/+!*04/6+-! -1,! :(*+!(A+.!81!?,0:04D0:8! PR3@*%Y*>:()!)/3*#Q=! L+-! )*(D+-! -04/!

5,)-+-!(1!D,0--)--+*+4/!%"n!P0;E+./)B!J! )**+,-)04Q!-1,!14!*).,0-.05+!J!65)B:10,+-.+4.+!

K2)0_*(D+,!}g!631)56!81!-T-/9*+!K50/0*+!5+,*+//(4/!14+!(.31)-)/)04!+4!*08+!5-+180I

.04B0.(:!Pe*3##Q=!L'(4(:T-+!8+-!)*(D+-!+-/!+BB+./16+!(A+.!:+!:0D).)+:!_*(D+&!P-]XQ=!L'(),+!8+!

:(!/\/+!8+-!65)4+-7!:(!:04D1+1,!81!.01!+/!:+!40*;,+!8'65)4+-!5(,!-+D*+4/!8+!gh!�*!-04/!

31(4/)B)6-!*(41+::+*+4/=!gh!4+1,04+-!-04/!(4(:T-6-!5(,!.048)/)04=!L+!-+D*+4/!31(4/)B)6!

*+-1,+! +4/,+! gh! +/! "h! �*! +/! +-/! .<0)-)! -1,! 14+! 8+48,)/+! -+.048(),+! 01! /+,/)(),+=! W+!

-+D*+4/! +-/! :+! 5:1-! ,+5,6-+4/(/)B! 8+! :(! 5051:(/)04! 8'65)4+-! 8+48,)/)31+-! 0;-+,A6+! -1,!

:'+4-+*;:+!8+-!8+48,)/+-!8'14!*\*+!4+1,04+=!L'(4(:T-+!-/(/)-/)31+!(!6/6!,6(:)-6+!(A+.!:+!

:0D).)+:!S,(5<?(8!?,)-*!PI."=:9"6Q7!+4!1/):)-(4/!14+!(4(:T-+!8+!A(,)(4.+!PKNVXKQ!-)*5:+!

-1)A)+!8'14!/+-/!8+![144+//=!

2. Etude de la phosphorylation de WAVE-1 

a) Transfection et traitements 

L+-!4+1,0;:(-/0*+-!NSgheIg$!-04/!.1:/)A6-!8(4-!81![>U>!P?'!&*>>)G#%E)63@3*6%

U"/!*G#%E*63'1Q!-155:6*+4/6!(A+.!gh�!8+!-6,1*!8+!A+(1!B6/(:!-/(48(,8!P@XMQ7!k�!8'14!

*6:(4D+!8'<T502(4/<)4+7!8'(*)405/+,)4+!+/!8+!/<T*)8)4+!PcKY7!R3@*%Y*>:()!)/3*#Q!+/!8+-!

(4/);)0/)31+-!P5+4).)::)4+!$!_^s*:I!-/,+5/0*T.)4+!$!*Ds*:Q=!L+-!.+::1:+-!-04/!/,(4-B+./6+-!

(A+.! :(! :)50B+./(*)4+! khhh! PR3@*% $*>:()!)/3*#Q! -1,! 14+! 56,)08+! 8+! k#! 01! #e<=! V4!

/,(4-B+./+!g�D!8'K[N!5:(-*)8)31+!5(,!*)::)04!8+!.+::1:+-=!L+-!5:(-*)8+-!1/):)-6-!.08+4/!:+!

,6.+5/+1,! $IcY%! <1*()4! (A+.! 14+! 6/)31+//+! cK!NI/+,*)4(:+! PcKI$IcY%Q7! 01! :(! 5,0/6)4+!

jKXUIg! <1*()4+! (A+.! 14+! 6/)31+//+! SM?! WI/+,*)4(:+! PjKXUIgISM?Q=! K5,9-! :(!

/,(4-B+./)047!:+-!.+::1:+-!-04/!5:(.6+-!8(4-!14!*):)+1!.0*5,+4(4/!k�!8+!@XM!8)(:T-67!(B)4!

8'6A)/+,!14+!.04/(*)4(/)04!5(,! :(! -6,0/04)4+=!L+-! /,()/+*+4/-!-04/! ,6(:)-6-! -1,! :(!81,6+!

)48)316+=!

!
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b) Lyse et co-immunoprécipitations 

L+-! .+::1:+-! NSgheIg$7! 01! :+-! 4+1,04+-! 8'<)550.(*5+7! -04/! :T-6+-! 8(4-! 14!

/(*504!.04/+4(4/!kh*>!8'cU?U@!5c!]=#7!g$h!*>!8+!N(W:7!g�!8+!N?#h7!gh�!8+!D:T.6,0:7!

#! *Ds*:! 8+! 808+.T:*(:/0-)8+7! 8+-! )4<);)/+1,-! 8+! 5<0-5<(/(-+-! PN(M7! gh*>F! N(�I

A(4(8(/+7! k!*>F!N(�I5T,05<0-5<(/+7! g!*>! +/! 81! uID:T.+,05<0-5<(/+7! $h!*>Q7! +/! 14!

.0.Z/():! 8')4<);)/+1,-! 8+! 5,0/6(-+-! PH)>:*Q7! 5+48(4/! g<! J! #�W=! L+-! 6.<(4/)::04-! -04/!

+4-1)/+!.+4/,)B1D6-!J!g$!hhh!2!D!5+48(4/!g$!*)4!J!#�W= ?01,!:+-!)**1405,6.)5)/(/)04-7!"!

*D!8+!5,0/6)4+-!-04/!)4.1;6+-!(A+.!8+-!;)::+-!8'(D(,0-+!.015:6+-!J!14!(4/).0,5-!(4/)IcK!

PF3/1"WQ!6.3>:Q! 01! J! 14! 4(40;08T! (4/)ISM?! PB:.)1)Y*[Q! 5+48(4/! k<! J! #�W=! K5,9-!

)4.1;(/)047!:+-!5,0/6)4+-!)**1405,6.)5)/6+-!-04/!6:16+-!(A+.!14+!-0:1/)04!8+!L(+**:)!+/!

.<(1BB6+-!gh!*)4!J!]h�W=!!

c) Western Blots 

L+-! 5,0/6)4+-! :T-6+-! 01! 6:16+-! -04/! 8650-6+-! -1,! 14! D+:! @[@I?KSU=! K5,9-! :+!

/,(4-B+,/7!:+-!*+*;,(4+-!-04/!-(/1,6+-!8(4-!14+!-0:1/)04!8+!Y`@IYl++4!h=g�!.04/+4(4/!

$�!8+!:()/!01!8+!`@K7!5+48(4/!"<=!L+-!(4/).0,5-!5,)*(),+-!1/):)-6-!501,!:(!,6A6:(/)04!-04/!

:+-!-1)A(4/-!R!(4/)!jKXUIg!8+!:(5)4!gRg$hh!PF3/1"WQ!6.3>:Q7!(4/)!jKXUIg!P5@+,"f]Q!8+!:(5)4!

gR]$h!PF3/1"WQ!6.3>:Q7!(4/)!cK!8+!-01,)-!gRghhh!PB)<"(>*Q=!L+-!(4/).0,5-!-+.048(),+-!(4/)!

-01,)-!01!(4/)!:(5)4!-04/!.015:6-!J!:(!56,02T8(-+!8+!,()B0,/!PcO?7!IU%X*"!$:>".*Q!+/!1/):)-6-!

(1!g!R#hhh=!L(!,6A6:(/)04!+-/!0;/+41+!5(,!14+!*6/<08+!8+!.<)*)0:1*)4+-.+4.+!PUWL!5:1-!

8+/+./)04!,+(D+4/7!IU%X*"!$:>".*Q=!L')4/+4-)/6!8+-!;(48+-!+-/!31(4/)B)6+!D,v.+!(1!:0D).)+:!

_*(D+&!P-]XQ=!!

! !
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 Résultats C.

1. WAVE-1 interagit avec le récepteur 5-HT6  

L(!.<,0*(/0D,(5<)+!8'(BB)4)/6!J!5(,/),!81!80*()4+!WI/+,*)4(:!81!,6.+5/+1,!$IcY%7!

86.,)/+!8(4-!:(!5,+*)9,+!5(,/)+!8+-!,6-1:/(/-7!(!5+,*)-!8')8+4/)B)+,!14+!)4/+,(./)04!+4/,+!:+!

,6.+5/+1,!+/!W8Z$7! -(! .);:+!jKXUIg7!K,5ks"!+/! :(!5<0-5<(/(-+!??kK=!KB)4!8+! .04B),*+,!

:')4/+,(./)04! +4/,+! :+! ,6.+5/+1,! $IcY%! +4/)+,! +/! :(! 5,0/6)4+! jKXUIg! E'()! 1/):)-6! 14+!

(55,0.<+!8+!.0I)**1405,6.)5)/(/)04=!L+-!5:(-*)8+-!.08(4/!14+!A+,-)04!6/)31+/6+!cK!+4!

NI/+,*)4(:!81!,6.+5/+1,!$IcY%!PcKI$IcY%Q!+/s01!14+!A+,-)04!6/)31+/6+!SM?!+4!WI/+,*)4(:!

8+!jKXUIg7!-04/!-1,+25,)*6-!8(4-!:+-!.+::1:+-!NSgheIg$=!&'()!+4-1)/+!.0I)**1405,6.)5)/6!

:(!5,0/6)4+!jKXUIg!+480D94+!(A+.!:+!,6.+5/+1,!cKI$IcY%!P@3/'.*%+%H;#'!$"$#\%QQ=!['(1/,+!

5(,/7!E'()!.0I)**1405,6.)5)/6!:+!,6.+5/+1,!cKI$IcY%!(A+.!:(!5,0/6)4+!jKXUIgISM?!P@3/'.*%

+% H;#'!$"$#\% dQ=! W+//+! 5,+*)9,+! +256,)+4.+!*'(! 804.! 5+,*)-! 8+! .04B),*+,! :')4/+,(./)04!

+4/,+! :+! ,6.+5/+1,!$IcY%! 8(4-! -(! .04B0,*(/)04!+4/)9,+!+/! :(!5,0/6)4+!jKXUIg!8(4-!8+-!

.+::1:+-!NSgheIg$=!@(.<(4/!31+!:(!5,0/6)4+!jKXUIg!*081:+!:(!*0,5<0D+49-+!8+-!65)4+-!

8+48,)/)31+-7! E+! *+! -1)-! 804.! +4-1)/+! )4/6,+--6+! (1! ,i:+! 8+! .+//+! )4/+,(./)04! 8(4-! :(!

*0,5<0D+49-+!8+-!65)4+-!8+48,)/)31+-=!

!

! !
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!

!

!

!

J%9,!")-)!"(,1'/'()S)1")!"$"5'",!)<=>'+)%&'"!/9%')/6"$)A/6"=-)

_#`%R*%.;>*=$*'.%LWXYD%$"/';%XQ%*(%-W$*.13("!%_XQWLWXYD`%*#$%#'.*C=.31;%6"(#%6*#%>*!!'!*#%

-I+M8W+L% *$% 311'()=.;>3=3$;\% !G3($*.">$3)(% "<*>% !"% =.)$;3(*% SQTUW+% *(6)/0(*% *#$%

.;<;!;*% 3>3,% _=`%R"%=.)$;3(*%SQTUW+%$"/';*%IK9%*(%BW$*.13("!%_SQTUW+WIK9`%"3(#3%A'*% !*%

.;>*=$*'.%_XQWLWXYD`%#)($%#'.*C=.31;#%6"(#%6*#%>*!!'!*#%-I+M8W+L,%R"%=.)$;3(*%SQTUW+W

IK9%*#$%311'()=.;>3=3$;*\%)(%.;<0!*%#)(%3($*.">$3)(%"<*>%!*%.;>*=$*'.%XQWLWXYD,%%

% %
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2. Le récepteur 5-HT6 module la morphogenèse des 

épines dendritiques  

&'()7! 8(4-! 14! 5,+*)+,! /+*5-7! 86/+,*)46! :+! ,i:+! 81! ,6.+5/+1,! $IcY%! 8(4-! :(!

*0,5<0D+49-+! 8+-! 65)4+-! 8+48,)/)31+-=! ?01,! .+:(7! E'()! 1/):)-6! 14! *089:+! 8+! .1:/1,+!

5,)*(),+!8'<)550.(*5+=![(4-!.+!*089:+7!:+-!65)4+-!8+48,)/)31+-!-+!86A+:055+4/!J!5(,/),!

8+! ]! [_X=! KB)4! 8'0;-+,A+,! :+! ,i:+! 81! ,6.+5/+1,! $IcY%! 8(4-! :(! 56,)08+! 5,6.0.+! 8+!

86A+:055+*+4/!8+-!65)4+-!8+48,)/)31+-!E'()!.<0)-)!8+!,6(:)-+,!*+-!+256,)+4.+-!+4/,+!]!+/!

gk![_X=!U/(4/!80446!:+!,i:+!81!,6.+5/+1,!$IcY%!+480D94+!8(4-!:(!501--+!4+1,)/)31+7!E'()!

8'(;0,8! .<0)-)! 8+! 4+! 5(-! -1,+25,)*+,! :+! ,6.+5/+1,! 8(4-! :+-! 4+1,04+-! +4! .1:/1,+=! L+-!

.1:/1,+-!5,)*(),+-!1/):)-6+-!8(4-! :(!5,+*)9,+!5(,/)+!8+!*+-! ,6-1:/(/-! 6/()+4/! ,6(:)-6+-! J!

5(,/),!8'+*;,T04-!8+!,(/-=!W+5+48(4/7!*\*+!-)!-04!+25,+--)04!+-/!*0)4-!)*50,/(4/+!31+!

.<+C! :+! ,(/7! :+! ,6.+5/+1,!$IcY%! +-/! (1--)! +25,)*6!8(4-! :'<)550.(*5+!8+! -01,)-=! @1)/+! (1!

/,()/+*+4/! 8+-! 4+1,04+-! (A+.! 14! (D04)-/+! PjKmgegge]7! g�>Q! 01! 14! (4/(D04)-/+!

P@`k]gh#%7!g�>Q7! /,0)-!5(,(*9/,+-!04/!6/6!31(4/)B)6-!R! :+!40*;,+!8'65)4+-!8+48,)/)31+-!

5(,!-+D*+4/!8+!gh!�*7!:(!:04D1+1,!81!.01!8+-!65)4+-!8+48,)/)31+-!()4-)!31+!:(!-1,B(.+!8+!

:+1,!/\/+=!L+-!,6-1:/(/-!0;/+41-!-04/!5,6-+4/6-!+4!@3/'.*%4%H;#'!$"$#=!!

&'()7! 501,! .+-! +256,)+4.+-7! .<0)-)! 8'1/):)-+,! :+! @`k]gh#%! 501,! 5:1-)+1,-! ,()-04-=! ['(;0,8!

5(,.+!31+! :+-! /,()/+*+4/-! -04/! ,6(:)-6-! -1,!5:1-)+1,-! E01,-! P8+!]!J!gk[_XQ=! L+! @`k]gh#%!

6/(4/!14+!*0:6.1:+!5:1-!-/(;:+!.0*5(,6!(1!@`k$e$e$7!:'1/):)-(/)04!8+!.+/!(4/(D04)-/+!*'(!

-+*;:6+!5:1-!(8(5/6+!8(4-!:+!.(-!8'14!/,()/+*+4/!5,0:04D6=!['(1/,+!5(,/7!.+//+!*0:6.1:+!

50--98+! 8+-! 5,05,)6/6-! 5<(,*(.0:0D)31+-! 5,0.<+-! 8+! .+::+-! 81! @`k$e$e$=! U4! +BB+/7! :+!

@`k]gh#%!+-/!(1--)!14!(4/(D04)-/+!-6:+./)B!81!,6.+5/+1,!$IcY%!31)!50--98+!14!5q)!8+!e=fg!

P.04/,+!]=f$!501,!:+!@`k$e$e$Q!501,!:+!,6.+5/+1,!8+!-01,)-!Pc),-/!+/!(:=7!khh"Q=!!

W0**+!04! 5+1/! :+! A0),! 8(4-! :(! @3/'.*% 4% H;#'!$"$#7! :+! /,()/+*+4/! 8+-! 4+1,04+-! (A+.! 14!

(D04)-/+! 81! ,6.+5/+1,! $IcY%! 8)*)41+! :(! /()::+! 8+! :(! /\/+! +/! (1D*+4/+! +4! 5(,(::9:+! :(!

:04D1+1,!81!.01!8+! :'65)4+=!K! :')4A+,-+7! :+! /,()/+*+4/!(A+.!14!(4/(D04)-/+!81! ,6.+5/+1,!!!

$IcY%!+-/!(--0.)6!J!8+-!65)4+-!804/!:(!/\/+!+-/!5:1-!:(,D+!+/!:+!.01!5:1-!.01,/=!W+-!,6-1:/(/-!

-1DD9,+4/! 804.! 31'14+! -/)*1:(/)04! 81! ,6.+5/+1,! $IcY%! (1D*+4/+! :(! 5,050,/)04! 8+!

-/,1./1,+-! 8+! /T5+! B):0508+-! J! gk! [_X=! K! :')4A+,-+7! 14+! )4<);)/)04! 81! ,6.+5/+1,! -+*;:+!

(1D*+4/+,! :(! 5,050,/)04! 8'65)4+-! y!*1-<,00*!z=! W+//+! /+48(4.+! 8+A,(! /01/+B0)-! \/,+!
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(55,0B048)+! 5(,! 8)BB6,+4/+-! (55,0.<+-! 86A+:0556+-! 8(4-! :(! 8)-.1--)04=! L+! B()/! 31+!

:'(4/(D04)-/+! 81! ,6.+5/+1,! ()/! 14! +BB+/! -1,! :(! *0,5<0D+49-+! 8+-! 65)4+-! 8+48,)/)31+-!!!!!!!!

$IcY%I865+48(4/+! )48)31+! 31+! :+! ,6.+5/+1,! +2+,.+! 14! .04/,i:+! .04-/)/1/)B! -1,! .+!

5,0.+--1-! 4+1,086A+:055+*+4/(:=! [+! .+! B()/7! E+! 31(:)B)+,()! :+! @`k]gh#%! 8'(D04)-/+!

)4A+,-+=! _:! -+,(! /01/+B0)-! )4/6,+--(4/! 8+! 86/+,*)4+,! -)! :+! @`k]gh#%! +-/! +4! *+-1,+! 8+!

,6A+,-+,! :'+BB+/! 81!jKmgegge]! -1,! :(!*0,5<0D+49-+! 8+-! 65)4+-! 8+48,)/)31+-=! U4B)47! .+!

5(,(8)D*+!+256,)*+4/(:!4+!401-!5+,*+/!5(-!8+! /,(4.<+,! -1,! :')*5:).(/)04!8+! :(!A0)+!S-!

+/s01!8+!W8Z$=!?01,! .+:(7! :'1/):)-(/)04!81!*1/(4/!$IcY%IS-[+(8!+/!81!*1/(4/!80*)4(4/!

46D(/)B!8+!W8Z$!8+A,()/!(550,/+,!8+-!6:6*+4/-!8+!,6504-+-=!!

! !



!
g$"!

!

!

J%9,!")3)!"(,1'/'()S)1")!"$"5'",!)<=>'+)#42,1")1/)#4!5>49"&"(")2"()"5%&"()

2"&2!%'%:,"()

;#<%F>:;1"%6G'(*%;=3(*%6*(6.3$3A'*%*$%6*#%="."10$.*#%A'"($3@3;#%"<*>%*(%&!*'%!"%!)(/'*'.%

6'%>)'%_R(`%*$%*(%.)'/*%!"%#'.@">*%6*%!"%$b$*%_F:`,%;=<%v'"($3@3>"$3)(%6*%!"%#'.@">*%6*%!"%$b$*%

6*#% ;=3(*#% 6*(6.3$3A'*#,% RGQ-OTQ% #31=!*% #'3<3*% 6G'(% $*#$% 6*% ?'((*$$% 1)($.*% A'*% >*#%

.;#'!$"$#%#)($%#3/(3@3>"$3@#%=".%."==).$%"'%>)($.N!*%_un%=wM,ML\%(x4`,%;?<%v'"($3@3>"$3)(%6*%!"%

!)(/'*'.% 6'% >)'% 6*#% ;=3(*#% 6*(6.3$3A'*#,% ;@<% v'"($3@3>"$3)(% 6'% ()1&.*% 6G;=3(*#%

6*(6.3$3A'*#% =".% #*/1*($% 6*% +M% y1,% R*#% 6)((;*#% #)($% *C=.31;*#% >)11*% ;$"($% !"%

1)2*((*% 6*% >:"A'*% >)(63$3)(% z% FUE,% ;A<" F*/1*($#% 6*% 6*(6.3$*#% 6*% (*'.)(*#%

6G:3==)>"1=*%*(%>'!$'.*%^%+4%?]T%.*=.;#*($"($%!*#%63@@;.*($*#%>)(63$3)(#%"("!2#;*#,%T:>!%n%

>)($.N!*%?EFO\%SQm%n%SQm+8+8J\%Fd%n%Fd4J+M5D,%

% %
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U/(4/!80446!31+!:+!,6.+5/+1,!$IcY%!*081:+!:(!*0,5<0D+49-+!8+-!65)4+-!8+48,)/)31+-!8+!

B(G04! (D04)-/+I865+48(4/+! +/! )4865+48(4/+7! E+! *+! -1)-! +4-1)/+! 8+*(486! 8(4-! 31+::+!

*+-1,+!:'(D04)-/+!01!:'(D04)-/+!)4A+,-+!81!,6.+5/+1,!(BB+./()+4/!:(!5<0-5<0,T:(/)04!W8Z$I

865+48(4/+!8+!jKXUIg=!

3. Modulation de la phosphorylation de WAVE-1 par le 

récepteur 5-HT6 

L(!5<0-5<0,T:(/)04!8+-!-6,)4+-!"gh!+/!"f]!5(,!W8Z$7! )4<);+! :(!50:T*6,)-(/)04!8+!

:'(./)4+!865+48(4/!8+!jKXUIg!Pq)*!+/!(:=7!khh%Q=!&'()!804.7!8(4-!14!5,+*)+,!/+*5-7!A(:)86!

:(!5<0-5<0,T:(/)04!8+!jKXUIg!5(,!W8Z$7!(1!4)A+(1!8+!:(!@+,"f]7!8(4-!8+-!.+::1:+-!NSgheI

g$! P@3/'.*%7%H;#'!$"$#\%QQ=! &'()7!501,! .+:(7!1/):)-6!14+!(55,0.<+!8+!j+-/+,4!;:0/!(A+.!14!

(4/).0,5-! 8),)D6! .04/,+!jKXUIg! +/! 14! (4/).0,5-! 8),)D6! -56.)B)31+*+4/! .04/,+! :(! B0,*+!

5<0-5<0,T:6+!8+!jKXUIg7!(1!4)A+(1!8+!:(!@+,"f]=!W0**+!.+:(!+-/!)::1-/,6!8(4-!:(!@3/'.*%7%

H;#'!$"$#%_Q`7!+4!:'(;-+4.+!8+!,6.+5/+1,!$IcY%7!jKXUIg!+-/!5<0-5<0,T:6+!(1!4)A+(1!8+!:(!

@+,"f]! 8(4-! :+-! .+::1:+-! NSgheIg$=! L+-! +256,)+4.+-! 5,6:)*)4(),+-! ,6(:)-6+-! 8(4-! :+-!

4+1,04+-! 8'<)550.(*5+!*04/,+4/! 31+!jKXUIgP@+,"f]Q! +-/! (1--)! 5<0-5<0,T:6+! 8(4-! .+!

*089:+! P@3/'.*% 7% H;#'!$"$#\% dQ=! [+! 5:1-7! 04! 5+1/! A0),! 31+! .+//+! 5<0-5<0,T:(/)04! +-/!

;:0316+! 5(,! 14! /,()/+*+4/! J! :(! ,0-.0A)/)4+! P14! )4<);)/+1,! 8+! W8Z$Q7! .04B),*(4/!

:')*5:).(/)04!8+!W8Z$!8(4-!.+!5,0.+--1-=!

! !
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!

)J%9,!")I)!"(,1'/'()S)$2@<)5>4(5>4!81")A/6"=-)e("!
IB?

f)2/&()1"()&9-.7=-<)"')

1"()&",!4&"()2\>%554$/#5"()

;#<%R*#%-I+M8W+L%#)($%$."3$;*#%"<*>%+M%)'%LM%yE%6*%.)#>)<3$3(*%_.)#>)`%)'%6*%?EFO%_<:>!`%

=*(6"($% +:,% R*#% >*!!'!*#% #)($% *(#'3$*% !2#;*#% *$% 6;=)#;*#% #'.% /*!% F?FW9QIU,% RG31"/*%

.*=.;#*($*%>*#%63@@;.*($*#%>)(63$3)(#%.;<;!;*#%"<*>%!*#%"($3>).=#%.*>)(("3##"($%SQTUW+%)'%

#"% @).1*%=:)#=:).2!;*%"'%(3<*"'%6*% !"% F*.
7VJ

,% ;=<% Q% J%?]T\% !*#% (*'.)(*#%6G:3==)>"1=*#%

#)($% $."3$;#% "<*>% LM% yE% 6*% .)#>)<3$3(*% _.)#>)`% )'% 6*% ?EFO% _<:>!`,% R*#% (*'.)(*#% #)($%

*(#'3$*% !2#;#%*$%6;=)#;#%#'.%/*!%F?FW9QIU,%RG31"/*%.*=.;#*($*%>*#%63@@;.*($*#%>)(63$3)(#%

.;<;!;*#%"<*>%!*#%"($3>).=#%.*>)(("3##"($%SQTUW+%)'%#"%@).1*%=:)#=:).2!;*%"'%(3<*"'%6*%

!"%F*.
7VJ

,%

!

@1)/+! J! .+-! 0;-+,A(/)04-7! E'()! -01<()/6! -(A0),! -)! :+! ,6.+5/+1,! $IcY%! *081:()/! :(!

5<0-5<0,T:(/)04!8+!jKXUIg!-1,!:(!@+,"f]=!?01,!.+:(7!E'()!-1,+25,)*6!14+!A+,-)04!6/)31+/6+!

+4!NI/+,*)4(:!81!,6.+5/+1,!$IcY%!8(4-!:+-!.+::1:+-!NSgheIg$!+/!()!/,()/6!:+-!.+::1:+-!(A+.!

:+!jKmgegge]! 01! :+! @`k]gh#%=![(4-! :'+4-+*;:+! 8+-! +256,)+4.+-! ,6(:)-6+-! -1,! 81! :T-(/!

/0/(:7! :+-! A(,)(/)04-! 8+! :(! 5<0-5<0,T:(/)04! 8+! jKXUIg! +4! B04./)04! 8+! :'(./)A)/6! 81!

,6.+5/+1,!$IcY%!4'6/()+4/!5(-!.:(),+-7!31+:!31+!-0)/!:+!/+*5-!8+!/,()/+*+4/!1/):)-6!P8+!k#<!

J!$!*)4Q=!K)4-)7!8(4-!:+!;1/!8'(A0),!14+!)86+!5:1-!5,6.)-+!8+!:'6/(/!8+!5<0-5<0,T:(/)04!8+!:(!

5,0/6)4+! jKXUIg7! 8),+./+*+4/! (--0.)6+! (1! ,6.+5/+1,! $IcY%7! E'()! ,6(:)-6! :(! *\*+!

+256,)+4.+!*()-!+4! )**1405,6.)5)/(4/! :+! ,6.+5/+1,=!U/(4/!80446! :+! B();:+! -)D4(:!8+!.0I

)**1405,6.)5)/(/)04!8+!jKXUIg7! .+//+! (55,0.<+!4+!*'(!5(-!5+,*)-!8+! /,(4.<+,! -1,! :+!

4)A+(1!8+!5<0-5<0,T:(/)04!8+!:(!@+,"f]=![+!5:1-7!E'()!1/):)-6!14+!(55,0.<+!5,0/60*)31+!(B)4!

8+! 501A0),! ,65048,+! J! .+//+! 31+-/)04=! &'()7! 501,! .+:(7! )**1405,6.)5)/67! D,v.+! J! 14+!

6/)31+//+!SM?!WI/+,*)4(:+7! :(!5,0/6)4+!jKXUIg!-1,+25,)*6+!8(4-! :+-!.+::1:+-!NSgheIg$7!



!
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+4!5,6-+4.+!01!+4!(;-+4.+!81!,6.+5/+1,!$IcY%7!8(4-!:+!;1/!8')8+4/)B)+,7!5(,!-5+./,0*6/,)+!

8+!*(--+7! :+-! 5+5/)8+-! 5<0-5<0,T:6-! 8+!*(4)9,+! 8)BB6,+4/)+::+! 8(4-! .+-! .048)/)04-=! L+-!

5<0-5<0,T:(/)04-! W8Z$I865+48(4/+-! -04/! -)/16+-! 8(4-! :(! ,6D)04! ,).<+! +4! 5,0:)4+! 8+!

jKXUIg=![+!.+! B()/7! :'0;/+4/)04!8+!5+5/)8+-! )8+4/)B)(;:+-!5(,!-5+./,0*6/,)+!8+!*(--+7!J!

5(,/),!8+!.+//+!,6D)047!+-/!8)BB).):+!+/!.+//+!(55,0.<+!4+!*'(!804.!5(-!5+,*)-!8'0;-+,A+,!

:+-!5<0-5<0,T:(/)04-!8+!jKXUIg!(--0.)6+-!(1!,6.+5/+1,=!_:!.04A)+48,(!804.!8'(8(5/+,!:+!

5,0/0.0:+!8+!8)D+-/)04!8+!.+//+!5,0/6)4+!(B)4!8+!501A0),!D646,+,!:+-!5+5/)8+-!.04/+4(4/!

:+-! 8)BB6,+4/+-! -6,)4+-! 5<0-5<0,T:6+-! 5(,! W8Z$=! U4B)47! .+:(! 501,,()/! \/,+! 5:1-! (8(5/6!

8'0;-+,A+,! :+-!A(,)(/)04-!8+!5<0-5<0,T:(/)04!8+!jKXUIg!8),+./+*+4/!8(4-! :+-!4+1,04+-!

8'<)550.(*5+=!

 Discussion  D.

L+-! ,6-1:/(/-! 0;/+41-! E1-31'J! *()4/+4(4/! *04/,+4/! 31+! :'(./)A)/6! 81! ,6.+5/+1,!!!!!

$IcY%!(!14!)*5(./!-1,!:(!*0,5<0D+49-+!8+-!65)4+-!8+48,)/)31+-=!K:0,-!31'14+!-/)*1:(/)04!

8+! 4+1,04+-! 8'<)550.(*5+! +4! .1:/1,+! (A+.! 14! (D04)-/+! 81! ,6.+5/+1,! 5,0A031+! :(!

B0,*(/)04! 8'65)4+-! 5:1-! :04D1+-! 804/! :(! /\/+! +-/! 5:1-! 5+/)/+! 31'+4! .048)/)04! .04/,i:+7!

:'+250-)/)04!8+-!4+1,04+-!J!14!(D04)-/+!)4A+,-+!)481)/!:(!B0,*(/)04!8'65)4+-!5:1-!.01,/+-!

(A+.!14+! /\/+!5:1-! :(,D+=!KB)4!8+!*)+12! .0*5,+48,+! :')*5:).(/)04!81! ,6.+5/+1,!8(4-! .+!

5,0.+--1-!):!-+,(!46.+--(),+!8+!5,6.)-+,!:+-!8)BB6,+4.+-!0;-+,A6+-!8(4-!:(!*0,5<0:0D)+!8+-!

65)4+-!8+48,)/)31+-=![(4-!14!5,+*)+,!/+*5-7! ):! B(18,(!.:(--+,! :+-!65)4+-!0;-+,A6+-!8(4-!

.+-!+256,)+4.+-!(B)4!8+!501A0),!86/+,*)4+,!-)!:+-!0;-+,A(/)04-!5,6:)*)4(),+-!,+B:9/+4/!14!

.<(4D+*+4/!8+!5,050,/)04!8(4-!:+-!8)BB6,+4/+-!.:(--+-!8'65)4+-=![+!5:1-7!(A+.!:'(55,0.<+!

1/):)-6+! ).)7! :+-!65)4+-!y!-/1;;T!z!50--98(4/!14!.01!.01,/!+/!14+!/\/+! :(,D+!5+1A+4/!\/,+!

.04B0481+-!(A+.!:+-!65)4+-!y!*1-<,00*!z=!_:!-+,(!804.7!5(,!:(!-1)/+7!46.+--(),+!8'(E01/+,!

:+! 5(,(*9/,+! y!8)(*9/,+! 81! .01z! J! :(! 31(4/)B).(/)04! (B)4! 8'(BB)4+,! .+//+! .:(--)B).(/)04=!

U4/,+!]!+/!ke!E01,-!8+!.1:/1,+!:(!*0,5<0:0D)+!8+-!65)4+-!8+48,)/)31+-!.04/)41+!J!6A0:1+,!

P?(5(! +/! (:=7! gff$Q=! _:! -+,()/! 804.! )4/6,+--(4/! 8'(4(:T-+,! :+! 86A+:055+*+4/! 8+-! 65)4+-!

8+48,)/)31+-! /01/!(1! :04D!8+! :(! B+4\/,+!8+!8)BB6,+4.)(/)04! 3(%<3$.)%.<0)-)+! P]Igk![_XQ=![+!

*\*+7! 04! 501,,(! +BB+./1+,! 14! /,()/+*+4/! .<,04)31+! 501,! 6A(:1+,! :')*5(./! 8'14+!

-/)*1:(/)04!5,0:04D6+!81!,6.+5/+1,!$IcY%!-1,!.+!5,0.+--1-=!['(1/,+!5(,/7!(B)4!8+!A)-1(:)-+,!

:')*5:).(/)04!81! ,6.+5/+1,! $IcY%! 8(4-! :(!*(/1,(/)04!8+-! 65)4+-!8+48,)/)31+-7! E+! 501,,()!

1/):)-+,!14+!(55,0.<+!8')**140.T/0.<)*)+! (B)4!8+!501A0),! 31(4/)B)+,! :+-! -T4(5-+-! (A+.!



!
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8+-!(4/).0,5-!*(,31(4/!:(!-T4(5-+!*(/1,+7!.0**+!?@[If$!5(,!+2+*5:+=![+-!+256,)+4.+-!

8'6:+./,05<T-)0:0D)+7!A)-(4/!J!31(4/)B)+,!:+-!.01,(4/-!+2.)/(/+1,-7!5+,*+//,04/!8'6A(:1+,!:(!

B04./)044(:)/6!8+-!65)4+-!8+48,)/)31+-!+4!.1:/1,+!(5,9-!14+!-/)*1:(/)04!01!14+!)4<);)/)04!

81!,6.+5/+1,!$IcY%=!!

^4+!B0)-!.+-!(:/6,(/)04-!.(,(./6,)-6+-7!E+!86/+,*)4+,()!:')*5:).(/)04!,+-5+./)A+!8+-!A0)+-!S-!

+/! W8Z$! 8(4-! .+! 5,0.+--1-=! ?01,! .+:(7! :'1/):)-(/)04! 8+-! *1/(4/-! $IcY%IS-8+(8! +/! W8Z$!

80*)4(4/!46D(/)B!*+!5+,*+//,(!8+!8)--631+,!:')*5:).(/)04!8+!.+-!8+12!5,0/6)4+-!8(4-!:(!

*0,5<0D+49-+!8+-!65)4+-!8+48,)/)31+-!865+48(4/!81! ,6.+5/+1,!$IcY%=![+!5:1-7!1/):)-+,!

14! *089:+! 8+! .1:/1,+! 5,)*(),+! 8'<)550.(*5+! (B)4! 8+! .0*5,+48,+! :')*5:).(/)04! 81!

.0*5:+2+!B0,*6!5(,!:+!,6.+5/+1,!$IcY%!+/!-04!5(,/+4(),+!W8Z$!8(4-!:(!5<0-5<0,T:(/)04!8+!

jKXUIg7!*+!-+*;:+!5:1-!(8(5/6!31+!:+-!.+::1:+-!NSgheIg$=!U4!+BB+/7!;)+4!31+!.+-!.+::1:+-!

-+*;:+4/! B0,*+,! 8+-! -/,1./1,+-! -+*;:(;:+-! J! 8+-! 65)4+-! 8+48,)/)31+-7! .+.)! 4'(! 5(-! 6/6!

.:(),+*+4/!.(,(./6,)-67! .04/,(),+*+4/!(12!.1:/1,+-!5,)*(),+-!8'<)550.(*5+=!L'1/):)-(/)04!

8+! 4+1,04+-! 5,)*(),+-! 5+,*+//,(! 804.! 8'6/18)+,! .+-! 6A94+*+4/-! 8+! 5<0-5<0,T:(/)04!

8(4-!14!.04/+2/+!4(/)B=!@)! :+!,6.+5/+1,!$IcY%!*081:+! :(!5<0-5<0,T:(/)04!8+!jKXUIg!5(,!

:')4/+,*68)(),+!8+!W8Z$7!):!-+,()/!)4/6,+--(4/!8+!86/+,*)4+,!-)!.+//+!(./)A)/6!+-/!0;-+,A(;:+!

5,6B6,+4/)+::+*+4/!(1!4)A+(1!8+!:'65)4+!8+48,)/)31+=!^4+!(55,0.<+!8')**140.T/0.<)*)+!

4+!*'(7!501,!:')4-/(4/7!5(-!5+,*)-!8+!,65048,+!J!.+//+!31+-/)04=!Y01/+B0)-7!:(!5,081./)04!

8+! -T4(5/0-0*+-! J! 5(,/),! 8'<)550.(*5+-! 8+! -01,)-! 501,,()/! 5+,*+//,+! 8')8+4/)B)+,! :+-!

6A94+*+4/-! 8+! 5<0-5<0,T:(/)04! 8+! jKXUIg! 865+48(4/! 81! ,6.+5/+1,! $IcY%7!

-56.)B)31+*+4/!(1!4)A+(1!8+!:(!-T4(5-+=!W+//+!(55,0.<+!501,,(!6D(:+*+4/!\/,+!1/):)-6+!J!

5(,/),!8'(1/,+-!-/,1./1,+-!.0**+!:+!.0,/+2!01!:+!-/,)(/1*=!

L+-! ,6-1:/(/-! 0;/+41-! J! :')--1+! 8+! .+-! +256,)+4.+-7! 8+A,()+4/!*+! 5+,*+//,+! 8+! 5,6.)-+,!

:')*5(./! 81! ,6.+5/+1,! $IcY%! -1,! :+! 86A+:055+*+4/! 8+-! 65)4+-! 8+48,)/)31+-! +/! 8+!

86/+,*)4+,! -)! W8Z$! +-/! )*5:)316+! 8(4-! .+! 5,0.+--1-! 5(,! :')4/+,*68)(),+! 8+! :(!

5<0-5<0,T:(/)04! 8+! jKXUIg=! ^4+! (:/6,(/)04! 8+-! 65)4+-! 8+48,)/)31+-! 6/(4/! 0;-+,A6+-!

8(4-!14!.+,/()4!40*;,+!8+!5(/<0:0D)+-!4+1,086A+:055+*+4/(:+-7!.0**+!5(,!+2+*5:+!:(!

-.<)C05<,64)+! 01! :+! -T48,i*+! 81! n! B,(D):+! Pq1:Z(,4)! (48! M),+-/+)47! khgkQ! .+-! ,6-1:/(/-!

5+,*+//,()+4/! 8'(550,/+,! 8+! 401A+(12! 6:6*+4/-! 31(4/! (1! 86A+:055+*+4/! 8+-! 65)4+-!

8+48,)/)31+-!+/!J!:(!5<T-)05(/<0:0D)+!8+!.+-!86-0,8,+-=!_:!-+,(7!5(,!()::+1,-7!)4/6,+--(4/!8+!

86/+,*)4+,! -)! :+! ,6.+5/+1,! $IcY%! +-/! )*5:)316! 8(4-! :(! 5:(-/).)/6! -/,1./1,(:+! 8+-! 65)4+-!
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8+48,)/)31+-! J! :'vD+! (81:/+=! W+.)! 501,,()/! (550,/+,! 8+! 401A+(12! 6:6*+4/-! 31(4/! (1!

.04/,i:+!8+-!5,0.+--1-!.0D4)/)B-!5(,!:+!,6.+5/+1,=!

!

! !
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I. Le récepteur 5-HT6 au cours du 

développement neuronal 

 Autres partenaires du récepteur 5-HT6 A.

potentiellement impliqués dans le développement 

neuronal 

K:0,-!31+!:')*5:).(/)04!81!,6.+5/+1,!$IcY%!+/!8+!:(!A0)+!W8Z$!(--0.)6+!(!6/6!86.,)/+!

8(4-! :+-! 6/(5+-!8+!*)D,(/)04!4+1,04(:+! +/! 8+!501--+!4+1,)/)31+7! ):! +-/! 5,0;(;:+!31+! :+!

,6.+5/+1,!-0)/!)*5:)316!8(4-!:+!.04/,i:+!8'(1/,+-!(-5+./-!81!86A+:055+*+4/!4+1,04(:!+4!

(./)A(4/! 8)BB6,+4/+-! A0)+-! 8+! -)D4(:)-(/)04=! U4! +BB+/7! 5:1-)+1,-! 8+-! 5(,/+4(),+-!

)4/,(.+::1:(),+-!81!,6.+5/+1,!$IcY%!-04/!.0441-!501,!*081:+,!:+!86A+:055+*+4/!.6,6;,(:7!

.0**+!E+!:+!86.,),()!8(4-!.+!.<(5)/,+=!!

1. 5-HT6/Gs 

L(! A0)+! S-7! ;)+4! 31'+::+! 4+! -0)/! 5(-! )*5:)316+! 8(4-! :'6:04D(/)04! 8+-! 4+1,)/+-!

.04/,i:6+! 5(,! :+! ,6.+5/+1,! $IcY%7! 501,,()/! *68)+,! 8'(1/,+-! +BB+/-!

4+1,086A+:055+*+4/(12! *)-! +4! E+1! 5(,! :+! ,6.+5/+1,=! L'(./)A(/)04! 81! B(./+1,! 8+!

/,(4-.,)5/)04! WOU`! +-/! (--0.)6+! J! 14+! (1D*+4/(/)04! 8+! :(! -T4/<9-+! 8+! B(./+1,-! 8+!

.,0)--(4.+!.0**+!:+!`[NM=!^4+!-/)*1:(/)04!81!,6.+5/+1,!$IcY%!+/!:'(./)A(/)04!8+!:(!A0)+!

S-! 501,,()/! 804.! (A0),! 8+-! +BB+/-! -1,! :(! -1,A)+! +/! :(! *(/1,(/)04! 4+1,04(:+! D,v.+! J! :(!

5,081./)04! 8+! .+! B(./+1,! 8+! .,0)--(4.+=! [+! 5:1-7! :'K>?.! )4/,(.+::1:(),+! 5(,/).)5+! (1!

D1)8(D+!81!.i4+!8+!.,0)--(4.+!(204(:!*68)6!5(,! :+!`[NM!8(4-! :+-!4+1,04+-!-5)4(12!8+!

26405+=!K)4-)7!14! )4<);)/+1,!8+! :(!?qK!8(4-! :+!*):)+1!y! /,(4-B0,*+!z! :+!`[NM!+4! B(./+1,!

,651:-)B!A)-IJIA)-!81!.i4+!8+!.,0)--(4.+!(204(:!P@04D!+/!(:=7!gff]Q=!W+-!6:6*+4/-!-1DD9,+4/!

804.! 31+! .+! -+.048!*+--(D+,! +-/! 14!*081:(/+1,! .:6! 8(4-! :+! D1)8(D+! (204(:=! V4! 5+1/!

804.!)*(D)4+,!31+!:'(./)A(/)04!81!,6.+5/+1,!.04/,);1+!J!:(!8)BB6,+4.)(/)04!4+1,04(:+!5(,!

:')4/+,*68)(),+!8+!:(!A0)+!S-=!

2. 5-HT6/Fyn 

L(!Z)4(-+!MT4!+-/!)*5:)316+!8(4-!:+!.04/,i:+!8+!:(!*)D,(/)04!5(,!:(!,++:)4=!L(!,++:)4!

-+! B)2+! -1,! -+-! ,6.+5/+1,-! K50UOk! +/! XL[LO! 5,6-+4/-! J! :(!*+*;,(4+! 8+-! 4+1,04+-! +4!

*)D,(/)047!+/! )481)/! :(!5<0-5<0,T:(/)04!8+![(;g7!5,0/6)4+!(8(5/(/,).+! )4/6,(D)--(4/!(A+.!



!
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:+! 80*()4+! )4/,(.+::1:(),+! 8+! .+-! ,6.+5/+1,-7! 5(,! :+-! Z)4(-+-! @,.! +/! MT4=! W+//+!

5<0-5<0,T:(/)04! )4<);+! :(! 5<0-5<0,T:(/)04!8+!Y(1!(./)A(4/! :(! A0)+!?_"qIKZ/IS@q"!#! W+.)!

(1,(!501,!+BB+/!8+!-/(;):)-+,! :+-!*).,0/1;1:+-!(1!4)A+(1!8+-!5,0:04D+*+4/-!8+! /\/+!8+-!

4+1,04+-! +/! .04/,i:+! ()4-)! :+1,! 0,)+4/(/)04! +/! :+1,! 5,0D,+--)04=! V4! ,+/,01A+7! .<+C! :+-!

-01,)-!86B).)+4/+-!+4!MT4!+/!@,.7!14!5<640/T5+!y!,++:+,I:)Z+!z!.04B),*(4/!:')*5:).(/)04!8+!

.+-!Z)4(-+-!8(4-!:(!-)D4(:)-(/)04!,++:)4I865+48(4/+!Pq10!+/!(:=7!khh$Q=!L')4/+,(./)04!+4/,+!

:+!,6.+5/+1,!$IcY%!+/!MT4!501,,()/7!5(,!+2+*5:+7!B(A0,)-+,! :'(./)A)/6!*+*;,(4(),+!8+!MT4!

+/!B(.):)/+,!-04!(..9-!J![(;g=!MT4!(!6D(:+*+4/!6/6!)*5:)316+!8(4-!:(!-)D4(:)-(/)04!(--0.)6+!

(1!.i4+!8+!.,0)--(4.+!(204(:=!L(! B)2(/)04!8+! :(!N+/,)4Ig7! B(./+1,!.<)*)0/(./)31+7!-1,!-04!

,6.+5/+1,![WW! P?*!*$*6% 3(%B)!).*>$"!%B"(>*.Q7!+25,)*6!(1!4)A+(1!81!.i4+!8+!.,0)--(4.+!

(204(:7!)481)/!:(!5<0-5<0,T:(/)04!8+!:(!O<0SUM!Y,)07!5(,!MT47!(1!4)A+(1!8+!:(!YT,k%kk=!W+//+!

5<0-5<0,T:(/)04!B(A0,)-+! :'(--0.)(/)04!+4/,+![WW!+/!Y,)07! :'+25,+--)04!8+!.+!.0*5:+2+!(1!

4)A+(1! 81! .i4+! 8+! .,0)--(4.+! (204(:7! +/! :'6:04D(/)04! (204(:+! N+/,)4Ig! 865+48(4/+!

P[+S++,! +/! (:=7! khg"Q=! _:! -+,()/! 804.! )4/6,+--(4/! 8+! 86/+,*)4+,! 8(4-! 31+::+! *+-1,+! :+!

.0*5:+2+!$IcY%sMT4!.04/,i:+!:+-!5,0.+--1-!4+1,086A+:055+*+4/(12=!!

3. 5-HT6/mTOR 

L(! 5,0/6)4+! *YVO! -+*;:+! )*5:)316+! 8(4-! :(! 5<T-)05(/<0:0D)+-! 8+! /,01;:+-!

4+1,086A+:055+*+4/(12=![(4-!14!*089:+!5,6I.:)4)31+!81!-T48,i*+!8+!O+//7!O)..)(,8)!*$%

>)!!,% 04/! 0;-+,A6! 14+! 8)*)41/)04! 8+! :(! -)D4(:)-(/)04! *YVO! 8(4-! :+! .0,/+2! -+4-0,)+:!

5,)*(),+!+/! :'<)550.(*5+7!(--0.)6+!J!14+!8)*)41/)04!8+! :(! -T4/<9-+!5,0/6)31+!8(4-!.+-!

,6D)04-! PO)..)(,8)! +/! (:=7! khggQ=! [+! 5:1-7! 14+! 86,6D1:(/)04! 8+! :(! -)D4(:)-(/)04!*YVO! +-/!

(--0.)6+!(12!86B).)/-!.0D4)/)B-!0;-+,A6-!8(4-!14!*089:+!81!-T48,i*+!81!n!B,(D):+!P@<(,*(!

+/! (:=7! khghQ=! ['(1/,+! 5(,/7! :(! A0)+! ?_"qIKZ/I*YVO! (! 6D(:+*+4/! 6/6! )*5:)316+! 8(4-! :+!

86A+:055+*+4/!8+48,)/)31+=!U4!+BB+/7!8(4-!14!*089:+!8+!.1:/1,+!5,)*(),+!8'<)550.(*5+7!

14+!(./)A(/)04!8+!.+//+!A0)+!+-/!)*:)316+!8(4-!:(!.0*5:+2)B).(/)04!8+!:'(,;,+!8+48,)/)31+7!

()4-)!31+!8(4-!:(!*(/1,(/)04!8+-!65)4+-!8+48,)/)31+-7!+4!(A(:!8'14+!-/)*1:(/)04!(1!`[NM!

Pq1*(,! +/! (:=7! khh$Q=! K:0,-! 31+! .+//+! A0)+! -+*;:+! )*50,/(4/+! 8(4-! :(! *(/1,(/)04! 8+!

:'(,;0,)-(/)04! 8+48,)/)31+7! -04! .04/,i:+! 5(,! :+! ,6.+5/+1,! $IcY%! 501,,()/! 804.! \/,+!

)*5:)316! 8(4-! :+! 86A+:055+*+4/! 4+1,04(:=! L(! 5<(-+! 5,6.0.+! 8'6:04D(/)04! 8+-! 4+1,)/+-!

.04/,i:6+! 5(,! :+! ,6.+5/+1,! $IcY%! +-/! )4865+48(4/+! 8+! :(! A0)+! *YVO=! V4! 4+! 5+1/!

.+5+48(4/! 5(-! +2.:1,+! 31+! .+//+! A0)+! )4/+,A)+44+! 8(4-! 8+-! 6/(5+-! 5:1-! /(,8)A+-! 8+!

.0*5:+2)B).(/)04!8+!:'(,;,+!8+48,)/)31+=!!
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4. 5-HT6/NF1 

^4+! *1/(/)04! 8(4-! :+! D94+! .08(4/! :(! 4+1,0B);,0*)4+! PNMgQ! +-/! (--0.)6+! J! :(!

N+1,0B);,0*(/0-+!8+!/T5+!g=!^4+!(:/6,(/)04!8+-!B04./)04-!4+1,04(:+-!+/!(-/,0.T/(),+-!+-/!

0;-+,A6+!8(4-!.+//+!5(/<0:0D)+=![+!5:1-7!:+-!5(/)+4/-!(//+)4/-!8+!:(!N+1,0B);,0*(/0-+!8+!

/T5+! g! 5,6-+4/+4/! 8+-! 86B).)/-! .0D4)/)B-! .(,(./6,)-6-! 5(,! 8+-! 8)BB).1:/6-! 8'(55,+4/)--(D+=!

N0/,+! 631)5+! (! ,6.+**+4/! )8+4/)B)6! 14+! )4/+,(./)04! +4/,+! :+! ,6.+5/+1,! $IcY%! +/! :(!

4+1,0B);,0*)4+!P>+BB,+!+/!(:=7!khgkQ=![1!50)4/!8+!A1+!B04./)044+:7!:(!4+1,0B);,0*)4+!+-/!

14+! SY?(-+! ,6D1:(4/! :'(./)A)/6! 8+! :(! 5,0/6)4+! O(-! +/! 31)! 5(,/).)5+! J! :'(./)A(/)04! 8+!

:'(864T:(/+! .T.:(-+! 5(,! :(! 5,0/6)4+!S-7! ()4-)! 31'(1! .04/,i:+! 8+! :'(./)A)/6! 8+!*YVO7! 8+12!

A0)+-! )*5:)316+-! 8(4-! :+! 86A+:055+*+4/! 4+1,04(:! PY04D! +/! (:=7! khhkQ=! K1! .01,-! 8+-!

5<(-+-!5,6.0.+-!81!86A+:055+*+4/!.6,6;,(:7!NMg!+-/! )*5:)316+!8(4-! :+!86A+:055+*+4/!

8+! :(! 8+48,)/+! (5).(:+! 8+-! 4+1,04+-! 5T,(*)8(12! 81! .0,/+2! ()4-)! 31+! 8(4-! :+!

86A+:05+**+4/!8+-!(-/,0.T/+-!+/!8+-!0:)D08+48,0.T/+-!8(4-!:+!.+,A+(1!Pc+D+81-!+/!(:=7!

khh]Q=!L')4/+,(./)04!+4/,+!NMg!+/!:+!,6.+5/+1,!$IcY%!501,,()/!804.!5(,/).)5+,!(1!.04/,i:+!

81!86A+:055+*+4/!4+1,04(:!5(,!:+!,6.+5/+1,=!

5. 5-HT6/MAP1b 

^4+! )4/+,(./)04! +4/,+! :+! ,6.+5/+1,! $IcY%! +/! :(! 5,0/6)4+! >K?g;! A)+4/! 8'\/,+!

8')8+4/)B)6+=!>K?g;! )4/+,(D)/!(A+.! :+! ,6.+5/+1,!5(,! :')4/+,*68)(),+!8+! -(! -01-I14)/6! LWg!

PR3/:$%B:"3(%+Q!+/!.04/,i:+!-04!(./)A)/6!()4-)!31+!-04!+25,+--)04!*+*;,(4(),+!Pq)*!+/!(:=7!

khg#Q=!>K?g;!501,,()/!804.! ,6D1:+,! :+! /,(B).!+/! :'(8,+--(D+!81! ,6.+5/+1,!$IcY%=!>K?g;!

E01+!6D(:+*+4/!14!,i:+!8(4-!:'(./)A)/6!8+-!O<0!SY?(-+-=!U4!+BB+/7!>K?g;!*081:+!:'(./)A)/6!

8+!O(.g!5(,! :')4/+,*68)(),+!8+! :(!O<0!SUM!Y)(*g=!^4!86B).)/!+4!>K?g;!+-/7!5(,!()::+1,-7!

(--0.)6! J! 14+! (1D*+4/(/)04! 8+! :'(./)A)/6! 8+! O<0K! +/! J! 14+! 8)*)41/)04! 8+! :'(./)A)/6! 8+!

W8.#k!+/!8+!O(.g=!L')4/+,(./)04!+4/,+!>K?g;!+/!Y)(*g!)481)/!804.!14+!(1D*+4/(/)04!8+!

:'(./)A)/6! O(.g7! (--0.)6+! J! :(! *0,5<0D+49-+! 81! .i4+! 8+! .,0)--(4.+! (204(:! 8(4-! 8+-!

4+1,04+-! 8'<)550.(*5+! 8+! ,(/! Pc+4,x31+C! +/! (:=7! khgkQ=! L')4/+,(./)04! +4/,+! >K?g;! +/!

Y)(*g!-+!B()/!(1!4)A+(1!8+!:(!-01-I14)/6!:6D9,+!PRB+Q!8+!:(!5,0/6)4+!>K?g;7!-0)/!:+!*\*+!

80*()4+! 31+! .+:1)! )*5:)316! 8(4-! :')4/+,(./)04! +4/,+! >K?g;! +/! :+! ,6.+5/+1,! $IcY%!

Pc+4,x31+C!+/!(:=7!khgkQ=!K:0,-!31+!:'(./)A(/)04!8+!O(.g!5(,!:+!.0*5:+2+!>K?g;sY)(*g!+-/!

(--0.)6+!(1!86A+:055+*+4/!81!.i4+!8+!.,0)--(4.+!(204(:7!04!501,,()/!804.!)*(D)4+,!31+!

:+! ,6.+5/+1,! $IcY%! 51)--+! -631+-/,+,!>K?g;! A)(! -04! )4/+,(./)04! (A+.! :(! -01-I14)/6! LWg!



!
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:'+*5\.<(4/!()4-)!8')4/+,(D),!(A+.!Y)(*g=!W+.)!501,,()/!5+,*+//,+!8+!;(-.1:+,!8'14+!A0)+!

B(A0,)-(4/! :(! .,0)--(4.+!(204(:+7!5(,! :')4/+,*68)(),+!8+! :')4/+,(./)04!>K?g;sY)(*g7!A+,-!

14+! A0)+! +4! B(A+1,! 8'(1/,+-! 6/(5+-! 86A+:055+*+4/(:+-! *68)6+-! 5(,! :+! .0*5:+2+!!!!!!!!!!!!!!!!

$IcY%s>K?g;=! [(4-! :+! .(-! )4A+,-+7! -)! :')4/+,(./)04! 8+! >K?g;! (A+.! Y)(*g! +/! (A+.! :+!

,6.+5/+1,! $IcY%7! A)(! :(! -01-I14)/6! LWg7! +-/! 50--);:+7! .+:(! -1DD9,+! :'+2)-/+4.+! 8'14+! A0)+!

(:/+,4(/)A+!8(4-!:(!*081:(/)04!8+!:'(./)A)/6!8+-!O<0!SY?(-+-!5(,!:+!,6.+5/+1,!$IcY%=!

6. 5-HT6/GPRIN1 

L+! 80*()4+! WI/+,*)4(:! 81! ,6.+5/+1,! $IcY%! )4/+,(D)/! 6D(:+*+4/! (A+.! :(! 5,0/6)4+!

S?O_Ng! PIW9.)$*3(% H*/'!"$*6% ](6'>*.% )@% -*'.3$*% )'$/.)c$:% +Q=! W+//+! 5,0/6)4+! +-/!

)*5:)316+! 8(4-! :(! 501--+! 4+1,)/)31+! +4! ,6504-+! J! :'(./)A(/)04! :(! 5,0/6)4+!S)s0=! S?O_Ng7!

-56.)B)31+*+4/! +25,)*6+! 8(4-! :+! .+,A+(1! +/! 5(,/).1:)9,+*+4/! +4,).<)+! (1! 4)A+(1! 8+-!

.i4+-! 8+! .,0)--(4.+! 4+1,)/)31+-7! -+! :)+! J! :(! .04B0,*(/)04! (./)A+! 8+! :(! 5,0/6)4+! S)s0=!

L'(./)A(/)04!8+!S?O_Ng!5(,!S)s0!.0481)/!J!14+!(./)A(/)04!8+!:(!O<0!SY?(-+!W8.#k7!(--0.)6+!

J! :(! 501--+! 4+1,)/)31+!0;-+,A6+!8(4-! 8+-! .+::1:+-!N+1,0kK! PN(Z(/(! (48!q0C(-(7! khh$Q=!

L'!KON*! 8+! S?O_Ng! +-/! +25,)*6! /01/! (1! :04D! 81! 86A+:055+*+4/! 81! -T-/9*+! 4+,A+12!

.+4/,(:!.<+C!:(!-01,)-=!@04!(55(,)/)04!(1!4)A+(1!81!/6:+4.65<(:+!+-/!86/+./6+!89-!:+!E01,!

+*;,T044(),+! f=$! PUf=$Q=! L'+25,+--)04! 8+! S?O_Ng! (1D*+4/+! J! Ug#=$7! +/! 04! +4! 0;-+,A+!

40/(**+4/!8(4-!:'<)550.(*5+7!:+!.0,/+27!:+!;1:;+!0:B(./)B!01!:+!-/,)(/1*=!L'+25,+--)04!8+!

S?O_Ng! J! :'vD+! (81:/+! +-/! :)*)/6+! (1! .+,A+(1=! V4! +4! ,+/,01A+! +--+4/)+::+*+4/! 8(4-! :+!

;1:;+! 0:B(./)B! +/! :'<)550.(*5+7! -0)/! 8(4-! 8+-! ,6D)04-! 0w! 8+! 401A+(12! 4+1,04+-! -04/!

B0,*6-7!-1DD6,(4/!14+!)*5:).(/)04!8+!S?O_Ng!8(4-!:(!4+1,0D+49-+!(81:/+!P>(-1<0!+/!(:=7!

khheQ=! L+! ,6.+5/+1,! $IcY%! 501,,()/! 804.! 6D(:+*+4/! .04/,i:+,! :+! 86A+:055+*+4/!

4+1,)/)31+!()4-)!31+! :+!86A+:055+*+4/!8+-!4+1,04+-!(81:/+-7!5(,! :')4/+,*68)(),+!8+!-04!

)4/+,(./)04!(A+.!S?O_Ng=!

7. 5-HT6/Paralemmin 

L(! 5(,(:+**)4! +-/! 14+! 5,0/6)4+! B0,/+*+4/! +25,)*6+! 8(4-! :+! .+,A+(1=! U::+! +-/!

)*5:)316+! 8(4-! :(! 8T4(*)31+! 8+! :(! *+*;,(4+! 5:(-*)31+! +/! 40/(**+4/! 8(4-! :(!

B0,*(/)04! 8+! B):0508+-! D,v.+! J! 14! D,015+*+4/! WI/+,*)4(:! 8+! .T-/6)4+-! 5(:*)/0T:6+-!

5+,*+//(4/! -04! )4-+,/)04!*+*;,(4(),+! Pq1/C:+;! +/! (:=7! gffeQ=! ^4+! )4/+,(./)04! +4/,+! :(!

5(,(:+**)4! +/! :+! 80*()4+!WI/+,*)4(:! 81! ,6.+5/+1,! $IcY%! (! (1--)! 6/6! )864/)B)6+! 8(4-! :+!

.,);:+!5,0/60*)31+!86.,)/!+4!5,+*)9,+!5(,/)+!8+-!,6-1:/(/-=!['14!50)4/!8+!A1+!B04./)044+:!



!
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):! (! 6/6! *04/,6! 31+! :(! 5(,(:+**)4! 5(,/).)5()/! J! :(! ,(*)B).(/)04! 8+-! 4+1,04+-!

8'<)550.(*5+! +4! .1:/1,+! +/! 31'+::+! 6/()/! )*5:)316+! 8(4-! :(! B0,*(/)04! 8+-! 5,6.1,-+1,-!

8'65)4+-! 8+48,)/)31+-! ()4-)! 31+! 8(4-! :(! *(/1,(/)04! 8+! .+-! 8+,4)9,+-! PK,-/)Z()/)-! +/! (:=7!

khheQ=!L')4/+,(./)04!+4/,+!:+!,6.+5/+1,!$IcY%!+/!:(!5(,(:+**)4!501,,()/!804.!5(,/).)5+,!(1!

.04/,i:+! 8+! :(! 8T4(*)31+! 8+! :(!*+*;,(4+! 5:(-*)31+! 4+1,04(:+! +/! J! :(!*(/1,(/)04! 8+!

:'(,;0,)-(/)04!8+48,)/)31+=!!

8. Perspectives 

L+! ,6.+5/+1,! $IcY%! +-/! 804.! (--0.)6! J! 5:1-)+1,-! +BB+./+1,-! )*5:)316-! 8(4-! :+!

.04/,i:+!81!86A+:055+*+4/!4+1,04(:=!W+12I.)! -04/! -.<6*(/)-6-!8(4-! :(! @3/'.*%+J=!K:0,-!

31+! :+! ,6.+5/+1,! $IcY%! .04/,i:+! 5:1-)+1,-! 5,0.+--1-! .:6! 81! 86A+:055+*+4/! 4+1,04(:!

P[(T+,!+/!(:=7! khg$Q7!04!4+! -()/!5(-!+4.0,+!8(4-!31+::+!*+-1,+! :+! ,6.+5/+1,!*+/!+4! E+1!

/01/+-! .+-! A0)+-! (1! .01,-! 81! 86A+:055+*+4/=! _:! -+,(! 804.! )4/6,+--(4/! 8'6:1.)8+,! :(!

B04./)04!4+1,086A+:055+*+4/(:+!8+!.+-!)4/+,(./)04-!(B)4!8+!5,6.)-+,!:+!,i:+!81!,6.+5/+1,!

$IcY%! 8(4-! :+! 86A+:055+*+4/!4+1,04(:=!V4!5+1/7! 5(,! ()::+1,-7! )*(D)4+,! 31+! :'(./)A(/)04!

-6:+./)A+! 8+! .+-! 8)BB6,+4/+-! A0)+-! 8+! -)D4(:)-(/)04! 51)--+! \/,+! ,6D1:6+7! 8(4-! :'+-5(.+! +/!

8(4-! :+! /+*5-!5+48(4/! :+!86A+:055+*+4/! .6,6;,(:7! 5(,! :'+25,+--)04!81! ,6.+5/+1,7!*()-!

(1--)!8+!-+-!5(,/+4(),+-!)4/,(.+::1:(),+-=!?:1-)+1,-!8+!.+-!5(,/+4(),+-!*081:+4/!6D(:+*+4/!

:'+25,+--)04!*+*;,(4(),+!81!,6.+5/+1,=!W+.)!-1DD9,+!31+!:'+25,+--)04!81!,6.+5/+1,!$IcY%!

J! :(!*+*;,(4+!8+-!4+1,04+-!501,,()/!\/,+!,6D1:6+!(1!.01,-!81!86A+:055+*+4/!5(,!-04!

)4/+,(./)04!(A+.!8+-!5,0/6)4+-!.0**+!&(;Ig!01!>K?g;=!!

!

!

!

!

!

!

!
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J%9,!")-?)S)1")!"$"5'",!)<=>'+)"')("()"JJ"$'",!()2/&()1")2"6"1455"#"&')

&",!4&/1)

R*%.;>*=$*'.%LWXYD%.;/'!*%63@@;.*($*#%;$"=*#%6'%6;<*!)==*1*($%(*'.)("!\%()$"11*($%=".%

!G3($*.1;63"3.*% 6*% #)(% 3($*.">$3)(% "<*>% B6[L,% B*=*(6"($\% =!'#3*'.#% =".$*("3.*#%

3($.">*!!'!"3.*#%6'%.;>*=$*'.%g)'*%;/"!*1*($%'(%.N!*%6"(#%!*%6;<*!)==*1*($%(*'.)("!,%R*%

.;>*=$*'.% LWXYD% =)'.."3$% 6)(>% >)($.N!*.% 63@@;.*($#% =.)>*##'#% $)'$% "'% !)(/% 6'%

6;<*!)==*1*($%(*'.)("!%<3"%>*#%3($*.">$3)(#,%%

! !
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 Régulation de la signalisation associée au récepteur     B.

5-HT6 au cours du développement neuronal 

L(!,6D1:(/)04!8(4-!:'+-5(.+!+/!8(4-!:+!/+*5-!8+-!A0)+-!8+!-)D4(:)-(/)04!*)-+-!+4!E+1!

5(,!14!*\*+!,6.+5/+1,!+-/!14+!40/)04!)4/6,+--(4/+!5+,*+//(4/!8+!*+//,+!+4!5+,-5+./)A+!

:+-!*1/:)5:+-!.015:(D+-!(--0.)6-!J!14!*\*+!OW?S=!!

1. Régulation temporelle 

W0**+!401-!(A04-!51!:+!A0),!8(4-!:')4/,081./)047! :+!86A+:055+*+4/!.6,6;,(:!+-/!

:+!B,1)/!81!86,01:+*+4/!5,0D,+--)B!8+!8)BB6,+4/+-!6/(5+-=!L'0,8,+!8+!.+-!6/(5+-!+-/!804.!

)*50,/(4/=! L'6*+,D+4.+! 8+! .04.+5/-7! .0**+! 5(,! +2+*5:+! :+-! y!4+1,04+-! .0,,)80,!z7!

)::1-/,+! :(! 46.+--)/6! 8'14+! *)-+! +4! 5:(.+! 5,0D,+--)A+! 8+-! .),.1)/-! .6,6;,(12! +/!

:')*;,)31+*+4/! 8+-! 8)BB6,+4/+-! 5<(-+-! 86A+:055+*+4/(:+-=! L+! 50-)/)044+*+4/! 8+!

.+,/()4-! 4+1,04+-! +-/! +--+4/)+:! J! :'6/(;:)--+*+4/! 8+! A0)+-! 8+! 5,0E+./)04! 5,0A+4(4/!

8'(1/,+-!D,015+-!4+1,04(12=!W'+-/!5(,!+2+*5:+!:+!.(-!8+-!5,0E+./)04-!/<(:(*0I.0,/).(:+-7!

804/!:+!D1)8(D+!46.+--)/+!:(!*)D,(/)04!5,6(:(;:+!8'14!D,015+!8+!4+1,04+-!)--1-!81!-01-I

5(::)1*! PL�5+CI`+48)/0! +/! (:=7! khh%Q=! K:0,-! 31+! :+-! 4+1,04+-! 5,0A+4(4/! 8+! :'6*)4+4.+!

D(4D:)04(),+!*68)(4+!-04/!,651:-)B-!501,!:+-!(204+-!/<(:(*0I.0,/).(127!:+-!4+1,04+-!)--1-!

8+!:'6*)4+4.+!D(4D:)04(),+!:(/6,(:+!PUSLQ!-04/!+12!5+,*)--)B-!501,!.+-!*\*+-!(204+-=!L+!

50-)/)044+*+4/! 8+! 4+1,04+-!*)D,(4/! J! 5(,/),! 8+! :'USL7! (55+:6-! y!4+1,04+-! .0,,)80,-!z7!

-1,!:+!.<+*)4!8+-!(204+-!/<(:(*0.0,/).(12!A(!804.!5+,*+//,+!J!.+-!8+,4)+,-!8+!/,(A+,-+,!

:'6*)4+4.+! D(4D:)044(),+!*68)(4+! 501,! (//+)48,+! :+! .0,/+2! +/! 6/(;:),! :+1,-! .044+./)04-!

PL�5+CI`+48)/0! +/! (:=7! khh%Q=! [+! *\*+7! (1! .01,-! 8+! :(! *)D,(/)04! 4+1,04(:+7! :+!

.<+*)4+*+4/! 8+! .+,/()4-! D,015+-! 8+! 4+1,04+-7! .0**+! :+-! )4/+,4+1,04+-! .0,/).(12!

5,0A+4(4/!8+!:'6*)4+4.+!D(4D:)044(),+7!+-/!8)./6!5(,!:'+2)-/+4.+!8+!A0)+-!5+,*)--)A+-!01!

,651:-)A+-7! 40/(**+4/! )*50-6+-! 5(,! :+! 50-)/)044+*+4/! 8'(1/,+-! 4+1,04+-7! .0**+! :+-!

)4/+,4+1,04+-! -/,)(/(12! P>(,x4! +/! (:=7! khhgQ=! W+-! ,6-1:/(/-! )::1-/,+4/! 804.! .0**+4/!

8)BB6,+4/+-!6/(5+-!4+1,086A+:055+*+4/(:+-!5+1A+4/!\/,+!.0*5:6*+4/(),+-=!V4!)*(D)4+!

B(.):+*+4/! 31'14! 86B(1/! 86A+:055+*+4/(:! 5:1-! 01! *0)4-! 5,6.0.+! 501,,(! (A0),! 8+-!

.04-631+4.+-!)*50,/(4/+-=!!

L+! 5,0B):! /+*50,+:! 8'+25,+--)04! 8+-! 8)BB6,+4/-! ,6.+5/+1,-! )*5:)316-! 8(4-! :+!

86A+:055+*+4/!4+1,04(:!+-/!14!5,+*)+,!4)A+(1!8+!.04/,i:+!8+!.+!5,0.+--1-=!L+!,6.+5/+1,!!



!
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$IcY%! (55(,(a/! 8+! *(4)9,+! (--+C! 5,6.0.+! (1! .01,-! 81! 86A+:055+*+4/! +/! +-/! )*5:)316!

8(4-! :+-! 5,+*)9,+-! 5<(-+-! 81! 86A+:055+*+4/! 4+1,04(:! 5(,! :')4/+,*68)(),+! 8+! -04!

)4/+,(./)04! (A+.! W8Z$! P*)D,(/)04! 4+1,04(:+7! 501--+! 4+1,)/)31+! 5,6.0.+Q=! [+! *\*+7! :+!

,6.+5/+1,!$IcY]! E01+!14!,i:+!8(4-! :(!501--+!4+1,)/)31+!+/!8(4-! :(! B0,*(/)04!8+-!65)4+-!

8+48,)/)31+-!+/!.+//+!B04./)04!+-/!:)6!J!-04!5,0B):!8'+25,+--)04=!U4!+BB+/7!.+!,6.+5/+1,!+-/!

B0,/+*+4/! +25,)*6! (1! .01,-! 8+! :(! 5<(-+! 5,6.0.+!8+! 86A+:055+*+4/! 50-/I4(/(:7! 81,(4/!

:(31+::+!04!(--)-/+!J!:(!.0*5:+2)B).(/)04!8+!:'(,;0,)-(/)04!8+48,)/)31+!+/!J!:(!B0,*(/)04!8+-!

65)4+-=! @04! +25,+--)04! 8)*)41+! +4-1)/+! (1! .01,-! 8+-! 5<(-+-! 5:1-! /(,8)A+-! Pq0;+! +/! (:=7!

khgkQ=!!

L+-! 8)BB6,+4/+-! A0)+-! 8+! -)D4(:)-(/)04! (--0.)6+-! (12! OW?S! 5+1A+4/! 6D(:+*+4/! \/,+!

,6D1:6+-! (1! .01,-! 81! /+*5-! 5(,! :+-! A(,)(/)04-! 8'+25,+--)04! 8+! :+1,-! 5(,/+4(),+-!

)4/,(.+::1:(),+-=! W'+-/! :+! .(-! 8+! :(! -)D4(:)-(/)04! Sgk! (--0.)6+! (1! ,6.+5/+1,! $IcY]=!

L'(./)A(/)04! 8+! :(! A0)+! Sgk! 5(,! .+! 8+,4)+,! +-/! ,+-/,+)4/+! (12! 6/(5+-! 8+! 86A+:055+*+4/!

8+48,)/)31+!+/!8+!B0,*(/)04!8+-!65)4+-!.(,!:'+25,+--)04!8+!Sgk!+-/!6D(:+*+4/!8)*)416+!J!

:'vD+! (81:/+! Pq0;+! +/! (:=7! khgkQ=! [(4-! :+! .(-! 81! ,6.+5/+1,! $IcY%7! :'+25,+--)04! 81! .0I

(./)A(/+1,!8+!W8Z$7!46.+--(),+!J!-04!(./)A)/67!+-/!,6D1:6+!(1!.01,-!81!86A+:055+*+4/=!L+!

,i:+! 81! .0*5:+2+! $IcY%sW8Z$! 8(4-! :+! 86A+:055+*+4/! 4+1,04(:! -+,()/! 804.! :)*)/6! J! :(!

56,)08+! 8'+25,+--)04! 8+! 5"$=! L+! ,6.+5/+1,! $IcY%! 6/(4/! .015:6! J! 8)BB6,+4/+-! A0)+-! 8+!

-)D4(:)-(/)04! 4+1,086A+:055+*+4/(:+-7! .+-! A0)+-! 501,,()+4/! )4/+,A+4),! 5:1-! 01! *0)4-!

-1..+--)A+*+4/!.01,-!81!86A+:055+*+4/=!U/(4/!80446!:+-!,i:+-!A(,)6-!8+!.+-!5(,/+4(),+-!

)4/,(.+::1:(),+-!(1!.01,-!81!86A+:055+*+4/!4+1,04(:7!.<(.14!501,,(!\/,+! )*5:)316!8(4-!

8)BB6,+4/+-!6/(5+-!4+1,086A+:055+*+4/(:+-!P*)D,(/)047!86A+:055+*+4/!8+!:'(,;0,)-(/)04!

8+48,)/)31+7!.,0)--(4.+!(204(:+7!B0,*(/)04!8+-!65)4+-!8+48,)/)31+-Q=!W+.)!-1DD9,+!31+!:+!

,6.+5/+1,! $IcY%! -+,()/! +4! *+-1,+! 8+! *081:+,! /01-! :+-! (-5+./-! 81! 86A+:055+*+4/!

4+1,04(:=!_:!-+,()/7!5(,!()::+1,-7!)4/6,+--(4/!8+!86/+,*)4+,!-)!:+!,6.+5/+1,!$IcY%!)4/+,A)+4/!

(1--)!8(4-!:+!.04/,i:+!8+!:(!4+1,0D+49-+!(81:/+=!!

L')*5:).(/)04!8'14!OW?S!8(4-! :+!86A+:055+*+4/!4+1,04(:!865+48!804.7!404! -+1:+*+4/!

81! 5,0B):! 8'+25,+--)04! 81! ,6.+5/+1,7! *()-! 6D(:+*+4/! 81! 5,0B):! 8'+25,+--)04! 8+! -+-!

5(,/+4(),+-!)4/,(.+::1:(),+-7!)*5:)316-!8(4-!:(!-)D4(:)-(/)04!4+1,086A+:055+*+4/(:+=!K:0,-!

31+!:(!8)-504);):)/6!+4!:)D(48!(1!.01,-!81!86A+:055+*+4/!501,,(!*081:+,!:'(./)A(/)04!8+!

.+-!8)BB6,+4/+-!A0)+-7! .+,/()4-!5(,/+4(),+-! )4/,(.+::1:(),+-! ,6D1:+4/!8),+./+*+4/! :'(./)A)/6!



!
g]h!

81!,6.+5/+1,!(131+:!):-!-'(--0.)+4/=!K)4-)7!:'(./)A)/6!81!,6.+5/+1,!$IcY%!5+1/!\/,+!.04/,i:6+!

5(,!W8Z$=!U4!+BB+/7!.'+-/!:(!5<0-5<0,T:(/)04!8+!:(!@+,"$h!81!,6.+5/+1,!$IcY%7!5(,!5"$sW8Z$7!

31)!5,0A031+!:(!501--+!4+1,)/)31+!865+48(4/!81!,6.+5/+1,!$IcY%7!8+!*(4)9,+!(D04)-/+I

)4865+48(4/+=!L(!*)D,(/)04!4+1,04(:+!.04/,i:6+!5(,!:+!,6.+5/+1,!$IcY%!+-/7!8+!:(!*\*+!

B(G047! 14! 5,0.+--1-! (D04)-/+I)4865+48(4/! B()-(4/! )4/+,A+4),! :'(./)A)/6! 8+! W8Z$!

P&(.0;-<(D+4! +/! (:=7! khg#Q=! W+.)! -'(A9,+! )4/6,+--(4/! 8(4-! :+! .04/+2/+!

4+1,086A+:055+*+4/(:!+/!-1550,/+!:'+2)-/+4.+!8+!*6.(4)-*+-!8+!,6D1:(/)04!)4/,)4-931+-!

(1!.01,-!8+-!5<(-+-!5,6.0.+-!81!86A+:055+*+4/!4+1,04(:7!)4865+48(4/-!8+!:(!$IcY7!*()-!

)*5:)31(4/! :+!.0*5:+2+!$IcY%sW8Z$=!['14!50)4/!8+!A1+!5<T-)0:0D)31+7!(:0,-!31'14!+2.9-!

8+!-6,0/04)4+!(!8+-!+BB+/-!86:6/9,+-!-1,!:(!*)D,(/)04!4+1,04(:+7!.+!*6.(4)-*+!(D04)-/+I

)4865+48(4/! 501,,()/! \/,+! )4/6,+--(4/! 8(4-! :+-! .(-! 8+! 865,)A(/)04! +4! -6,0/04)4+=! ^4+!

865,)A(/)04! +4! $IcY! 4+! 8+A,()/7! +4! +BB+/7! 5(-! (A0),! 8')*5(./! *(E+1,! -1,! :(! *)D,(/)04!

4+1,04(:+!+/!:(!501--+!4+1,)/)31+!*68)6+-!5(,!:+!,6.+5/+1,!$IcY%=!L+!.04/,i:+!8+!:'(./)A)/6!

8'(1/,+-!OW?S!5(,!14+!S_?!(!6D(:+*+4/!6/6!*)-!+4!6A)8+4.+=! L'(./)A)/6! .04-/)/1/)A+!8+-!

,6.+5/+1,-! D:1/(*(/+,D)31+-! *S:1Og(! +/! *S:1O$! +-/! )4<);6+! 5(,! :+1,! )4/+,(./)04!

)4/,(.+::1:(),+! (A+.! :(! 5,0/6)4+! c0*+,"=! L(! 5,0/6)4+! c0*+,g(7! 804/! :'+25,+--)04!

(1D*+4/+!J!:(!-1)/+!8'14+!(./)A)/6!4+1,04(:+!-01/+41+7!.04-/)/1+!14!80*)4(4/!46D(/)B!A)-I

JIA)-! 8+! .+//+! )4/+,(./)04=! L(! 8)--0.)(/)04! 8+! c0*+,"! 8+-! ,6.+5/+1,-! *S:1Og(s$7!

5,0A0316+!5(,!c0*+,g(7!,6A9:+!()4-)!:'(./)A)/6!.04-/)/1/)A+!8+!.+-!,6.+5/+1,-!PK4D0!+/!(:=7!

khhgQ=!!

K:0,-! 31+! :(! ,6D1:(/)04! /+*50,+::+! 8+-! A0)+-! 8+! -)D4(:)-(/)04! 4+1,086A+:055+*+4/(:+-!

+4D(D6+-!5(,!14!OW?S!-+,()/!)*50,/(4/+!501,!:(!*)-+!+4!5:(.+!8+-!.),.1)/-!.6,6;,(127!.+-!

A0)+-!501,,04/!6D(:+*+4/!\/,+!,6D1:6+-!+4!B04./)04!8+!:+1,!:0.(:)-(/)04!-1;I.+::1:(),+=!

2. Régulation spatiale 

a) Polarisation de la signalisation 

W+,/()4-! ,6.+5/+1,-! *+*;,(4(),+-! -04/! +25,)*6-! +4! 5,6I! +/! 50-/I-T4(5-+=! L+-!

A0)+-!8+! -)D4(:)-(/)04!+4D(D6+-!5(,! :+!*\*+! ,6.+5/+1,!8(4-! :+-! .0*5(,/)*+4/-!5,6I! +/!

50-/-T4(5/)31+! 5+1A+4/! \/,+! 8)BB6,+4/+-=! W'+-/! 5(,! +2+*5:+! :+! .(-! 8+-! ,6.+5/+1,-! 8+-!

4+1,0/,05<)4+-=! L+-! ,6.+5/+1,-! Y,Z! 5,6I-T4(5/)31+-! -04/! )*5:)316-! 8(4-! :(! .,0)--(4.+!

(204(:+! A)(! 14+! -)D4(:)-(/)04! :0.(:+7! 01! -04/! )4/+,4(:)-6-! +/! /,(4-50,/6-! 5(,! A0)+!



!
g]g!

,6/,0D,(8+7! +4! (--0.)(/)04! (12!*).,0/1;1:+-7! A+,-! :+! .0,5-! .+::1:(),+7! 0w! ):-! (./)A+4/! :+-!

A0)+-!-)D4(:)-(/)04!5,0*01A(4/!:(!-1,A)+!.+::1:(),+!Pc++,--+4!(48!@+D(:7!khhkQ=!

L+! ,6.+5/+1,! W`g! 8+-! +480.(44(;)40|8+-7! 14! OW?S! .015:6! J! :(! 5,0/6)4+! S)s07! 5(,/).)5+!

6D(:+*+4/! (1!86A+:055+*+4/!4+1,04(:! PS(BB1,)! +/! (:=7! khgkQ=! L'(./)A)/6!8+! .+! ,6.+5/+1,!

+-/! 8)BB6,+4/+! +4! B04./)04! 8+! -(! :0.(:)-(/)04! -1;I.+::1:(),+! PL(8(,,+! +/! (:=7! khg#Q=! W+!

,6.+5/+1,7! 40,*(:+*+4/! 5,6-+4/! (1! 4)A+(1! (204(:7! +-/! /,(4-)/0),+*+4/! +25,)*6! J! :(!

*+*;,(4+!81!.0*5(,/)*+4/!-0*(/0I8+48,)/)31+=!K:0,-!31+! :+! ,6.+5/+1,!W`g!+-/!(./)A6!

:0.(:+*+4/! 8(4-! .+! .0*5(,/)*+4/! +/! )481)/! 14+! 8)*)41/)04! 8+! :(! 5,081./)04! 8'K>?.!

-0*(/0I8+48,)/)31+7!(1!4)A+(1!(204(:7!.+//+!(./)A(/)04!8+!:(!A0)+!S)s0!4'+-/!5(-!0;-+,A6+=!

W+-!8)BB6,+4.+-! -'+25:)31+4/!40/(**+4/!5(,! :(! .0*50-)/)04!81!*).,0+4A),044+*+4/!81!

,6.+5/+1,! W`g=! U4! +BB+/7! :'+4CT*+! )*5:)316+! 8(4-! :(! -T4/<9-+! 8+! :'+480.(44(;)40|8+!

*(E0,)/(),+7!:+!kI(,(.<)8040T:D:T.6,0:!PkIKSQ7!+-/!+25,)*6+!8(4-!:+!.0*5(,/)*+4/!-0*(/0I

8+48,)/)31+!+/!5+,*+/!:(!-T4/<9-+!:0.(:+!8+!kIKS7!(--0.)6+!J!:'(./)A(/)04!81!,6.+5/+1,!W`g!

8(4-!.+!.0*5(,/)*+4/!PL(8(,,+!+/!(:=7!khg#Q=![(4-!.+//+!6/18+7!L(8(,,+!*$%>)!!,!-1DD9,+4/!

6D(:+*+4/!31+!:(!*081:(/)04!8+!:'+4A),044+*+4/!*+*;,(4(),+!81!,6.+5/+1,!W`g7!5(,!:(!

-T4/<9-+!:0.(:+!8+!kIKS7!*08)B)+!:(!,6504-+!81!,6.+5/+1,!A)-IJIA)-!8+!8)BB6,+4/-!(D04)-/+-!

PL(8(,,+! +/! (:=7! khg#Q=! W+/! +2+*5:+! )::1-/,+! .0**+4/! :'(./)A)/6! 8'14! OW?S! 5+1/! \/,+!

*081:6+!5(,!-(!:0.(:)-(/)04!-1;I.+::1:(),+!+/!40/(**+4/!5(,!-04!*).,0+4A),044+*+4/=!

L+!.):!5,)*(),+!50:(,)-+!(1--)!:'+25,+--)04!8+!.+,/()4-!OW?S!+/!E01+!14!,i:+!)*50,/(4/!8(4-!

:(! 4+1,0D+49-+=! L+! .):! 5,)*(),+! 4+1,04(:! .04.+4/,+7! +4! +BB+/7! 8)BB6,+4/-! ,6.+5/+1,-!

)*5:)316-! 8(4-! :+! 86A+:055+*+4/! .0**+! :+! ,6.+5/+1,! 8+-! 4+1,0/,05<)4+-! 5]$NYO7! :+!

,6.+5/+1,!$IcY%!+/!:+!,6.+5/+1,!@*00/<+4+8!PS1(8)(4(!+/!(:=7!khg"Q=!L+-!*6.(4)-*+-!8+!

/,(4-50,/! )4/,(B:(D+::(),+! P_MYQ!5+,*+//+4/! :(! B0,*(/)04!+/! :(! -/(;):)-(/)04!81! .):! 5,)*(),+!

PS1(8)(4(!+/!(:=7!khg"Q=!^4+!)4A(:)8(/)04!81!D94+!.08(4/!14+!5,0/6)4+!)*5:)316+!8(4-!:+!

/,(4-50,/! )4/,(B:(D+::(),+! P_B/khQ! 8(4-! :+-! 5,0D64)/+1,-! 4+1,(12! (81:/+-7! 5,0A031+! 14+!

(;:(/)04! 81! .):! 5,)*(),+! 4+1,04(:=! W+//+! (;:(/)04! +-/! (--0.)6+! J! 14+! 8)*)41/)04! 8+! :(!

5,0:)B6,(/)04! 8+-! 5,0D64)/+1,-! 4+1,(12! .04B),*(4/! :')*50,/(4.+! 81! .):! 5,)*(),+! 8(4-! :+!

86A+:055+*+4/!4+1,04(:!PK*(80,IK,E04(!+/!(:=7!khggQ=!['(1/,+!5(,/7!:(!-1,+25,+--)04!8+!

,6.+5/+1,-! .):)(),+-! (1! .01,-! 81! 86A+:055+*+4/! .0,/).(:! .<+C! :(! -01,)-! PUg$=$Q! 5(,!

6:+./,050,(/)04! 3(% '$*.)7! .0**+! 5(,! +2+*5:+! :+! ,6.+5/+1,! $IcY%7! 5,0A031+! 14+!

.,0)--(4.+! (;6,,(4/+! 81! .):! 5,)*(),+! +/! 14+! (1D*+4/(/)04! 8+! :'+25,+--)04! 8+! 5,0/6)4+-!



!
g]k!

)*5:)316+-! 8(4-! :+! /,(4-50,/! )4/,(B:(D+::(),+7! 8(4-! :+-! 4+1,04+-! 81! .0,/+2=! W+//+!

*08)B).(/)04!8+!:(!-/,1./1,+!81!.):!5,)*(),+!+-/!(--0.)6+!J!14+!8)*)41/)04!8+!:(!.0*5:+2)/6!

8+! :'(,;0,)-(/)04! 8+48,)/)31+! 8+! .+-! 4+1,04+-! .0,/).(12! PS1(8)(4(! +/! (:=7! khg"Q=! W+-!

,6-1:/(/-!*04/,+4/!804.!31+!:(!,6D1:(/)04!8+!:(!-)D4(:)-(/)04!(1!4)A+(1!81!.):!5,)*(),+!+-/!

)*50,/(4/+! 501,! :(! -/,1./1,+! 81! .):! :1)I*\*+7! *()-! (1--)! 501,! :+! 86A+:055+*+4/!

4+1,04(:=![+!5:1-7!.+-!,6-1:/(/-!-1DD9,+4/!31+! :+! ,6.+5/+1,!$IcY%!501,,()/!(A0),!14!,i:+!

8(4-!:(!B0,*(/)04!+/s01!:(!-/(;):)-(/)04!81!.):!5,)*(),+=!

U4! 5:1-! 8+! .04/,i:+,! :+1,! (./)A)/67! :+-!S_?! 5+1A+4/! 6D(:+*+4/! .04/,i:+,! :'(8,+--(D+! 8+-!

OW?S=! W'+-/7! 5(,! +2+*5:+7! :+! .(-! 81! ,6.+5/+1,! .):(),+! @*00/<+4+8! P@*0Q=! L+! ,6.+5/+1,!

@*0!+-/!)*5:)316!8(4-!:(!-)D4(:)-(/)04!@04).!c+8D+<0D!P@<<Q!(1!.01,-!81!86A+:055+*+4/=!

W0**+!E+!:'()!5,6.)-6!8(4-!:+!5(,(D,(5<+!5,6.68+4/7!@*0!B()/!5(,/)+!8+-!OW?S!+4,).<)-!(1!

4)A+(1!81! .):! 5,)*(),+=! _:! (! 6/6!*04/,6!31+! :+-!uI(,,+-/)4+-!g! +/! k! 6/()+4/! .0I:0.(:)-6+-7!

8(4-! :+! .):! 5,)*(),+7! (A+.! :+! ,6.+5/+1,! @*0! +/! :(! 5,0/6)4+! 8+! /,(4-50,/! )4/,(B:(D+::(),+!

q)B"K! Pq0A(.-! +/! (:=7! khheQ=! W+//+! 6/18+! (7! 5(,! :(! -1)/+7! *04/,6! 31'14+! B0)-! (./)A67! :+!

,6.+5/+1,! @*0! )4/+,(D)/! (A+.! q)B"K! 5(,! :')4/+,*68)(),+! 8+-! uI(,,+-/)4+-! g! +/! k=! W+//+!

)4/+,(./)04! +-/! 46.+--(),+! J! :'(8,+--(D+! 81! .0*5:+2+! (1! 4)A+(1! 81! .):! 5,)*(),+! +/! J!

:'(./)A(/)04! -1;-631+4/+! 8+-! B(./+1,-! 8+! /,(4-.,)5/)04! S:)7! *68)(4/! :(! -)D4(:)-(/)04! @<<!

Pq0A(.-!+/!(:=7!khheQ=!L+-!*6.(4)-*+-!)*5:)31(4/!:+-!uI(,,+-/)4+-!+/!:+!,6.+5/+1,!$IcY%!4+!

-04/!5(-! .0441-=!W+5+48(4/7! 04!5+1/! )*(D)4+,!31+! :'(8,+--(D+!81! ,6.+5/+1,!$IcY%! -0)/!

6D(:+*+4/!*68)6+!5(,!-04!)4/+,(./)04!(A+.!:'14!8+!-+-!5(,/+4(),+-!)4/,(.+::1:(),+-=!

!

W+-!+2+*5:+-!*04/,+4/!804.!31+! :'(./)A)/6!8+-!OW?S!5+1/! A(,)+,! +4! B04./)04!8+!

:+1,! :0.(:)-(/)04! -1;I.+::1:(),+! +/! 8+! :+1,! *).,0+4A),044+*+4/! +/! -1DD9,+4/! 14! ,i:+! 8+!

:+1,-! 5(,/+4(),+-! )4/,(.+::1:(),+-! 8(4-! :+1,! .0*5(,/)*+4/(:)-(/)04=! Y01-! .+-! 6:6*+4/-!

-1DD9,+4/! 6D(:+*+4/! 31'14! *\*+! OW?S! 501,,()/! (./)A+,! 8+-! A0)+-! 8+! -)D4(:)-(/)04!

8)BB6,+4/+-!+4! B04./)04!8+!-(! :0.(:)-(/)04!-1;I.+::1:(),+=! _:-! -01:9A+4/! /01/+B0)-!31+:31+-!

31+-/)04-!.04.+,4(4/!:'(./)A)/6!81!,6.+5/+1,!$IcY%=!V4!5+1/!5(,!+2+*5:+!-+!8+*(48+,!-)!

:(! :0.(:)-(/)04! .):)(),+! 81! ,6.+5/+1,! $IcY%! 501,,()/! \/,+! 8),+./+*+4/! (--0.)6+! J! -04! ,i:+!

4+1,086A+:055+*+4/(:!F! 01! +4.0,+! -)! -04! +25,+--)04! 8(4-! :+! .):! 5,)*(),+! 501,,()/!

-)*5:+*+4/!\/,+!)*5:)316+!8(4-!:(!B0,*(/)04!81!.):!5,)*(),+!:1)I*\*+=![+!*(4)9,+!5:1-!



!
g]"!

D646,(:+7! ):!-+,()/!(1--)! )4/6,+--(4/!8+!86/+,*)4+,!-)! :'(./)A(/)04!8+-!8)BB6,+4/+-!A0)+-!8+!

-)D4(:)-(/)04! +4D(D6+-! 5(,! :+! ,6.+5/+1,! $IcY%! 865+48! 8+! -(! :0.(:)-(/)04! -1;I.+::1:(),+=!

W+,/()4+-!A0)+-!501,,()+4/!\/,+!-56.)B)31+*+4/!(./)A6+-!8(4-!:+-!65)4+-!8+48,)/)31+-7!5(,!

+2+*5:+!F! 8+!*\*+7! :(! A0)+! )*5:)31(4/! W8Z$! 501,,()/! \/,+! .04.+4/,6+! (1! 4)A+(1! 81! .):!

5,)*(),+!4+1,04(:7!5+1/I\/,+!8+!B(G04!/+*50,(),+=!

K:0,-! 31+! :'(./)A)/6! 8'14! OW?S! 5+1/! A(,)+,! +4! B04./)04! 8+! -(! :0.(:)-(/)04! -1;I.+::1:(),+7!

.+//+!(./)A)/6!5+1/!6D(:+*+4/!\/,+! :+!*0/+1,!8),+./!8+! -(! ,+I:0.(:)-(/)047! .0**+!.+:(!(!

6/6!*04/,6!(A+.!:+!,6.+5/+1,!@*0=!

b) Localisation dépendante de l’activité 

L+/+,,)+,! *$% >)!!,% 04/! *04/,6! 31+! :'(./)A(/)04! 81! ,6.+5/+1,! W`g! *68)()/! -(!

:0.(:)-(/)04! -1;I.+::1:(),+! +/! 5(,/).)5()/! J! :(! 8)-/,);1/)04!50:(,)-6+!81! ,6.+5/+1,!8(4-! :+-!

4+1,04+-!PL+/+,,)+,!+/!(:=7!khh%Q=!U4!+BB+/7!(:0,-!31+!:+!*).,0+4A),044+*+4/!81!,6.+5/+1,!

W`g!*081:+!:0.(:+*+4/!-04!(./)A)/67!.0**+!E+!:'()!86.,)/!8(4-!:+!-01-I.<(5)/,+!5,6.+8+4/7!

:'(./)A)/6! -0*(/0I8+48,)/)31+!8+! .+! ,6.+5/+1,!5,0A031+! ,(5)8+*+4/! -04! )4/+,4(:)-(/)04=!

K)4-)7! (:0,-! 31'14! /,()/+*+4/! (A+.! 14! (D04)-/+! 81! ,6.+5/+1,! W`g! (1D*+4/+! -04!

)4/+,4(:)-(/)04! -0*(/0I8+48,)/)31+7! (A+.! 14! +BB+/! *0)48,+! -1,! :')4/+,4(:)-(/)04! 81!

,6.+5/+1,! (204(:7! :+! /,()/+*+4/! (A+.! 14! (D04)-/+! )4A+,-+! *()4/)+4/! :+! ,6.+5/+1,! J! :(!

-1,B(.+! -0*(/0I8+48,)/)31+=! L+! ;:0.(D+! 81! *6.(4)-*+! 8'+480.T/0-+7! *68)(4/!

:')4/+,4(:)-(/)04!81!,6.+5/+1,!W`g7!)481)/!14+!(1D*+4/(/)04!8+!:'+25,+--)04!*+*;,(4(),+!

-0*(/0I8+48,)/)31+! 81! ,6.+5/+1,7! (--0.)6+! J! 14+! 8)*)41/)04! -1;-631+4/+! 8+! -04!

+25,+--)04!J! :(!*+*;,(4+!(204(:+! PL+/+,,)+,!+/!(:=7!khh%Q=!W+-! ,6-1:/(/-!-1DD9,+4/!804.!

31+!:'(./)A)/6!:0.(:)-6+!81!,6.+5/+1,!W`g!+-/!(--0.)6+!J!-04!)4/+,4(:)-(/)04!,(5)8+!8(4-!:+!

.0*5(,/)*+4/!-0*(/0I8+48,)/)31+!+/!31+!.+!5,0.+--1-!+-/!46.+--(),+!J!:(!50:(,)-(/)04!8+!

:'+25,+--)04!*+*;,(4(),+!81!,6.+5/+1,=!L+!*\*+!/T5+!8'0;-+,A(/)04-!(!6/6!,6(:)-6!501,!

:+!,6.+5/+1,!$IcYg`=!W0**+!E+!:'()!6A0316!+4!)4/,081./)047!5:1-)+1,-!OW?S!50--98+4/!14+!

(./)A)/6! .04-/)/1/)A+7! 0,! :'(./)A)/6! .04-/)/1/)A+! 81! ,6.+5/+1,! $IcYg`! +-/! 46.+--(),+! J! -04!

+480.T/0-+!5+,*+//(4/!-04!(8,+--(D+!(204(:=!K!:')4A+,-+7!:+!,6.+5/+1,!$IcYgK!50--68(4/!

14+!(./)A)/6!.04-/)/1/)A+!*0)48,+7!+-/!+25,)*6!J!:(!*+*;,(4+!81!.0*5(,/)*+4/!-0*(/0I

8+48,)/)31+!PW(,,+:!+/!(:=7!khggQ=!!



!
g]#!

L'(./)A)/6! .04-/)/1/)A+! 81! ,6.+5/+1,! $IcY%! A)-IJIA)-! 8+! :(! A0)+!S-! (! 6/6! 0;-+,A6+! 8(4-! :(!

:)D46+!8+!4+1,0;:(-/0*+-!NSgheIg$!*()-!6D(:+*+4/!8(4-!8+-!4+1,04+-!8+!-/,)(/1*!+4!

.1:/1,+!P[(T+,!+/!(:=7!khg$Q=!W+5+48(4/7!.+//+!(./)A)/6!.04-/)/1/)A+!4+!-+*;:+!5(-!(--0.)6+!

J!14+!+480.T/0-+!*(--)A+=!U4!+BB+/7!:'+25,+--)04!*+*;,(4(),+!81!,6.+5/+1,7!-1,+25,)*6!

8(4-!:+-!.+::1:+-!NSgheIg$7!+-/!5:1/i/!-/(;:+!+/!:+!/,()/+*+4/!(A+.!:'(D04)-/+!01!:'(D04)-/+!

)4A+,-+! 81! ,6.+5/+1,! 4')481)/! 5(-! 8+! ,+:0.(:)-(/)04! 0;-+,A(;:+! 8+! .+! 8+,4)+,=! [(4-! :+-!

4+1,04+-7! :'+BB+/! 8'14! /,()/+*+4/! -1,! :(! :0.(:)-(/)04! 81! ,6.+5/+1,! +480D94+! 4'(! 5(-! 51!

\/,+! 0;-+,A6! 6/(4/! 80446! :'(;-+4.+! 8'(4/).0,5-! ,+.044()--(4/! -56.)B)31+*+4/! :+!

,6.+5/+1,!$IcY%=!Y01/+B0)-7!(1.14+!8)BB6,+4.+!4'(!6/6!,+*(,316+!+4/,+!:(!:0.(:)-(/)04!8+!

:'+25,+--)04!81!,6.+5/+1,!-(1A(D+!+/!.+::+!81!,6.+5/+1,!*1/6!S-8+(87!31)!4+!50--98+!5:1-!

8'(./)A)/6!.04-/)/1/)A+7!:0,-31+!.+12I.)!04/!6/6!-1,+25,)*6-!8(4-!8+-!4+1,04+-!+4!.1:/1,+=!

L')*5:).(/)04!8+!:'(./)A)/6!.04-/)/1/)A+!81!,6.+5/+1,!$IcY%!8(4-!-04!(8,+--(D+!,+-/+!804.!

14+!31+-/)04!01A+,/+=!

!

!

U4!.04.:1-)047!;)+4!31+!:')*5:).(/)04!8+-!8)BB6,+4/-!5(,/+4(),+-!)4/,(.+::1:(),+-!81!

,6.+5/+1,! $IcY%! 8(4-! -04! ,i:+! 4+1,086A+:055+*+4/(:! ,+-/+! J! 86/+,*)4+,7! :'(./)A(/)04!

-1..+--)A+! 8+! .+-! 8)BB6,+4/+-! A0)+-! 8+! -)D4(:)-(/)04! 501,,()/! \/,+! .04/,i:6+! 5(,! :(!

,6D1:(/)04!8(4-! :+! /+*5-!8+! :'+25,+--)04!8+-!5(,/+4(),+-!81!,6.+5/+1,!$IcY%=![+!5:1-7! ):!

+-/! 50--);:+!31+! :'(./)A(/)04!8)BB6,+4/)+::+! 8+! .+-! A0)+-!8+! -)D4(:)-(/)04!5(,! :+! ,6.+5/+1,!

-0)/!(--0.)6+!J!-(!:0.(:)-(/)04!-1;I.+::1:(),+=!!

! !



!
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II. Potentiel thérapeutique du récepteur    

5-HT6 dans les pathologies 

psychiatriques 

neurodéveloppementales 

K:0,-! 31+! :(! -6,0/04)4+! +-/! 14! (./+1,! *(E+1,! 8(4-! :'6/(;:)--+*+4/! 8+-! .),.1)/-!

.6,6;,(127! :+!,6.+5/+1,!$IcY%!8+! :(!-6,0/04)4+!(55(,(a/!.0**+!14+!.);:+!/<6,(5+1/)31+!

8+! .<0)2! 8(4-! :+! /,()/+*+4/! 8+-! (:/6,(/)04-! .0D4)/)A+-! 0;-+,A6+-! 8(4-! :+-! 5(/<0:0D)+-!

4+1,086A+:055+*+4/(:+-7! .0**+! :(! -.<)C05<,64)+=! U/(4/! 80446! :+! ,i:+! .+4/,(:! 81!

,6.+5/+1,! 8(4-! :+! 86A+:055+*+4/! 4+1,04(:7! :(! .0*5,6<+4-)04! 8+-! *6.(4)-*+-!

5<T-)05(/<0:0D)31+-! (--0.)6-! (1! ,6.+5/+1,! $IcY%! 8(4-! :+-! 86-0,8,+-!

4+1,086A+:055+*+4/(12! 501,,()/! 5+,*+//,+! :+! 86A+:055+*+4/! 8+! -/(/6D)+-!

/<6,(5+1/)31+-! (8(5/6+-! 501,! /,()/+,! :+-! -T*5/i*+-! .0D4)/)B-! (--0.)6-! (12! 5(/<0:0D)+-!

.0**+!:(!-.<)C05<,64)+!01!:+-!/,01;:+-!81!-5+./,+!(1/)-/)31+7!.0**+!E+!:'(;0,8+,()!8(4-!

:(!/,0)-)9*+!5(,/)+!8+!.+!.<(5)/,+=!

 Indices cliniques d’un lien entre le récepteur 5-HT6 A.

et les pathologies neurodéveloppementales 

W0**+!E+! :'()!*+4/)0446!+4! )4/,081./)047!14!-+1:!50:T*0,5<)-*+!(!6/6! )8+4/)B)6!

-1,!:+!D94+!.08(4/!:+!,6.+5/+1,!$IcY%=!L+-!6/18+-!31)!04/!-1)A)!4'04/!5(-!5+,*)-!8'6/(;:),!

.:(),+*+4/! 8+! :)+4! +4/,+! :(! 5,6-+4.+! 8+! .+! 50:T*0,5<)-*+! +/! :+! 86A+:055+*+4/! 8+!

5(/<0:0D)+-!5-T.<)(/,)31+-!Pj00::+T!+/!(:=7!khh#Q=!

['(1/,+-! 6/18+-! 04/7! .+5+48(4/7! 5+,*)-! 8')8+4/)B)+,! 14+! (:/6,(/)04! 8+! :'+25,+--)04! 81!

,6.+5/+1,! $IcY%! .<+C! 8+-! 5(/)+4/-! -.<)C05<,94+-=! L+! ,6.+5/+1,! $IcY%! +-/! +25,)*6! 8(4-!

5:1-)+1,-! ,6D)04-! )*5:)316+-! 8(4-! :(! 5<T-)05(/<0:0D)+! 8+! :(! -.<)C05<,64)+7! .0**+! :+!

.0,/+2!5,6B,04/(:7!:+!-/,)(/1*!01!:'<)550.(*5+=!^4+!(55,0.<+!8+!OYI?WO!-1,!8+-!+2/,()/-!

8+!.+,A+(12!<1*()4-!(!5+,*)-!8+!.04-/(/+,!14+!8)*)41/)04!;):(/6,(:+!81!4)A+(1!8'KON*!

.08(4/! :+! ,6.+5/+1,! $IcY%! 8(4-! :'<)550.(*5+! 8+! -1E+/-! -.<)C05<,94+-! .0*5(,6! J! 8+-!

-1E+/-! .04/,i:+-! PU(-/! +/! (:=7! khhkQ=!^4! 8T-B04./)044+*+4/! 8+! :'<)550.(*5+! +-/! (--0.)6!

(12! -T*5/i*+-! .0D4)/)B-! 8+! :(! -.<)C05<,64)+! PO(D:(48! +/! (:=7! khh]Q=!^4+! 8)*)41/)04! 8+!

:'+25,+--)04!81!,6.+5/+1,!$IcY%!8(4-!.+//+!-/,1./1,+!501,,()/!804.!\/,+!J!:'0,)D)4+!8'14+!



!
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(:/6,(/)04!8+!:(!4+1,0/,(4-*)--)04!<)550.(*5)31+!-01-I/+48(4/!:+-!8T-B04./)044+*+4/-!

0;-+,A6-=!W+//+!(55,0.<+!4+!5+,*+/!5(-!8+!86/+,*)4+,!-)! :'+25,+--)04!81!,6.+5/+1,!+-/!

(:/6,6+! 8(4-! :(! 56,)08+! 4+1,086A+:055+*+4/(:+=! ^4+! (:/6,(/)04! 8+! :'+25,+--)04! 81!

,6.+5/+1,! $IcY%! (1! .01,-! 81! 86A+:055+*+4/! 4+1,04(:! 501,,()/! 6D(:+*+4/! )*5(./+,! :(!

4+1,0/,(4-*)--)04!<)550.(*5)31+!J!:'vD+!(81:/+!+/!()4-)!.04-/)/1+,!14!B(./+1,!8+!,)-31+!

501,!:(!-.<)C05<,64)+=!!

 Implication du récepteur 5-HT6 dans la physiopathologie B.

des troubles psychiatriques neurodéveloppementaux 

W0**+! :')::1-/,+! :(! @3/'.*% +87! 31+::+! 31+! -0)/! -(! 4(/1,+! PD646/)31+! 01!

+4A),044+*+4/(:+Q! 14! 6:6*+4/! 5+,/1,;(/+1,! -1,A+4(4/! (1! .01,-! 81! 86A+:055+*+4/!

.6,6;,(:! (1,(! 8+-! .04-631+4.+-! -1,! :(! *)-+! +4! 5:(.+! 8+-! .),.1)/-! .6,6;,(12! +/! /,9-!

5,0;(;:+*+4/!-1,!:+!.0*50,/+*+4/=!!

L(!-6,0/04)4+!6/(4/!14!(./+1,!.+4/,(:!8(4-!:+!86A+:055+*+4/!4+1,04(:7!14+!(:/6,(/)04!8+!

:(! /,(4-*)--)04!-6,0/04)4+,D)31+! )481),(!8+-!86B(1/-!8(4-! :(!*)-+!+4!5:(.+!5,6.0.+!8+-!

.),.1)/-! .6,6;,(127! .0481)-(4/! J! 14+! .044+./)A)/6! 86B+./1+1-+7! (--0.)6+! J! 14+!

A1:46,(;):)/6! B(.+! (12! /,01;:+-! .0*50,/+*+4/(12=! L+! ,6.+5/+1,! $IcY%! 501,,()/! 804.!

*68)+,! .+,/()4+-! 8+! .+-! (:/6,(/)04-7! J! :(! B0)-! 5(,! 8+-! *6.(4)-*+-! 865+48(4/! 8+! :(!

-6,0/04)4+7!*()-!6D(:+*+4/!5(,!8+-!*6.(4)-*+-!(D04)-/+I)4865+48(4/-=!

!



!
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!

J%9,!")-7)S)%#5/$')(,!)1")2"6"1455"#"&')$"!"0!/1)2\,&")5"!',!0/'%4&)

(,!6"&/&')/)2%JJ"!"&'"()"'/5"()

Q'% >)'.#% 6'% 6;<*!)==*1*($% >;.;&."!% '(% ;!;1*($% =*.$'.&"$*'.% =)'.."% "<)3.% 63@@;.*($*#%

>)(#;A'*(>*#% *(% @)(>$3)(% 6*% !"% =;.3)6*% (*'.)6;<*!)==*1*($"!*% "'% >)'.#% 6*% !"A'*!!*% 3!%

3($*.<3*($,%Y)'$*@)3#\% 3!%*(%.;#'!$*."%'(*%"!$;."$3)(%6*% !"%>)((*>$3<3$;%>;.;&."!*,% _d"2*.%*$%

"!,\%+VV7`,%

%

1. Schizophrénie 

L(! -.<)C05<,64)+! -+! .(,(./6,)-+! 5(-! /,0)-! /T5+-! 8+! -T*5/i*+-R! :+-! -T*5/i*+-!

50-)/)B-! P86:),+-7! <(::1.)4(/)04-Q7! 46D(/)B-! P86*0/)A(/)047! ,+5:)! -1,! -0)Q! +/! .0D4)/)B-=! L+-!

86B).)/-! .0D4)/)B-!8(4-! :(! -.<)C05<,64)+! /01.<+4/!8+-!5,0.+--1-! .0**+! :(!*6*0,)-(/)04!

P*6*0),+! 8+! /,(A():7! *6*0),+! -6*(4/)31+Q! 01! :+-! B04/)04-! +26.1/)A+-! P5:(4)B).(/)047!

0,D(4)-(/)04Q! P@)*5-04! +/! (:=7! khghQ=! K:0,-! 31+! :+-! 5,+*)9,+-! <T50/<9-+-! -1,! :(!

5<T-)05(/<0:0D)+! 8+! :(! -.<)C05<,64)+! 6A031+4/! 14+! 8)*)41/)04! 8+! :'(./)A)/6! 81! :0;+!

B,04/(:7!01!y!<T50B,04/(:)/6!z7!8+-!6/18+-!5:1-!,6.+4/+-!8')*(D+,)+!B04./)044+::+!,6A9:+4/!



!
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14! 8T-B04./)044+*+4/! (1! 4)A+(1! 81! .0,/+2! 5,6B,04/(:! 80,-0:(/6,(:! P8:?MWQ! +/! 8+!

:'<)550.(*5+! .<+C! :+-! -1E+/-! -.<)C05<,94+-7! -01-I/+48(4/! :+-! (:/6,(/)04-! .0D4)/)A+-!

)*5:)316+-! 8(4-! .+//+! 5(/<0:0D)+! PO(D:(48! +/! (:=7! khh]Q=! [+! 5:1-7! 14+! (:/6,(/)04! 8+! :(!

/,(4-*)--)04!SK`K+,D)31+!(!6/6!0;-+,A6+!8(4-!:+!8:?MW!8+!-1E+/-!-.<)C05<,94+-!PL+l)-!+/!

(:=7!khh$Q=!W+!8T-B04./)044+*+4/!+-/!(--0.)6!J!14+!5+,/+!8+!:(!-T4.<,04)+!8+-!4+1,04+-!

5T,(*)8(12!81! .0,/+27! B(A0,)-(4/! :'6*+,D+4.+!8+! /,01;:+-! .0D4)/)B-! PL+l)-! +/! (:=7! khh$Q=!

U4B)47! :'<T50B,04/(:)/6! 0;-+,A6+! 8(4-! .+//+! 5(/<0:0D)+! +-/! (--0.)6+! J! 14!

8T-B04./)044+*+4/! 8+! :'(./)A)/6! 81! -/,)(/1*7! 5,0;(;:+*+4/! 8�! J! 14+! (:/6,(/)04! 8+! :(!

/,(4-*)--)04!805(*)4+,D)31+!P@)*5-04!+/!(:=7!khghQ=!!

K)4-)7!*\*+! -)! :+-!*6.(4)-*+-! 5<T-)05(/<0:0D)31+-! 5,6.)-! )*5:)316-! 8(4-! :'6*+,D+4.+!

8+-! -T*5/i*+-! .0D4)/)B-! 8+! :(! -.<)C05<,64)+! 4+! -04/! 5(-! /0/(:+*+4/! .0*5,)-7! :+-!

8)BB6,+4/+-! 6/18+-! -'(..0,8+4/! -1,! :'+2)-/+4.+! 8'14! 8T-B04./)044+*+4/! 8+-! ,6-+(12!

4+1,04(12! )*5:)316-! 8(4-! :+-! B04./)04-! .0D4)/)A+-7! 8�! J! 14+! (:/6,(/)04! 8+! :(!

4+1,0/,(4-*)--)04!(1!-+)4!8+!.+-!,6-+(12=!^4!86B(1/!8(4-!:(!*)-+!+4!5:(.+!8+!.+-!.),.1)/-!

(1!.01,-!81!86A+:055+*+4/!-+,()/!J!:'0,)D)4+!8+!:'(:/6,(/)04!8+!:(!.044+./)A)/6!4+1,04(:+!

0;-+,A6+! 8(4-! .+//+! 5(/<0:0D)+=! L+! ,6.+5/+1,! $IcY%! +-/! B0,/+*+4/! +25,)*6! 8(4-! :+-!

,6D)04-! )*5:)316+-! 8(4-! :+-! 86B).)/-! .0D4)/)B-! 0;-+,A6-! 8(4-! :(! -.<)C05<,64)+=! ^4+!

(:/6,(/)04!8+!:'(./)A)/6!81!,6.+5/+1,!(1!.01,-!81!86A+:055+*+4/!8+!.+-!.),.1)/-!4+1,04(12!

501,,()/!804.!-01-I/+48,+! :'6*+,D+4.+!8+-!-T*5/i*+-!.0D4)/)B-!8+! :(!-.<)C05<,64)+=!U4!

.04.:1-)047! :(! :0.(:)-(/)04! .+::1:(),+! 81! ,6.+5/+1,! $IcY%! 8(4-! :+-! ,6-+(12! 4+1,04(12!

(--0.)6-! (12! 5,0.+--1-! .0D4)/)B-! (BB+./6-! 8(4-! :(! -.<)C05<,64)+7! ()4-)! 31+! -04! ,i:+!

4+1,086A+:055+*+4/(:! *(E+1,7! -1DD9,+4/! 31+! .+! ,6.+5/+1,! 501,,()/! 5(,/).)5+,! (12!

(:/6,(/)04-! 8+! :(! .),.1)/+,)+! 4+1,04(:+! +/! 8+! :(! 4+1,0/,(4-*)--)04! )*5:)316-! 8(4-! :+-!

-T*5/i*+-!.0D4)/)B-!0;-+,A6-!8(4-!.+//+!5(/<0:0D)+=!

2. Troubles du spectre autistique 

L+-! /,01;:+-! 81! -5+./,+! (1/)-/)31+! -+! .(,(./6,)-+4/! 5(,! 14! 86B(1/! 8(4-! :+-!

5,0.+--1-! 8+! .0**14).(/)047! 8')4/+,(./)04! -0.)(:+7! 14+! )4B:+2);):)/6! .0D4)/)A+! ()4-)! 31+!

5(,! :'+25,+--)04! 8+! .0*50,/+*+4/-! -/6,60/T56-=! ^4+! ,15/1,+! 8+! :'<0*60-/(-)+!

-6,0/04)4+,D)31+7!40/(**+4/!.(,(./6,)-6+!5(,!14+!(1D*+4/(/)04!81!/(12!8+!-6,0,04)4+!

-(4D1)47! +-/! 14! B(./+1,! 8+! ,)-31+! 501,! :+-! Y@K! .<+C! :'c0**+=! W+//+!

y!<T5+,-6,0/04)46*)+!z7!0;-+,A6+!.<+C!"h�!8+-!5(/)+4/-!(//+)4/-!8+!Y@K7!501,,()/!(A0),!



!
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14! )*5(./!-1,! :+!86A+:055+*+4/!.6,6;,(:!81,(4/! :(!56,)08+!5+48(4/! :(31+::+! :(!;(,,)9,+!

<6*(/0I+4.65<(:)31+! 4'+-/! 5(-! B+,*6+=! ^4! +2.9-! 8+! -6,0/04)4+! (1! .01,-! 81!

86A+:055+*+4/! 5,0A031+! 14+! 6:)*)4(/)04! 8+-! /+,*)4()-04-! -6,0/04)4+,D)31+-! 8(4-! :+!

.+,A+(1! 5(,! 14! *6.(4)-*+! 8+! ,6/,0.04/,i:+! 46D(/)B7! (:/6,(4/7! +4! .04-631+4.+7! :(!

B0,*(/)04! 8+-! .),.1)/-! .6,6;,(12=! W+-! (:/6,(/)04-! 501,,()+4/! -01-I/+48,+! :+-!

8T-B04./)044+*+4/-!.0*50,/+*+4/(12!0;-+,A6-!8(4-! :+-!Y@K!Pj<)/(Z+,IKC*)/)(7!khh$Q=!

W0**+! E+! :'()! 5,6.68+**+4/! *+4/)04467! 14! +2.9-! 8+! -6,0/04)4+! (1! .01,-! 81!

86A+:055+*+4/! .6,6;,(:! )*5(./+! 6D(:+*+4/! :(! *)D,(/)04! 8+-! 4+1,04+-! .0,/).(12! 5(,!

:')4/+,*68)(),+!81!,6.+5/+1,!$IcY%=!V4!5+1/!804.!6*+//,+!:'<T50/<9-+!-+:04!:(31+::+!14+!

(:/6,(/)04! 8+! :(! -)D4(:)-(/)04! (--0.)6+! (1! ,6.+5/+1,! $IcY%7! 5,0A0316+! 5(,! 14! +2.9-! 8+!

-6,0/04)4+! (1! .01,-! 81! 86A+:055+*+4/7! 5(,/).)5+,()/! J! :'(:/6,(/)04! 8+! :(! .),.1)/+,)+!

.0,/).(:+7!(BB+./(4/!+4!.04-631+4.+!.+,/()4-!.0*50,/+*+4/-!.0*5:+2+-!.<+C!:+-!5(/)+4/-!

Y@K7!.0**+!:+!.0*50,/+*+4/!-0.)(:!5(,!+2+*5:+=!

!

L+-!5(/<0:0D)+-!5-T.<)(/,)31+-!4+1,086A+:055+*+4/(:+-7!.0**+!:(!-.<)C05<,64)+!

01!:+-!Y@K7!-04/!D646,(:+*+4/!(--0.)6+-!J!8+-!86B).)/-!.0D4)/)B-!(BB+./(4/!5(,/).1:)9,+*+4/!

:(! A)+! 310/)8)+44+! 8+-! 5(/)+4/-=! L+-! /<6,(5)+-! 86A+:0556+-! E1-31'J! *()4/+4(4/! 4+!

-'(A9,+4/!5(-!+BB).(.+-!8(4-!:+!/,()/+*+4/!8+!.+-!-T*5/i*+-=!W'+-/!:(!,()-04!501,!:(31+::+!

):! T!(7! J! :'<+1,+!(./1+::+7!14! ,6+:!;+-0)4!8+!86A+:055+,!8+!401A+(12! /,()/+*+4/-7!01!8+!

401A+::+-! (55,0.<+-! /<6,(5+1/)31+-7! A)-(4/! J! ,+-/(1,+,! :+-! B04./)04-! .0D4)/)A+-! 8+! .+-!

5(/)+4/-! P>)::(4! +/! (:=7! khgkQ=! K:0,-! 31+! :+! ,6.+5/+1,! $IcY%! 501,,()/! 5(,/).)5+,! J! :(!

5(/<0D+49-+!8+!.+-!86-0,8,+-7!:+-!(4/(D04)-/+-!-6:+./)B-!81!,6.+5/+1,!04/!8+-!+BB+/-!/,9-!

+4.01,(D+(4/-!-1,!:+!/,()/+*+4/!8+-!(:/6,(/)04-!.0D4)/)A+-!40/(**+4/!0;-+,A6+-!8(4-!:(!

-.<)C05<,64)+=! Y01/+B0)-7! .0**+! E+! :+! 5,6-+4/+,()! 8(4-! :+! .<(5)/,+! -1)A(4/7! 8'(1/,+-!

-/,(/6D)+-!/<6,(5+1/)31+-!*68)6+-!5(,!:+!,6.+5/+1,!$IcY%!501,,()+4/!\/,+!+4A)-(D6+-=!

!
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 Le récepteur 5-HT6 comme cible thérapeutique dans les C.

pathologies psychiatriques neurodéveloppementales 
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III. Conclusion Générale 
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B 

`(,4+-7! N=>=7! (48! @<(,57! Y=! PgfffQ=! K! ,+A)+l! 0B! .+4/,(:! $IcY! ,+.+5/0,-! (48! /<+),! B14./)04=!

N+1,05<(,*(.0:0DT!787!ghe"�gg$k=!

`(,4+-7! K=?=7! @0:+.Z)7! [=7! (48! ?0::+127! M=! PkhheQ=! N+l! )4-)D</-! )4/0! /<+! *0:+.1:(,! *+.<(4)-*-!

-5+.)BT)4D!4+1,04(:!50:(,)/T!)4!A)A0=!W1,,=!V5)4=!N+1,0;)0:=!+87!##�$k=!

`(T+,7!@=K=7!K:/*(47!&=7!O1--07!O=&=7!(48!}<(4D7!n=!Pgff"Q=!Y)*+/(;:+-!0B!4+1,0D+4+-)-!)4!/<+!<1*(4!

;,()4!;(-+8!04!+25+,)*+4/(::T!8+/+,*)4+8!5(//+,4-!)4!/<+!,(/=!N+1,0/02).0:0DT!+57!e"�g##=!

`+BB+,/7!^=7!j++;+,7!U=&=7!>0,B)4)7!S=7!q07!&=7!`,(8T7!@=Y=7!Y-()7!L=Ic=7!@l+(//7!&=[=7!(48!c+,C7!&=!Pkhh#Q=!

O++:)4! (48! .T.:)4I8+5+48+4/! Z)4(-+! $I8+5+48+4/! -)D4(:-! .005+,(/+! )4! ,+D1:(/)4D! 4+1,04(:!

*)D,(/)04!(48!-T4(5/).!/,(4-*)--)04=!&=!N+1,0-.)=!VBB=!&=!@0.=!N+1,0-.)=!457!gef]�gfh%=!

`+4<(*�7!`=7!>(,/x4IM04/+.<(7!>=7!X~C31+CIX)::(7!c=7!?(,807!L=7!(48!L�5+CIO08,xD1+C7!>=L=!Pkhg#Q=!

@+,0/04)4! $IcY%! ,+.+5/0,! (4/(D04)-/-! B0,! /<+! /,+(/*+4/! 0B! .0D4)/)A+! 8+B).)+4.T! )4! K:C<+)*+,'-!

8)-+(-+=!&=!>+8=!W<+*=!LJ7!]g%h�]geg=!

`0.Z(+,/7! &=7! (48! ?)47! &=?=! PgfffQ=! >0:+.1:(,! /)4Z+,)4D! 0B! S! 5,0/+)4I.015:+8! ,+.+5/0,-R! (4!

+A0:1/)04(,T!-1..+--=!U>`V!&=!+87!g]k"�g]kf=!

`0.Z(+,/7! &=7!>(,)47! ?=7! [1*1)-7! K=7! (48! M(D4)7! L=! Pkhh"Q=! Y<+! �*(D).! /():�! 0B! S! 5,0/+)4I.015:+8!

,+.+5/0,-R!(4!(4.<0,(D+!B0,!B14./)04(:!5,0/+)4!4+/l0,Z-=!MU`@!L+//=!L5D7!%$�]k=!

`0.Z(+,/7! &=7! M(D4)7! L=7! [1*1)-7! K=7! (48! >(,)47! ?=! Pkhh#Q=! S?WO! )4/+,(./)4D! 5,0/+)4-! PS_?Q=!

?<(,*(.0:=!Y<+,=!+M77!kh"�kkg=!

`0+--7! M=S=7!>04-*(7! M=&=7! (48! @:+)D</7! K=&=! PgffeQ=! _8+4/)B).(/)04! 0B! ,+-)81+-! )4! /,(4-*+*;,(4+!

,+D)04-! ___! (48! X_! /<(/! .04/,);1/+! /0! /<+! :)D(48! ;)48)4D! -)/+! 0B! /<+! -+,0/04)4! $IcY%! ,+.+5/0,=! &=!

N+1,0.<+*=!J+7!kg%f�kg]]=!

`044)47!K=7!S0+8+47!N=7!W<+47!q=7!j):-047!>=L=7!q)4D7!&=7!@<)<7!&=W=7!`:(Z+:T7!O=[=7![+4+,)-7!U=@=7!(48!

L+A)//7! ?=! PkhggQ=! K! /,(4-)+4/! 5:(.+4/(:! -01,.+! 0B! -+,0/04)4! B0,! /<+! B+/(:! B0,+;,()4=! N(/1,+!5J47!

"#]�"$h=!

`0T:(47!W=`=7!`:1+7!>=U=7!(48!c0<*(447!W=M=!Pkhh]Q=!>08+:)4D!+(,:T!.0,/).(:!-+,0/04+,D).!8+B).)/-!)4!

(1/)-*=!`+<(A=!`,()4!O+-=!+JD7!f#�ghe=!

`1,)(4+Z7!L=U=7!(48!@08+,:)4D7!@=c=!Pkhg"Q=!^48+,!:0.Z!(48!Z+TR!-5(/)0/+*50,(:!,+D1:(/)04!0B!jK@?!

B(*):T!5,0/+)4-!.00,8)4(/+-! -+5(,(/+!8T4(*).!.+::1:(,!5,0.+--+-=!@+*)4=!W+::![+A=!`)0:=!457!k$e�

k%%=!

!



!
gee!

C 

W(4:)7!Y=7!(48!L+-.<7!q=I?=!Pkhh]Q=!L04D!-/0,T!-<0,/R!/<+!-+,0/04)4!/,(4-50,/+,!)4!+*0/)04!,+D1:(/)04!

(48!-0.)(:!.0D4)/)04=!N(/=!N+1,0-.)=!+M7!ggh"�gghf=!

W(,,+:7![=7!@)*047!K=7!U*+,)/7!>=`=7!O)A(:-7!_=7!L+/+,,)+,7!W=7!`)(,87!>=7!c(*047!>=7![(,*047!>=7!(48!

L+4Z+)7! }=! PkhggQ=!K204(:! /(,D+/)4D!0B! /<+!$IcYg`! -+,0/04)4! ,+.+5/0,! ,+:)+-!04! -/,1./1,+I-5+.)B).!

.04-/)/1/)A+!(./)A(/)04=!Y,(BB).!W5<=![+4=!+47!g$hg�g$kh=!

W+D:)(7! _=7! q)*7! m=7! N(),47! K=W=7! (48! S,++4D(,87! ?=! PkhghQ=! @)D4(:)4D! 5(/<l(T-! .04/,0::)4D! /<+!

5<0-5<0,T:(/)04! -/(/+! 0B!jKXUg7! (! ,+D1:(/0,! 0B! (./)4! 50:T*+,)C(/)04=! &=! N+1,0.<+*=!++57! gek�

gfh=!

W<(*+(17!?=7! _4/(7![=7!X)/(:)-7! Y=7!>04T+,7!c=7!j(8*(47!j=&=7! (48!A(4!c00B/7! &=K=! PkhhfQ=! Y<+!NI

/+,*)4(:!,+D)04!0B!,++:)4!,+D1:(/+-!50-/4(/(:!8+48,)/).!*(/1,(/)04!0B!.0,/).(:!5T,(*)8(:!4+1,04-=!

?,0.=!N(/:=!K.(8=!@.)=!^=!@=!K=!+MD7!]kk]�]k"k=!

W<+47! }=7! `0,+Z7![=7! ?(8,).Z7! @=`=7!S0*+C7! Y=@=7!>+/:(D+:7! }=7! _-*():7! K=>=7!^*+/(4)7! &=7! `)::(8+(17!

[=[=7!V/l)40l-Z)7!}=7!(48!O0-+47!>=q=!PkhghQ=!@/,1./1,+!(48!.04/,0:!0B!/<+!(./)4!,+D1:(/0,T!jKXU!

.0*5:+2=!N(/1,+!5D87!$""�$"e=!

W<+4D7!L=7!W<+47!W=IL=7!L107!?=7!Y(47!>=7!b)17!>=7!&0<4-047!O=7!(48!>(7!b=!Pkhh"Q=!L*2g;7!?+/Ig7!(48!

NZ2k=k! .00,8)4(/+:T! -5+.)BT! -+,0/04+,D).! 4+1,0/,(4-*)//+,! 5<+40/T5+=! &=! N+1,0-.)=! VBB=! &=! @0.=!

N+1,0-.)=!477!ff%g�ff%]=!

W<+14D7! }=c=7! W<)47! j=c=7! W<+47! m=7! ND7! m=?=7! (48! _57! N=m=! Pkhh]Q=! W8Z$! )-! )4A0:A+8! )4! `[NMI

-/)*1:(/+8!8+48,)/).!D,0l/<!)4!<)550.(*5(:!4+1,04-=!?L0@!`)0:=!L7!+%"=!

W0;0-7! _=7!`0,+::07!^=7! (48!O1;+4-/+)47! &=L=O=! Pkhh]Q=![:2! /,(4-.,)5/)04! B(./0,-!5,0*0/+!*)D,(/)04!

/<,01D<!,+5,+--)04!0B!(204!(48!8+48,)/+!D,0l/<=!N+1,04!L57!e]"�eee=!

W0804T7! n=7! X+:(7! &=>=7! (48! O(*x,+C7! >=&=! PkhggQ=! $IcYP%Q! ,+.+5/0,! (48! .0D4)/)04=! W1,,=! V5)4=!

?<(,*(.0:=!++7!f#�ghh=!

Wi/67! M=7! M:)D4T7! W=7! M,0*+-7! m=7! >(::+/7! &=7! (48! X08E8(4)7! S=! Pkhh#Q=! O+.+4/! (8A(4.+-! )4!

148+,-/(48)4D!-+,0/04)4!,+D1:(/)04!0B!.(,8)0A(-.1:(,!B14./)04=!Y,+48-!>0:=!>+8=!+M7!k"k�k"e=!

W,1C7!&=W=7!(48!Y-()7!L=Ic=!Pkhh#Q=!K!&+ZT::!(48!cT8+!Z)4(-+R!,0:+-!B0,!W8Z$!)4!;,()4!8+A+:05*+4/!(48!

8)-+(-+=!W1,,=!V5)4=!N+1,0;)0:=!+57!"fh�"f#=!

W,1C7!&=W=7!Y-+4D7!c=IW=7!S0:8*(47!&=K=7!@<)<7!c=7!(48!Y-()7!L=Ic=!Pkhh"Q=!K;+,,(4/!W8Z$!(./)A(/)04!;T!

5k$!/,)DD+,-!5(/<0:0D).(:!+A+4/-!:+(8)4D!/0!4+1,08+D+4+,(/)04!(48!4+1,0B);,)::(,T!/(4D:+-=!N+1,04!

5M7!#]g�#e"=!

!



!
gef!

D 

[(<:7! &=?=7! j(4DI[14:057! &=7! S04C(:+-7! W=7! S0(87! >=U=?=7! >(,Z7! O=&=7! (48! ql(Z7! @=?=! Pkhh"Q=!

W<(,(./+,)C(/)04!0B!/<+!jKXUg!Z40.ZI01/!*01-+R!)*5:).(/)04-!B0,!WN@!8+A+:05*+4/=!&=!N+1,0-.)=!

VBB=!&=!@0.=!N+1,0-.)=!477!""#"�""$k=!

[(l-047!L=K=7!ND1T+47!c=b=7!(48!L)7!?=!PkhhhQ=!_4!A)A0!+BB+./-!0B!/<+!$IcYP%Q!(4/(D04)-/!@`Ik]gh#%!

04! -/,)(/(:! (48! B,04/(:! .0,/+2! +2/,(.+::1:(,! .04.+4/,(/)04-! 0B! 40,(8,+4(:)4+7! 805(*)4+7! $IcY7!

D:1/(*(/+!(48!(-5(,/(/+=!`,=!&=!?<(,*(.0:=!+7M7!k"�k%=!

[(l-047! L=K=7! ND1T+47! c=b=7! (48! L)7! ?=! PkhhgQ=! Y<+! $IcYP%Q! ,+.+5/0,! (4/(D04)-/! @`Ik]gh#%!

-+:+./)A+:T! +4<(4.+-! +2.)/(/0,T! 4+1,0/,(4-*)--)04! )4! /<+! ,(/! B,04/(:! .0,/+2! (48! <)550.(*51-=!

N+1,05-T.<05<(,*(.0:=!VBB=!?1;:=!K*=!W0::=!N+1,05-T.<05<(,*(.0:=!4L7!%%k�%%e=!

[(T+,7!K=S=7!&(.0;-<(D+47!>=7!W<(1*04/I[1;+:7!@=7!(48!>(,)47!?=!Pkhg$Q=!$IcY%!O+.+5/0,R!K!N+l!

?:(T+,!W04/,0::)4D!/<+![+A+:05*+4/!0B!N+1,(:!W),.1)/-=!KW@!W<+*=!N+1,0-.)=!

[+S++,7! &=7! `018+(17! &=7! @.<*)8/7! @=7! `+8B0,87! M=7! L(*(,.<+IX(4+7! N=7! (48! [+;(4/7! K=! Pkhg"Q=!

YT,0-)4+! 5<0-5<0,T:(/)04! 0B! /<+! O<0! D1(4)4+! 41.:+0/)8+! +2.<(4D+! B(./0,! Y,)0! ,+D1:(/+-! 4+/,)4I

gs[WWI*+8)(/+8!.0,/).(:!(204!01/D,0l/<=!>0:=!W+::=!`)0:=!777!]"f�]$g=!

[0//)7!W=S=7!@1::)A(47!W=K=7!(48!`(4Z+,7!S=K=!PgfeeQ=!Y<+!+-/(;:)-<*+4/!0B!50:(,)/T!;T!<)550.(*5(:!

4+1,04-!)4!.1:/1,+=!&=!N+1,0-.)=!VBB=!&=!@0.=!N+1,0-.)=!87!g#$#�g#%e=!

[1(47!n=7! W<(4D7! &=c=7!S+7! @=7! M(1:Z4+,7!O=L=7! q)*7! &=m=7! q)/(;(/(Z+7! m=7! L)17! n=7! m(4D7!W=Ic=7! &0,8(47!

&=[=7!>(7![=q=7!+/!(:=!Pkhh]Q=![)-,15/+8I_4I@.<)C05<,+4)(!g!,+D1:(/+-!)4/+D,(/)04!0B!4+l:T!D+4+,(/+8!

4+1,04-!)4!/<+!(81:/!;,()4=!W+::!+7M7!gg#%�gg$e=!

[1,(487!W=>=7!?+,,0T7!&=7!L0::7!M=7!?+,,()-7![=7!M(D4)7!L=7!`01,D+,047!Y=7!>04/.0131)0:7!>=7!(48!@(4-7!

N=! PkhgkQ=! @cKNq"! *1/(/)04-! )8+4/)B)+8! )4! (1/)-*! :+(8! /0! *08)B).(/)04! 0B! 8+48,)/).! -5)4+!

*0,5<0:0DT!A)(!(4!(./)4I8+5+48+4/!*+.<(4)-*=!>0:=!?-T.<)(/,T!+J7!]g�e#=!

E 

U(-/7!@=}=7!`1,4+/7!?=j=&=7!q+,l)47!O=j=7!(48!c(,,)-047!?=&=!PkhhkQ=!K4!OYI?WO!-/18T!0B!$IcYP%Q!(48!

$IcYP]Q! ,+.+5/0,!*ONK-! )4! /<+! <)550.(*5(:! B0,*(/)04! (48! 5,+B,04/(:! .0,/+2! )4! -.<)C05<,+4)(=!

@.<)C05<,=!O+-=!LJ7!g$�k%=!

U8+47!@=7!O0<(/D)7!O=7!?08/+:+E4)Z0A7!K=X=7!>(447!>=7!(48!q),-.<4+,7!>=j=! PkhhkQ=!>+.<(4)-*!0B!

,+D1:(/)04!0B!jKXUgI)481.+8!(./)4!41.:+(/)04!;T!O(.g!(48!N.Z=!N(/1,+!5+87!]fh�]f"=!

U,)Z--047! ?=@=7! ?+,B):)+A(7! U=7! `E�,ZIU,)Z--047! Y=7! K:;0,47! K=>=7! N0,8;0,D7! W=7! ?+/+,-047! [=K=7! (48!

S(D+7!M=c=!PgffeQ=!N+1,0D+4+-)-!)4!/<+!(81:/!<1*(4!<)550.(*51-=!N(/=!>+8=!57!g"g"�g"g]=!



!
gfh!

U,4-/7! K=7! K:Z(--7! q=7! `+,4(,87! @=7! @(:+<501,7!>=7! ?+,:7! @=7! Y)-8(:+7! &=7! ?0--4+,/7! S=7! [,1)87! c=7! (48!

M,)-647!&=!Pkhg#Q=!N+1,0D+4+-)-!)4!/<+!-/,)(/1*!0B!/<+!(81:/!<1*(4!;,()4=!W+::!+LD7!gh]k�ghe"=!

F 

L(!M(/(7!S=7!S�,/4+,7!K=7![0*x4D1+CI_/1,C(7!N=7![,+--+:(+,-7!Y=7![(l)/C7!&=7!?00,/<1)-7!O=`=7!KA+,4(7!

>=7! c)**+:,+).<7! ^=7! >+,+8)/<7! O=>=7! K.<-+:7! Y=7! +/! (:=! Pkhg#Q=! M>O?! ,+D1:(/+-! *1:/)50:(,! /0!

;)50:(,! /,(4-)/)04! (BB+./)4D! 4+1,04(:! *)D,(/)04! (48! .0,/).(:! .),.1)/,T=! N(/=! N+1,0-.)=! +J7! g%f"�

g]hh=!

[+!M01;+,/7!S=7!q<148(Z(,7!K=K=7!(48!}+//+,-/,�*7!Y=@=!Pkhg"Q=!UBB+./-!0B!,+5+(/+8!$IcY�!,+.+5/0,!

-/)*1:(/)04!04!`[NM!D+4+!+25,+--)04!(48!.+::!-1,A)A(:=!N+1,0-.)=!L+//=!LL77!kgg�kg$=!

M,(--+//07! K=7! }<(4D7! &=7! L(07! &=}=7! j<)/+7! K=7! >+/CD+,7! &=>=7! M04D7! Y=>=7! (48! W<+47! O=}=! PkhheQ=!

O+81.+8!-+4-)/)A)/T!/0!8)+/I)481.+8!0;+-)/T! )4!*).+!.(,,T)4D!(!*1/(4/!$IcY%!,+.+5/0,=!`,()4!O+-=!

+47D7!g#h�g##=!

M17! j=Im=7! W<+4D7! q=7! M17! K=q=m=7! (48! _57! N=m=! PkhggQ=! WT.:)4I8+5+48+4/! Z)4(-+! $I8+5+48+4/!

5<0-5<0,T:(/)04!0B!?./(),+g!,+D1:(/+-!8+48,)/+!8+A+:05*+4/=!N+1,0-.)+4.+!+8M7!"$"�"$f=!

G 

S(BB1,)7!K=IL=7!L(8(,,+7![=7!(48!L+4Z+)7!}=!PkhgkQ=!YT5+Ig!.(44(;)40)8!,+.+5/0,!-)D4(:)4D!)4!4+1,04(:!

8+A+:05*+4/=!?<(,*(.0:0DT!VM7!gf�"f=!

S(*;+::07!>=&=7![(,:)4D7![=L=7!m)4D:)4D7!&=7!Y(4(Z(7!Y=7!S:++-047!&=S=7!(48!jT4-<(lI`0,)-7!K=!Pkhh"Q=!

>1:/)5:+!80-+I8+5+48+4/!+BB+./-!0B!L)-g!04!.+,+;,(:!.0,/).(:!8+A+:05*+4/=!&=!N+1,0-.)=!VBB=!&=!@0.=!

N+1,0-.)=!477!g]gf�g]kf=!

S(-5(,7!?=7!W(-+-7!V=7!(48!>(,0/+(127!L=!Pkhh"Q=!Y<+!8+A+:05*+4/(:!,0:+!0B!-+,0/04)4R!4+l-!B,0*!

*01-+!*0:+.1:(,!D+4+/).-=!N(/=!O+A=!N+1,0-.)=!57!ghhk�ghgk=!

S(1/,+(17! K=7! c07!c=c=7! L)7! &=7! @/++47!c=7!STD)7! @=?=7! (48! q),-.<4+,7!>=j=! Pkhh#Q=! ?1,)B).(/)04! (48!

(,.<)/+./1,+!0B!/<+!1;)31)/01-!j(A+!.0*5:+2=!?,0.=!N(/:=!K.(8=!@.)=!^=!@=!K=!+M+7!#"]f�#"e"=!

S+7! @=7! S0<7! U=L=q=7! @():0,7! q=K=7! q)/(;(/(Z+7! m=7! >)4D7! S=7! (48! @04D7! c=! Pkhh%Q=! SK`K! ,+D1:(/+-!

-T4(5/).!)4/+D,(/)04!0B!4+l:T!D+4+,(/+8!4+1,04-!)4!/<+!(81:/!;,()4=!N(/1,+!57V7!$ef�$f"=!

S6,(,87!W=7!>(,/,+-7!>=?=7!L+B9A,+7!q=7!>)31+:7!>=W=7!X+,D67![=7!L(4B1*+T7!L=7![01.+/7!U=7!c(*047!

>=7!(48!+:!>+-/)Z(lT7!@=!Pgff]Q=!_**140I:0.(:)C(/)04!0B!-+,0/04)4!$IcY%!,+.+5/0,I:)Z+!*(/+,)(:!)4!

/<+!,(/!.+4/,(:!4+,A01-!-T-/+*=!`,()4!O+-=!J5D7!kh]�kgf=!

S+,-<047!>=[=! Pkhg"Q=!$IcT8,02T/,T5/(*)4+! P-+,0/04)4Q! )4! /<+!D(-/,0)4/+-/)4(:! /,(./=!W1,,=!V5)4=!

U480.,)40:=![)(;+/+-!V;+-=!4M7!g#�kg=!



!
gfg!

S:++-047!&=S=7!K::+47!q=>=7!M027!&=j=7!L(*5+,/)7!U=[=7!`+,Z0A).7!@=7!@.<+BB+,7!_=7!W005+,7!U=W=7![0;T4-7!

j=`=7!>)44+,(/<7! @=O=7! O0--7!>=U=7! +/! (:=! PgffeQ=! [01;:+.0,/)47! (! ;,()4I-5+.)B).! D+4+!*1/(/+8! )4!

<1*(4!nI:)4Z+8!:)--+4.+5<(:T!(48!801;:+!.0,/+2!-T48,0*+7!+4.08+-!(!51/(/)A+!-)D4(:)4D!5,0/+)4=!

W+::!V47!%"�]k=!

S04C~:+CI>(+-07!&=7!K4D7!O=L=7!m1+47!Y=7!W<(47!?=7!j+)--/(1;7!N=X=7!L�5+CIS)*64+C7!&=M=7!}<017!>=7!

VZ(l(7!m=7!W(::(807!L=M=7!>)::)D(47!S=7!+/!(:=!PkhheQ=!_8+4/)B).(/)04!0B!(!-+,0/04)4sD:1/(*(/+!,+.+5/0,!

.0*5:+2!)*5:).(/+8!)4!5-T.<0-)-=!N(/1,+!5L47!f"�f]=!

S01:87! [=&=! Pkhg#Q=! L)55)4.0//'-! 50.Z+/! 4+1,0(4(/0*T! P?<):(8+:5<)(R! L)55)4.0//! j)::)(*-! p!

j):Z)4-Q=!

S0A+Z7! U=IU=7! N+l+T7! @=U=7! (48! X(4! K+:-/7! L=! Pkhh$Q=! Y<+! ,0:+! 0B! /<+! O<0! SY?(-+-! )4! 4+1,04(:!

8+A+:05*+4/=!S+4+-![+A=!+V7!g�#f=!

S1(8)(4(7!@=>=7!@+*5:+IO0l:(487!@=7![(,0-C+l-Z)7![=7!>(80,-ZT7!_=7!`,+14)D7!&=&=7!>TZT/T47!q=7!(48!

@(,Z)-)(47!>=O=!Pkhg"Q=!K,;0,)C(/)04!0B!8+48,)/+-!;T!8+A+:05)4D!4+0.0,/).(:!4+1,04-!)-!8+5+48+4/!

04!5,)*(,T!.):)(!(48!/T5+!"!(8+4T:T:!.T.:(-+=!&=!N+1,0-.)=!VBB=!&=!@0.=!N+1,0-.)=!777!k%k%�k%"e=!

H 

c(D*(447! c=7! Y(4)D1.<)7! m=7! ?)55)47! &=j=7! q(1+,C7! c=I>=7! `+4C)4D7! Y=7! @<(4Z:(487! @=&=7! (48!

`,)4ZZ0+//+,7!?=Y=! Pkhg$Q=!WT.:)4! _!(48!5"$!8+/+,*)4+!/<+!-1;.+::1:(,!8)-/,);1/)04!0B!W8Z$=!K*=!&=!

?<T-)0:=!W+::!?<T-)0:=!7M87!W""f�W"#]=!

c(::7!O=K=7!?,+*04/7!O=Y=7!(48!L+BZ0l)/C7!O=&=!PgfffQ=!c+5/(<+:).(:!,+.+5/0,!-)D4(:)4DR!;+T048!/<+!S!

5,0/+)4!5(,(8)D*=!&=!W+::!`)0:=!+5L7!fk]�f"k=!

c(*047!>=7![01.+/7!U=7!L+B9A,+7!q=7!>)31+:7!>=W=7!L(4B1*+T7!L=7!_4-(1-/)7!O=7!M,+.<)::(7![=7![+:!O)07!

&=7!(48!X+,D67![=!PgfffQ=!K4/);08)+-!(48!(4/)-+4-+!0:)D041.:+0/)8+!B0,!5,0;)4D!/<+!8)-/,);1/)04!(48!

51/(/)A+! B14./)04-! 0B! .+4/,(:! $IcY%! ,+.+5/0,-=! N+1,05-T.<05<(,*(.0:=! VBB=! ?1;:=! K*=! W0::=!

N+1,05-T.<05<(,*(.0:=!4+7!%e@!�!]%@=!

c(,(8(7! Y=7!>0,00Z(7! Y=7! VD(l(7! @=7! (48!N)-<)8(7! U=! PkhhgQ=! UOq! )481.+-! 5"$7! (! 4+1,04I-5+.)B).!

(./)A(/0,!0B!W8Z$7!/<,01D<!)481./)04!0B!UD,g=!N(/=!W+::!`)0:=!77!#$"�#$f=!

c(,,)-7!q=>=7!&+4-+47!M=U=7!(48!Y-(07!`=!PgffkQ=!Y<,++I8)*+4-)04(:!-/,1./1,+!0B!8+48,)/).!-5)4+-!(48!

-T4(5-+-! )4! ,(/! <)550.(*51-! PWKgQ! (/! 50-/4(/(:! 8(T! g$! (48! (81:/! (D+-R! )*5:).(/)04-! B0,! /<+!

*(/1,(/)04!0B! -T4(5/).!5<T-)0:0DT!(48! :04DI/+,*!50/+4/)(/)04=! &=!N+1,0-.)=!VBB=! &=! @0.=!N+1,0-.)=!

+47!k%e$�k]h$=!

c(l(-:)7!K=c=7!`+4(A)8+-7![=O=7!ND1T+47!W=7!q(4-T7! &=j=7!c(T(-<)7!q=7!W<(*;047!?=7!S,++4D(,87!?=7!

?0l+::7!W=>=7!W005+,7![=W=7!(48!`);;7!&=K=!Pkhh]Q=!WT.:)4I8+5+48+4/!Z)4(-+!$!D0A+,4-!:+(,4)4D!(48!

-T4(5/).!5:(-/).)/T!A)(!.04/,0:!0B!N>[KO!8+D,(8(/)04=!N(/=!N+1,0-.)=!+M7!eeh�ee%=!



!
gfk!

c+(:7![=&=7!@*)/<7!@=L=7!M)-(-7!K=7!W0804T7!n=7!(48!`1-.<*(447!c=! PkhheQ=!@+:+./)A+!$IcY%!,+.+5/0,!

:)D(48-R! 5,0D,+--! )4! /<+!8+A+:05*+4/! 0B! (! 40A+:! 5<(,*(.0:0D).(:! (55,0(.<! /0! /<+! /,+(/*+4/! 0B!

0;+-)/T!(48!,+:(/+8!*+/(;0:).!8)-0,8+,-=!?<(,*(.0:=!Y<+,=!++J7!kh]�k"g=!

c++,--+47!c=>=7!(48!@+D(:7!O=K=!PkhhkQ=!L0.(/)047!:0.(/)047!:0.(/)04R!(!-5(/)(:!A)+l!0B!4+1,0/,05<)4!

-)D4(:!/,(4-81./)04=!Y,+48-!N+1,0-.)=!4L7!g%h�g%$=!

c+D+81-7!`=7![(-D15/(7!`=7!@<)47!&=U=7!U*4+//7!O=&=7!c(,/I>(<047!U=q=7!U:D<(C)7!L=7!`+,4(:I>)C,(.<)7!U=7!

(48!S1/*(447![=c=! Pkhh]Q=!N+1,0B);,0*(/0-)-Ig! ,+D1:(/+-!4+1,04(:! (48!D:)(:! .+::! 8)BB+,+4/)(/)04!

B,0*!4+1,0D:)(:!5,0D+4)/0,-!)4!A)A0!;T!;0/<!.K>?I!(48!O(-I8+5+48+4/!*+.<(4)-*-=!W+::!@/+*!W+::!

+7!##"�#$]=!

c+4,x31+C7![=O=7!`08(:+07!M=&=7!>04/+4+D,0IX+4+D(-7!W=7!(48!S04C~:+CI`)::(1:/7!W=!PkhgkQ=!Y<+!:)D</!

.<()4! g! -1;14)/! 0B! /<+! *).,0/1;1:+I(--0.)(/+8! 5,0/+)4! g`! P>K?g`Q! )-! ,+-504-);:+! B0,! Y)(*g!

;)48)4D!(48!O(.g!(./)A(/)04!)4!4+1,04(:!.+::-=!?:0@!V4+!J7!+$"gk"=!

c)::7! &=&=7!c(-<)*0/07!Y=7! (48!L+l)-7![=K=! Pkhh%Q=!>0:+.1:(,!*+.<(4)-*-!.04/,);1/)4D! /0!8+48,)/).!

-5)4+!(:/+,(/)04-!)4!/<+!5,+B,04/(:!.0,/+2!0B!-1;E+./-!l)/<!-.<)C05<,+4)(=!>0:=!?-T.<)(/,T!++7!$$]�

$%%=!

c),-/7!j=[=7! K;,(<(*-+47! `=7! `:(4+T7! M=U=7! W(:A+,7! K=O=7! K:0E7! L=7! ?,).+7!S=j=7! (48!>+8<1,-/7! K=[=!

Pkhh"Q=![)BB+,+4.+-!)4!/<+!.+4/,(:!4+,A01-!-T-/+*!8)-/,);1/)04!(48!5<(,*(.0:0DT!0B!/<+!*01-+!$I

<T8,02T/,T5/(*)4+I%! ,+.+5/0,! .0*5(,+8! l)/<! ,(/! (48! <1*(4! ,+.+5/0,-! )4A+-/)D(/+8! ;T!

,(8)0:)D(48! ;)48)4D7! -)/+I8),+./+8! *1/(D+4+-)-7! (48! *0:+.1:(,! *08+:)4D=! >0:=! ?<(,*(.0:=! D57!

gkf$�g"he=!

c),-/7!j=[=7! @/+(47! Y=V=7!O0D+,-7![=W=7! @14/+,7![=7! ?1D<7!?=7!>0--7! @=M=7!`,0*)8D+7! @=>=7!O):+T7!S=7!

@*)/<7![=O=7!`(,/:+//7!@=7!+/!(:=!Pkhh%Q=!@`I"ffee$!)-!(!50/+4/7!-+:+./)A+!$IcY%!,+.+5/0,!(4/(D04)-/!

l)/<!.0D4)/)A+!+4<(4.)4D!5,05+,/)+-!)4!(D+8!,(/!l(/+,!*(C+!(48!40A+:!0;E+./!,+.0D4)/)04!*08+:-=!

U1,=!&=!?<(,*(.0:=!LL77!ghf�ggf=!

c0T+,7! [=7! c(44047! &=?=7! (48! >(,/)47! S=O=! PkhhkQ=! >0:+.1:(,7! 5<(,*(.0:0D).(:! (48! B14./)04(:!

8)A+,-)/T!0B!$IcY!,+.+5/0,-=!?<(,*(.0:=!`)0.<+*=!`+<(A=!J+7!$""�$$#=!

c1(4D7!&=7!(48!>(44)4D7!`=[=!PkhheQ=!Y<+!Y@WgIY@Wk!.0*5:+2R!(!*0:+.1:(,!-l)/.<;0(,8!.04/,0::)4D!

.+::!D,0l/<=!`)0.<+*=!&=!5+47!g]f�gfh=!

c�B4+,7! q=7! c)DD-7! c=N=7! ?0::(,87! Y=[=7! &(.0;)7! W=7! K+5B+:;(.<+,7! >=7! (48! L)48+,7! @=! PkhhgQ=! Y<+!

A+,5,0:)4I:)Z+! .+4/,(:! PA.Q! ,+D)04! 0B!j)-Z0//IK:8,).<! -T48,0*+! 5,0/+)4! )481.+-! K,5ks"! .0*5:+2I

8+5+48+4/!(./)4!41.:+(/)04=!&=!`)0:=!W<+*=!4JD7!"$]%g�"$]%]=!

!

!



!
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J 

&(.0;-<(D+47!>=7!N)31)::+7!>=7!W<(1*04/I[1;+:7!@=7!>(,)47!?=7!(48![(T+,7!K=!Pkhg#Q=!Y<+!-+,0/04)4!

%! ,+.+5/0,! .04/,0:-! 4+1,04(:! *)D,(/)04! 81,)4D! .0,/).0D+4+-)-! A)(! (! :)D(48I)48+5+48+4/! W8Z$I

8+5+48+4/!*+.<(4)-*=![+A=!W(*;=!U4D:=!+5+7!""]h�""]]=!

K 

q(4D7!c=7!L++7!j=q=7!W<0)7!m=c=7!X1Z0/)7!q=>=7!`(4D7!j=S=7!(48!m17!m=S=!Pkhh$Q=!>0:+.1:(,!(4(:T-)-!0B!

/<+! )4/+,(./)04!;+/l++4! /<+! )4/,(.+::1:(,! :005-!0B! /<+!<1*(4!-+,0/04)4! ,+.+5/0,! /T5+!%! P$IcY%Q!

(48!/<+!(:5<(!-1;14)/!0B!S@!5,0/+)4=!`)0.<+*=!`)05<T-=!O+-=!W0**14=!74V7!%e#�%fk=!

q(/-1T(*(7!m=7!(48!Y+,(-<)*(7!Y=! PkhhfQ=![+A+:05*+4/(:!(4(/0*T!0B!,++:+,!*1/(4/!*01-+=![+A=!

S,0l/<![)BB+,=!L+7!k]g�ke%=!

q(1B*(447!j=U=7!(48!>0-+,7!c=j=!PkhhhQ=![+48,)/).!(40*(:)+-!)4!8)-0,8+,-!(--0.)(/+8!l)/<!*+4/(:!

,+/(,8(/)04=!W+,+;=!W0,/+2!N=!m=!N!gffg!+M7!feg�ffg=!

q++B+7!O=@=U=7!`):8+,7!O=>=7![(A)-7!@=>=7!c(,A+T7!?=[=7!?(:*+,7!`=j=7!S0:87!&=>=7!>+:/C+,7!c=m=7!S,++47!

>=M=7!W(51(407!S=7!@/,0157!Y=@=7!+/!(:=!Pkhh]Q=!N+1,0.0D4)/)A+!+BB+./-!0B!(4/)5-T.<0/).!*+8).(/)04-!

)4!5(/)+4/-!l)/<!.<,04).!-.<)C05<,+4)(!)4!/<+!WKY_U!Y,)(:=!K,.<=!S+4=!?-T.<)(/,T!D57!%""�%#]=!

q)*7! K=@=7! q(Z(:)-7! L=Y=7! K;81:I>(4(47! N=7! L)17! S=K=7! (48! O0-+47!>=q=! PkhhhQ=! K1/0)4<);)/)04! (48!

(./)A(/)04!*+.<(4)-*-!0B!/<+!j)-Z0//IK:8,).<!-T48,0*+!5,0/+)4=!N(/1,+!5M57!g$g�g$e=!

q)*7! &=m=7! [1(47! n=7! L)17! W=m=7! &(4D7!>=Ic=7! S107! &=^=7! ?0lI(4504DZ1:7! N=7! q(4D7! U=7! @04D7! c=7! (48!

>)4D7!S=! PkhhfQ=![_@Wg! ,+D1:(/+-!4+l!4+1,04!8+A+:05*+4/! )4! /<+!(81:/!;,()4!A)(!*081:(/)04!0B!

KqYI*YVO!-)D4(:)4D!/<,01D<!q_KKgkgk=!N+1,04!D77!]%g�]]"=!

q)*7! @=Ic=7! q)*7! [=c=7! L++7! q=c=7! _*7! @=Iq=7! c1,7! U=I>=7! W<14D7! q=W=7! (48! O<)*7! c=! Pkhg#Q=! [),+./!

)4/+,(./)04!(48!B14./)04(:!.015:)4D!;+/l++4!<1*(4!$IcY%!,+.+5/0,!(48!/<+!:)D</!.<()4!g!-1;14)/!

0B!/<+!*).,0/1;1:+I(--0.)(/+8!5,0/+)4!g`!P>K?g`ILWgQ=!?:0@!V4+!V7!+fg#hk=!

q)*7!m=7!@14D7!&=m=7!W+D:)(7!_=7!L++7!q=Ij=7!K<47!&=Ic=7!c(:B0,87!&=>=7!q)*7!K=>=7!ql(Z7!@=?=7!?(,Z7!&=`=7!

c0!OT17!@=7!+/!(:=!Pkhh%Q=!?<0-5<0,T:(/)04!0B!jKXUg!,+D1:(/+-!(./)4!50:T*+,)C(/)04!(48!8+48,)/).!

-5)4+!*0,5<0:0DT=!N(/1,+!5547!eg#�eg]=!

q)4D7!>=X=7!@:+)D</7!K=&=7!j00::+T7!>=L=7!Y05<(*7!_=K=7!>(,-8+47!W=K=7!(48!M04+7!q=W=M=!Pkhh#Q=!$IcY%!

,+.+5/0,!(4/(D04)-/-!,+A+,-+!8+:(TI8+5+48+4/!8+B).)/-!)4!40A+:!0;E+./!8)-.,)*)4(/)04!;T!+4<(4.)4D!

.04-0:)8(/)04II(4! +BB+./! -+4-)/)A+! /0!N>[K! ,+.+5/0,! (4/(D04)-*=!N+1,05<(,*(.0:0DT!5J7! gf$�

kh#=!

q)T(-0A(7!X=7!(48!S(-5(,7!?=! PkhggQ=![+A+:05*+4/!0B!,(5<+!-+,0/04)4!4+1,04-!B,0*!-5+.)B).(/)04!

/0!D1)8(4.+=!U1,=!&=!N+1,0-.)=!757!g$$"�g$%k=!



!
gf#!

q07!&=7!c1*;+,/7!@=7!`,04-047!O=Y=7!Y(Z(<(-<)7!@=7!q1:Z(,4)7!K=`=7!L)7!U=7!(48!Y-()7!L=c=!PkhhgQ=!5"$!(48!

5"f!(,+!+--+4/)(:! B0,! .T.:)4I8+5+48+4/!Z)4(-+!$! B14./)04!81,)4D!4+1,08+A+:05*+4/=! &=!N+1,0-.)=!

VBB=!&=!@0.=!N+1,0-.)=!4+7!%]$e�%]]g=!

q0;+7!M=7!S1-+A(7![=7!&+4-+47!Y=?=7!j),/<7!K=7!O+44+,7!^=7!c+--7![=7!>�::+,7!>=7!>+8,)<(47!L=7!}<(4D7!

j=7!}<(4D7!>=7!+/!(:=!PkhgkQ=!$IcY]OsSgk!-)D4(:)4D!,+D1:(/+-!4+1,04(:!*0,5<0:0DT!(48!B14./)04!)4!

(4!(D+I8+5+48+4/!*(44+,=!&=!N+1,0-.)=!VBB=!&=!@0.=!N+1,0-.)=!747!kfg$�kf"h=!

q0<+47!O=7!M(-<)4D;(1+,7!L=K=7!c+)8*(447![=U=7!S1/<,)+7!W=O=7!(48!c(*;:)47!>=j=!PkhhgQ=!W:04)4D!

0B! /<+!*01-+! $IcY%! -+,0/04)4! ,+.+5/0,! (48!*1/(D+4+-)-! -/18)+-! 0B! /<+! /<),8! .T/05:(-*).! :005=!

`,()4!O+-=!>0:=!`,()4!O+-=!VM7!ggh�gg]=!

q0A(.-7!&=&=7!j<(:+47!U=&=7!L)17!O=7!n)(07!q=7!q)*7!&=7!W<+47!>=7!j(4D7!&=7!W<+47!j=7!(48!L+BZ0l)/C7!O=&=!

PkhheQ=! `+/(I(,,+-/)4I*+8)(/+8! :0.(:)C(/)04! 0B! -*00/<+4+8! /0! /<+! 5,)*(,T! .):)1*=! @.)+4.+! 74M7!

g]]]�g]eg=!

q,)+D-/+)47!K=O=7!(48!N0./0,7!@=W=!Pkhh#Q=!?(//+,4-!0B!4+1,04(:!*)D,(/)04!)4!/<+!+*;,T04).!.0,/+2=!

Y,+48-!N+1,0-.)=!4J7!"fk�"ff=!

q1:Z(,4)7! X=K=7! (48! M),+-/+)47! `=L=! PkhgkQ=! Y<+! 8+48,)/).! /,++! (48! ;,()4! 8)-0,8+,-=! >0:=! W+::=!

N+1,0-.)=!LM7!gh�kh=!

q1*(,7! X=7! }<(4D7! >=In=7! @l(4Z7! >=j=7! q14C7! &=7! (48!j17! S=Im=! Pkhh$Q=! O+D1:(/)04! 0B! 8+48,)/).!

*0,5<0D+4+-)-!;T!O(-I?_"qIKZ/I*YVO!(48!O(-I>K?q!-)D4(:)4D!5(/<l(T-=!&=!N+1,0-.)=!VBB=!&=!@0.=!

N+1,0-.)=!4L7!ggkee�ggkff=!

q107!S=7!K,4(187!L=7!q,04-/(8IV'`,)+47!?=7!(48!W005+,7!&=K=!Pkhh$Q=!K;-+4.+!0B!MT4!(48!@,.!.(1-+-!(!

,++:+,I:)Z+!5<+40/T5+=!&=!N+1,0-.)=!VBB=!&=!@0.=!N+1,0-.)=!4L7!e$]e�e$e%=!

q1-(Z(l(7! S=7! @()/07! Y=7! V41Z)7! O=7! _-<)D1,07! q=7! q)-<)*0/07! Y=7! (48! c)-(4(D(7! @=! PkhhhQ=! W(:5()4I

8+5+48+4/! 5,0/+0:T/).! .:+(A(D+! 0B! /<+! 5"$! .T.:)4I8+5+48+4/! Z)4(-+! $! (./)A(/0,! /0! 5k$=! &=! `)0:=!

W<+*=!4JL7!g]g%%�g]g]k=!

q1/C:+;7! W=7! @(48+,-7!S=7! m(*(*0/07! O=7!j(4D7! n=7! L).</+7! `=7! ?+/,(-.<I?(,l+C7! U=7! (48! q):)*(447!

>=j=!PgffeQ=!?(,(:+**)47!(!5,+4T:I5(:*)/0T:I(4.<0,+8!5<0-5<05,0/+)4!(;148(4/!)4!4+1,04-!(48!

)*5:).(/+8!)4!5:(-*(!*+*;,(4+!8T4(*).-!(48!.+::!5,0.+--!B0,*(/)04=!&=!W+::!`)0:=!+577!]f$�eg"=!

qA(.<4)4(7!U=7!L)17!S=7![)/T(/+A7!K=7!O+44+,7!^=7![1*1)-7!K=7!O).</+,7![=j=7![)/T(/+A(7!S=7!@.<(.<4+,7!

>=7!X0T40Im(-+4+/-Z(T(7!Y=K=7!(48!?04)*(-Z)47!U=S=!Pkhh$Q=!$IcY]!,+.+5/0,!)-!.015:+8!/0!S!(:5<(!

-1;14)/-!0B!<+/+,0/,)*+,).!SgkI5,0/+)4!/0!,+D1:(/+!D+4+!/,(4-.,)5/)04!(48!4+1,04(:!*0,5<0:0DT=!

&=!N+1,0-.)=!VBB=!&=!@0.=!N+1,0-.)=!4L7!]ekg�]e"h=!

!
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L(8(,,+7! [=7! O0:(487! K=`=7! `)+8C)4-Z)7! @=7! O).0;(,(C(7! K=7! (48! L+4Z+)7! }=! Pkhg#Q=! ?0:(,)C+8! .+::1:(,!

5(//+,4-!0B!+480.(44(;)40)8!5,081./)04!(48!8+/+./)04! -<(5+! .(44(;)40)8! -)D4(:)4D! )4!4+1,04-=!

M,04/=!W+::=!N+1,0-.)=!87!#k%=!

L()7!q=IV=7!j04D7!K=@=L=7!W<+14D7!>=IW=7!n17!?=7!L)(4D7!}=7!L0Z7!q=IW=7!n)+7!c=7!?(:Z07!>=U=7!m14D7!j=Ic=7!

Y+--(,0::07! L=7! +/! (:=! PkhgkQ=! Y,Z`! 5<0-5<0,T:(/)04! ;T! W8Z$! )-! ,+31),+8! B0,! (./)A)/TI8+5+48+4/!

-/,1./1,(:!5:(-/).)/T!(48!-5(/)(:!*+*0,T=!N(/=!N+1,0-.)=!+L7!g$h%�g$g$=!

L(:)0/)7! X=7! ?1:)807! [=7! (48! @(480A(:7! _=X=! PkhghQ=! W8Z$7! /<+! *1:/)B14./)04(:! -1,A+T0,=! W+::! WT.:+!

S+0,D+/=!Y+2!V7!ke#�"gg=!

L+;+4-0<47! K=>=7! (48! q),-.<4+,7! >=j=! PkhhfQ=! K./)A(/)04! 0B! /<+! jKXU! .0*5:+2! ;T! .0)4.)8+4/!

-)D4(:-!.04/,0:-!(./)4!(--+*;:T=!>0:=!W+::!7D7!$gk�$k#=!

L++7! U=7! (48! @047! c=! PkhhfQ=! K81:/! <)550.(*5(:! 4+1,0D+4+-)-! (48! ,+:(/+8! 4+1,0/,05<).! B(./0,-=!

`>`!O+5=!547!k"f�k##=!

L++7!&=c=7!(48!S:++-047!&=S=!PkhghQ=!Y<+!,0:+!0B!5,)*(,T!.):)(! )4!4+1,04(:!B14./)04=!N+1,0;)0:=![)-=!

787!g%]�g]k=!

L++7! >=@=7! ql047! m=Y=7! L)7! >=7! ?+4D7! &=7! M,)+8:(48+,7! O=>=7! (48! Y-()7! L=c=! PkhhhQ=! N+1,0/02).)/T!

)481.+-!.:+(A(D+!0B!5"$!/0!5k$!;T!.(:5()4=!N(/1,+!5ML7!"%h�"%#=!

L+);0l)/C7!@=M=7!j+)--7!S=M=7!(48!@1<7!&=@=!PgffhQ=!>+8)(:!<T50/<(:(*).!41.:+)!*+8)(/+!-+,0/04)4'-!

)4<);)/0,T!+BB+./!04!B++8)4D!;+<(A)0,=!?<(,*(.0:=!`)0.<+*=!`+<(A=!7J7!]"$�]#k=!

L+/+,,)+,7! W=7! L()467! &=7! [(,*047! >=7! `018)47! c=7! O0--)+,7! &=7! (48! L+4Z+)7! }=! Pkhh%Q=! W04-/)/1/)A+!

(./)A(/)04!8,)A+-!.0*5(,/*+4/I-+:+./)A+!+480.T/0-)-!(48!(204(:! /(,D+/)4D!0B! /T5+!g!.(44(;)40)8!

,+.+5/0,-=!&=!N+1,0-.)=!VBB=!&=!@0.=!N+1,0-.)=!4D7!"g#g�"g$"=!

L+l)-7![=K=7!c(-<)*0/07!Y=7!(48!X0:Z7![=j=!Pkhh$Q=!W0,/).(:! )4<);)/0,T!4+1,04-!(48!-.<)C05<,+4)(=!

N(/=!O+A=!N+1,0-.)=!D7!"gk�"k#=!

L)7!`=@=7!@147!>=q=7!}<(4D7!L=7!Y(Z(<(-<)7!@=7!>(7!j=7!X)4(8+7!L=7!q1:Z(,4)7!K=`=7!`,(8T7!O=V=7!(48!?(4/7!

c=W=!PkhhgQ=!O+D1:(/)04!0B!N>[K!,+.+5/0,-!;T!.T.:)4I8+5+48+4/!Z)4(-+I$=!?,0.=!N(/:=!K.(8=!@.)=!^=!

@=!K=!V87!gk]#k�gk]#]=!

L)+;+47!W=q=&=7!`:0Z:(487!K=7!@)Z7!K=7!@14D7!U=7!A(4!N)+1l+4<1)C+47!?=7!(48!@.<,+);+,7!O=!Pkhh$Q=!Y<+!

-+:+./)A+!$IcY%!,+.+5/0,!(4/(D04)-/!O0#"%e$$#!,+-/0,+-!*+*0,T!5+,B0,*(4.+!)4!.<0:)4+,D).!(48!

-+,0/04+,D).!*08+:-!0B!*+*0,T!8+B).)+4.T!)4!/<+!,(/=!N+1,05-T.<05<(,*(.0:=!VBB=!?1;:=!K*=!W0::=!

N+1,05-T.<05<(,*(.0:=!7M7!kg%f�kg]f=!

!
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L)*7![=K=7!M:(*+-7!N=7!W0::(807!L=7!(48!c+,,+,(7![=S=!PkhhkQ=!_4A+-/)D(/)4D!/<+!1-+!0B!5,)*(,T!(81:/!

-1;A+4/,).1:(,!C04+!4+1,(:!5,+.1,-0,!.+::-!B0,!4+1,04(:!,+5:(.+*+4/!/<+,(5)+-=!`,()4!O+-=!`1::=!LJ7!

]$f�]%#=!

L�5+CI`+48)/07!S=7!W(1/)4(/7!K=7!@~4.<+C7! &=K=7!`)+::+7!M=7!M:(*+-7!N=7!S(,,(//7!K=N=7!Y(:*(D+7![=K=7!

O0:+7! L=j=7! W<(,4(T7! ?=7! >(,x47! V=7! +/! (:=! Pkhh%Q=! Y(4D+4/)(:! 4+1,04(:! *)D,(/)04! .04/,0:-! (204!

D1)8(4.+R!(!,0:+!B0,!4+1,+D1:)4Ig!)4!/<(:(*0.0,/).(:!(204!4(A)D(/)04=!W+::!+4L7!gk]�g#k=!

L1.Z)7!_=!PgffeQ=!Y<+!-5+./,1*!0B!;+<(A)0,-!)4B:1+4.+8!;T!-+,0/04)4=!`)0:=!?-T.<)(/,T!557!g$g�g%k=!

L107!L=!PkhhkQ=!K./)4!.T/0-Z+:+/04!,+D1:(/)04!)4!4+1,04(:!*0,5<0D+4+-)-!(48!-/,1./1,(:!5:(-/).)/T=!

K441=!O+A=!W+::![+A=!`)0:=!+87!%hg�%"$=!

M 

>(,(CC)/)7![=7!`(,04)7!@=7!?),04+7!K=7!S)(44(..)4)7!S=7!`+//)7!L=7!@.<*)87!L=7!X(//+,04)7!U=7!?(:+D07!L=7!

`0,-)4)7!M=7!`0,8)7!M=7!+/!(:=! PkhgkQ=![)-/,);1/)04!0B!-+,0/04)4! ,+.+5/0,!0B! /T5+!%! P$IcY�Q! )4!<1*(4!

;,()4! 50-/I*0,/+*=! K! 5<(,*(.0:0DT7! (1/0,(8)0D,(5<T! (48! )**140<)-/0.<+*)-/,T! -/18T=!

N+1,0.<+*=!O+-=!7J7!fkh�fk]=!

>(,(CC)/)7! [=7! `(,04)7! @=7! ?),04+7! K=7! S)(44(..)4)7! S=7! `+//)7! L=7! Y+-/(7! S=7! @.<*)87! L=7! ?(:+D07! L=7!

`0,-)4)7!M=7!`0,8)7!M=7!+/!(:=!Pkhg"Q=!@+,0/04)4!,+.+5/0,!0B!/T5+!%!P$IcY%Q!)4!<1*(4!5,+B,04/(:!.0,/+2!

(48! <)550.(*51-! 50-/I*0,/+*R! (4! )**140<)-/0.<+*).(:! (48! )**140B:10,+-.+4.+! -/18T=!

N+1,0.<+*=!_4/=!D47!gek�gee=!

>(,x47!V=7!m(,047!K=7!`(D,)7!K=7!Y+--)+,IL(A)D4+7!>=7!(48!O1;+4-/+)47!&=L=!PkhhgQ=!@0,/)4D!0B!-/,)(/(:!

(48!.0,/).(:!)4/+,4+1,04-!,+D1:(/+8!;T!-+*(5<0,)4I4+1,05):)4!)4/+,(./)04-=!@.)+4.+!4V77!e]k�e]$=!

>(,x47! V=7! X(:8+0:*)::0-7! >=7! (48! >0T(7! M=! Pkhh%Q=! N+1,04-! )4! *0/)04R! -(*+! 5,)4.)5:+-! B0,!

8)BB+,+4/!-<(5+-{!Y,+48-!N+1,0-.)=!4V7!%$$�%%g=!

>(,x47!V=7!X(:)+4/+7!>=7!S+7!n=7!(48!Y-()7!L=Ic=!PkhghQ=!S1)8)4D!4+1,04(:!.+::!*)D,(/)04-=!W0:8!@5,)4D!

c(,;=!?+,-5+./=!`)0:=!47!(hhge"#=!

>(-1<07! _=7! >0/0/(4)7! m=7! @(<(,(7! m=7! K-(*)7! &=7! N(Z(*1,(7! @=7! q0C(-(7! Y=7! (48! _401+7! Y=! PkhheQ=!

[T4(*).!+25,+--)04!5(//+,4-!0B!S!5,0/+)4I,+D1:(/+8!)481.+,!0B!4+1,)/+!01/D,0l/<!g!PSO_NgQ!(48!

)/-! .0:0.(:)C(/)04!l)/<!S(:5<(0! )*5:).(/+! -)D4)B).(4/! ,0:+-!0B!S(:5<(0ISO_Ng!-)D4(:)4D! )4!4+,A01-!

-T-/+*=![+A=![T4=!VBB=!?1;:=!K*=!K--0.=!K4(/=!47J7!k#g$�k#kf=!

[)!>(//+07!X=7![+!`:(-)7!K=7![)!S)1:)07!W=7!(48!U-50-)/07!U=!PkhhgQ=!O0:+!0B!$IcYPkWQ!,+.+5/0,-!)4!/<+!

.04/,0:!0B!.+4/,(:!805(*)4+!B14./)04=!Y,+48-!?<(,*(.0:=!@.)=!447!kkf�k"k=!

>(//)-047!c=K=7!?050AZ)4(7![=7!q(07! &=?=m=7! (48!Y<0*5-047! @=>=! Pkhg#Q=! Y<+! ,0:+!0B! D:1/(*(/+! )4!

/<+!*0,5<0:0D).(:!(48!5<T-)0:0D).(:!8+A+:05*+4/!0B!8+48,)/).!-5)4+-=!U1,=!&=!N+1,0-.)=!7V7!g]%g�

g]]h=!
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>+BB,+7! &=7! W<(1*04/I[1;+:7! @=7!>(4401,T! :(! W01,7! W=7! L0)-+(17! M=7!j(/-047![=&=S=7! [+Z+T4+7! K=7!

@6A+407!>=7!O)A+/7!&=I>=7!S(A+47!M=7![6:6,)-7!?=7!+/!(:=!PkhgkQ=!$IcYP%Q!,+.+5/0,!,+.,1)/*+4/!0B!*YVO!

(-!(!*+.<(4)-*!B0,!5+,/1,;+8!.0D4)/)04!)4!-.<)C05<,+4)(=!U>`V!>0:=!>+8=!57!gh#"�gh$%=!

>+480C(7! >=W=! Pkhg"Q=! ?<0-5<0,+D1:(/)04! 0B! /<+! jKXU! ,+D1:(/0,T! .0*5:+2! (48! -)D4(:!

)4/+D,(/)04=!@+*)4=!W+::![+A=!`)0:=!457!k]k�k]f=!

>)Z)7!c=7!@1+/-1D17!@=7!(48!Y(Z+4(l(7!Y=! PgffeQ=!jKXU7!(!40A+:!jK@?IB(*):T!5,0/+)4! )4A0:A+8! )4!

(./)4!,+0,D(4)C(/)04!)481.+8!;T!O(.=!U>`V!&=!+J7!%f"k�%f#g=!

>)::(47! >=&=7! >(,)47! ?=7! `0.Z(+,/7! &=7! (48! >(4401,T! :(! W01,7! W=! PkhheQ=! @)D4(:)4D! (/! SI5,0/+)4I

.015:+8!-+,0/04)4!,+.+5/0,-R!,+.+4/!(8A(4.+-!(48!B1/1,+!,+-+(,.<!8),+./)04-=!Y,+48-!?<(,*(.0:=!

@.)=!4V7!#$#�#%#=!

>)::(47!>=&=7!KD)87! m=7!`,�4+7!>=7!`1::*0,+7! U=Y=7!W(,/+,7!W=@=7!W:(T/047!N=@=7!W0440,7!O=7![(A)-7! @=7!

[+(Z)47! `=7! [+O1;+)-7! O=&=7! +/! (:=! PkhgkQ=! W0D4)/)A+! 8T-B14./)04! )4! 5-T.<)(/,).! 8)-0,8+,-R!

.<(,(./+,)-/).-7!.(1-+-!(48!/<+!31+-/!B0,!)*5,0A+8!/<+,(5T=!N(/=!O+A=![,1D![)-.0A=!++7!g#g�g%e=!

>)/.<+::7! U=@=7! (48! N+1*()+,7! &=M=! Pkhh$Q=! $IcY%! ,+.+5/0,-R! (! 40A+:! /(,D+/! B0,! .0D4)/)A+!

+4<(4.+*+4/=!?<(,*(.0:=!Y<+,=!+M87!"kh�"""=!

N 

N(Z(/(7! c=7! (48! q0C(-(7! Y=! Pkhh$Q=! M14./)04(:! .<(,(./+,)C(/)04! 0B! S(:5<(0! -)D4(:)4D! /<,01D<! S!

5,0/+)4I,+D1:(/+8!)481.+,!0B!4+1,)/+!01/D,0l/<!g=!>0:=!?<(,*(.0:=!DJ7!%f$�]hk=!

N(,;012IN\*+7!N=7!K4D+4(,87!S=7!>0-)+4Z07!X=7!q:+*5)47!M=7!?)/T.<01/)-7!?=>=7![+4+,)-7!U=7!`(8+,7!

>=7!S),0-7!`=7!K:+4)4(7!N=7!(48!S(-5(,7!?=!Pkhg"Q=!?0-/4(/(:!D,0l/<!8+B+./-!)4!*).+!l)/<!.04-/)/1/)A+!

8+5:+/)04!0B!.+4/,(:!-+,0/04)4=!KW@!W<+*=!N+1,0-.)=!57!g]g�geg=!

N).<0:-7![=U=7!(48!N).<0:-7!W=[=!PkhheQ=!@+,0/04)4!,+.+5/0,-=!W<+*=!O+A=!+M87!g%g#�g%#g=!

N)+/<(**+,7!>=7! @*)/<7! [=@=7! KT(:(7! O=7! ?+4D7! &=7! q07! &=7! L++7!>=@=7!>0,(;)/07!>=7! (48! Y-()7! L=c=!

PkhhhQ=!N^[UL!)-!(!40A+:!W8Z$!-1;-/,(/+!/<(/!(--0.)(/+-!l)/<!L_@g!(48!.T/05:(-*).!8T4+)4=!N+1,04!

487!%f]�]gg=!

L0!N)D,07!W=7!W<04D7!W=@=7!@*)/<7!K=W=7![0;T4-7!j=`=7!W(,,0CC07!O=7!(48!L+8;+//+,7![=c=!Pgff]Q=!?0)4/!

*1/(/)04-! (48! (4! )4/,(D+4).! 8+:+/)04! )4! L_@g7! /<+! :)--+4.+5<(:T! .(1-(/)A+! D+4+! )4! )-0:(/+8!

:)--+4.+5<(:T!-+31+4.+!(48!>)::+,I[)+Z+,!-T48,0*+=!c1*=!>0:=!S+4+/=!D7!g$]�g%#=!

N)Z0:).7! >=7! [18+Z7! c=7! ql047! m=Y=7! O(*0-7! m=M=7! (48! Y-()7! L=c=! Pgff%Q=! Y<+! .8Z$s5"$! Z)4(-+! )-!

+--+4/)(:!B0,!4+1,)/+!01/D,0l/<!81,)4D!4+1,04(:!8)BB+,+4/)(/)04=!S+4+-![+A=!+M7!eg%�ek$=!

N)Z0:).7! >=7! W<017! >=>=7! L17! j=7! >(T+,7! `=&=7! (48! Y-()7! L=c=! PgffeQ=! Y<+! 5"$sW8Z$! Z)4(-+! )-! (!

4+1,04I-5+.)B).!O(.!+BB+./0,!/<(/!)4<);)/-!?(Zg!(./)A)/T=!N(/1,+!7VL7!gf#�gfe=!
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V8(E)*(7! &=7!j)::-7! }=?=7! N8(--(7! m=>=7! Y+,141*(7!>=7! q,+/-.<*(440A(7! q=7! [++;7! Y=}=7! S+4D7! m=7!

S(l,C(Z7!@=7!b1(8,0-7!_=>=7!N+l*(47!&=7!+/!(:=!PkhggQ=!WT.:)4!U!.04-/,()4-!W8Z$!(./)A)/T!/0!,+D1:(/+!

-T4(5/).!5:(-/).)/T!(48!*+*0,T!B0,*(/)04=![+A=!W+::!4+7!%$$�%%e=!

V:-+47!>=K=7!N(l0-.<)Z7!@=?=7!@.<1,*(47!`=O=7!@.<*)//7!c=L=7!`1,407!>=7!@*)/<7![=L=7!(48!@.<+.</+,7!

L=U=! PgfffQ=! _8+4/)B).(/)04! 0B! (! <1*(4! $IcY%! ,+.+5/0,! A(,)(4/! 5,081.+8! ;T! (:/+,4(/)A+! -5:).)4D=!

`,()4!O+-=!>0:=!`,()4!O+-=!D57!k$$�k%"=!

V:A+,(IW0,/6-7! >=U=7! K4D1)(40IO08,xD1+C7! ?=7! L�5+CIX~C31+C7! >=K=7! (48! K:B(,07! &=>=W=! PkhheQ=!

@+,0/04)4s805(*)4+!)4/+,(./)04!)4!:+(,4)4D=!?,0D=!`,()4!O+-=!+J47!$%]�%hk=!

P 

?(5(7! >=7! `148*(47! >=W=7! S,++4;+,D+,7! X=7! (48! @+D(:7! >=! Pgff$Q=! >0,5<0:0D).(:! (4(:T-)-! 0B!

8+48,)/).!-5)4+!8+A+:05*+4/!)4!5,)*(,T!.1:/1,+-!0B!<)550.(*5(:!4+1,04-=!&=!N+1,0-.)=!VBB=!&=!@0.=!

N+1,0-.)=!+L7!g�gg=!

?(,Z7!c=7!(48!?007!>=!Pkhg"Q=!N+1,0/,05<)4!,+D1:(/)04!0B!4+1,(:!.),.1)/!8+A+:05*+4/!(48!B14./)04=!

N(/=!O+A=!N+1,0-.)=!+57!]�k"=!

?+4.+(7! X=7! `)4D(*(47! q=[=7! j)+D(487! @=&=7! (48! L1-Z)47! >=`=! PkhhgQ=! _4B1-)04! 0B! ;,()4I8+,)A+8!

4+1,0/,05<).! B(./0,! )4/0! /<+! :(/+,(:! A+4/,).:+! 0B! /<+! (81:/! ,(/! :+(8-! /0! 4+l! 4+1,04-! )4! /<+!

5(,+4.<T*(! 0B! /<+! -/,)(/1*7! -+5/1*7! /<(:(*1-7! (48! <T50/<(:(*1-=! &=! N+1,0-.)=! VBB=! &=! @0.=!

N+1,0-.)=!4+7!%]h%�%]g]=!

?+/+,-7! K=7! (48! q()-+,*(4IK;,(*0B7! _=O=! Pgf]hQ=! Y<+! -*(::! 5T,(*)8(:! 4+1,04!0B! /<+! ,(/! .+,+;,(:!

.0,/+2=!Y<+!5+,)Z(,T047!8+48,)/+-!(48!-5)4+-=!K*=!&=!K4(/=!+4J7!"kg�"$$=!

?04)*(-Z)47! U=7! X0T40Im(-+4+/-Z(T(7! Y=7! O).</+,7! [=j=7! @.<(.<4+,7! >=7! (48! [)/T(/+A7! K=! Pkhh]Q=!

>0,5<0D+4).! -)D4(:)4D! )4! 4+1,04-! A)(! 4+1,0/,(4-*)//+,! ,+.+5/0,-! (48! -*(::! SY?(-+-=! >0:=!

N+1,0;)0:=!7L7!k]e�ke]=!

?04)*(-Z)47! U=S=7! ?,0B),0A).7! &=7! X()-Z14()/+7! O=7! O).</+,7! [=j=7! (48! X0T40Im(-+4+/-Z(T(7! Y=K=!

PkhhkQ=!$IcT8,02T/,T5/(*)4+!#P(Q!,+.+5/0,!)-!.015:+8!/0!/<+!S(:5<(!-1;14)/!0B!<+/+,0/,)*+,).!Sg"!

5,0/+)4=!&=!`)0:=!W<+*=!4JJ7!khegk�khegf=!

!

!



!
gff!

R 

O(D:(487! &=[=7! m0047! &=7! >)4C+4;+,D7! >=&=7! (48! W(,/+,7! W=@=! Pkhh]Q=! N+1,0)*(D)4D! 0B! .0D4)/)A+!

8)-(;):)/T! )4! -.<)C05<,+4)(R! -+(,.<! B0,! (! 5(/<05<T-)0:0D).(:! *+.<(4)-*=! _4/=! O+A=! ?-T.<)(/,T!

K;)4D804!U4D:=!+V7!#g]�#k]=!

O(550,/7!>=>=7!S,++47!K=K=7!(48!?(D+7!_=c=!Pgf#eQ=!@+,1*!A(-0.04-/,)./0,7!-+,0/04)4F!)-0:(/)04!(48!

.<(,(./+,)C(/)04=!&=!`)0:=!W<+*=!+JD7!gk#"�gk$g=!

O+8*0487!L=7!q(-<(4)7!K=c=7!(48!S<0-<7!K=!PkhhkQ=!W(:.)1*!,+D1:(/)04!0B!8+48,)/).!D,0l/<!A)(!W(>!

Z)4(-+!_X!(48!WOU`I*+8)(/+8!/,(4-.,)5/)04=!N+1,04!757!fff�ghgh=!

O)..)(,8)7!@=7!`0DD)07!U=>=7!S,0--07!@=7!L04+//)7!S=7!M0,:(4)7!S=7!@/+B(4+::)7!S=7!W(:.(D407!U=7!>0,+::07!

N=7! L(48-;+,D+,7! N=7! `)BB07! @=7! +/! (:=! PkhggQ=! O+81.+8! KqYs*YVO! -)D4(:)4D! (48! 5,0/+)4! -T4/<+-)-!

8T-,+D1:(/)04!)4!(!O+//!-T48,0*+!(4)*(:!*08+:=!c1*=!>0:=!S+4+/=!4M7!ggek�ggf%=!

O)..)07!V=7!?0//+,7!S=7!j(:C+,7!W=7!X(::+/7!?=7!@C(;�7!S=7!X1/-Z)/-7!L=7!q)--7!&=}=7!(48![(T+,7!K=S=!PkhhfQ=!

U2.+--!0B!-+,0/04)4!(BB+./-!+*;,T04).! )4/+,4+1,04!*)D,(/)04!/<,01D<!(./)A(/)04!0B!/<+!-+,0/04)4!

,+.+5/0,!%=!>0:=!?-T.<)(/,T!+57!keh�kfh=!

O)..)07!V=7!&(.0;-<(D+47!>=7!S0:8)4D7!`=7!X1/-Z)/-7!L=7!&(;(18047![=7!c0,414D7!&=?=7!(48![(T+,7!K=S=!

PkhggQ=!U2.+--!0B! -+,0/04)4!(BB+./-!4+0.0,/).(:!5T,(*)8(:!4+1,04!*)D,(/)04=!Y,(4-:=!?-T.<)(/,T!+7!

+#]=!

O)+*+,7! W=7! `0,,04)7! U=7! L+A+/IY,(B)/7! `=7!>(,/)47! &=O=7! ?0:)7! @=7! ?0,/+,7! O=c=?=7! (48! `�-7!>=! Pkhh"Q=!

_4B:1+4.+! 0B! /<+! $IcY%! ,+.+5/0,! 04! (.+/T:.<0:)4+! ,+:+(-+! )4! /<+! .0,/+2R! 5<(,*(.0:0D).(:!

.<(,(./+,)C(/)04! 0B! #IPkI;,0*0I%I5T,,0:)8)4IgIT:5T,)8)4+I#I-1:B04T:Q5<+4T:(*)4+7! (! 50/+4/! (48!

-+:+./)A+!$IcY%!,+.+5/0,!(4/(D04)-/=!&=!>+8=!W<+*=!5D7!gk]"�gk]%=!

O0;+,/-7! &=W=7!O+(A)::7!W=7!U(-/7!@=}=7!c(,,)-047!?=&=7!?(/+:7!@=7!O01/:+8D+7!W=7!(48!L+-:)+7!O=K=! PkhhkQ=!

Y<+! 8)-/,);1/)04! 0B! $IcYP%Q! ,+.+5/0,-! )4! ,(/! ;,()4R! (4! (1/0,(8)0D,(5<).! ;)48)4D! -/18T! 1-)4D! /<+!

,(8)0:(;+::+8!$IcYP%Q!,+.+5/0,!(4/(D04)-/!�Pgk$Q_�@`Ik$e$e$=!`,()4!O+-=!V757!#f�$]=!

O08(:7!K=K=7!@0Z0:0A(7!V=7!O0;)4-7![=`=7![(1D<+,/T7!q=>=7!c)55+4*+T+,7!@=7!O)+C*(47!c=7!S,)D0,)+BB7!

N=7! (48! S008+7! `=L=! Pkhh$Q=! W04B0,*(/)04(:! .<(4D+-! )4! /<+! K,5ks"! .0*5:+2! :+(8)4D! /0! (./)4!

41.:+(/)04=!N(/=!@/,1./=!>0:=!`)0:=!+47!k%�"g=!

O01--)D40:7! S=7! K4D07! M=7! O0*0,)4)7! @=7! Y17! &=W=7! @(:(7! W=7!j0,:+T7! ?=M=7! `0.Z(+,/7! &=7! (48! M(D4)7! L=!

Pkhh$Q=! @<(4Z! +25,+--)04! )-! -1BB).)+4/! /0! )481.+! B14./)04(:! 8+48,)/).! -5)4+! -T4(5-+-! )4! (-5)4T!

4+1,04-=!&=!N+1,0-.)=!VBB=!&=!@0.=!N+1,0-.)=!4L7!"$%h�"$]h=!

O1(/7! >=7! Y,()BB0,/7! U=7! K,,(4D7! &=>=7! Y(,8)A+:IL(.0*;+7! &=7! [)(C7! &=7! L+1,-7! O=7! (48! @.<l(,/C7! &=W=!

Pgff"Q=!K!40A+:!,(/!-+,0/04)4!P$IcY%Q!,+.+5/0,R!*0:+.1:(,!.:04)4D7!:0.(:)C(/)04!(48!-/)*1:(/)04!0B!

.K>?!(..1*1:(/)04=!`)0.<+*=!`)05<T-=!O+-=!W0**14=!+V77!k%e�k]%=!



!
khh!

S 

@()/07!Y=7!V41Z)7!O=7!M1E)/(7!m=7!q1-(Z(l(7!S=7!_-<)D1,07!q=7!`);;7!&=K=7!q)-<)*0/07!Y=7!(48!c)-(4(D(7!@=!

Pkhh"Q=! [+A+:05*+4/(:! ,+D1:(/)04! 0B! /<+! 5,0/+0:T-)-! 0B! /<+! 5"$! .T.:)4I8+5+48+4/! Z)4(-+! $!

(./)A(/0,!;T!5<0-5<0,T:(/)04=!&=!N+1,0-.)=!VBB=!&=!@0.=!N+1,0-.)=!477!ggef�ggf]=!

@.<+.</+,7!L=U=7!L)47!b=7!@*)/<7![=L=7!}<(4D7!S=7!@<(47!b=7!?:(//7!`=7!`,(48/7!>=O=7![(l-047!L=K=7!W0:+7!

[=7!`+,40/(-7!O=7!+/!(:=!PkhheQ=!N+1,05<(,*(.0:0D).(:!5,0B):+!0B!40A+:!(48!-+:+./)A+!$IcY%!,+.+5/0,!

(D04)-/-R! jKmIgegge]! (48! jKmIkhe#%%=! N+1,05-T.<05<(,*(.0:=! VBB=! ?1;:=! K*=! W0::=!

N+1,05-T.<05<(,*(.0:=!777!g"k"�g""$=!

@<(<7!q=7!(48!L(<),)7![=q=!Pkhg#Q=!W8Z$!(./)A)/T!)4!/<+!;,()4!I!*1:/)5:+!5(/<-!0B!,+D1:(/)04=!&=!W+::!@.)=!

+4J7!k"fg�k#hh=!

@<(E);7! >=@=7! (48! q<(47! j=_=! Pkhg$Q=! Y<+! ,0:+! 0B! -+,0/04)4! (48! )/-! ,+.+5/0,-! )4! (./)A(/)04! 0B!

)**14+!,+-504-+-!(48!)4B:(**(/)04=!K./(!?<T-)0:=!V2B=!U4D:=!4+77!$%g�$]#=!

@<(,*(7! K=7! c0+BB+,7! W=K=7! Y(Z(T(-17! m=7! >)T(l(Z)7! Y=7! >.`,)8+7! @=>=7! q:(447! U=7! (48! }1Z)47! O=@=!

PkhghQ=![T-,+D1:(/)04!0B!*YVO!-)D4(:)4D! )4! B,(D):+!n!-T48,0*+=!&=!N+1,0-.)=!VBB=! &=!@0.=!N+1,0-.)=!

7M7!%f#�]hk=!

@<)7! @=Ic=7! &(47! L=m=7! (48! &(47! m=IN=! Pkhh"Q=! c)550.(*5(:! 4+1,04(:! 50:(,)/T! -5+.)B)+8! ;T! -5(/)(::T!

:0.(:)C+8!*?(,"s*?(,%!(48!?_!"IZ)4(-+!(./)A)/T=!W+::!++47!%"�]$=!

@<17!Y=7!KT(:(7!O=7!ND1T+47!>=I[=7!n)+7!}=7!S:++-047!&=S=7!(48!Y-()7!L=Ic=!Pkhh#Q=!N8+:g!05+,(/+-!)4!(!

.0**04! 5(/<l(T! l)/<! L_@g! (48! .T/05:(-*).! 8T4+)4! /0! ,+D1:(/+! .0,/).(:! 4+1,04(:! 50-)/)04)4D=!

N+1,04!557!k%"�k]]=!

[(! @):A(7! &=@=7! (48! [0//)7! W=S=! PkhhkQ=! `,+(Z)4D! /<+! 4+1,04(:! -5<+,+R! ,+D1:(/)04! 0B! /<+! (./)4!

.T/0-Z+:+/04!)4!4+1,)/0D+4+-)-=!N(/=!O+A=!N+1,0-.)=!77!%f#�]h#=!

@)*5-047! U=c=7! q+::+4804Z7! W=7! (48! q(48+:7! U=! PkhghQ=! K! 50--);:+! ,0:+! B0,! /<+! -/,)(/1*! )4! /<+!

5(/<0D+4+-)-!0B!/<+!.0D4)/)A+!-T*5/0*-!0B!-.<)C05<,+4)(=!N+1,04!DL7!$e$�$f%=!

@)47!j=W=7! c((-7! q=7! O1/<(C+,7! U=@=7! (48! W:)4+7! c=Y=! PkhhkQ=! [+48,)/+! D,0l/<! )4.,+(-+8! ;T! A)-1(:!

(./)A)/T!,+31),+-!N>[K!,+.+5/0,!(48!O<0!SY?(-+-=!N(/1,+!5+V7!#]$�#eh=!

@)4D<7!q=q=7!S+7!n=7!>(07!m=7![,(4+7!L=7!>+:+/)-7!q=7!@(*1+:-7!`=K=7!(48!Y-()7!L=Ic=!PkhghQ=![)28.g!)-!(!

.,)/).(:!,+D1:(/0,!0B![_@Wg!(48!+*;,T04).!.0,/).(:!8+A+:05*+4/=!N+1,04!DJ7!""�#e=!

@*)/<7![=@=7!N)+/<(**+,7!>=7!KT(:(7!O=7!}<017!m=7!S(*;+::07!>=&=7!jT4-<(lI`0,)-7!K=7!(48!Y-()7!L=c=!

PkhhhQ=!O+D1:(/)04!0B!.T/05:(-*).!8T4+)4!;+<(A)01,!(48!*).,0/1;1:+!0,D(4)C(/)04!;T!*(**(:)(4!

L)-g=!N(/=!W+::!`)0:=!47!]%]�]]$=!

!
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@*)/<7!?=[=7!W,0.Z+,7!@=&=7!&(.Z-04IL+l)-7!X=7!&0,8(4I@.)1//07!q=L=7!c(T:+T7!@=7!>014/7!>=?=7!V'c(,+7!

>=&=7! W(::(D<(47! @=7! @:(.Z7! O=@=7! ?,C+8;0,-Z)7! @=7! +/! (:=! Pkhh"Q=! WT.:)4I8+5+48+4/! Z)4(-+! $! )-! (!

*+8)(/0,!0B!805(*)4+,D).!4+1,04!:0--!)4!(!*01-+!*08+:!0B!?(,Z)4-04'-!8)-+(-+=!?,0.=!N(/:=!K.(8=!

@.)=!^=!@=!K=!+MM7!g"%$h�g"%$$=!

@08+,:)4D7!@=c=7!L(4D+;+,D7!L=q=7!@08+,:)4D7!&=K=7![(A++7!@=>=7!@)*+,:T7!O=7!O(;+,7!&=7!(48!@.0//7!&=[=!

Pkhh"Q=! L0--! 0B!jKXUIg! .(1-+-! -+4-0,)*0/0,! ,+/(,8(/)04! (48! ,+81.+8! :+(,4)4D! (48!*+*0,T! )4!

*).+=!?,0.=!N(/:=!K.(8=!@.)=!^=!@=!K=!+MM7!g]k"�g]ke=!

@08+,:)4D7!@=c=7!S1),+7!U=@=7!q(+.<7!@=7!j<)/+7!&=7!}<(4D7!M=7!@.<1/C7!q=7!L(4D+;+,D7!L=q=7!`(4Z+,7!S=7!

O(;+,7! &=7! (48!@.0//7! &=[=! Pkhh]Q=!K!jKXUIg!(48!jO?! -)D4(:)4D! .0*5:+2! ,+D1:(/+-! -5)4+!8+4-)/T7!

-T4(5/).!5:(-/).)/T7!(48!*+*0,T=!&=!N+1,0-.)=!VBB=!&=!@0.=!N+1,0-.)=!4J7!"$$�"%$=!

@04D7! c=&=7! >)4D7! S=L=7! (48! ?007! >=>=! Pgff]Q=! .K>?I)481.+8! -l)/.<)4D! )4! /1,4)4D! 8),+./)04! 0B!

4+,A+!D,0l/<!.04+-=!N(/1,+!7887!k]$�k]f=!

@5+,(4C(7! L=7!W<(*;+,T7!K=7![)![0*+4).07!>=7!W,)-5)407!>=7!@+A+,)407!X=7!X0:5).+::)7! M=7! L+050:807!

>=7! `+::+4.<)7! S=W=7! 8)! ?0,C)07! ^=7! (48! ?+,,04+IW(5(407! W=! Pkhg"Q=! Y<+! -+,0/04)4! ,+.+5/0,! ]!

5,0*0/+-!4+1,)/+!01/D,0l/<!A)(!UOq!(48!W8Z$!-)D4(:)4D!5(/<l(T-=!N+1,05<(,*(.0:0DT!DJ7!g$$�

g%]=!

@/0A0:87! W=M=7! >)::(,87! Y=c=7! (48! >(.<+-ZT7! L=>=! Pkhh$Q=! _4.:1-)04! 0B! @.(,sjKXU"! )4! (! -)*):(,!

.0*5:+2!/0!@.(,sjKXUg!(48!k=!`>W!W+::!`)0:=!D7!gg=!

@1+/-1D17! @=7! >)Z)7! c=7! (48! Y(Z+4(l(7! Y=! PgfffQ=! _8+4/)B).(/)04! 0B! /l0! <1*(4! jKXUs@WKO!

<0*0:0D1+-! (-! D+4+,(:! (./)4! ,+D1:(/0,T! *0:+.1:+-! l<).<! (--0.)(/+! l)/<! /<+! K,5ks"! .0*5:+2=!

`)0.<+*=!`)05<T-=!O+-=!W0**14=!4DM7!kf%�"hk=!

@A+44)4D--047!?=7!YC(A(,(7!U=Y=7!b)7!c=7!W(,,1/<+,-7!O=7!j)/Z)47!&=>=7!N0*)Z0-7!S=S=7!(48!S,++4D(,87!

?=! Pkhh]Q=!`)0.<+*).(:!(48!;+<(A)0,(:!+A)8+4.+!B0,!(4/)8+5,+--(4/I:)Z+!+BB+./-!0B!$IcY%!,+.+5/0,!

-/)*1:(/)04=!&=!N+1,0-.)=!VBB=!&=!@0.=!N+1,0-.)=!4J7!#khg�#khf=!

T 

Y(4(Z(7!Y=7!@+,4+07!M=M=7!c)DD)4-7!W=7!S(*;+::07!>=&=7!jT4-<(lI`0,)-7!K=7!(48!S:++-047!&=S=!Pkhh#(Q=!

L)-g!(48!801;:+.0,/)4!B14./)04!l)/<!8T4+)4!/0!*+8)(/+!.015:)4D!0B!/<+!41.:+1-!/0!/<+!.+4/,0-0*+!

)4!4+1,04(:!*)D,(/)04=!&=!W+::!`)0:=!+DL7!]hf�]kg=!

Y(4(Z(7! Y=7! @+,4+07! M=M=7! Y-+4D7! c=W=7! q1:Z(,4)7! K=`=7! Y-()7! L=c=7! (48! S:++-047! &=S=! Pkhh#;Q=! W8Z$!

5<0-5<0,T:(/)04! 0B! 801;:+.0,/)4! -+,kf]! ,+D1:(/+-! )/-! +BB+./! 04! 4+1,04(:!*)D,(/)04=! N+1,04!5+7!

kg$�kk]=!

Y(17! S=}=7! (48! ?+/+,-047! `=@=! PkhghQ=! N0,*(:! 8+A+:05*+4/! 0B! ;,()4! .),.1)/-=!

N+1,05-T.<05<(,*(.0:=!VBB=!?1;:=!K*=!W0::=!N+1,05-T.<05<(,*(.0:=!7L7!g#]�g%e=!



!
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Y+.0//7! L=c=7! (48! `,+44(47! Y=&=! PkhhhQ=! @+,0/04)4! $IcY%! ,+.+5/0,! Z40.Z01/! *01-+! PS00D:+!

?(/+4/-Q=!

Y04D7!W=q=7!W<+47!&=7!W+;,)~4I@)::(7!K=7!>),C(8+<7!}=7!V;+,4)+,7!q=7!S1)4/07!W=[=7!Y+.0//7!L=c=7!S(,.x(I

X+,81D07! &=>=7! q,)+D-/+)47! K=7! (48! K:A(,+CI`1T::(7! K=! Pkhg#Q=! K204(:! .04/,0:! 0B! /<+! (81:/! 4+1,(:!

-/+*!.+::!4).<+=!W+::!@/+*!W+::!+57!$hh�$gg=!

Y04D7! &=7! c(44(47! M=7! }<17! m=7! `+,4(,8-7! K=7! (48! }<04D7! m=! PkhhkQ=! N+1,0B);,0*)4! ,+D1:(/+-! S!

5,0/+)4I-/)*1:(/+8!(8+4T:T:!.T.:(-+!(./)A)/T=!N(/=!N+1,0-.)=!L7!f$�f%=!

Y-()7!L=Ic=7!(48!S:++-047!&=S=!Pkhh$Q=!N1.:+0Z)4+-)-!)4!4+1,04(:!*)D,(/)04=!N+1,04!5D7!"e"�"ee=!

U 

^5/047!N=7!W<1(4D7!Y=Y=7!c14/+,7!K=&=7!(48!X),:+T7![=&=!PkhheQ=!$IcY%!,+.+5/0,!(4/(D04)-/-!(-!40A+:!

.0D4)/)A+! +4<(4.)4D! (D+4/-! B0,! K:C<+)*+,'-! 8)-+(-+=! N+1,0/<+,=! &=! K*=! @0.=! U25=! N+1,0/<+,=! L7!

#$e�#%f=!

V 

X(808(,)(7!q=W=7!`,(Z+;1-.<7!W=7!@1/+,7!^=7!(48!&+--;+,D+,7!@=!Pkhg"Q=!@/(D+I-5+.)B).!B14./)04-!0B!/<+!

-*(::!O<0!SY?(-+-!W8.#k!(48!O(.g! B0,!(81:/!<)550.(*5(:!4+1,0D+4+-)-=! &=!N+1,0-.)=!VBB=! &=!@0.=!

N+1,0-.)=!777!gg]f�ggef=!

X)/(:)-7!Y=7!K4-0,D+7!>=@=7!(48![(T+,7!K=S=!Pkhg"Q=!@+,0/04)4!<0*+0-/(-)-!(48!-+,0/04)4!,+.+5/0,-!

(-!(./0,-!0B!.0,/).(:!.04-/,1./)04R! -5+.)(:!(//+4/)04! /0! /<+!$IcY"K!(48!$IcY%!,+.+5/0,!-1;/T5+-=!

M,04/=!W+::=!N+1,0-.)=!J7!f"=!

W 

j(,87! O=?=7!c(*;:)47!>=j=7! L(.<0l).C7! &=U=7!c0BB*(47! `=&=7! @);:+T7![=O=7! (48![0,-(7![=>=! Pgff$Q=!

L0.(:)C(/)04! 0B! -+,0/04)4! -1;/T5+! %! ,+.+5/0,! *+--+4D+,! ONK! )4! /<+! ,(/! ;,()4! ;T! )4! -)/1!

<T;,)8)C(/)04!<)-/0.<+*)-/,T=!N+1,0-.)+4.+!D57!ggh$�gggg=!

j+-/7! ?=&=7! >(,.T7! X=O=7! >(,)407! >=&=7! (48! @.<(BB<(1-+,7! c=! PkhhfQ=! K./)A(/)04! 0B! /<+! $IcYP%Q!

,+.+5/0,! (//+41(/+-! :04DI/+,*! 50/+4/)(/)04! (48! B(.):)/(/+-! SK`K+,D).! 4+1,0/,(4-*)--)04! )4! ,(/!

<)550.(*51-=!N+1,0-.)+4.+!+D57!%fk�]hg=!

j<)/(Z+,IKC*)/)(7! ?=>=! Pkhh$Q=! `+<(A)0,(:! (48! .+::1:(,! .04-+31+4.+-! 0B! )4.,+(-)4D! -+,0/04+,D).!

(./)A)/T! 81,)4D! ;,()4! 8+A+:05*+4/R! (! ,0:+! )4! (1/)-*{! _4/=! &=! [+A=! N+1,0-.)=! VBB=! &=! _4/=! @0.=! [+A=!

N+1,0-.)=!477!]$�e"=!



!
kh"!

j00::+T7!>=L=7! `+4/:+T7! &=W=7! @:+)D</7! K=&=7!>(,-8+47! W=K=7! (48! M04+7! q=W=! PkhhgQ=!K! ,0:+! B0,! $I</%!

,+.+5/0,-!)4!,+/+4/)04!0B!-5(/)(:!:+(,4)4D!)4!/<+!>0,,)-!l(/+,!*(C+=!N+1,05<(,*(.0:0DT!5+7!kgh�

kgf=!

j00::+T7! >=L=7! >(,-8+47! W=K=7! @:+)D</7! K=&=7! (48! M04+7! q=W=M=! Pkhh"Q=! O+A+,-(:! 0B! (! .<0:)4+,D).I

)481.+8! 8+B).)/! )4! (! ,08+4/! *08+:! 0B! ,+.0D4)/)04! *+*0,T! ;T! /<+! -+:+./)A+! $IcY%! ,+.+5/0,!

(4/(D04)-/7!O0!h#I%]fh=!?-T.<05<(,*(.0:0DT!P`+,:=Q!+JM7!"$e�"%]=!

j00::+T7!>=L=7!>(,-8+47! W=K=7! (48! M04+7! q=W=M=! Pkhh#Q=! $I</%! ,+.+5/0,-=! W1,,=! [,1D! Y(,D+/-! WN@!

N+1,0:=![)-0,8=!77!$f�]f=!

X 

n)+7!}=7!@(4(8(7!q=7!@(*1+:-7!`=K=7!@<)<7!c=7!(48!Y-()7!L=c=!Pkhh"Q=!@+,)4+!]"k!5<0-5<0,T:(/)04!0B!MKq!

;T!W8Z$! )-! )*50,/(4/! B0,!*).,0/1;1:+!0,D(4)C(/)047!41.:+(,!*0A+*+4/7!(48!4+1,04(:!*)D,(/)04=!

W+::!++57!#%f�#ek=!

Y 

m(*(8(7!>=7!@()/07!Y=7!@(/07!m=7!q(l()7!m=7!@+Z)D(l(7!K=7!c(*(C1*)7!m=7!K-(8(7!K=7!j(8(7!>=7![0)7!c=7!

(48!c)-(4(D(7!@=I_=! Pkhh]Q=!W8Z$II5"f! )-!(! :(;):+!.0*5:+2!l)/<! /<+!-)*):(,! -1;-/,(/+!-5+.)B).)/T! /0!

W8Z$II5"$=!&=!N+1,0.<+*=!+M47!g#]]�g#e]=!

m014D7! @=}=7! Y(T:0,7! >=>=7! (48! `0,8+T7! K=! PkhggQ=! N+1,0/,(4-*)//+,-! .015:+! ;,()4! (./)A)/T! /0!

-1;A+4/,).1:(,!C04+!4+1,0D+4+-)-=!U1,=!&=!N+1,0-.)=!777!ggk"�gg"k=!

m147! c=I>=7! (48! O<)*7! c=! PkhggQ=! Y<+! -+,0/04)4I%! ,+.+5/0,! (-! (! 40A+:! /<+,(5+1/).! /(,D+/=! U25=!

N+1,0;)0:=!4M7!g$f�g%e=!

m147!c=I>=7!q)*7!@=7!q)*7!c=I&=7!q0-/+4)-7!U=7!q)*7! &=_=7!@+04D7! &=m=7!`()Z7! &=Ic=7!(48!O<)*7!c=! Pkhh]Q=!

Y<+!40A+:!.+::1:(,!*+.<(4)-*!0B!<1*(4!$IcY%!,+.+5/0,!/<,01D<!(4! )4/+,(./)04!l)/<!MT4=! &=!`)0:=!

W<+*=!4847!$#f%�$$h$=!

m147! c=I>=7! `()Z7! &=Ic=7! q(4D7! _=7! &)47! W=7! (48! O<)*7! c=! PkhghQ=! ?<T-).(:! )4/+,(./)04! 0B! &(;g! l)/<!

<1*(4! -+,0/04)4! %! SI5,0/+)4I.015:+8! ,+.+5/0,! (48! /<+),! 50--);:+! ,0:+-! )4! .+::! -1,A)A(:=! &=! `)0:=!

W<+*=!48L7!ghhg%�ghhkf=!

m1-/+7!O=7!(48!`04<0+BB+,7!Y=!Pkhh#Q=!S+4+-)-!0B!8+48,)/).!-5)4+-R!)4-)D</-!B,0*!1:/,(-/,1./1,(:!(48!

)*(D)4D!-/18)+-=!N(/=!O+A=!N+1,0-.)=!L7!k#�"#=!

!

!



!
kh#!

Z 

}<(4D7! &=7! @<+47! W=I?=7! n)(07! &=W=7! L(4C(7! Y=&=7! L)47! L=@=7! M,(4.)-7! `=U=7! M04D7! Y=>=7! (48! W<+47! O=}=!

Pkhh%Q=!UBB+./-!0B!*1/(/)04-!(/!.04-+,A+8!Y>!__!,+-)81+-!04!:)D(48!;)48)4D!(48!(./)A(/)04!0B!*01-+!

$IcY%!,+.+5/0,=!U1,=!&=!?<(,*(.0:=!L757!]]�ek=!

}<(07! W=7! [+4D7! j=7! (48! S(D+7! M=c=! PkhheQ=! >+.<(4)-*-! (48! B14./)04(:! )*5:).(/)04-! 0B! (81:/!

4+1,0D+4+-)-=!W+::!+747!%#$�%%h=!

})(;,+A(7!_=7!?+,,T7!U=7!?+,,T7!O=7!>)4D+,7!@=L=7!UZ040*017!K=7!?,CT;0,-Z)7!@=7!(48!`(::(,87!W=!Pkhh%Q=!

K:/+,+8!4+1,0D+4+-)-!)4!K:C<+)*+,'-!8)-+(-+=!&=!?-T.<0-0*=!O+-=!D+7!"gg�"g%=!

! !



!
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!


