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Thr, |l es expravaeacel ll wlueeisr ak@p oTURrA F 6-/-)( MELF sd €l R/
cellules g®n®ti quement modi fi ®es surexpri mant
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|l i ®es ° |l a lysine 63, |l esquel l es se retrouven
| KiKet conGkxpressi 6on des gFO&BEGR1 S@pomaseohapipd e
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un nouveau second messager.

Mo tcsl ®RCP:GS| NFLAMMATI ON, POLYUBI QUI TI-RRATFOMN EN
1, ACIDE LYSOPHOSPHATI DI QUEHRNBGAPTENSRNEIBI NE( /

1 1)



ABSTRACT

G preaobeiphed receptors (GPCRs) are part of the
activated by vasoactive molecules such as ang
and thrombin (THR) can trigmgmenginofhaemmat bohg g

two families of NFeBRQhsecl @ai od a d thda rmhkaanpcpear of
activated\M ¢alktsyaam@@Rpdobeéied $) gn@ling is t|
cruci al in diseases such as atherosclerosi s,

link to the devel Apméanntugdhf tuMmerdiassaosasced at a
6 TRAGF) , @mi eBi tin | igase, plays key rolé&s in
1b) andc &l | r(eBcJeRpda otri vat i GMCRedtisatreadl ei nifdH ammat or
remains to be clarified.LPRaldHBwceaehbs shro-mast ain
defici edRAGHeMEIBS) (and genetically modi fi ed C ¢
pol yubi gtbiitnidn nghHAh@WaAan MU BP were purified and

i mmunoprecipitation and we RIFPCHRMA ot Oungr épul
demonstrate t haTAKhKikNFeBainWdaK-d MK/-@A3RPL hei gnal i nc
cascades is significalmRAFR ©Oeducedul hSRAR sabsae
is responsible for t-hengedepatyohiqtbti freechagt
TAK ank@ki mmunocompl exes and r e guwlsgptoen e &naknxepsr e
EGR Given the rapid and transientTRAFdwatri on
findings demBABtiratant haporGtiPCiRndetc éeéct omrf | amm

responses. We propose that the rapid and tran
be considered a novel second messenger.
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1. l ntroduction aux r ®cePRCPXsrs coupl ®s aux pr
La signalisation cellulaire est un processus
ssmdapter © son envir odtdroen®eorstt ,asad en tdruiplkewanets sdiigmsx
de signalisation cellulaire d®butent par wun s
par | eur | iaison °~ des r®cepteurs membranaire

message chimiqgue €& tpatrr dms igtRni®reatde nmaola®d udlee se
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des r®cepteurs coupl ®s aux prot®i nes G repr®
pl usitderss erssentiels dans |l a transmission du s

fonctions physiolog({@Ggueéearm®cdesaiRIEPEsdOmapeuf s

citer |l a r®gulation de | a ®&n@®0o nesfe ediemmuan i  &n ¢ @
senso(rdgenl lreai son de | eur | arge diROPsG bt i 0d@s e
cibles cruciales en pharmacol ogi e, et l es m®c
sont facilement di sponitalgloend sders led mart @alg® nsd suUu

1.1 Structur &kCéPEGE fonction des

LeRCPsG epr ®s e ntee ndte Ira®cfeapnmielulr s | a pl us i mportan

rtle cruci al dans | a fa-on domtmessetcel Radgies
[eenvironnement . Il 1's affectent de nombreux or ge
gue | es hor mones, |l es neurotransmetteu@ bk, | es

exi ste de nombr eusRGP,& a misl Ipag tdaag ern®c eumtee It g U C
de semah®és cudaheme mbr anaitrreosi sa tbtoaucch ®&ess epxa rr a
troi s boucl e(sFiighu(riBed cDeel Inuolnabirpeeusx s Bt aeds aux dol
extracellulaires du r®cepteur pour G@chduvuierel e
r@cepteuddact Lossir®gjlolne i ntracel htdlmntiereasc tdiuo m e
l es mol ®cul espde meitrg®@ad |@taadttidiocnre et ascade de si ¢

intracell ul aire.
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pourcentage, dahs )uas®agbnastis 6BN) des | igal
r®cepteurs coupl ®s aux prot® nes G@onhRORGatetor
active (R*), ce qgquit catuigvnaetnitoen Ildau prr®ocbeapbtieluirt ®e tc
bi ol ogFgger e 2 A, Teotuatpeef olly, Gttt @ a® c tsii vnptl ieanre
transformation directe dtei ft.ouBn lre®alri®c®,p tleaus sF
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actives, inactives ou juneiagoreindt eacrmo dviefsi.e La
favori sant nlse sa cctoinvfeosi, mgpoisuetr: tung u@@nidGeet @t att RV

est g®n®r al ement associ ®e " un chandgemenacdieol
avec | a prot® ne G FhiGRuBreo £2r)a 8@t i ®t et corag@inif v«
faciddgecildtniteenr aectt ilon de | a forme h®t®rotri m®
sousi tlPHEGI Gqui existent | ibrement dans | a r
cellul aire. La prot® neRGEGP@oORtr&raoten anPirti g uet ra
favor®cslaamngéeé de guanosine diphosphate (GDP) p«
|l a soud®r Gce ~ d@®shhagetedes ndc!| ®ot (i MiegRuArdee g u ¢

£t aP)e Une foi s -larcittl®e®@d,i slsao csi bed S8 iu RN, en £4t)a E@

l es conMpdTePx @pe@vent interagimert d®gueékfetnd®
tel que deeds®adpdyzcylmepse o(sphol i pase C) ou des cana
sousi UOFIGRUAr.e £5tY4).p eQufaatmmiel olnensuee sl a pUpetu®iemd @ gi

sur une G@ffvectsedw® ,d selon | e type de I igand
entra’ " nent | a g®n®ration de seficPh@@si eners sag ek a
condui sant ~° diver mes ndasatcaed ¢ ai@hdéeestie gunna | ciosnapt|ie

stable et reste@ens emhli ® nimdmjeor g reuprt eltrl.e si mi |
GUGT R ar sa capacit® ~ aussi asurvarsded fecygaen
signalisation se-umétiPyMeol yseqlue GAPseuns GDP g
GTPase intrins gupejtUPa@emarmt at a-iaawW®DKB. sea s
r®associ e enswnitfe® aefcorlnmaa nd oxuasi Vit ®F et ciomPt ieq
(Fi uAr.e fet)apea si gnRCRAG pteiudn °dexe d®sensibilis®
du r ®cepteur par deRCHsG n(aGReKss ) s peRcilfda queai ders
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and recycling ? =

Degradation

Fi gur e 1dondniuf i RReev. dBZ (01283 eImBIE99179

FiglreSch®ma du d&aydlievadliosns ideilse pd ot ®i nes G pas
auprot ®i RERLKL)S.L@ | idsinsdn gand au RCPG entrai ne
conformation vers-1BnCe®tcahta n@teommeanramd tif g Mridledpt e u
favoei ssechkut eméarctt i ¢3A) ort dd comBUEIGDPA®t ®r o1
[G®c hakfugnee dGDP po@# Aentet eGTacr ti tvaitd iomsoci ati on di
h®t ®r ot ri m®ri que $SUuGTPiloe(deG det prvsadm@icmpabl de ¢
effecteurs Len tevaddiena(i 3A)N. dubhyidgmodlysestdum®&diP®

effecte@®ei pat ® | atsons®qakpta permettant | a rd
GUGDP effoBGA a si gnalRGPs@ sdo@s echess bi | 1 s®e par Il a

r®cepteur par desR&PSG&&E e n s @ &cti efri ngauteisks edteiseay c |
du ®cefdt)eur (
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1.3 Classification des r®cepteurs coupl ®s aux

Les r®cepteurs GOoRCPERPs sank droeot ®®eesn plusi eu
|l eurs caract®ri shomakeegsérdeta®Pgbkbase d& Hes
Ces classes aident 7 cRGQP8ljyogquser ®pandastse " didv
gue des mol ®cul es comme | es hor mones, l es pr«
signaux sensoriels, telles que | a perception
l es 0@8) &mtmne ment i onn RCPIGCOmaEBGemme rutn,e Isdsg uct U
de sept h®lices transmembranaires, mais diff 1
aux |l igands et | eurs m®cani smes de sSIiRLCPsE i sat.i
incluent | eas alRrseypd cAuirkse hdpeddipsi al ickassedd (& ec
( m®t abotropes du gl utamat e) et de |l a <cl asse

caract®ristiqgues distinctes et (dis rrl es biol

1. 3.aksel A

La cl| &s@sceepAt eurs d¢ egpelahploagpsigmande et | a
d&RCPsG comptant eny8).r cCre s7 rWcre@adesputresurls ent une
y compris des acides ames®s,dededi pegéesded,a
nucl ®oti des, des st®ropdes et m°me d@s &ebs mul
RCPsG de cl asse A sondokiae aesx®ari ascRest | ppabsa irr&gi o n s
transmembvManaTMehsatt dMént Pbusede ®500 m®di c ame
classe, ce qui en fait une famillIMotcra c®tad cee p™
particuli rement | es r®ceptelur sceATtdeR,cR.CaPs&Res et
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1.3.2 Classe B

La cl asselriBke nreceptors) comprend des r ®ceptel
grandes hor monelse sp eppetpitdiidgeuse sde type s®cr ®ti ne
r®cepteurs ontl lunl aiorma i mleu sRtPaGagtee glasceu A, des
|l a reconnai ssance et la | iaison des | igands.
r®gul ati on m®tabolique, |l a r®ponse auaste®ss
pour traiter des mal adobe®s i tt®e | | Rasr qgeuxee mipd edi ¢
glucegBAmR et-2RKLPoue un r tloem®orsu caisa €l igun sgJinu c o s

exempl e r®cent et c®l bre de m®di cament ut il
®gal ement c onn@z empuisc ,| eunnoargodchi ste qui se |
rece@etLBUL. &4bn autre clt®, | esnr@B8epPpt eonusntdesuy
damsdH®si on cell u(3@.ire et |l a migration

1.3.3 Classe C

La cl| a(srsRece@t eurs m®tabotropes du glutamate e
domaines extracellulaires de | iaisonVaous!| iga
Trap domain €&, capables de capgaawaartemonetd ud er ®cieer
Une caract®ristique distinctowtei Wat icentr®cd asi
[lhomodi m®r ids@tt@rond iom®Trli sati on de (4.euR&etrtRec efpd il

comprend | es r ®c e pltuetuarnsa tne®t(anb@®lturFosp)e,s ldeu rg®c e p 1
(CaSR) , l e r®cept A Rpgust ates d@®&ceppeurs GABA
rtles ¢l ®s dans |l a transmission synag@tdioqae¢ ,et

et ®gaktement cruciauixomp®wst d*i enador tgiaain csidoem | dlae
m®cani@mei vdati on di stinct en fait une cible
m®di caments modul ant | es fonk4ihons neurol ogi g
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1.3 Classe F

La cl ase®eepteurs Frizzled/ SmoothenedRCe$St une
i mpliqu®s dans | es voies de signalisation du

signalisation@Wntestr®edpgpebogs Frizzled jouen

gqgui contr*le | a prolif®ration, l a migration e
r®cepteurs Smoothened sont essentielsnpdes | a
tissus et | e maintien des cellules souches. L
ce qui RC®Gtdelesa cl asse F un domaine importa

m®deci ne r86G&EMI®r ati ve

Pour r ®s umecrat i R&PXlleass sdiff f ®r entes familles ref
de structur e, de sp®cificit® des | igands et
mani re unique © la communication wcrelllalaamt®

|l eur di sfonctionnement est diredCelPgBeminel c®b I e

centrale dans | a d®couverte de m@®di caments et
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1.4 Les familles des prot®i nes G

Comme mentionn® pdra®cs@®ddammelrets, changesGhnes de ¢
l eur rt| é®cdheanMfgetdeeurnudc!| ®ot i des guanyligues (G
se dissocientUBinN® dewhGTRagpiebGesadir avieaes des

prot ®WUsnocenst & | ass®es en quatre grandes famill e
pour i nduire desRPd@iesst idnec tseisgnal i sati on
1.4.1 Ramille G

Les prdhb ® @g@al &ment connuesUsddumulsadrt cdisdes e ¢
troi$amolEes&L Wiol . La fonctieuniple® ok apal gue
| i ® au &JdPikeds@ntydy c| asae enzymeld dq®&n o sciomev etrrtii g h ¢
(ATP) en ad®nosine monophosphate cyclique (AM
cytosol. Cett AMPCg merttostoil dagcudevaAdn i tde” lla pr c
(PKA) ens®@uentc,o0 aux voies de 9giR(nFailgiusraeL a3o)n i
signalisation PKA joue un r!'le important dans
pathophysi ot @lgsod @&, ®l | e m®t abol i s@Pewdu | gl yc
d®vel oppeme@)LL abls Xdawersetr v a r iUscnatrea cke®rG s ® par s
domai-mer Mi nal extraaeliautl addgeatbil@eetm cey/ycll ase de
mani re sUSmi t@iut eth 0oi se=p ®dedtalsliidsc®ur s so@®L,i nves
2RBPour ce qui -feamielslod d@ole | molus dans | a trans
ol factif, permettg®Bt | a d®tection des odeurs
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FigBreModul at iléarnd ®hdutypd lpatdes pr ds ®elhé&gGuche,
l a voie stimulatrice mont  rls, umdeomi®icwattieaunr Earu pu
i ndui t | a <€atdi®aminddyad li osne .deCeltt e activation entr
produd@tMPocn odomds enes s adqert i vla® i baandel prot ®i nes
r®gul ation de nombréeudr probeesbasvoekl uihai beéesr

activant uhne Qubf ®une @wdtsi \aixt @avigRieacd ei, n hri @deu ils a
ai nsi | a 6MPocd uectt iaotnt @nuant (LUBa signali sati on en
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1.4.2 FHamblle G

Les prdit ® nesnGtituent | a plluscgmpnddafmimd letseu
princilallegGU(3G &t) ,G ai2nssibague | es spoeaiyalsGt 3 ®es
Contrairement ~ | d&cctriovyiatn® ei nphoipbuilifariirees nddee @$ a |
de |l a Uami lelxeer&ent deuittn d®@atgdyckt ®seds sdé nst iesu
ai gwesCPdG capabl e@mctievei et els/topdpoahr@nlpes dG GDP p
GTP& nk yandeRantgdy cledad e i nhi b®e, ce qui entra’ne une
AMPc dans (Fe goayRiogdnrlee BTAYt ef oi s, une activati
chroni RGBsGdceaspab!| e@cdel Bioe@oetdud t “lad®atyeact i v
cyclpaseun processus pharmacehcg)l)quaasapeals®bs ¢
d®but e eguamgdni stes ne sont m@luus eat tcaocnhs@sg U & un C
[ nhi bithd @amtgdl elgms er eprend | ecAMPEes srdger adcdenee
l e niAMREGCed®@e®nse cellulaire adaptathsebebtsanb
h®t ®r ol@dgnu®l| yYleaTeutcgfcdias esui vanlta d®atgdlyec Isseesres i b i
retrouve excessivement acti v@AbMPccpemgdantcomu e i
ul t ®ri eurd Fdigul(®. as®Yr be

Ld ocalisdltieont dlear gsgement distribd@midnsesl,eted

Glb est plus sp®cialis® et se trouve principa
r®cepteur s tels gue |l es r®cept elues rdfd eoptdeest
adr ®nergi qgues, ou encor e @lcesst yrl @hedetnenuer,ist pnowIoCu
qgue

l-guE2s2@mutre (badysGt Gsont i mpliqu®s dans | e
u

respecti vement n el secdh&d®sl ul gowit si on et dans

Les RCPG coupl ®s auWwx/ @r ot ®itnecso-BGnped 'tdeotep 58t &F
peuvent activer des eff @atldaiursucdaimeiva l @gnaine me!
paéd ntt er m®di ai bd i®®agir msr @i &soci altei odni @Her el a p
ass o6l @eost capable de modul er pl usieurs <ci bl e
i oni ques, | a-b o REDSPth ol a ppbes ECHa tniacsyel i(nRIs3i K)o, nd
[activation de voies d®penda@antes de |l a prot®ir
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1.4.3 Rgmillll e G

Les prdg®Rlhesot di vi sfRemi:|ldfe G Wb HGelt5dG@Hau d a
sowsi they 1d | i ® aGcGT R istt® miwel dbélPpito s phel epay ee !
dans | a signalis-8aagion el ¢luil aamteldl-bap PhCphlaai d
(PI'P2) en inositol triphosphate (1 P3) et di a.
me®di ®e par d 3 pr o dancdtuiivbant’idoln depr ®a@mauUXs Rl Icac

du r ®ti cul,une nptlaaash miagmbeb i | | s ad u olR&Erdsu Icea |l @y tuarp | a
calcium agit alors comme second messager pou
L&®|I ®vation des niveaux de calcium cytosolique
d®cl enchand@u@®@ee ments de signalisation cell ul

diverses p(&t ®unes5¢Fi bl es

Bien W@udalGsoit exprimlRidanss toxptri I m® damps deG
telles que |l a rase,| eepapou®asnsns,| €esorej | es |
adh®rentes de Gapmeski endisesbBb@ 6d dte fdoer tGe me n't
et principalement |l ocalis®e dans | esestitsyspwess r
cell ubaiimgesned h®mat opopu®ti que. Leur implicatio
dans |l a r@guliavtaitomndetl de | a communication de

di ver s(&ti mul.i
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1.4.4 FAAmiWLBe G

Lesowsi tUPR/ G3 sont pr ®serf@des dcdcamdg twpouthclh eaten
pou@ctli vation des voies de signalisation des
i nfluencent directement des f onlcat i dinfsf ®creelnlcuilas
[rgani sati on duf ctyitwatqiuern eéenh e ap@iFi gtue2ed TP as
Leactivation chroni quél 2d/els3 ra®@@Eopnetere®o sgtuc o bpule® s u’

infl ammatoires en remodel ant | e cyt @sngvuaeslieotnt e
des cellul e33R i Mmumiltusi, recexette voie est ®gal eme
dans | aompretgrleas sprogdaiati on du cancer

Rho Activating
Receptor

(R'IZI‘IS} Hormone 12/13

Cytoplasm

~®Proliferation/Survival/Migration/Differentiation/Invasion

Figure 6. M®c ani derelc diev &imy@me@ @ rs alt-d oent@ 2 G 1 3

¢ la damactievdei on duunet®pBedi ePdsme sRUGA en
favor®slaangéeé du GDP pour duGGFPinUnheefdes wot ¢
signalisationasmpti guadtkdé apRbd0d RIOEKJe pl usi el
telles que | a croi ®ogagmama,s dlua cd/i{ Bfs@rueerd it dtei on
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1.5 La siignntarlaicseatliuotmait i evdaeiRICI®vEatn tl els seconds me

Lactivation du r®cepte@stdqukeal meth@banhedp!| hami
De nombreux effecteurs et peptides sont 1 mpl i
demol ®cul es rapidemené npr®edd euyeeplbasine b®e e a

[lactivationodeszgpmesct euansasduire | e signal. P
on compte md®Pammenéeé mMonophosphate cyclique (A
[Gaci de phosph@mniotdo,lgdures s(pPrAg s, p hlat e G@kRER, nli ¢rica
(NO), | a guanosine monophosphate G@wyyeydimgee( RCHM)
BlLLest®mes cedstf ecesi sec smhdcrad 3 S&®Fe restd ecso nsci et net
Spi®fci ques pr s de | amemixreanpe e pl damirgpear t it
lta d ®antgdy c Jlyasceompr i s certaines isoformes sensi bl
endosomaeret oees dcompartiments intracellul aires,
kinase A (PKA), joue un r !l e abeteceamtpgeerldeédalnas

signali AAaMPiddap e lautre exempl e esm®dia®lesai pganral |
Phosphol i ffPaldle Cebe@i aeau de calcium cytopl asmi
dans | e r®ticulum endopl asmggquetetl al ¢és b@®r abrct
sui vapmrrtodlu dtABeamsd | a cel |l ul e sont desetpomwmtc es s u
rel ©®cke® produitenre®percse vementusi eur (Pt ypes

Pl usi eur s prot ®i nes et compl exbeassr r ps Dt e § u eosu
signal osoBE€L MALITh®d J&wng S i un rltle dans |l a tran:
l a signalisati on NFB ¢ ta niA{BBt o0 iDree ptealsl k®bgpudd s s u
proceGeausti dti on deuilva oBigg roselsb salt i ohai res d' ac
infl ammatoires M®d REP.CGapladi 4 tessu bra@d dopntl ealercse n d s
mess@peemet un contr!| eRER®@pies nkd tlaants iaguxa Icied d
avec pr®cision aux signauxhoen®torsd @eli leuldaainrse sur
bi ol ogi que adapt ®e. 1 a w®e® dpr ®g Gt ®ment d
subcel |l ul ai rnedss onue sdsea gceerss sceocnodui t ~ une transoc
en d4d@®ad3 Le sujet de th se actuel se ROME& entr ¢
sp®ci fi gmeti Watmisont ®ponse einnf®ltaumdmatndi rlees mul t
effectrices et un nouveau I mportant second me

jouent un Gampki ti ®adaoas Hde | a signalisation i
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CHAPI TREAGINNFLAMMATI ON
2. 0 @ie fGunef | ammati on?

LG nfl ammation est | e processus Iimmunitaire uti
exog nes nocifs. Lorsque | e corps entre en <co
des bact®ti sspiomeqqutommeatdes cell ul es endomm:
temp®ratures extr®°mes, une r ®ponse i mmunitair
entr aainreant®acti on i nflammatoire aiguzt, caract @
sensatioretdaddd® eluur e

Bi en Ggmufel almmat i on en tant gue m®cani s me de
Ilhom®ost asi e des tGi rsfslutssimone n daoi ngnuatg ® s £ transf or
i nfl ammati on chronique plus prolong®e. Une i n

des mal adies caus®es par un ph®MoOmMY enseo | avpi pneg

I nfl ammB.tdlohl amnractniiognuec hestent vat e mme dpadi ver

not amment | es r®cepteurs classiques de | a r ®pc¢
de n®crose tumorale (TNFR), l es interleukine:
r®cepteurs de |l ectine de type C (CLR), l es 1 ®c
cellules T (TCR). Ses r®cepteurs sont connus

infl ammato( 8 Q)3pPoauirstcantguir RAP,6G sitl sd g so ure@tct e patues

centr al dans plusieurs makhat®PedschPuamemagtegiul €
principales causes de mortalit® au m@dnidel, e af f
can@er | a #BBédtropkusi eurs autres mal @i elsest ouc

principauxXRCiP@ueptseced®bsatile "ddns ce ni®mduirree wrmag
signalisation infl|lRGA@Atsoint e | re®dain&er epladrensii A d e
| 1l1)e,s r ®c éapctieduer sl ydseo pphosphati di que (LPAR) et |
( PAR) .

Lactivation de ces r®cepteurs initie des VvVoOi e
facteurs de transcripticend,| ud@dIren aldamptt ®ei mpPiuTr
Par mi cesBvetleAssPonNF particuli rement bien car a

®t U Bed)d Ces facteurs de transcripti@rRerpesgenn
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des gowmresi pduire |l a producti on ded ho®ysti okni nceesl,| u

g nespaompttioti ques et facteurs de croissance.
2.1 Phosphorylation des prot®i nes et destin ¢

La phosphoryl ation des pitotwa@umeneeddte (rPd Mmno die
qgui facilite |l a transduction du signal. La ph
deATP qui ajoute un groupe plionstpehrant @dn taj® de3 d-
appel ®e sCek ignraosuepsepnneantte pdrPo@E4 )g ®n ®r al ement ajout
hydroxyles des acidAsnamPedd®Rudeed a( Prot ®hneo
tyrosimsent (Ykes cibles .de&et peotphiomsmgpshokyhasttes
changemenrtmadtei ccrondaons | a structure de | a prot
ou masquera des sites dsnpt@criafcitqg uoens @it idperasd Vidangnuaa
I nactivation de |I|(aFifgounrcak a70)p h ad & p h etr®glrnaetsi®o mceodnend

nous | e verrons tout au |l ong de ce document , ¢
de nombreuses ®tapes de signalisation cellul a
A

Inactive Protein Actived Protein Active Protein Inactived Protein

FigldrelLa phosplumrpyrioat®ionne dpoar une kinase peut
i nacUmeekinase transf rd Unugro@®pedphepPbafieqdld
ou tyréosenpg)dod®Ceet ei mbei-tfriadudtoinompmoeltl e peut
actowmBasioit une i nhibitisa §d8egr dmidmpireodeE@Menlegs s e
inter actlil @en(s3qguw | e
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2. 2-aBNF M®di at @unrf lcd mmadté@ aimu eit t @ e |

Leamplificateur de cha" " ne | ®g rkB awat iflva®d 2,ur®qa
connu sous -aBBe maomt ®ed®Eouvert pour | a(@remi r
€ la suite de cette d®couverte, |l es recherche
explos®. Plusieurs r ®p o rascetsi vcaetliloun adi er ecse of natc t®et
dont dans |l a r®gqul atien de odmntfelamd@mada o, i mmu
de | a croissance et l a survie des @dljled! edse.
nombr euses recherches dans | es domai nes du
I mmunol ogi e, rded gmalsa dides daht s rLoas er eecth ebricehne
r®gul ation pr®cise de cette voie de signali sa
du d®vel oppementj aecte ndeess odewss ensalsaduises associ ®

d®vel oppement de m®di caments pharmaceuti ques

2.2.1 Structure et activati#Bn des facteurs de
Les -smiuNsF®Bs ontf adcetseur s deapabhesr deptt rdbed onen al’ it &
dess®qussB cd® DM La NBEBcoOmer end-uniin@ss:acuwskEh Ae § p65)
c-Rel , Rel B, plO05(&.p 5991 et IpdblFoByfagoet 0®R eV, 0icees pr
formeront divers homodim res ou h®t ® rodim res
[ADN et exdpuierssi bn d@&eflgammat idBansetl | a r ®pon
signalNFRBpeon °tre &ctvioi®es pdilsetd evwdiesss de s

canoniques et non canoniques.
2.2.2 Voie de sigmWN&dBi sati on canoniqgue de

La voie de si gnaNFeBeastti ounn ec avnooi nei qquuei dpuer met au X
rapidement conhee H@®&s| é&bntno@s it pRadx nnfelr@Gemmoau ilon  a

Parmi | es exempl dsnidtei esrt ianud iv ciagysd,lill cosu pde et LB S
pouénnciter -go@EY50bdl qurees foi s acti v®e, el | e i
mol ®cu-l el pmmatoires, telles que | e $adchy@soikoinne:
et |l es papoPtueHSPaesa transduction du signal (

canonique est m®di PeosBpalre deampluex ¢ RIsKKentral e
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2. 2aB3 |

Pour donner suite ° | a d®coweeneld&s, farct & ud
deux ans pRuEatt dedragpot®WB| B tsroawsvent dans | e
une f or me i naamtaicvéd.v @eddeaetsqr refdas@p ¢ eil ®ei bi t-eur de
B aB) Pl usieurs iaBO@toanrtiesl a xplsusendarsac tf ®@rxies @eu.»
sowsnit® &F inhibe | eur capacit® ~ se d®pl ac:e
dADN52) Les pri-oni p@bes mpdogu®asi dandel l a voie
canoniNRRs adret | esh) RELApPPPMeqgui desi h®t ®il ted i chan
cytopl asBhie Po®rd ahi bt ¢44B,eBUdst NFPhosphoryl ®e pa
loB (| KK) swrmriSI3kesy (SRGusnsuite, | a d@sBUenset prheocsopnhnour
par | e c obAprl @x.e CGeCFcompl exe est une ubi qui t
pol yubiaBUpaurnelra Id®gr ad®)t i €at peot @sgBmaerametotnr a e
aux -Bmiuts®s cyt ogBl &t meqli &EE55BNReaas | | b®ruartii toés dNeks
aB | eur dogpxep dmedlro mad e el ocal i s aNuicdheocacralcil Rat ren (s
NLS, perimet -anXxtC&&rwd reconnues par | sdiemport.i
transporteurs cGamptadd 8 FaB@v & dec ic loerdieé epxolr e nucl ®
(Nucl ear pore compteretoandPCyuafiesd flaet aay

transcription se | ier@DIMN s’ioBdeess moRbgii loinsse rsgngic ilfai
transcriptionnelle impliqu®e dans | a r®gul ati

2.2.4 Le Complexe | KK

Lors@aadei Vati on deNFdBa & egrrcaolmpd etxieonl KK compos

d®c haf audtargiec & ®I®KHK h e ment connue sous | e nom d
prot ® nesUe&ti nipkke i 61| KBEur domaine de | iaison NE
adaptatrices et ki nas elsABRAtKell,l eactgqwentl e ceo

h®t ®r ot ri m®r i que | KK vi al 16 eth dl830 h s &@niil7dd/ i1lB10 ) s
| KBou | al3®r e hell8l s(&rli7n7fed Sh.81Damsoulre I KKnt ext e
signalisati bReBc@@mbonig®u®r d Ebeamdeal tvqRuin ee dtKKr espon
son domaine kinased@ kapeo ura |pah ods@ghroardyalfaby4ino np rdot G
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2.2.5 Voie de signaNFsBatiuon bmehmh @eapronRiuque de

La voie de signalisation non canonigue est (g&@
telles que | es ceglBl 8% eSa Br ®auu |l aetsi ocre | diufl fe sr eT d e
canonique en wutilisant |l s eb®Ud®r REILA redas pRBL |
[expression des g nes inflammatoires. Dans | ¢
appedNIFeBa nducing kinase (NIK) est essentielle

detadti vati on aepNdrKy | eaulrdieduB hslOkilsa acti vera pa
compl exe d U np oruer IpkKhKo s phor yl er -a hiptl@adr g Wesrs

h®t ®r odl 0O+t BELB pour upnreo t @dRxPam datel b e, tran
lh ®t ®rodim re plOoOOm RELBp52 FRiBBuB®Z eRirtoedi f or me ac
p52/ RELB est alors trané@lcdaquw®@d i wenr 9 else gn myeau i

mani re plus |l ente que (&858y®be de signalisat.
A , ‘B
Canonical : Non-canonical
Pathway ; Pathway
\'r i <
TAB2
(Nemo ) s
x

(T
(e |
IKKa

4

l Relg

! Proteosomal cleavage
v of p100to p52

RelB p52

(8O

JO
Proteosomal

degradation of IkBa

—48

NF-«kB

: NF-xB
target genes |
'

target genes
RelB p52

év

FigBrelLes voies dencrnignmumd i sat nomsBclabanivoue d
canoneitquwebi mpl &oatei viat i on du chindllconae uNEBOL | Kk
d®gr ada3Bi oent de Ila tranRéelofga®i dansBul & i vimiyem unon
canonsgutout pr ®s enltyemphaomdebestticegddmitl es el

i mpdd g stabil i s ad¢toinvealtei mbht Kifuec@odlinpInfepxled®®Rel B
RELB/ p52 par un cl iCweasg ev opiréest Pa@®@ @uaniad mtFoBke g n e
i mpl i qué®s f Ida migan muonniptr®,l ilIfa®r ati on C#&I1 1 ul aire et
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2. 3AATI VATEEBRPROTA4A(ARE)

Lactivateurl acce | yrao to®iurpeAPt eeist un autre facteu
capalilne tder une voie de siimgfladmmattiiom, ilmdpl p
cellulaire, | a transformati dedelDeullaa rne° meet mae
g ue FoB, l[ra®gdu® a AiRPbne sie I mpl i qu®e dans de nombre

dans | €h.cancer

2.3.1 Activation duARlacteur de transcription

Divers stimuli, notamment | es signaux de stre
voi e de sARInalCessatgdtoinmul i d®cl enchent des ca
i mpliquant | es prot ®i  ne ki nalsae faamiilvi®ee dag N/

constitu®e de kinases s®par ®es en @rhaursti euess |
laeval MAP4K, MAP3K, MAP2K, MAPK) capaberdas ph
MAPK. Par cons®quent , c eititoeu ec ajsocuaed eund er klien as
propagadaampolni feitcdti on en aval de | a signalisat.i
dans | a dNiFgBeal-iAPas tloTcAakpabl e de phosphoryler |
dans | a voieAPde Si gaabisatME&KA/ 2, qui active E
et MKK3/ 6, ((pwBideacti ve p38

La famille des f A&t ewo mp rden d-frepmestcire s p BOBSCi p a
JUN, ATF(65et éMafa Gscutiitveatdieonl de | a MAPK ( ERK, J
aideront N la tr am®l ®cadi m®r insuactli®Roan r et “ Il a

transcript-FOS,-2utekscagpablces de@é&ADN esrp @ledtsf idpRELs e
re®gul er |l a transcription dé4g 6p6 Fnie®Bureen r ®ponse

La recherche sur | e r ®gllagestfieas sdeentliaelslieg npaol ui
rtles sp®cifiques dans | es opurvoaciers duas veod lel Ul aier
contre diverses maladies. Les institutions ph

au d®vel oppement de nouveaux m®di caments <ci bl
des inhibtesume!| ®cpets ciblant cette voie de

mal adi es, comme | es tro@RBINEsS I mmunitaires ou
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Growth factors Cytokines stress
IﬁiﬁfIﬁZﬁ[ﬁZIﬁZ12iZﬁZiIﬁZﬁi}iﬁ:ﬁ@:fIZIﬁiﬁlﬁ:ﬁiﬁﬁ[ﬁiﬁ:ﬁ:
COCOINCI CONNCICD
N/ N/ N/

& &«

P ju AP-1
TCF E'fﬂs r target genes

Fi gOrLe ¥y od9dee si gnaotndai saanti viatli on des facteurs
de | a AARARI useeurs stinakciti patvent desdb@iiaceéeurs
la fami,)| |l entAPre ausr ade, MALK once BmBIKa p38 et JNK.
facteurs de t#laeg®oompiofgdis -pdaets cdee APobesl actra@®scn
de g ne®&RPRL(i6hel)es d
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2.4 Les eff etNdoBeytndAPgi ques de

Tel gue Meé&aBteit oI AP®oNnt des facteurs de transcri
dans | a r®®@gpraeassoononddebkdqfdammaminmo@p otr® d t” alu

De plus, il a ®t® d®mo ketxrp® egasdascomisd agadke a@® e s
t el &16q u8l, L-1e,H krs , CXCLB84 BwW9)@IMIRa cioi v aNtFeBoent -dAeP
la ®gal ement d®montr® | e rlle essentiel de ce:

mut u@had % | au ndpaBsNBaBe st ¢ d@pnatbelrea gdi r -uav afcRsd st s o
cj un pour faciOADN eet |\waf{7deoan dgswoinaantl potenti el |
synergique sur | eurs fonctions biologiques. E
dedAPlL et -aBuj NEe un r'le essentiel dans | a patht
Par exempl e, dans | es @mdd almetsaRld @& n maBlleaodN e st oluisE
deux affich® desARNtcond ®ssamwtsi oal a e@RiNenw g @ X
des g nes ii(h7amhat snP mes dadmest il wast icoamcseyrser dgi
facteurs de transcription contribue © | a proc¢
i mpliqu®s dans | atprloelsi fnBRrtaatsitoans, @si8ac edl druwikd F ,e s
COX et 99 ZMMP Lors de |l a recherche et du d®v
t h®r apeutiques, i est eBcstinti t® de o rcdoonnsni Rle® |

signal i meNFeBent -GAPoPmeut affecter | a gravit® de ¢
2. 4.1 LeTAKIWMB2/XEABS3

Les Wd&aBed -JAPpartagent un compl exe activateur
prot ® neTAKA I(iTABX9n ou de ITAKAr 6T®B8r d#8 deal a
activ®e®eb(plaAKIT)GF La compr ®hension de ce ems@Rcani s

essentielle pour des strat ®gi es de traitemer
dic haf audage adapt &Ntplidc és davegde uwr aomazi fNZF)
de se |ier Ssp®ci fiquement " lanel ysh depoé yde K3

g®n ®r al emenT RAK®&dAQ78)t7e L e a dNddfa i enet essenti el da
diune transducti on &dbei qsuiignanle. m@duii®ee parl al fi xa
domai ne NZF, TAB2 etr UAB&Be htav diAKsLe rsatr®il lrreaus r e
de | TAK4on sudGuit opdheospbhoryl ati on de TAK1 part
phosphoryl ati oif9.deUnlea Kkbionuacslee TIAK1l acti v®e pe

37



signal isBtetdnAgM®ce vit®oki aasie sur | KK et MK K
pr ®c ®d €8mMdme n t

2.4.2 R'le de TAK1 @®Bns | a signalisation NF

Dans |l es voies-aBe Isaghiahasat TAKL N&kcti v®e agi't
capable de phasph®dylK&Kompa(@fe A PKKs avoir ®t®
TAKO,KMphospheBW yce Qui conduit ° | eur marquage
des praBUe®ithnres ne | a | i baBratieopl ds domveas KBS/

l e noyas, faeapresest oh du g ne icinilreiBHaiseat i el

2.4.3 R'le de TAKIJARMans | a signalisation

Dans | es voieSsRldel ai gnalaiseatfTAKAA uacti i w®e re tn ¢
ki ndAR3K et est impliqu® da@®pkTAKL ccaisbclaed eMKdked /kM
pour activer l a voie JNK et pdvKK3Cirtéi omaonu®r
pr ®c ®demment, JNK et p38 drnctt iwnatrilolme EHbRssn sedl uas

ccFos du compl exe de ARictpeowrrs @dRmrué eandor idepsi @
r®ponse au signal initial
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Chapit:teLES VOI ES MEDIREPOBAMNASR LES
LACTI VATIGONE DREPONSE | NFLAMMATOI RE

3.1 M®camt¢tsimeatidon des voies IiRmMGAG mMmatoires ml

De nombreuses ®t udensd uocntéi @t @ mmeint ®eon waru si®e p a

faitsapnparti e du syst me de r®ponse i mmunitaire
formes (PRR), |l es r®cepteurs de cytokines, | ec
T ou |l es r®cepteurs RCPLGoalt| ®igas elhe i Lgeus® sr Rlcaenpst ¢
infl ammatoires et i mmunit a®tr ecde edie spl m®c adnei sana
r®cepteurs est en constante ®volution, mai s

[lactivation des voiesl esCPGammajiteti reees pmpl®UWS i®eU rp

recherche.

Notre recherche se f ocal iascet ipvlausi opnr ®icei sSREnPeGSt |
I nf | amméatcitomw at i onléade i ATtleRAspgnidaliclt)i vati on de LF
l[Gacildesophos dHe&PtAi) éaicgdevat i on d@etsi VRHAIR® ve aaylmat i
t hr o n{bTi HiRe)l est bien connu que ces | igands ont
d®r ®gul ation ou |l a suractivatilon®ede "| eduerss mac
infl ammatoires chroni g@e&34uchant plusieurs

3. R®gsosBubceld atliaviateisomd des voies inflammatoir
RCPG

Apr@astli vaRCess tHes prot ® @ladeen G,e wanliE(sdE® &l sG

Gly/ 1M,2/GL3), somt racpart ®es cretprt ®weallsl, wlbaiprma rRee
h®t ®r ot ri mBrieguesgacssianht {€ansdocteueadei saghad
effectsewcmogedssstager sdrdi2ansa lvoica@Gof i aaiRoBeai de d
ARLpl usi eurs papleeCPsp@moretnrtuen®ein g h a kcrasnaotnoi agnu e
noomanonv qiue bi dias @ e dcea -dM&EYJt -1pRIG nt er no@dfifeeicrteeur s
tell guphos@hO¢PLBAGEILIEA | BKMDU eGTPatsels RO aedn
r®ponse ~ | a BBRE, 8898 a THR
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3.3 bbhesestines

Lefsarrestines ont wune fort e saufrf ilneigtaR Peh@se rksi n a
RCPGGRK) sur |l a conRO@R@uit i omon dawitti vien |deeosrhplr enad
RCP/Isar r e®@Di mCee c BRE@Pp/MSaexreesti ne aura des rlles te
du r ®ce@tnetuerr nvaila slati on du r ®cepteur pour | a
Cependant , barer erstlismedesne se | imite pas ° | a
i mpoarnt s conceptRCR®& fdi®y realtisshatoinoess Emaleog d @ s
dans | es prochaineRCPIBicail 9@®a, IRaC PsGogm allainsanti iiqaut
et | a siRECP&Shide®aoimah e.

3.4 La signadseRLPEG on bi ai s®e

La complexit® de | a sSRCPnuUad tdgedt’ i odhe sd ewsoire®c e@e
conventionnell es des@Ernatv@itn exn G@Ed sg weif mMmedd laiuq B«
r ®c e pRCePU&ts et ilvati on des G@mromti @itree so uG.l eSeliogna nl

r®cepteur, leex i rs® cpa putsepwars r e ude s f d itehsh ®r cemfso.r mat i
peuvent conduire 7 uneursitdwmdginaaiipdiwinkeit aiga ® e
( B. basr est iMGEPsGnat ulnees rel ation 0%, selon | e t

pr ®f ®r enti el |l ement une Vvoi e RG@B/Masrirgensdtluitns’est t i qoune
llactivation habituelle dé&s gPMret @i nes G h®t ®r ot
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p-arresting-biased G Protein-biased

Receptor activation Receptor activation

v ) : v
Enhanced B-arrestin Enhanced G proteins
mediated effectors : mediated effectors

Figahr e La signalisabaonedtiians ®et ph@&sllarsu®i ace:
[Gacti vami am®ceépt eur, l es -GIRK fpaocsipbobamynetehe deel
arrestine. Une foibarrestun®e i attiaet um®e si gaa
effecteur s bsapg®ceiBfEiihae ssG'c ttleavd@®i b ®c d pdieuirnt ered qi
avec |l es prot®i nes G (h®h®Bmngerden®GDRupenrte@®@T P a
GUCette activation d®clenche des cascadeas de s
dee f f ect e a ARVEP cl, | e d@aPI3c,i ucnaroawc tI®r i sti ques de | ¢
l es pro®Pi nes G.
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Le concept de signali @at acpeltitaide®d andadinveprs®g

des voies de spanaléesaRCBG. i hducomesti tue n®an,
en compte dans | e d®vel oppement Lapep rno€bdatci aomme n

certains m®di cameRCBGSx®@mitfrieqwen pacrerpadieturd ®p e n c
effestawcti v®s pour induire une r®ponse t h®r ag

ind®sirabl autcess @ fpan edirs qui(@pRassent par |

Ce concept est particuli rement pe®d i mE@Emt | aar
arr esthb-arer.eslLteisnes sont capables de cr ®er des
se fiRE@PE®a@awWrx i nt er agi @audtirreesc tpernoetn®i naevse cd ed s i gn.
tels que | es prot ®mintesg knemaseMARK) oRecdBRhaact ¢ wer
et |l es phdBkphaisexg®s ORIl Be)t te voie de signalisat
di verses foncti ongéacctelvliauliaoinr edse, fnaocttaenumesntdel t r

il Feeat ainsi davanbageesesndsveassrilaesi deal.

3.5 La signalisatROMG non canoni que des

Les WRE&€P&sn canoniques font r®f ®renceaifTfdeeenmeG
devsoi es classiqgues m®di ®es par hetsi paP@®a ndass C
Al ors que | a si gmRLIPIGmapt i gmec giwa ®ir glae mbeas dbe pr
h®t ®r ot ri m®r i ques, gui rgul es tade@®amtxdyictl aslees | g

phospholipase C ou Rho, l es voies Mmanreanhbneq
i mpliquent souvent des voies de signalisatioc
cellul ai rRar de Xdbmarleeeissliane peut agire cpmme®iume

d®c haf pwdlagea ecruter des complexes signal ®t i qu
ai nsi des r®ponses cellulaires telles que | a
i nf ladamomres. Ces voies non canoniques permette
dans | a Gdnitveerrascitti®@ ndeent es( Y egaREPG

3.6 La signali sREPOG®de®d bpamakés nes

Apr s |l a for maRtGPe®a rdrue scampel,exee r ®cepteur est
Ce processus est responsabihte vRERSER s Pguimamboa

pl asmique et contribue © | a migration du r ®ce
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lten d 0 s 0o me . € &ommosmomey®e | " pleut RCPEhdesomakesit
signalisation endbaomaskei mPRL i @etnipaampemrsgdes [
kinase activ®es par |l es mitogared e( MARHK)a,l teeltl
( ERK) bpaarr elsa()npe3 8l /p2ar ubi qui t(9 poait ipamr earBdBd svamad
non canonique dapABrR2d en-TABBAETABL es't ®gal emen
dactiver JNK mais sembl e s eRCfPaGirae dees mamiest e n
(@ 7V\9Par aibdremuest,i ha peut ®gal ement induire | a
ki nases®&&GHmRme canntt raimpil i i cation et ~° | a dive
cell u9ai r es

Cette signal iR@PRfaornr eesntdionseo npacluet entra”  ner des

gui pourraient di ff®rer de |l a signalisation
d®sensibilisation des r®cepteurs, | es r®cept el
di cttienaffectant des processus comme | a prolif
(9.
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3. 7bdrare®tine

Leébarrelsfssner ®v ®l ®e °tre | a principale arresti
de | a siNpFBRdd maat mami r KRCR.Gt bha®eeXptairmai - pas |

arrektisembl e jo@eti vatibhedeaksnkases i nfl amme
et NEM®DA 001 Not amment , dans | adAsgildnalliesalt PA net
t hmboi ne, plusi eurs ®tudes beanrtr eEdaicdi®@moert rermre | wao

signalisati o nbdiuairse®eu ncea pratbplo@?sde? 0j4anf | ammat oi r e
3.8 Le complex8, CBGLLOCARMALT1)

Le complexe CBM est un centre de GARMA,Il iBGL 0o
MALT1. Ce complexe est cruci al pour activer |
NFeBou MAP-K/ ABPa premi re prot®i net "de taenfacrtmar
est |l a prot ® ne CARMA, qgui CARMADr ®REARMA2 s etis (
Dans | e Cc Gancttei xvtaet i 0@ HBERBG rCRACRMAI3e UE St respons
transduction dWNFaBi(lgonkal)6 PApEactsadatdee CARMAS, BCL
MALT1 sont recrut ®s pour BRocrhnaefra uda g € o mCle e xse
CARMARBCLEMALT1 est bien ®tudi ® eftaca i®taRCPd® daw

par des | id®dagd4a0cBhnhmea( WOPA | a t(HPRonmbilnae sui t e
assembl age -BAGL WWARMA3 TRAF6, une ubiquitine | ig
forte affinit® au compl exe, not amment sur | a

des cha " nes d®epophywlBaquiysines |
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CHAPI TREALIBM QUI TI NATI ON DES PROTE£Il NES

Lubiquitination des prot® nes esttruandugrnto oannel
PTM des prot ®i nes. Le praobegsusi consigsie est
haut ement cons®veoel®et aaoncoampod®el de 76 aci des
(L11P &Qbiquitine sert de mol ®eubpode®Rsi goasi &
monom re ou de cha"ne polym re sur une prot ®i
destin. Celu bpirqoucietsisnuast i dn est s®par ® en trois

enzymes distinciterts@rettdogé¢ Pprtoe®ubeqditi n®e.
4.1 Le pwbcgsasuasnati on
4. 1.:1 Acltivation

Tout processus d'ubiquitination se d®roul e en

E1, responsable de | " activationdeepd(dfpbEdhui t
Lenzyme E1 aide 7 Ilier ded@rmdmiuirta neo wal ercthe nuw
contre unelLa&MPO s PRINATIP eornmédicca hhedame | i ai son t h

entre | e carba@abylgeitenmi ealde@aeazPome dEI cmae®n h e
ubiquiti(ld acti v®e

4. 1.:2 ERnjugai son

On compte 43 enzymes connues2quwibi gppai nige rcroea
enzymkys é | a Gatiitwa Gdilko jud ¢@ mzybfear | e &2 leestde
daccemtbemgquli tine acti v®e pauruhere®Racsesh®d@ki
(ny La via2 i ®a®s dl a cel | ufliecidt®® edeni n@r de $ ai st

[biquitine.

4. 1.:3 LEi3gati on

Lbbiquitine |ligase E3 est responsable de | a f
cellul aires par | "ubiqui ti @dacthiaofna u dlaag eE 3e ta guinte

| i aesoankei qui ti né& 2acetti weed mpu®mti@iiseed $damt par | a
dua | i aison isopeptidique sur | e r®xirdu nlay i e
[ubi gl bD@ependamment de | a HEav cicrt iwn®, mdn oeushti gp
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ou desi guwiltyiurbat i on, sous forme de cha’  nes, o]
branches, s@mt ®bF Wnueb sftprrastmil@esriddbui gdweistti naet t ac h ®
l ysine de |ladeproh®i mes cdd |l gl yubi quidijoeatpdeve
nouvelbl gaentimegr ocpe malrey llea uvubugygeittgeneeu p e me nt
ami nel yedealuabi qui ti nelllaclc& pltiaait ®ors epautpib®alshair
l' ysine dKé6eptkdit e K27, K29, K33, K48 et K63).
[Gactivit® |l ilgasdomaietdd |RI NG t(en e setti nlge ndeonmag enree
(homol ogue du -de mmkik eh@&9 car boxyl

414Destea prot®i nes ubiquitin®es

Actuell emenBUpil gdii @@ 0 nes s(dirffit etonlneuetsype de
dubi quitine d®terminera | e sToerlt gduue snuebkrsitsrbaatn ®e
pl usi eurusbitqup € 9 nddn torngd ensahn@aomis ®quences distin
cel |l ud amamao qui t i ma tutboing uotui @igatdieolrentt r af i ¢ membr

etertaine si gliealdioscaytt@momaittoeolnlgduee cert ai ns r ®c e |

|l es cheaohgsbsfgurim®ense par des | i dubogsei sp@aiif o
cha”  ne sku4r8 ,K1sli gonual ent g®n®r al ement | .aDddn®gr ad a
autre d@ab®ui bnnati Kb8an deha 'ympeq Wil psRanntc e p MIL e me
i mpl sdqaur®e des fonctions non d®gradatives tell e
deADN @&nfl aminanti olna si-gB(dllhi sAitn soinp NIFe tepba c
dubiquitine d®termine si une prot® ne sera ®I
signalisati ¢figi)r eadel | ul ai r e
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Mono Multi
Ubiquitination Ubiquitination

Substrate Substrate

Protein interaction and
localization

M1 Linear
Ubiquitination

Substrate

NF-kB activation

K11 or K48
Ubiquitination

Substrate

Proteosomal
Degradation

K6/K27/K29/K33
Ubiquitination

Substrate

Unknown functions

K63
Ubiquitination

Substrate

NF-kB activation, DNA
repair and endocytosis

Branched
Ubiquitination

Substrate

Various functions depending

on the type of branching

Figdlre Les

di f f @rbdmgtus ti w@ae s od

et

Liueburqaui t i Ina g |

i

monret mmolntoiu biaanttrleleetnrtaf i ¢ membranaire et | a
K48 et K11 dirigent |l es prot®i nes vers |l a d®
' in®aires M1 sont impdngu@aemsmadans kKHADNaAagh®pias
cha nes K6, K27, K29 et K33 remplissent des
[biquitination branch®e combine plusieurs [
(Ly
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4. 2 dloemai nes débl gai sbne”™ ( UBD)

Les domainesuubdeguliitaineon UBDI) sont des r ®gi ons
de | i ®es |l es ubiquitines. Ces r®gions per met
ssccrocher ¢citegqgbegudd i np® et ~ doebi gqarianheée®nau
de |l a cellule. Les UBD sontth®l ass@dakn dongt ct
homol ogi e deiltaomlieadlas ttronpb® B8R Ut nes domai nes
di nt er ag@ubi cawietdi nlgulRF S HS, Jabdbh IMiN®H1 8L)1 Les

chercheurs actuels ont d®coulwkRDbDt @hacunde a2yla:

fonction cellulaire diBbiesteprPaehi ®e¢ edamsmp
nombreux UBD jouent ®gal eNd&asBtet u\Prc¢d mmea aln/sB 2 /a3
NEMO, capables de reconna’tre et de se fixer
plus loin, | es admmub®gali ¢ menrats etsn (DAJB3gi ne UBD es
et recycler | es ubiquitines.
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Famill e DUB Prot® ne repr ®jg Foncti on
H®I akpha ul M S5a (humai n) ou RpD®gradati on d
STAM, EPSI N, RAP80O|endocythoogen
MV B, r ®p ablAB N i
MI'U ou | U RABEX Endocytose
DUI M Heur es Bi ogen se du
UBM POL, REV Tol ®r ance aux
IGADN
UBAN NEMO AB3 N1OPTI NEUR|Signal isBtion
UBA Rad23/ HR23 A, Dsk2,|Ciblage prou ®4
re®gul ati on o
autophagi e
FLI NGUE GGA3, 1ITOM Bi ogen se du
SI GNAL Vps9, TAB2, TAB3 Endocytose,
ki nases
VHS STAM, GGA3 Bi ogen se du
Doi gt de zilUBZ POWbh; ®KROL Tax1BP1, Tol ®r ance aux
IADNsi gnal i-sBat
NZF NPL4, Vps 36, TAB2, | ERAD, bi ogen
regul ati on de
ZnF A20 R A B EX, A20 Endocytose,
kinases
Znf UBP (|USP5/;l stoODACS6 Fonction du
agressosome ef
Domaine PH|PRU RPN13 Fonction du p
COLLE EARS Biogen se du
De type UB(QV®hicul e Uevi1l/ Mms 2 R®par ati ond DN
sport (UE biogen se du
des kinases
UuBC UBCH5C Transaf eirquidt i n
Aut t g p@EBD SH3 Sl al/ Cl N85 Endocytose
PFU ufad ERAD
Jabl/ MPN Prps8 Epi ssagRN de |
TablZ®aulLes f amislTladbdreaggrsolugBBEDnt ami | | es de domai
[ubi quH®lI neeg al pha, Doi g,t WBC ze)tn c aluetBroemsayi pnees
d®ubiquitinalseeusr (sDoUnBt) agsusioci ®s , ai nsi qgue
fonctions cellul aires. Ensembl e, ces ®| ®ment s
ubi qgui®piemedant e, i ntervenant dans desop®ooess U
|l a sign@hdesatytose,| et (IBL r®ponse au stress.

49



4.3 Les diff®rences entre | es cha nes polyubi

Lexemple | e plus courant dans | a |litt®rature
Les cRal pgbK48 servent de prot®i ne de signal i
d®t ecter et " d®graderi parmbhenpeoni®asomeaej Ve

prot ®d me ®r 1 elur ( WdpeCelpae ndeaalnltul @ | s pourraient ®ga

r®gul ateurs de signalisati on, commé kaBetntdenn®
pl00( B 911 Tel nquenm® prs®hbabl @mdamnmgtp,et idnati on, C
reponses cellulaires peuvent °tre induites. P

avec des domaines UBD sp®ci f@®ghaé$ apdage, r efca

llactvati on de kinases comme TAK1 via |l a I|iaisor
4. 4 Les facteurs associ ®s au r®RApseur du fac

Les facteurs associ ®s au r ®cept erugp rd@s eina eetne u
fami |l l e de prot® nes de t rlaen scdognettrimialhet d @l e g N a
signalisat iNéaB, -ARIFII éosu g4 0 e@ctr Ppanisen "dd r G
i mpliqu®s dans | @A) ®B0 R s emeantitmaa 8fi dmaii Iclee ont de
pour induire |l a transduction TRWUOUFRBRARSA]l et PARMF ¢
ont montr® une capacit® 7 (&@Jifrn cace acti Vietu®
RI' NG qui per me@ bil guittriafoen f &2t iavl®&éd lpdt X ®jt h £ 21 d
TRAF2, TRAF5 et TRAF6 sont ®gal ement ®buondas p
NFeBet -IARD
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4. 4.1 Lé &dssvbeu® au r®cepteur UTRA&EHeur de n

TRAF6 est une EWBbidawi ta neamfil Yampdlkkse S RAE prod
chaPmdgy UbK63. é | a suite de |l a formation du c
uniMART(122 TRAF6 va int er2algii quiatviere | dbd 1 3/adev 1
pour d®santda skhao’ | nyelsbXe6l3o.n | e mo @ jloeu tc | caosvsail geune
cha’  nes Pol yUbK63 suxesftRAFrbe @tadR2e edr ulckkal e
Si ¢gna NtFeBen -1AP car el leecst ipeatmedn ef@ Ll ZAK1 et | KK

LG mplication detTRARG othamses!] voies infl ammat oi
RCP&st peu ®tudi ®e. Notre | aboratoire a pr ®c ®¢
[lactivation du complexe | KK dans |l es cellul es
patdAnd | et, par déaocnd ®&anpudmtn, deatigdd-dB 0d¥% de si gna

4.5 LesPalhaUmk&a3 ancr ®es et non ancr ®es .

TRAF6 joue un maétievaenonadtes anweB éestldleReai ggab b s
comme un point de convergence ¢l ® pbob®esl|l ang®f
(Pol yUbK63) . Cl as s i gautetneednBm@ensc erse chad ende sp tseotn®@ii
ci bl es, comme T®ACBt2i,v apgdrome tdeso(TMEKIMQ) ,ouf acill KK a
llacti vaKiK€@esdi nteractions ipnplly whuieqqui tdiersse cdhiat’ e

fix®es directement sur | es prot® nes via une
Cependant , des do®n®eéssrPoeviesoisesuemodt r® q
enzymes E1, Ubcl1l3/ Uev1A ou UbbbGui(dATiBasepsutE?2
®gal ement catalyser | a formatim@sidddeechabnes d
cytopl as me. Ces| Icha " messoibertin @gtut ach®es ~ auc
Il i er directementi tame ddBDI)Nedse UuUBABRu et de N E
[Gectivati on Bb(eARTAKL1 et | KK
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Notre | adbor@tesse S | a possibilit® que ces <ch

agem tant ogreomadsvenressagers dans | a cellule

ki nases pour moduler | a signalisation intrace

4. 6 dil®adbi quitinases

Le produdsgws tdnati on est r®versible, et sa r@

cha” néeli cdui ti ne, a s stum By npeasr aupnpee | cRleass sde®udb i qui t

enzymes ®l i mi namt qlued i mel @nulcds vaant | es | iais
cibles ou entre &elles. On di ssteil nognu el edueru xm®gcra
enzymatique : | es prot®asbPans ctLgst®hnhexte Hes|
N FaB / AlP, |l es prot ®ases ) cyst ®i ne jouent un

reconnai ssent et cogpest deses chaanesngsgei pop gt
triade catal yti quef icotmpdiascRied eddtea spyastt @iqrues,, dr ¢

conformation tridi(ld@nsionnelle sp®cifique

Cet ®qui l i bre dynami que entre ubiquitinatio
fonctionnememt®pcoen sleu laauixr ec heaangement s environne
cet ®quilibre peuvent entra’ " ner d itvreorusbelse s m:

neur od®g®n®r atifs et |l es dysf{dmcti onnements d

4. 6.1 La cylindromatose (CYLD)

La cylindromatose, ou CYLD, est une enzyme de
des prot®ases =~ cysur®i emes e rktni etlande sq uveo ire®&g ud ea
CYLD est essenti el " |l a modul sB.i o@8YIdR € e rccaes
fonction en interagissant directeme+B, atveelcl d
que TRAFé6t WNEEP

CYLD fait ®gal ement partie de&abaqgtuami hkee (&P
domai ne USP peutl eciclplirerrd PeEdesndcea’l yad KB 3 mai s
peut ®gal ement d®grader polyUbK1l1l et pol yUbK4
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g®n®r al ement attach®es aux prot ® NlsB/ MAPK.ux c
En d®gr adamtol oydddb KbiBg ™ miCeYyse D agetuef f ®gakcaement ©
voies de siaBnelkl ,aaiidanntNFai nsi | adhoen®loslt@asi er
emp°chant toute r®ponse inflammatoire prolong:
activation dyNsFbB nctoindnmn édlulasmmtd@amnuf Id®mmead toip@re me mt
etle troublecB2®IMUNiItaire

4. 6.2 A20

Similaire © CYLD, A20 fait partie de | a fami/l
de cibler Pol yUbK®63. La priPobeypaKé3ddpht®sencd
prot ®ase contenant l e domai ngatumemaint oVvasi
activ®es telles que TRA&A&M6,ci NEEMO-gaw$ 3 MAILETI1g, @ epstuc
d®montr® que, de mani re similaire au CYLD, A
voie de sNEpBal®ds @i @rRCARBAERBILO0 Ceci est partic
i mportant damse |l eoiceo nd &l ¥FaBie qodauli R @R.hidaln a ®gal el
®t ® observ® ddamlsl d ess wred laidteisviTt @upr ot ®ase sur
[Gacti vati axre dNUE MOo ndpalnes NEeBS3dnal i sati on

4.6.3 USP5 (1soT)

USP5 est une aauptpraer téeazaynei@iSIPUBE| Ide s t icnagpuaec ipta®
uni gueconna’  tre et degmr@deand else cthIaf PSS med s £

compos® de ci hg do#®&iPne s AdnH dJBalPi-trider iZinnFal , un do
de prot ®as du bsipgRuiitfiingeue( USH) et deux@& bdomai héese
(UBA1 et UBAZ2) . Ell e est c ap-gbiyree deGQ)e cpm®saé

e xtr ®mier i €al e @és quihai nesfdottantes gr ©ce
[ubiquiti né&BREBSIA® WNFH5 s er ade parlionrcsh pedat peahigl see r
| es cdab ingeusi t idmenss Iliebrgegysoopel asmen domai ne USP
cha’  nes en danboingou ériema.ndi  r e unpt @rteusdsea rid ®eno nt r ¢
suppressientde” W&Pbne accumul ation de cha”  nes
sugg®r anet csloth dalns | e contr tplaer dseo nl ehuarb inlievte® ud e
l e moti-gl ywdiymca nper ®sent 3% | es ubiquitines |16k
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CHAPI TREE®RCP®&® MPLI QUES OWNNBAMMATI ON
5.1 R®ce@hguotldlarsg@ A g

Langi otldnrs(lAl ¢ est une hor mone pr-adgi ot enmpsairn e

aldost ® one (RAAS), jouantd®gnmnitibeechydraluea
de | a pression art®rielle et | e3gdNt LCepPpEi des
peut se I|lier ) deux!| e ®cA8fpept e 8 re ATR2®codippsewsrf f e
classi@ngs otldnisiume IAGl r®cmaptemnument | a vasocons
s®cr @Gdlidbns td®r one, | a 1t @ahbbus,o rlpat ipoend Ideet @doads i uenh fee

prionf | ammatoire. Enlangvatdheasijumke dsF2 ¢ Rrmipt edu&r A v
une r®ponse opATHE®DE au r ®cepteur

Du pointi ndfel ammatoir e, | es ino®c aAinggs Measns dd es i
r®ce pMTdwRepose pri ndéaicpalveameinotn sdger Tlal pig@e ®@&e at

pr ®c ®d e mene h & , aootnidwa ttd toinnduel altai opnhosphol i pase C
de deux secohd3 emENBAEGKI =, ces sghawsa d@al er
prot ® ne kjngasie Cog®KE&€Cn r*l e central en-recrul
10/ MAkeEBh) caldacdadedaet iko muisepeuvent ~ | eur tour
transcriobt eoh(AHRFR @r(el831Ce processus est ensuit
m®cani smes de d&snetnesrinbailliissaattiioonn deut rd®cepteur,
[ ntensit® et de | a dur®e du signal
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PLC-B activates IP3, !
DAG and Ca+ release -
A J

M7

> PKC

=
<
\
.

PKD

NF-kB and AP-1 |
kinase activation

—

Desensitization of Gaq and
Internalization

v

Hypertension
Hypertrophy
Contractility

Cardiac remodelling

Cardioprotection
Anti-apoptosis
Regeneration

Figdax elLa voli

lactivati onddeg AT HRoOP@Isntei nul e |

facteur s de
i nfl aintneast oet
vasculaa®s ensi

e de si®rregitegquaerd t"etnyspmAeTLLIBUI vant

a BkQ,i vcaan dwni s

tramBcetlpAPOat ttee | csa sqcuaed eN Fe s-t asso
hypertenseur s, contribuant au r
bul r®aéepbeunt mrnal i sabhon,b- souve.l

arrektianeeisnidteiee si gnapodadapuatri i @ansgil gmanlait ®9at

caus® par | a

pour avoir

une

C

<

(0]

voi e em®dpivecdpes Veiseprae ®s ingrsa lGi
r ®ponse (c83lL1 ul aire plus cardi
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5.2 Acide |Ilysophosphatdiethitgque (lBA)p heots prh@d e pti &

Lacide | ysophosunheatp datiigiess tniduP@qpinlyetiruo It ysdeaver s
[Gacti @nutdoet alxi ne (ATX) saitr des plpoRphealtispadeas |
( BBEl A eune forte affinit® pouiacacde vleyrs olpah ofsapnhi;
(LPAR), compos®e de si-&LoRRepptegmmd KashiPAi aul
LPARe r®cepteur change de comrftd imiawatamnofetr mee r
h®t ®r ot ri m®r i GueSede nl d eprtoytp& nee LPAR acti v®,
plusieurs typlese deuiprpo ®i maist Gacsonmatioon den
effecteurs et voiigu®de daingn dliiveatsiesn fiomglt i on
prolif®ration, | a sur videnf Il @mmda®vied o pepte mean tr @pe:
et(cFi glBr)eCes voies induites ou r®pri mPes par |
denul ti ples pathologies qui éfgfietc tneontta npmeunsti eduers
neur ol oglhgbh®spsde®f baemmatdeoh et des mal adi es
du d®vel oppeniemfterotsisle@x®Uy @cbariB3dr Act uel | ement |,
de nombreux m®di& ate s toge rcraGcaebplteesurd pr ®s ent S L
att ®nuer ou combattre c-eEBAmagtadursantPago reix®tme
utilis® pourellludlteesr caomdad ®ree U es@ tdwt $®il m,umd v aglc
en i nhi bant certaines Gfopnasioms celell bWludian ¢ es |
langi og(edD 4 De pl us, l a d®r ®gul ation du r ®ce
d®vel oppaaméen®tr ode | ®r ose, qui est une mal adi e i
se caradd®aiisei paaemdeént des paroi s art ®mpiael | es
l a formati or ndvea spiloang udeesdt) resta gr oplhage N excessi
[drgani sme entra” ne une activation accrue de
d®vel oppamé®tr ode | ®r ose en i ndailsiam®r altei amand e r
infl ammatoires et d'autres m®diateurs dans | e:
de plaques art®rielles et laa I« RAoidrefllagen cvea slcau
mol ®cul es | pf gauemaumda rasgment ati on des r ®cept
cellules endoth®) i amoels ftel $ eqeue mMpPCAMement de
augmente | a perm®abi |l @ab®odes ivai sesalLdDLet qfuav

dans mada i fomr de plaques et | a progdpssion de ce
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PLD PLA

ﬁ Phospholipids —}

Phosphatidic Acid Lysophospholipids
Lysophosphatidic
%’ Acid (LPA) ‘TJ
A
¥ ¥ ¥ ¥
LPA, LPA; LPA, LPAs

[ b
v
Gﬁi/n Gus
v ¥ 1
Rho PLC Ras PI3K AC
ROCK SRF IP3 DAG MAPK Rac Akt CAMP
| | b | | | } |

PROLIFERATION, SURVIVAL, MIGRATION, CYTOSKELETAL CHANGE, CELL-CELL INTERACTION, ETC.

gaBeles principales voies de synth se de | a
a |l es six r®cepteess pePAcec prad esp ovrod 84t sd.e b
aveeatsi omutdet axi ne (ATX) <wur plees phoalsipghiod @ ispsa s
rm®e,pduwat L&PAS|I ve®c e pt eluRrAdAUBRLIPAS aux prot ®i nes
gul ent divers processus ubiaolregi ¢ aesaeatrads rt, I

angednue nctyst os3u el et t e
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5.3 R®cepteurs activ®s par |l a thrombine et | a

La thr octbmunlet i @l es r*les sur |l e corps humain
procoagul ante via | a conveatsiiwat idan fd g i mloagqg wne
dans notre syst( feglwfadRdi Gehacdl ajrkhemédnombnn
rtl e important en Gtmafnlta ngnuaet inoRd.i alt ae utrh rdoambsi ne e
dactiver des r®cepteurs activ®s par | a prot ®as:s
prot ® RCeP3G Gg( ©ce ~ s oxuraclta visere®hiepoad teadsel ul ai
r®cepteur. 1 convi einets td ep anso tlear sgeuudn €l tap mteht r Roanetx
PAR. ! existe actuell ement quatre r®cepteurs
PAR3 eté 8®AR4. i nacti f, |l es PAR poss dent un si
extracellulaire du r®ceptteumiLoaspdaoaxicmi vRgee

attach® est G®x-posi®yecapabl| Ralteifa wirurGecsieé HR deu | &

fami IRAR den se | iant directdemeamtmai nbaeddetuacel
recepfegli( 4341 Commea avRe@BG@ ~ | a suite de | a |
aux r ®cepteurs, i se ptriodmnmidu um®cdmingemewndr r
et induit | e recrutement de | a forme h®t ®rotr

La transduction du signal ,sw®i Gmaittti Upaatri oln' idnetse rg
Gtels que | a phosphorylation delald®atgdyC, alsa | i
l[Gacti vati onta dtei WEEtKIi qed 5 d §p Rlhro Aact i ver ef fi cacen
signalisation | NFeB@4nea t-BiAroe 8. 481lo mme
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A .
Activating '
Proteinase i
> (EG.THR) : yd
\d : —
: \" Revealed Tethered
;
o009 09 000800 ."0".’.“.0"“
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Figad€li vage prot ®olAylte quéei aege PAROt ®ol yti que
prot®ases exog nes solubl etserexignaoas eessdev amtuvaeeél
| i ®s Gpcatuvrvalti on des rr ®cept eBrlée xhb®@pdntdaomt ed ud e si

ter nppenranhet-cii Gttt a¢her sur | a bouetl ea cetxitwe cled | ruc
pour induire une(4d®Pponse intracellul aire
Les voies activ®es par |l es PAR ontt hde mmabkej p
I nfl ammati on, | a s®cr ®t i cinntpelsatgiuneatitea, i rleg d @v
r®ponse immunitaire, (48 nrRiagr actxiedmp\teel duml| aierse
endot h®l i al es peaxrp r RASRS1li oanu gdeed hl ®as i nbonl ®iceusl ec ed | ul
(VCAM qui coch®sboae, """ Il a perm®abilit® et ~ |
traverendat €E@RMNicaleee pl u s, plusieurs <cellul es

i nfl ammatoi del&,dtie,|l |leada mpuEtlagltandi nseui vant une
r®cept eUdsUnRARd ®r ®gul ati on du PAR a ®tsRsli ®e

mal adi es inflammatoires toduchhammapt iuem enesr @lr
dysfonctionnements respiratoires, |l es probl m
[ ntestin (SCI), |l es mal adaebB®vascu®Prnoses,etcol

syst me(4f inaire
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CHAPI TRE NMYPOTHCSE ET OBJECTI FS

L'"inflammation, une r®ponse immunitaire fonda
i mpliquant divers r®ceptelrs rt® ceptgear $ ed’' r ®i
r ®cepctTed i &eet d'" autres. Peu d' ®t udes se sont p
infl ammatoir eRCRAGHAUVv®eésrpare lasr ®ponse inflam
de signali slesi dracaetwuirsardte t-3Banrestt rAPCeEBsOl ateéeks:t
transcription r®gul ent | " expression de g nes
i nfl ammat edee quyet oki ne,s ded | amnhe sok makds® ®sli ®n d
ou hkeemymes i msflla'manattiovati on de ces voies est

demul ti ples ®tapes et prot®i nes r®qul atrices.

Une grande partiMarfces va@&msdadomauexntduweDrsur | * ®t uc
i mmuni t aidraenss ilrems®emwal adi es i nfl ammatoi 6esa chro

®qui pe de recherche a pr®c®demment Aaxydl, ore® | e

utilisant un mod |l e de <cellules muscudaires
[Gactivation i nfl amreBtloe r panpdieetril cam ivdoei lew oNFent i e
[ubi quitination sous forme de cha " nes | ibres
voi si @@ altiosuatt ieom ouvrant | a voie =~ de(3Rutures

Son gao®pgeal ement publ a ®iéutnued iase®srii gen adl'iasrattiicol ne si
i nduiltee rpRacredpn giuctdemsilnes cel | u( s 5BDBE tiaanmtuni t
donn® que | e processus d'ubiquitination est f
Priscilla Doyon, ancienne ®tudiante dans | e |
r®sul tats d®montrant diwier el RAFES eclsd rceap arbd re ared

dans |l es cell ul esadVISMCn dsuii smeun tlRels't apaatr is vAadtei a mr ad
NFaBet -1AP Ces cha" " nes | ibres de Pol yUbK63 agira
servant de plateforme pour | "' assembl age et I
TAK1 et | e coMopn erxlel eNEdBONnsG oees e i Quaveal e@emd du
transduction du signal m®di ®e par | es cha  nes
aveéa LPAretmiBiease®. sur | a | itt®rature existante
| aboratoire, nous a@mBEatntso nl se sl 'cheyl pl outl he ss ee xspurii vma n
courtes stimulations par | a LPA et | a thrombi:
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| i bres de Pol yUbK63. Ces chas enceose dasga g eri se,ntc apmpa
dactiver li_evad m nkai tnofi Sraessl . b IbBOKp 38 etdaln\sK)l es voi e:
signalNFBtetdnAP

Objecti f 1 D®montrer |l e rll e esascentviaalr idce T
boucteds idzati on des prot®i nes kcalalselse FALKL| muK
LPA thertombi ne

Comme mentionn® pr ®c®demment, TRAF6, par sa cC.
capabl e d'activer INé&Bet aldPduwar $ uda eti dant 9 omi mtei
tels qué4RTCIRR, BICIR, TINNFRE petCdpendant, le rtl e d
signalisation infl KOP&Gtecitce peAdieXepl pa®. | dans
cherchons ° examiner l e rtl e ded PRhHFI®G Mbane |
(stiinunsatcourtes 2, 5, 10, 30 minutes). En

TRAF6 supprime | a phosphorylation des -g8r ot ®i n

et -IAP Les extraits de cellulesobBltasué®DResmiet y o
de souris immortal is®sel BAF6ahal gs®FIRARE6 I mmu
sp®ci fique pour d®t ecter l es formes-TAKDsphor

(Thr 187)-, KR Sees pli8c0 / 1 8IdBY(, S P @B [p hRph0& p(hTohr 180/ Ty r
et PhbNMKWhOThr 183/ Tyr 185) . Les niveaux de phos|

rapport | expression totale de ces kinases

Objecv®fi PTIAKrL seist requi s peousri dnreasl i®vaRtnieame nprs®
cellules sti mud ®ealsi par LPA et

€ la suite de | " activation de TRAF6, TAB2/ 3 s
activant ° son tour TAKI1. Des ®tudes ant ®rieu
| KiKdans | es cel lludlPASABst Emul ®ielsi pamt un i nhibit
(5Zoxozeaenol) dans |l es celDoyens pst idm®uno®@®d s ep
Il "inhibition de TAKl1bgd®dddet tINKI" i hcapagho Dp ¢
gue TAK1l, conumei ®tewmeeatpr ®c®dent eNFaBst -1Ap!l i ¢
induite par LPA. é |l a suite de cel a, i m' a ®

TRAF6 +/ + sti mul ®es par [|7a0 xtohzreGadelion es n(@to up/ro@tsr &
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observer une inhibition shileBUpaBretdéNKadphsesbt
0% TAK1 est inhib®.

Objectif 3 : Teebéyudbiquesi oba hebres produites p
seconds massadlelsssl es st i nmhud ®alsi pear LPA et

Une fois ®tabli que TRAF6 est rtegambi dansndes exa
son rtle dans |l a g®n®ration d'une forme non ancr
cellul aere®m€&€omm® dans | es essais i(Bpvictertot eep afro rlnee
chm’s | ihalesUK63 agiseaimbdcamme empable d' activer ¢

kinases impliqu®es da&RfaBel eldPvoli'eisntd®r ise wyrn ad @ ss ad 4 lol

Pour explorer | a production et | es effets des pol
ethr ombi neDoPand®Vveél app® et ppuovedmpteti niduense cceolnlsutlreusc t i
FLABnNnBBP4x andef@e dispositif intracellulaire pourr
pour | es cha " nes polyubiquitinest er6ni-Gnaol. &&a mpcre®eé s r
®t ape consisterait 7 v®rdéipireger Ices dPaslhppydhkKe63 m
un t @ snmumopr ®ci pi tati on @wmi bi mmounomWAGr dasge vipouwr
pol yubiquitines K63 dans | es cellules HACBBP sti mul

4x tandem.

L'aRpte sui vante consi trexdatiittte "dce®rt satbrl U at iqure peut agi
mol ®cul ai re des cha"  nes PolyUbK63 non ancr ®es pro
l es i mmunobuvardages desnmkinh a sdeasn s maretsi oenxnt@easi tpEr ®
sti mul ®esthpambiLiPd expri mant un vecteur -Xn-EB par r ¢

4x tandem.

Enfin, il deExaminmecre ssiaides dc h a regetmewnadsik gsruaddedsienm e n-

g nes r®gul ®s par INFeBefta-tAtPepr ss det it mahhraccnirboi pntep aenn tLrl

|l es deux |l ign®es celdiudai deqsh @GRCtecdi abRIBaenrta | nddds ugr & e’'s
aBet -IAPi mpli qu®s damesl ldudsai pesceaed@andd gummat itoen,s lgau e
i mmunitaire, | a proli(#&686i on cellul aire et | a su
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ABSTRACT

GPCR transmit intracellular signals via their

produé¢t iaow ao i-centayr aocft ewellzled second messenger mc

the E3 ubiquitin |Iigase tumor necrosis factor
the rapid and truaascaloy e{@dettdnkde@ddying cdfaii ms

primary and transformed cel |l s. eWepofswerdt hteor GMQ
unanchkedEdnkeudyi gouh dadamsumul at e i n Transf-ormi ng

activated kinase 1 (TAKD) iammwimpidppxaeaB kinda ae e
for -ltdhep Tphosphoryl at i obpc-Joufnt BNK KNI nladlaNKilm @ $tea ni@dK
p38 mtatcagevmmt ed pr ophea shp Hkarnyalsaetsi onp 3aBnNd t he i nd
event s. Our r espuartasd isgunp pionr tf iae | ndo voefli d@PnG R fsyii ging
TRAFG6 as t he effector enzyme coan ¢ lko6i3e ah g t

Il i nkeaudlyi golh ati mat sectmrpasenger mol ecul es.
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NTRODUCTI ON

vast maj or ibtoywndf rmempt @mes are coupled to tF
eading to the rapid generation of second mes

unctions are diverse but olhabé odogommdn st gala

from thboagonreteptor compl exes. Canoni cal S ¢
often described foll owicmguptillkee aettiepabbiren (&PC
adenyl y-lcycydlcaaa emmspg met eno(hnowAdAMP) system and t !
phospholipases to the i nner |l eaf o f t he pl a
phospholipids and the generation of diacylgly
1, 4r5 spho3hhawheer(elaB some of these second mes
protein kinases activation (i .e., cCcAMP i nduc
respohei btke activation of conventional and n
directly amplifies t he intracel l ul ar signal
reticulum. The rapid rise in the yi mtnr acneclrleualsa
the acti vibtiyndafngc gplrooitiemns and enzymes such a:
ki nases), phospholipases and other second mes
(NO) synthases invol veNO iaand tchyec |Iriap igdu agheorse rnaet
(c GMP)

Al t hough many other types of cel | surface r ¢
messenger mol ecfuilteesn @ d tahmp | bifoyl cagidc al response
a combination of homot ypi c -tpractsdiart i iomtaé r anotdii
generate intracellular signal s | ealdiikneg rteoc eapdtac
(TLRs) andl I(nitle)r lreauckea mt or-Is ruescce pftodrd / ( it Ry | mratkii
scaffolding signal responsdbcted flbysliimtekee d &) i
pol yubiquitination activity ofatedefaaomor 6edq!

u

p

biquitirmn [ESBtredagmsk63 pyoneyrusbh i atufi@Aif@ dpaodah adap
roteinsubogbabdnng (U8Dai sBrcamsdor mi ng -Gr owt h

Activate®i KdnagePABDZ elimampaB ki nage tdhhaemmas e(rivie

r

ecruitment platfor msr dresafda rnngi n ¢ -Abohicwtaad tefda i anre
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1 ( TAKWA)ctivated TAKlacactwvat iamssg akni nbaK¥ oopesul t
phosphoryl atbisauhuaof ttioé It KK el Kk td ovmpli @on- arfd ntul
kappa -aB) (NFanscrd.ptdnocne faaccttiovrast ed, TAKI1c-al so t
Jun-t Nr mi nal kinase (-ANK) vamnmed p@mBotneiithoagdenn as e
phosphorylation of MAPK kinase 4/°7°% AMKK4&/ATR
transdraicptoiren downstream of p38 and JNKI1/ 2 (ie

wit hoBNEoordinate the i nflammatory and i mmune

I nteresti ngTAKL tdhiegnTaRRAIFn6g modul e i s al so use
document ed PaKOTRIAETAOKI1 tshiegnal i ng modul Barndh t he
NFaB transcr ifptil @eanwiefnagacttarvsat i on of ttyhpee aln grieoct eepn
(AT1TR)an effect |ikely involved Amg8lomMBAK® oiws
al so required in -tbaphbdl r e ygleypstooppohsohsepuhcatgiAd&ic &
receptors (LP8R)actto’viantitooneu F t hesi ATIRaared skl
signaling pathways through Ggq, Gi and G12/ 13

factlotlst he precise roles of TRAF6 in transmitt
with Ang |1 and LPA, or o Proteasect@Req RcegtoisgPlARi ng P
H1213still remain elusive to t-&imseataigren@e rutni

recruitment of a coGepnhntexi miomyp oMAAUK f3 CAKRDE ei n
l ymphoma/l eukemi a-ak@G e@Bdtylnlp)h,oi Mucassassue | ymph
protein 1 (MALT1) known as the CBM signal oson
oligomerization/ activation of TRAF6 and the a
unknown adaptort her oltkekk ne o napnlde xo,r bi ol oa&Bi c al e

transcription ¥actors activation

I n addition to the aforementioned working mo:
proposed where the E3 wubiquitin |igase-was st
linked polymers that supported t haitafcot® Tati or
val i date t s sgrnmooudpe | f,urChheenr -EhoWwleH sthiamull atieoh e

the accumul ation of unanchored polny whevgou.i t i n
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cel)l uForther mor e, activation of TAK1 was sol e
> ~100 kDa) unancholriedk ego | cyhuabiimsu.i t The K68pi d
pol ypeptide products (in secolnydspr ovaes srievcee nrt ¢
TRAFG6, a critical feature that i's essenti al

proinflammi%éry stimuli

These reports thus suggest the possibility th
chains by E3 cwhliil guisteirrv el iladplaymetaneaanrs ntia raanpd a mp |
signaling event s, a model that is also suppor
RI-Gli ke receptorsnedRBReY singnalirag >F5Heatee i mi
using primary and transfoomedinoe| | svef fomntduint
necessary {floopt ipdhrosphiod yThat ip88 amdTAKWK,1/I2KK po
of GPCRs that are coupled to heterotrimeric

Mechanistically, wegpaemedel evindemcehsuaumpar pir
part, through the r apild nfkoerdmaptoil oynu bo fq uui nta nnc hcohra
findings introduce a novel paradigm in-GPCR s

' inked poml ywhmiigqhssi tas new second messenger mol e
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RESULTS

TRAF6 is requ-coagl é€drr &qgé tdaurc ealg ermird tys si gnal
events |l eading to the mpho3NKDFIryl andom3®f TAKI1

We previously documented that the pr-esepce o
phosphorylation and activation of t hter el eegdp h
primary vascular smddithpumaschve cel ks of VFIRBFG6
second messenger molecules implies its rapid
this behavior occur swei nusceedl |as seuxbpcoesleldu ltaor Afnrga
follow TRME6iaa through itsichcea¥i menmemoi ma
cultured VSMC, Ang 11 treatment induced a rap
membr ane Supaptteimeimg @iy ThAe useAB6 angllaedmnsio TR
showed rapid and transient membr ane rel ocat.
TRAF6 in signaling events governed by TAK1 i s
approaches whi chl cadppelctt cegdl atthieo ne aervieyntTs occur r i
p38 in response to Ang |1, SubPAIlaemdt ntt are)mb=ii g u(r
an effect observed in conjunction with the sy
Ang-i hducetdi art ¢liv araenp ArPt eSru pcpd nesnternucat) y( Fi gur e 11

Our previous study also suggested a roléor TRAF6 in Ang Il -induced IKKb T-loop
phosphorylation and NFaB activation in primary cultured VSMCs 7. Since an implication of
TRAF6 in PKG and LPAinduced Floop phosphorylation of IKK was previously questionéd
and that, to our knowledge, the roles of TRAF6n Thr signaling leading to IKK b activation
has not been addressed yet, these early signaling events were revisited in both primary and
transformed cellular models. RNAIi approach in primary VMSC showed the requirement of
TRAF6 in Ang Il, LPA and Thr -induced T-loop phosphorylation of IKKb (Supplementary
Figure 1B-D). Furthermore, using immortalized TRAF&@leficientmouse embryonic fibroblast
(MEFs)exposed to the PKC activatphorbol12-myristatel3-acetate (PMA)LPA and Thr we
further document essentiables of TRAF6 in early 9oop phosphorylation of TAK1 and
downstream protein kinases under its control namelyblK#&nd its substratesBU), p38 and

JNK1/2(Figure 1 andSupplementary Figure 2)
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In opposition to our previous work demonstrating a role of TAK1 in inflammatory signaling events
in cells exposed to Ang I, other observations proposéustead a role of MEKK3 in the
phosphorylation of IKK in response to LPA stimulatidh However the use of 5Z7-oxozeaenol,

a covalent inhibitor of TAK1, at a concentration as low as 300 nM showed the requirement of the
enzymatic activity of TAKL in early signaling events laaglito IKKb, JNK1/2 and p38
phosphorylation in both LPAand Thestimulated cellsSupplementary Figure 3. All together,

these data demonstrate that TRAF6 is rapidly activated and plays a pivotal role in signaling
involving TAK1 and its downstreariffectors IKKb, JINK1/2 and p38 following the activation of
GPCRsthat employ heterotrimeric Gg/11/12/¥a8mily members as well as the pertussis texin

sensitive Gi/Go family’.

Rapid producti on-lafnkwmnrammohoruebd gku63 i n chains i
agoni sts

Using-faeeelslyst em, TRAF6 was sh-biwnkéo polyduioie
chains promoting theb%ctTihv st isaurg goefs dTSA K 1h masn, e nlfk
produced idne pae nsdteinmulmasnner, they could act as
Since Ang |1 induced a rapbBdpphdmEingmgdée elvke ac!
next directly addr eslsiedkaldyeu bp rgelis & n cne | cahndaki dnyse e

i's bansedh affinity purifi-tiangem wphiogeiduir e kbvihed
UuBD) from the deubiquitinase (DUB) enzyme i sc

gl ut a%thri amsx(f @3 Ta)sef usi on protein. Unl i ke any ot
deep binding poeaockmsetnawherieg ltyhces nGe ( GG) moti f of
the specificity of |l soT f or eGnmmoodtiiffi eadfa I(tolhre up

subunit of 2% oWhahiwuiingnthis ffrepppodgndEBdeiet
putibwn assays -Tomglucft edholne 2cel | extracts ( WCI
a rapid and transient enrhaithend nknokdefd HMW y(usb i~glu
chains species in celldlreratexdt padmpap§ e MSWIEA (¥
Figur.e Slome species of | ow molecul ar wei-ght (L
stimulated stawdee dfmpoecambigant hesoT to cl ec
chains from their pr edxoiwmald eecnrde afsceldl otwhien gd ettheec
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HMW Kl6i3nked pol yubiquitinated signals indicat
it ragoppf nunanchored K63 polyubiquitin chains.

The -fcredd model proposes t Hatnktelde pgd nyairbda tqiuant i m
hel p to pl-mrcexiimittoy clTAkKsle and | KK through thei
binding eféaepdtbbadl omMAB2g t hei rt rasaruds vphbephohyloi
mec han?®s mide dtenciisded t o hest apivhdkltynhepr-adonked f
pol yubiquitin chains were in fact interacting
al so if t his was denpneunndoepnrte c o-lfpP )T RAFHay sCome v e e
presence-defpehRAFBEBEBHMKked pol yubiquitinaded si
i mmunocompl exes derived fr dmgMEBs addxdp d9egdi rteo 3
Moreover, wusing primary rat VSMC exposed to T
t he TaABR dlaXKKoci a-t edk&@83pol yubiquitinated signa
(unanchored) poRiyguriegu2 Ci an@ hBiAgsredss i I t he |
these free chaibhsmunotAKpl ards| dEri ved from h
Ang Irevealed the presence of both f-rieekdgd . e.
pol yubiquitinated chaiFmgutbkat 2De ga dicAdFd @lelr et BIE
transient and inducidliemmkedcdnmrreen pop efuibé &\Wi K 6 8
GST -doih trapping device, dapemdenwi t &dc ctumaiil re
i mmunocompl exes containing ®socrafpfrod tde infga kpdr noat seel s

TAK1 strongly implies their pivotal role in G

Rol e of K63 unanchored polyubiquitin chain in

To f wrotnf@rmrrnol e of these r-bpnkég pobydubedquitrie
in GPCR signaling events, we decided t®euse t
pol yubiquiiniaoélklheliambly overexpressing a tande
i mmortalized HaCaT human keratinocytes. These
2% nd their dcapaciungndt hbhohed KO3 yubi quitin chai

the response observed when the c-@bHiggurkea ed4 A r €
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| mportantly, the stable ectopic expression o
dease in earl y o0 tpdhok®hmirry) altkikonp 38 at A NKDF 2 °
IsBUi n response FogLBA dBmosilhree tFABBImedpai eneat
gene is regulated by transdgcgric@tnioonn cfadctt@amrges s
wel | a®B tthrearmNsFcr i%01'i ove fnexxttoraddr essed the | ev
exposed to LPA fodmhshettbpereotteseppot ekmeessio
motedrsrel ated with a signiHOS&raawms adreicpte aasfet @rn &
stimul &t gane 4C) . Toget her, these results fu
unanchKobBedhked pol yubi gwmietdii mtelaismgniah GPER s du
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Figure 1. TRAFS is required for T-loop phosphorylation of TAK] and its substrates in LPA and Thr-stimulated MEFs. A4 and B) Wild type
and TRAF6 kmockout MEFs were serum-starved for 5 hours and then exposed to LPA (10 pbd) and Thr (1 Ufml) for the mdicated times. WCE
were prepared and subjected to immunoblotting analysis using the indicated antibodies. Data are representative of munimally 3 mdependent

expenments.
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Figure 2. TRAFG rapidly produce free K63-linked polyubiquitin chains which interact with TAK1-TAB2 complexes. A and B) Wild type
and TR AF6 kmockout MEFs were serum-starved for 5 hours and then exposed to Thr (1 U/ml) and LPA (10 p ) for 10 min. WCE were prepared
and subjected to immuneprecipitation using anti-TAB2 antibody prior to mmmumeblotting analyzis with the indicated antibodies. Data are repre-
sentative of 2 independent experiments. C) VSMC were serum-starved for 24 hours and then exposed to Thr (1 Ulml) and LPA (10 ph) for 5 min.
WCE were prepared and subjected to immunoprecipitation using anti-TAB2 antibody. Immunoprecipitated proteins were treated with or without
iz0T (200 o) prior to immunoblotting analysis using the indicated antibodies. Data are representative of 2 independent experiments. 1Y)
HASMC were serum-starved for 24 hours and then exposed to Ang IT (1 ph) for the indicated times. WCE were prepared and subjected to immu-
noprecipitation using anti-TAK] antibody. Immunoprecipitated proteins were treated with or without isoT (200 nM) prior to immunoblotting

B) TRAFE +/+ TRAFG -/-

200
HMW
K63-polyUb,

a7

o I v

D 10 0 10 minLPA

D) - isoT

200
HMW

116
a7

Lili

45

Th TAK1
0 5 100 5 10minAngll

analysis usmg the mdicated anfibodies. Data are representative of mmimally 3 mdependent experiments.

KB3-polyUb,

74



A) TRAFG -i- TRAFB +/+

200

HMW
K63-polyUb,

116

o7

66
lgG
MK

0 10 10 min Thr

isoT

C) -

HMW
KB3-polyUb_

KKy
0 5 10 0 5 10 minlLPA
E) - isoT
200 HMW
K63-polyUb_

116

a7

45

LT T L

0 5 10 0 5 10 minAngll

D} - soT
200
HMW
KG3-polyUb,_
116
a7
65
lgG
11KKs
o0 5 10 0 5 10 minAngll

Figure 3. TRAF6 rapidly produce free K63-linked polvubiguitin
chains which interact with the IKK complex. A) Wild type and
TRAF6 kmockout MEFs were serum-starved for 3 hours and then
exposed to Thr (1 U/ml) for 10 min. WCE were prepared and subject-
ed to immunoprecipitation using anti-IKEy antibody prier to immu-
noblotting analysis using the indicated antibodies. Data are represen-
tative of 2 independent experiments. B to D) VSMC were
serum-starved for 24 hours and then exposed to Thr (1 U/ml), LPA
(10 pM) and Ang IT (100 oM) for the indicated times. WCE were
prepared and subjected fo immune-precipitation using anti-IKKy
antibody. Immunoprecipitated proteins were treated with or without
izoT (200 nM) prior to immumoblotting analysis using the indicated
antibodies. Data are representative of mmimally 2 mdependent
experments. E) HASMC were serum-starved for 24 hours and then
exposed to Ang IT (1 phi) for the indicated times. WCE were prepared
and zubjected to immunoprecipitation using anb-IKKP antibody.
Immmmeoprecipitated proteins were treated with or without 150T (200
nh) prior to immunoblotting analysis using the indicated antibodies.
Data are representative of 2 independent experiments.
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Figure 4. GPCR-induced free K63-linked polyubiquitin chains are required for T-loop phosphorvlation of TAK] and its substrates. A)
HaCaT cells were serum-starved for 24 hours and then exposed to IL-1p (10 ng/ml) or LEA (10 ubd) for the indicated times. WCE were prepared
and subjected to GST-ZnF UBP pull-down prior to immunoblotting analysis using both antibodies at the same time. Data are representative of 2
independent experiments. B) HaCaT stable cell lines overexpressing an empty vector or 4 UBP motifs in tandem derived from ZnF were
serum-starved for 24 hours and then expesed to LPA (10 pM) for the indicated times. WCE were prepared and subjected to immunoblotting
analysis using the indicated antibodies. Diata are representative of 3 independent experiments. C) HaCaT stable cell lines overexpressing an
empty vector or Flag-ZnF UBP 4x in tandem were serum-starved for 24 hours and then exposed to LPA (10 ph) for the indicated times. RINA

was extracted and subjected to a RT-gPCE. analysis for C-FOS. Data (n=3) were quantified and represented as mean = SEM. * P <003, **= P
=0.001, 2-way ANOVA with Tukey’s multiple-compariscn test.
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Supplemental Figure 1. TRAFG is rapidly activated and required for Ang IT, LPA and Thr for T-loop phosphorylation of IKKR, p38 and
JNK. A) VEMC were serum-starved for 24 hours and then exposed to Ang IT (100 nM) and II-15 (10 ng/ml) for the mdicated times. Cytozolic
and membrane fractions were prepared, and cell extracts were immunoblotted with the indicated antibedies. Data are representative of 2 indepen-
dent expermments. B fo D) VSMC were transfected with a nensilencing (Ns) ENA duplex or different BINA duplexes that specifically target
TEAF6. At 48 hours post-transfection, cells were serum starved for 24 hours and then exposed to Ang IT (100 o), LPA (10 pM) or Thr (1 U/ml)
for the mdicated times. WCE were prepared and subjected to immunoblotting analysis using the indicated anhbodies. Data are representative of
minimally 3 independent experiments. E) Expression vector encoding TR AF6 in increasing amount and the AT1 receptor were transfected in
HEE293 Ad3 cells, together with an AP1-luciferase reporter for 16 hours. Cells were serum-starved for 24 hours and then exposed to Ang IT(1
uhd) for 16 hours. Data are representative of 2 mdependent experiments.

77



TRAFE +/+ TRAFS -/-

T

p-TAK

75

TAK1
75
e p-IKKg
5 ——— -
s
43
[ ——] o2
p-INK 2
48— e = pUNK1
L NI
43— i 1

0 10 0 10 min PMA

Supplemental Figure 2. Requirement of TRAF6 in PMA induced early phosphorylating events. A) Wild type and TEAFS kmockout MEFs
were serum-starved for 3 hours and then exposed to PMA (100 nM) for the indicated times. WCE were prepared and subjected to immunoblotting
analysis using the indicated antibodies. Data are representative of 2 independent experiments.
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Supplemental Figure 3. Requirement of TAK] in LPA and Thr induced early phosphorylating events . A) and B}) Wild type TR AFS MEFs
were serum-starved for 4 hours and then pre-treated with 5Z-0XO (300 nM) for 1 hour prior to be expesed to LPA (10 pM) or Thr (1U/ml) for
the indicated times. WCE were prepared and subjected to immunoblot-ting analyvsiz using the indicated antibodies. Data are representative of 2
independent expermments.
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Supplemental Figure 4. Rapid production of free K63-linked polyubiguitin chains in cells exposed to Ang II. V3MC were serum-starved
for 24 hours and then exposed to Ang IT (100 nbJ) for the mdicated times. WCE were prepared and subjected to G3T or GST-ZoF UBP pull-down.
GST-ZoF UBP-trapped proteins were treated with or without IsoT (200 nM) pricr to immunoblotting analysis using both antibodies at the same

time. Data are representative of minimally 3 mdependent experiments..
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DI SCUSSI ON

Using different cellular models, agonists, sel
approachewnc owee sdiantvaol v e dempte nadfe nTRABG achbdr ed
K6Bi nked pol yubi quitin chains t h Ktk/ |akrKe pr e
i mmunocompl esaes muhatGRPCRcel |l s. 2Basad toe phisen
antagonisticesbobfgnasltiabd ynaeatxpressed ZnF domai n
unanchkeé-Bidnked chains function as secandary
autophosphoryl ation of TAK1. COBM RIAFG&Y moate!l o
deri veantfirppemr reicgmal idAg bpat mwdysw a better ur
mol ecul ar processes at play controlling the a
downstream effector substratenedil &Kbéd UNKRL& N
responses.

To be categorized as a second messenger, a mo
to accurately mirror the minute quantities of
extracellular environment heOfkighabegesaset aeeadn
receptor. Second messenger mol ecules such as ¢
mobilizati on from the endopl asmic reticul unm
concentrations olfs uparn oeverM.ed®B8 2% vEM uwmhon
high concentrations possibly explain why thes
order to relay and-demelnidfeyntt l'sea goahf gremeatriad re d
I nterestimgeignhess i @hgmoup previ dieslcy nrcemd rtad d
freel KelBed pol yubiquitin chaiinns wicetqgiusi ateido rn oo fa c
was approxichdt elgui YGilne gcte btbonttolae i ons of appr ox
to 100 nM for polyubiquitin chains composed o
partly explained why copious amount of <cel |l ul
conditions) &keeet nelkeededapioddpKoogBe dnekreadt epdo | y ub i
chains species observed here (Figures 2, 3, .
concentrfartaeniK®i®efd pol yuadbliggawui t mpl yheahas t hese
unl itkeldyi ffuse and rather act | ocaTAK1) . .Bhey i
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al so support the notion that the ability to t
more | ikely associated withheheicosceat{ahaon

concl?bded

The generation of second messenger mol ecul es

that i s coupled to the activity of wurbabgaliitsom s
and catabolism). Our observationsenanoposed KA6&
' inked polyubiquitinated chains in MEdsplexgpos
receptors i s dependuebnitq uaetxq@ulsdsypea e sTeRmARG6 0B 3 t ke
(Fi gur-Bsagd F)guMerdAver, the accumul ation of

is observed as early as 2 minutes of stimul at|
chal IFeEggea)e( Aadpei d formati on off i HMWdumpand yhudn ead il
is conceivable, owing to the hight!ly processiyv

Lastl vy, the signal transduction properties of
tightly regul at ed t o represent -hdhendacGPORL €
Deubiquitinating enzymes (DUBs) woneldy,deXdYiLnD t
could be an interesting target to study- in ea
1b andmeTdNiFlat ed TAK1 and 12Kdo ncpoentpil teixv ea catsisvoactiiaotn
UBEontaining proteins mi ghK6-Bailnskoe dp Wipadyli yau briloch ie n
to act as second messenger molecules a¥%¥ previ
The researchers demonslilb astidmulhatti dam, rAe2sOp omass
interactoawdxhen&Ka&kd (six or mor ¢ i n&eidd peod )y ubn i
chaingtr alphmeifng hese free chains by Ab2b0y itnhhei b i
TAK1/ TAB2 ddmpledoxye #dBBoskigngl NRg. Whet her this
sigmagl events wildl require further i nvesti ga:
recruitment of A20 tcJd°TRAF6 upon LPA exposure
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Qur understanding of t he intracel l ul ar pat h
infl ammatory GPCRs is still elusive. Experi me!
the vasoacti se pptelpd sdel & ngf FAgpuUmtgotskii sn aZieg nla | ( A
i p4Pdependest gnabdbkng throdfiFop3P38nd ahKhie?
proposes that GPCR coupled td Grcdepenarnat KBis
l inked polyubiquitination of GPCR by the E3

devel opme ateaglull ya tdeodw np r-20)t,e ilne add i(nNgE EEDo4 tThAeB-1lr ecr u i
p38 signaling compl eixo*dhdSpBB8eaotioptiasahsuppa
enzymes TRAF6 and T-AKDpi php3@FhaugledNKomuppl en
Figur-Bsata® Supplemgnt 2y thiegurag@ial gedemdkteidon

poliyggi ti n chains in HFAAr€pmamaodcopl axenl €
chains -liono pp 3p8h oTs Fh guylea AiRotnur(e studies shoul d

TAK1 could intersect -Swicd/hNERHD RFBBRAMBIK 1llsii agrgp at h e

compl ex. I n this context, it is binnekrasdi agt i
AS KM 47
GPCRs signal via heterotrimeric G pbhbartrea nntsi n <

“8The exact mechani sms by which theBepatltway o
remained wuncl ear unt il the generation of K nc
CARMAand B2l1°iDhe use of Belfil@C@iemtCMEMA3 suppor
whi ch GPCR engagement by LPA and endothelin
resulted -mpdCARMA3SITRAFG6/ Bcl 10/ MALT1 activatio
protaseaseciated, whaahsel KiKdentities remaoop unkr
phosphorylbatiitchn noft hleKH KK comp-MEXKkBespgodemthedb
CARMA3ndependentPhe adihswaogavrerreya ttitheatash an essent
effector and po-8sB tsiivgen arleignugl aptaotrh wiany MR/ ¢&é% nnect
andimmpertance of CARMBS8ctaindatBicdrnl Oby ns e&NFer al i
agoni’st’84Puwrt her underscore the CBM complex a
GPCRedi at-aBd aMF iAVathiooungh our study did not e X a
compl éeheimapid gener at-i onked panlaynwchioqeidt iKné 3c
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i mplicated in this process. However, our mod e
events downst rf.eawWwe opfr olpRASFR6 t hat i nngheveaoant e
pol yubiquitination reactliommps padiroes pdiomr g/ d talty oo wa
TAK1, which functbhaodstbahpspB8amndf JNKKMAPKSsS upc
I n fact, observations shown dheemoen satnrdatpeu btlhies hie
TAK1l acting as the molmpodaleaamilulst ukatrashelgy.e sg @
is associated withl TAKtLiaAn|Fauegdderanorteq Amg e d
wor'end the i nhbHBErotxorzye Sefpfedl cetmeonft a)yr yTAK Quirse 13i k
to play a role in the ehbr Ipy38siagnnda |JiNKgl /e2v eancttsi v
proposed rol e -mddiMEtKEa di KIKNIKRA phoéXs phwergid que omnh
could either syvoer gil ags awiroheTAK1the |l atter p
forlB’L

Il n concl usiumprptolrd isrfortdadslailk@iBed pol yubi quitin c¢ha

second messemnugpeom mMAEPICRC uelnegsage ment . Future stu
cellular sensors (i.e. Biol umimaeseadk nixiébos emnsomra:
fl uor eébsacseerdc e’ nsameasur e andudtoicaan es hhdwelid Healc

nder st atnhdei ngubocfel | ul ar propagat itohne ocfo mBP ER

c

responses controlled by this family of recept
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METHODS
Reagents, antibodies and pl asmids

Angiotensin | lyé6Apbobphafan9825) acid (LPA, L726
phor baonlyrl12 taxcted ai > ( WEBAe PL58Brsed ;feoomBi gaat
human I nterl ébuk PACA8 b®e)Yt awdd LLlrom Ther moFi sher
rabbB2WwaE obtained from BostonBiochem. The coc
from the foll oWIRRGFG6sHP®®B ekrmg/ mntwas f+rom I m
phosphd MAP Kinase PRdA1BO/ITyriBasphDK/ J NK
Thr 183/ Dkdnas5, (1PMtéisphkol Thr 187 ( #4mBdGgpRla 1000
Ser 32/ Ser36 clone SH5AKKJAI#OReA 6D3 AC6 1(0H@DO EA8a)ntl:
MAPK (#9202)-SAPKALONRK, (#4898 RAKLNL:( ADD®5)ant:i 100
loBU( # @24 1: 1f0r0cOm wCeerlel Si g raandit iIKegkl B e e8tBr8adl )o glymg / ml
anadnTAB2 cB3owe@dd@émp/ m were from SantHwnCanuz Bi
UbK 6 3 cl one HWA341C2) mgtrdls from; Mho &lpHl rbe

Ser 180/ Ser 181 ( SAB43 @paL29)g /Ll mlaGiYOLODB AB4200060)
1 mg/amldnb-acti n e€/ldoneAS5ABC 6) 1: 10 HOOKHKEAe3réel f r om
827&ANnd -TeAAKI(A3 0911 6 A) speci fically uwede ffor oimmbBemn
Laboratories. The following pl a-BlmRATISR welras nkiidn
was from Dr. St®phane Laporte (-MK Gillds ind vvea ss i
Dr .hnJoHi scott (McGill WUmme vePB5integpo MbaeBolmlaxd s miQL
pl asthhi ¢ omposietiBoo f+6t3hesequence of the human co
drives the expressionwad fardnmMi ¢ R@drisi evKearresipmt ryt
Cali fornia, StapeMRiKegoasr eCApegawakdr ®mS h d'jaima o k a
(ToMediacn@dle nUmal vexaspan)he human TRAF6 c¢DNA was
Origene and subcl oneodrl n(mi fftheg o@rbptTaaign2-BL W& cp CMV
TRAFBhe expressi eArAUS®Bswaasc o bl &g éadnmdp eppur chase
t hrought Addgene (plasmid 22590).
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Cel | cul ture

Primary rat VSMC were obtained from aortic ex|
glucose Dul becco'"s modified Eagle Medium ( DME]
(FBS)heel | si deerte fi ed as VSMC by moec @mlélogy a
experi ments were conducltZ2.d RPrni mar )y shuwrma rp ascratgi
(HASMICnhoSti enCel Weneé&6g8gto@®@wn in Smooth Muscl e
compl ement ed#0 Wi ® h, F8®@oo(t h muscle #25%52) ,gramwd
penicillin/str#®ptO@hyciex peol meindrs Were conduct
| evebl.s Qui escent VSMC and HASMC were obtained
culturedriere fnerglhmg !l uc els2e (DIME®)mesHiapepd swiFt h 15
(pH 7.4), 0.1% | ow endotegxmh bowvenséesei mmfalbdc
Ad5 from ATEX@Be(m@RLwn i n high glucose DMEM supp
TRAF6&E1ARasV12 dEdARBANG2 myosecembbrobl asts
obtained from Dr. Tak Mak (Uni viédmsd tgWIEBFs Tor or
from Dr . Rei nhard Fassler ( Ma x Pl anck I nstif
Ger maMBBPs. wer e gr own i ns uhpi pglhe ngel nutceods ewiDtME ML O % F
b-mer capt oet:hlath(md  saenndt i la | amt/rEd ARaisW12THRABG6 TRA
E1ARasV12 MEFs were serum starved'/dmd &YWB ho
MEFs were serum st amfviedda@sgel nk eggrhat iarnt o 8yt% x owe r
Dr . SHineornr e Gr avel (University ofnMbongheall,uct
DMEM supplemented with 10% FBS and serum star
were maintai nerdi ditf i3e7d A&Ct mms mhehre of 95% air e

Subcell ul ar fractionati on

Subcellular fractionation was?% pa@rfiefmgd d9I
stimul ations, cel |l scwled epwashleatedd wsaéi wiet (| PB&«
i n-ciocled hypotonic buffer (42 mM K&l mM1 G omMu ke
ort hovanapgpaftehlldon®MM|l eupeptin, 1 immM mp)e pasntda tiinnc W
on ice for 15 min. The <cel lgsauwgeer en esehdel aer.e dT hfei v
then centrgffargedo ami 2081 4AC to remove nucl ei
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were centrifguged9 @AGRON dOtOHen col |l ected as the

pell ets were resuspended in 100 ml of soft RI
NacCl , 5 mM EDTA, DYl mdeNabhoddhaMe, 1% Tritor
SDS, B8odb% ¥Wnc MeeltaxtydM, sodi um or tpheofvaanlaocdceMe | e @ p s P!
1 mM pepstatin A, 1 mM aprotinin), inglubrated

90 min at 4AC. The supernatants were coll ect ¢
gantification, i mmunoblotting analysis was pe

| mmunobl ot analysis

Equal amounts of | ysate proteins were subject
gel s. Proteins wer e el ectr-Cphaoamreotcied dlull s & r aner
(Amersham) in 25 mM Tri s, 192 mM glycine, and

anti body was carried ®utnatcoctdiongsto manuf ac

RNA I nterference

The -TONRGETpI us si RNA targeting r &to TRA
GAGAACAGAUGCCURXAMSUOMNASHAGAGCAUGCAUGUGABCIbA
nomargeting contr ol (si NT) and the transfectdi
VSMC were transfected with 20 nM si RNA -dupl ex
20@O3Bper 1 ml of tot al transfection medi um.
transfection and whole cell Ilysate extraction

Pr oteexitr acti on

After stimulations, cells were washed twice wi
were obtained by res-i8Pehdysng beHCBr i o660 TmNMi @
mM NaCl, 50 mM sodium f Ibgdryiccea ,ap® o A DDAt 0h©O0
10% gl ycerol, 1 mM s opdafuarb léaocmMoVanadaten, 1 1mk

1 mM aprotinin) for 30 min at 4AC. by sat d9 we
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mi Proteins from WCE wedeprgutasmitn f asdayy( BiraRd

manuf & tmurrcetroc ol

Luci fegaasye

HEK2ABBbelwlesseed@dve lpllsa(t e@@®e |l | sa/ nwiderlal n)stf heeaty e d

af bgtrheal cphons pdh@apgree c i rpe tt hadidtin go fp R-IT Kr eporter
(Reni ulcafiat dsoend r g p CONABAATI RO i7 3 Couand

wi alm ncr eaansoiunigt CM¥ L AGRA F®Ge Iwesrsee r 11tma rl\vBeadupr oss t
transf e2cdtd uarmidh e i mufloarh e dwistimMo An b ICe Iwlesl ¢ s e d

i pas diywdus d reals s awi etdhPer o mPgaluci f RrepoAE ®AWSt e m

( E19lcOc)ott wihmagn uf ac gt e Atfdii rdenfd.iyvat weser mal i zed
t ®enil ulcateonafeamolanséettcbancy.

| mmunoprecipitation

After cells stimulation, whole cell |l yssate ex
Et hyl mal ei i dhg O NEMhe i ndicated anti bodies we
and preabgeglordfe dpSteyt e8d0no Ae beads (GE Heal thcare
agitation. The beads were washed once in 1 ml
crdssnked antibodies for 4 hours at 4/AAG unmder
Trit-a080 Xl ysis buffer compl emented with 10 mM
denaturing SDS | oading buffer and subjected t

| sopeptidase T treat ment

After i mmunopreZnMFiUBR ipwnl lorddGbals hetlet weads ma
Tri t-bm0 Xl ysi s buffer complemented wi-1®0 110y sniMs c
buffer without NEM. 200 nM of native recombin
of i soT buffer (20 mM ng/inl, B3$A)7 .&nd 1ladd dred DtTol
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at 30 AC as indicated. Beads were then resus

i mmunobl otting anal ysi s.

GI-ZnF UBP production

The sequence encoding the second Za&adA gdomadinre,
carboxyl tail 16(@BMF WBP:hombdwsdipelemrse d $f&hTom t he
USPS5 pl asmid andd nvseecrttori.n Tthhee rppGERHIX t i ng pl asm
competent VWhi cchol we rcee Igdriobwsne gi-Bre nlt larmiia medi a at g
ODoood 0. 6. The producank nUBHA waesc oinmbd uncaendt w3 StTh
bDt hi ogal actoside (I PTG) at 37AC xfdoorr 31 5homirns .
4A&nd resuspendedolicth PBS.mlAfaferi cae second cent
resuspended -col dOPB$S wo©odntiacieni ng pr ot emde and
pef abmMcl eupmdtpapstlati n A, 1 mDMo ratplroot @ md cha t €l)
solution was freeze and thaw 3 ti #é@dD, asomi datl
concentration of 1% prxidor tb0 bmi cteatré4AGgedha
added t o -agglaurtoastenh i ©B ebleaalrse )( GEn dHeiandubat ed 2 F
agitation. The bead@at weéA€ tentbSi Mugedndtwadbe
ieceol d PBS contai-h0hgf dld ewedrhby oana Xtoald WRBShH
The eluti G6ZoF bBBndecombinant protein was ac
beads for 10 min at room temperatuHEl wpHh8at,

10% gl ycerol, and 30 mM reduced glutathione.

GI-ZnF UBH® opwnl |

After cells stimulation, whole cell |l ysate ex
each conditi eZznF 50BPmgwacsf dG3Tuted in 1 ml of bl
50 mM KCI , 50 mM HEPES ph 7. 5) o0 magda rionsceu b4dalx ebde

(GE Heal thcare) for 30 min at room temperatur
Trit-b00 Xl ysis buffer and then incubated with
agitation. The beads war dr-2ed0héxsiwasbedf Ebpurcoc
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with 10 mM of NEM and resuspended in denatur.

anal ysis or subjected to isoT treatment.
pMRX r-gesr o FIl agBRxprZ:mmdcuct i on

FouepeDNBSiewa emceodhseegc 2n8BBRP r e sli6ilBudeb honsoapi ens
bWercéd ohedimFel #1&US Pl a samidd sienrhpeMRX r-gsr et rovi r al
ch v thceo nt raonlalr @ aorl & dg o n ulciligga€ O Oer) o ¢ € Auwsrienhgr e e

0

IS
e

i nsélraawiegaBglslildateh&ibrer ma malBsa mHalnHc o Ri d te h Sibr
e
e

%
termi nefsiwaco mpos®isequencedk mzgaekqg ue nad-d -4 @ g
pept(iRDYKDDDD&) | bywwehdecec Zmd®EBPR fi Sanapogy ydiime&er
3 nswnsompodeseec@dnBBPRT safapodgy y ¢ ikmanidn s#e3r t
encotdeedcd@dn®@BBf s@afgodgy ydi maknedSt c p dloWmAA)

Production of stable HaCaT expressing FLAG 4x

Pl at-An(g®l)atretroviral packaging cell ' ine (Cel
p MRXr-mgsr o vector arr-gwirtoh Ftl meg pIMRX nLH pWB Pe cvteacntionr
3000 ans fReatgieoxt (Il nvitromaenf azcauocrdhegibstohet
pseudoviruses were collected 48 hours after t
600 000 HacCaT cells were infected with 2 ml 0
hours and selected f oormydc idna,y sc rweiatthi nlg 5s tmagh/lmel px
eithpMRXhegsr o vectori rgensrtohd | pRPAX ZnF

RNA isolation a#€Rqaamaif ysatsi ve RT

RNA was isolated using the RNeasy nMinnif akcittu r(eNc

instructions. RNA was quantified with NanoPho
samples were evaluated for integrity with a 2
CA) . RNA was reverse transacrFiibresd iSnttroa ncdD NAD NWA
with dsDNase (Thermo Fisher Scientific). Gene

with the Universal RwobeniLvbraalypif el Rlarcdre\q.@
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assay, a standard curve was performed to ensul
and 110%. The Quant Studi o7 gPCR instrument (T
amplification | evel . pAlilcat eaa@atmidonRsel waern & er imRN
calculated according €)p t &€RRIoanwGepaetqgCt ee stthr es
sammprec al i brat ogCrs@mpaiECg(eemtlogeno HP REoACTB | ) .
were used as eRO®6ge R YISASCACITICAICCCGECRENT B 3
AGGTCCGTGCAGAAGTEEGRT I TGAWB GATCCATTCCTATGACTGT,
SREVCAAGACATTCTTTCCAGT FABKRBWDEGCGSBATCTACGAGGG

GTATGB®REVGEGCTCGGTGAGGATCTTC 3

Statistics and Reproducibility

Statistical analyses were performed wusing Gr
mi ni mum of two independent experiments. Compa
wi tiway ANOVA whkt hmulctokmplae i s on test . iDdiefrfeedr e n

signifiwahueabebho® 0. 05.
DATA AVAI LABI LI TY

Source data that support this study are avail

request .
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gPCR monthdectar g@®eng nes de damoensieesprc@&ddcud e
stimul ®es par | a HpAs. dilecsBdgg @te® stiedmnsi fgiuceatci v en
30 et 60 minui &s gdeesOemeeknd@hismur expression de¢
FLABN-BBP en tandem (4x) entra " ne une di minut.
r®ponse pr®coce, sugg®r ant une inhibition de
fact e-aB setNFAPCe s osb sreernvfottr®@eemgud | es cha”  nes de
non ancr ®es jouent Wwnntrerim®dcant eal den st gnal
r®pondant auxev@rnist ® ®omedstsisadgaesrs ©de contexte in
(Figure Ameexraugme etxgptriecdfroishen domposant-fades/Ic' h®t
jun du complexe du f-apteadr adlgancesbg@sa-ii it oon
indirect esB@rit QoemmMeF mend hono®udansen,céa goraPr
montre q-upri t @& p-8b sde eNFFgist -Jeatmecpoar am®Il i orer
| * ADN, entra” " nant potentiell eméht Den pdlufset EGR
®gal ement montr® wune c apiancfiltaBnmmat ondesr er @e s
infl ammati ohsonvigaaesy oth€ AP KCel a pourrait contr

des r®ponses i mmund®@&gule®e p,r ot ewcrn @ iicrefsl amma tsii C
Il i sch®mi e, ob'"bBah®Peodss®h®s @ s eesB aegl(ABDBEL asur | ¢
coordination entre | "activation rapide de TAK

centr al die bdree $pab’'Kngekzsns des processus tels que

i mmunitaires, | '"initiation et | "amplification

t hrombi ne.
8. PeI spectives th®rapeutiques

Sur | e plan t hG®ripkeiutta ‘agmees] elgiibbrieesr dle pol y Ub K6 3
prometteur pour | es maladies inflammatoires <c
fibrose, etc. ), dans | esquedBl eest-1 VAPent mat ne& atu

infl ammati o39. peéesi snPan-tcmfmeaaxrmhma taonitries ¢l assi qu

affaiblir globalement | e syst me i mmugahas me,
face aux infections ou aux blessures. eEsn r ev:
composants sp®ci fiques comme |l es cha  nes | i
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[ nfl ammati on chronique sans perturber | a r®pc

efficacement | es agressions ext®rieures.
8 RM®gul atchanhidledsee spol yusbi ®@est i npgear |lyess nde® w6kBi qu i

Au d®but de cette th se, trois d®ubiquitinase
cha" " nes de polyubiquitine |i®es par K&asby¥¥ine
Les d®ubiquitinases sont des enzymes sp®cial i :
en monom res inactifs, gui peuvent ensuite °t

enzymes appartiennentné aydri®@reans epr ®fa@i éhess

Ssubstrats et des fonctions cellulaires distin
8. £YL D

Des ®tudes r®centes ont mis en ®vidence | e po:
de polyubiquitine | i®@gofis&63 ld'aoBc1BS ©s@d@liceh | dé
CYLD se Ilie °© NEMO et "’ TRAF2 et facilite | ¢

pr®sentes sur TRAEQ@rs TRAFBeetp NEMO.res exp®ri
du Dr Servantavegc ade e x@eirliuleens & ®pour vues de C(

|l i nt®rieur de ces cellul es. Nous avons d®c
phosphoryl ®es m° me °~ des niveaux basaux et (
stilmai on par LPA et t hr(ofmbgAmegs&ee?)l ' & ckempd d kodho w

parti el de CYLD pourrait °tre une meill eure
clairement | "activit® de CYLD sans gder dcraes cdo i
knockout . CYLD interagit directement avec MAL
qgui sugg re que cette interaction joueaBun r 1|

par des ®v®nements d&a&ld®ubiquitination r®gul ®
8. A2D

Comme mentionn® pr ®c ®daBmmdeln tAsPe | f aictt | prart i loan pel
|l i ®e ° K63 de kinases comme I|-EAKD.mpA2Xee dtKkKu re
d®ubiquitinase, similairatifC¥LDcigli dest vone
NFaB etl.API | catalyse principal ement l a d®ubigqg
produites(phPRAr mBRAFGeut ®gal ement ci b( &y |l es
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Cette activii®nde' A®0biegtii tissa&mntiell e pour ma

pr ®venir | i nf IManhngart® olne efxaciets sgwee .A20 est coni
r ®gul alkoBat lAFL 4 7 |l es observations ont seul e
cellules Iimmunitaires et de plus amples inves

°tre fait.
8. USP5 (I soT)

USP5 est connue pour reconna’ t r®e squ atortea nfnoernme |
|l i ®es par K48, K6 3, KRRE K& edtt el e RDubhhgume $ nlais e
une affinit® pr ®f ®rentielle pour Il a | iaison e
K483aBgbi en qu' el diebbetatuhienpt @spbdbur | es cha”  nes
par K63. Malgr® cette plus faible affinit®, US
non ancr ®es | i ®es par K63, comme | e mortre no
|l i gn®e cel |l ul aire (HaGAumrnes ¥, € nedxlp®e mmaart LWUMBA, un
i mportant d' USP5 capadl sudel escpohgutii@eguli ¢i me

Apr s reconnai ssance, USP5 | mi®cioenpaister sdresad
cha" " nes de polyubiquitine non ancr ®es | i ®es p:
ai nsi | "activation @R setnMoARDeEsde ecsihgmalhiesatsiupn

USP5 pourraient r v @r erdauas i al er ®gat at con d e
pol yubiquitine non -@hcd®es le®Regoipas da siygmna
indui t RCPgGar | es
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CHAPI TRECANXCLUSI ON, PERSPECTI VES ET DI RECTI ONS

Conclusi on

Enconcl usi on, nos travaux mettent en ®vi den
infl ammatoires activ®es par RICPGND @G e pniogeuter ® NG 0
l es |l igandeadvas ddPdAt iefts thAombi ned) hd®@mmabhohert \
[Gactivation coor donmarer edsetsi 2,0t Md meendd cGaiwkevta tedoer ru
du compl exe OBMLIMAARMASI3 et dHa pPRAFEFPhoryl ati on
pi vot essenti e-bB reetl |AaPast Ite sdr@poetnedsaeniFe | d ® lde TR

etabsence de dcrehidkeirtniienm das TAK1 bl oque efficac

En parall | e, noddsmpddrstud tcad sd e olud i g@re®@ntatli on d
K63 ¢ luinbrsdescec®s ager i ntracel@cutliaviartei ognuir afpa vdoer
renfor-ant |l a r ®porede qiuref lceemmaet oaicrtei veat i @wnales

l ongues cha nd&s ndeéemehyUbK@&B3te acti varts oche des
transcrNFB | oticAlRile k pr esgimensfde mthat oPpense pr R

(€ os -1 JERirglpr e

Le domaine UBPop®piv®ase T (Il soT) pr®sente un
raison de sa capacit® ° reconna’tre sp®cifiqgu:
En perturbant l eur di spgarmiidbielri M@t i oa demaikmna:
i mpliqu®es dans | a siCen alei smauli e | ignefsl a mena & p
t h®r aputoimpu,d epasrempae | a deRUBR r 4ax c € é&n dleem - I
nanoparticul esouocu mddpb bkeammlat i on chroni que, t

r®ponse i mmunitaire aigbtga®cemeaire ~ |l a pro
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80+ Boe,

( cJUN ( c-FOS )
’Gene
i NF-xB : ; AP-1 : I transcription

Fi gume Mod | e de signalisatNPeBetelAPm@gia®e de
l[Gacti vat®coenp tdeeusr 1 Xxc @u It @S =mnagAsl ,G L PAL& cTtHIRYyat i on d
RCPG par des | i gapnadisnlvearsro@iEK8 EBM,i h@RIAKE, et

| KK xpression de g nes de -woBRpeotisAPapre®&c oucne rri@
®mer gent des cha’  nes de pol yubdsegonds nene K68 g
intracellul aires dans | a voie de signalisatio
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PERSPECTEVEBI RECTI ORESFUT

De nombreuses questions demeurent ouvertes

pertinent d'examiner | a | ocalisation cellul ai
ai nsi gue | eur i nteractiipm®edsi reacnxe laeve cv diees
L' observation en tempe pRPedodésHeuitwiABiBEPZaEt i |
4x par microscopie ° fluorescence repr ®sent e

reconnai ssancet sef®efcatf,i gdes ®&t wcdes BRET (Bi ol u
Transfer) ou FRET (Fluorescence Resonance Ene

analyser |l a proxi milti®dregpsp il § K i8e il teés nleeosnpcohsaa’nt
déa signalisation intracellulaire. Cependant,
et transitoire des cha " nes | ibres de pol yUbK®6
rend | eur d®tection et leump®tuadecai déi dPVel
sensi bles et dynamiques pour vVvisualiser ces ¢

Une autredeapPpRBETh®ud-FRRE®uUrqruai t d4ennvveisstaiggeart i © 9
I nternabuCcb@®ai oamp o s-abhtoenrlddPeNF gfFoe P ans | es
cellul esl exprodant de -FRaAGBM sdxidgovtadnen bZrcK ur e
dynami que ed edempgleampsdu ®pi ®geage des cha’  nes
[Gacti vati on Iter adnes ccreisp tfi@poneesles ~ .1l a LPA ou | a T

Une prochaine ®tape | ogigue consistesagtafin®:
dobtenir Ginmee mhd & dieexsp rerscfiiolns gd®ni que modul ®s
pol yUbK®Po@mcet i'vdti on des RCPGs par | a LPA et
di denti fier de nouveauaB @ tin,dfSmaciisb|aeuss sri®gdud @nse t|

di®ventuell es voies de signalisaaiosi panal mel &
compr ®he@mpactdgllobal de ces cha " nes |ibres d
Par aill eur s, |l es donn®es obtenues sur l es d
per mettent pas, ” ce stade, de r®pondre plei
identi fier | es DUBs responsablpod ydbKaG*xcytl ag

promed'teaxipgl orer des approches de perte partie
CRI SPRi ) ciblant CYLD, nati®rs®it ,q uaef i dn' aduet rneise ulxU B
dans | a es®guwhlad teewsr Kpdoatsi vati on des RCPG.

Enfin, |l i dentification d'"autres ki nases p ot
pol yUbK®6 3 repr ®sent e une perspective i nt ®r e s
[ mmunopr ®ci pi t &t mmwmnodbauwgertleag@stlisnid ®, ou en
spectrom®tri e de masse pourraient °tre utili s
voie de signalisation.
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mo d i f i-tcraatdi uocnt(ifgonsnte | | e

MEF TRAF6 ++ MEF TRAF6 -/-
TRAFG | s o D 63
- - 100
Phospho TAK1 - - e o ==
(Thr187) -
5 2 - |75
TAK1 Total | o o - & - - e e |5
Phospho p38
(Thr180/Tyr182) | e W——_— a5
p38 Total ---- A — . — .
Phospho JNK - ‘ . ermte
(Thr183/Tyr 185) : ' - 48
. . ' E B - < P-JNK1
e JNK2
LB B - WS N
Phospho IKKR | e w—— d - - o o
(Ser180/181) 75
KK Total - T W T W W T
75
Phospho IkBa " .
B Total -—— e A — 5
LPAmin) 0 2 5 10 0 2 5 10
AN.el TRAF6 est n®cessaire pour | a
trats dans’ IledsAL.eM€ Fc ¢ Ir [TIRIA®S s MIFEF R AGF/-0 n t
cultiv®es eepndbeates6ébmdp®e sadPeAm sM)P a r
adiguPes extraits cellulaires
nobuvali demgtdi cepp®sentant | es formes
JRIE teBU(KEKX p ®#li emrc@s-é @ $)Rudsaciphosphor yelsati on
pour migrer entre 8O6PA&LE)

10@nkDaonen i ®lne

phosphoryl

phospl



MEF TRAFG +/+ MEF TRAFG -/-
TRAFG | S s s - - 63
Phospho TAK1
(Thr187)
TAK1 Total
Phospho p38 — .
(Thr180/Tyr182)
35
p38 Total i e — — — —— — — —
- 35
Phospho JNK T - - *+P-JNK2
(Thr183/Tyr 185) I
— - . - - S [ INK2
JNK Total : e | 43
—— - e e e [€INKI
Phospho IKKE —_ —
(Ser180/181) - Ny S - . w
—L 75
IKK B Total | " s - - - —
= 75
Phospho IkBa
(Ser32/36) - 9§ vl B __'&_ 35
IKBa Total | e o —— — — —
35
LPA (min) 0 § 10 30 - 0 6§ 10 30 -
IL-1B (min) “ = = - 10 - = 2 - 10

Fi gA.e2 TRAF6 est n®cessaire pour |l a phosphoryl
substrats dans” |ldALMEFc ME BIRIA®® 8 MEF RAGF/-0 n't

®t ® cultiv®es ependbeesébmdp®ses&dem{M)PpPour | es

durs®Padi quPes extraits cellulaires entiers ont
i mmunobuvalr demgtdi cepp®sentant | es formes phospt
P38, JHNIK BAEKKp ®r#2pn®eede®s* lcai phosphor yelsat i on
connue pour migrer entre 8OPAGIE)IO@nkDaonen i ®lne
de modi f i-tcraatdiuocnt(ipdersnte | | e
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MEF TRAFE& +/+ MEF TRAFG -/- MT+ MT-

Phospho TAK1 * - & E » L 100
(Thr187) = o :
e - - L 75
st alle
TAK1 Total | W W 4 &9
Phospho p38
(Thr180/Tyr182) | e S— - -
L 35
038 Total T ——— -—-——-— - "
P-JNK2
Phospho NK R T - e '
(Thr183(Tyr 185) 48
- - .- - - - P-JNK1
T— GRS N
JNK Total L 48
-— v — e = INK1
— — -
Phospho IKKp - e - -
(Ser130/181)
IKKP Total | S S —— — — -
75
Phospho IkBa - -
(Ser32/36) —h-__-__--—iﬁ- 39
IkBa Total | — - - - e e - _— a5
LPAmin) 0 5 10 30 0 5 10 30 - -
IL-1B (min) = = = = - = = 10 10
Fi gaA.e3 TRAF6 est n®cessaire pour | a phosphoryl
substrats dans’ Ilddl.eE Fc ME RRIA®PS 6 MT e MEH RAF6

--( MJo n&t ®

cul tiv®es peenn dadbnrstesrttdhan adpe® és&Bréu aiv) O

ou l@d#8 B (1l0pog/ddmlgReedi quPes extraits cellulaire
et soumi s ° une anal'y&le daadi ¢cepuRosbouivandages
phosphoryl ®es et tot &lg¢BU(Ee pTRAR lepnrc@3-@ g $)RBWK c 1 | |
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MEF TRAF6 +/+ MEF TRAFG -/- MT+ MT-

RaFe [y 9 - 63

Phospho TAK1 | =% -100
{Thr187) . L 75
Phospho TAK1
(Thr184/187) . L 75

TAK1 Total | " S S --v- i

Phospho pl8
(Thri80/Tyr182) | e i - -

-
- —-‘l
- 35

_— = P-INK2
Phospho JNK W? 3 48
TS | ende i) -———— Q[N

35

p38 Total R B 1

— e i e SR < K2
JNK Total - 48
4= JNK1
Phospho IKKE | w = = = L B B W
(Ser180/181) . - - e s ! . k75
IKKE Total | e e e ——— — - e
Phospho IkBa
(Ser32/36) . 35
TKBO Total | oo e ws A —— - | 35
LPA (min) 0 5 10 30 0 5 10 30 - -
IL-1B (min) - - - - - - - - 10 10

Fi gaA.e4 TRAF6 est n®cessaire pour | a phosphoryl
substrats dans’ IldN.éEFc MERRIAPS 6 MT e MEH RAF6
-( MJont ®t® absenev@pamda@rntat@ihmalp@e adPad& gM) 0
ou l@d#8 B (1l0pog/ddmlgReedi quPes extraits cellulaire
et soumi s ° une anal'y&le dipaadi cepuPOIbunivandades
phosphoryl ®es et tot &le¢BU(Eex pTRME lepnre@3-@ @ $)RWK c i |
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MEF TRAFG +/+ MEF TRAF6 -/- MT+ MT-
TRAFG | . 7 .. - r 63
Phospho-p44/42 Jp— N - J%-ERKd
MAPK (Erk1/2 el i}
{Thr2l}2f'{'l'yrr204} —— —— — < P-ERK2
— 48
ERK 1/2 Total | e s - — - = = — w— = ERK-1
" [*ERK2
LPA(min) o0 5 10 30 0 5 10 30 - -
IL-1B (min) . . . . - - - 10 10
FiguB.e TRAF6 est n®cessaire pour | a phosphoryl

substrats dans’ I|leRsAL ME Fc ME HIRIAKEWT e MEH RA F/6
(MT)ont ®t ® cul ti v ®ese nedm na s Hennnaadp @d esh AR rdMIND
ou [ B (1l0pogrddmlgeedi quPes extraits cellulaire

et soumi s ° une anal’y&ale diaatdi c epuPoOobduivantdades
phosphoryl ®e et txttalseatpRKReERABAeBant d
(MT+ = MEF TRAFBMEF/ FRAMBE

117



TRAF6E

Phospho TAK1
(Thr187)

TAK1 Total

Phospho p38
(Thr180/Tyr182)

p28 Total

Phospho JNK
(Thr183/Tyr 185)

JNK Total

Phospho IKKp
(Ser180/181)

IKKE Total

Phospho IKBa

MEF TRAF®6 +/+

MEF TRAF®6 -/-

MT+ MT-

(Ser32/36) - ' - % \
LR III
Thrimin) 0 5 10 30 0 5 10 30 - -
IL-1B (min) = = = = - = = = 10 10
FiguL@RAF6 est n®cessaire | a
substrats dans |l es cellulLes WNEF |ITUR AHRSG BHER-

ME H RAF/6( MJo nt
ne

| a
cel

repr ®sentant

t hr ombi
ul ai res

®t ®

entiers
| es

#lpr ®xrede®s us)

cultiv®es
dbU/oyl0O)ml du peedéant

ont

®t ®

phosphoryl atic
| a

e n paubi sse nsctei nduel ®se®r U

|l es dur ®es |
pr ®p ad@e tdied o rapnsa

formaAKlphoSghbepwKIPES K&tF | eotC a
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TRAF&

Phospho TAK1
(Thr187)

TAK1 Total

Phospho p38
(Thr180/Tyr182)

pig Total

Phospho JNK
(Thr183/Tyr 185)

JNK Total

Phospho IKKR
(Ser180/181)

IKKB Total

Phospho IKBa

MEF TRAFS6 +/+ MEF TRAF®6 -/- MT+ MT-
-_— - W s - L63
i
- - 100
.- 75
s—ewoe wpuw Bt
—— S A e e ——| .
- e > o — 4= P-JNK2
—— - -4
—_— e e — - -— .,..ep_‘mm
— = — - — e - - - INK2
- 48
- - - M- - ’ -
75
- — - A = - - —
75

(Ser32/36)

IkBa Total —— ., — - — — __.'._35

Thr (min) 0 5 10 30 0 5 10 30 - -

IL-1B (min) S - S 10 10
Fi guR@RAF6 est n®cessaire |l a phosphoryl atic
substrats dans |l es cellulLes NEF I ITURARMBEF ~ | a
MEH RAF/$( MJont ®t® cultiv®es en absence de s®ru
la thrombine q@bU/yldo)ml u peadant l es dur ®es |
cellul aires entiers ont ®t ® prRpad@stdetdr ps a
repr®sentant | es formes phosphhetwpBURES p®Tr i EatC e

#2

pr ecdkes VU s )

119



#- 0 —zZzom

MEF TRAF6 +/+ MEF TRAF®6 -/- MT+ MT-
TRAFS | GEDED D WD o |
- »
Phospho TAK1
(Thris7) | 8 0 L R B B | 75
+75
Phospho p38 - -
(Thr180/Tyr182) -
- 35
P38 Total | e s e - o -—-—
- 35
— pry 4= P-JNK2
Phospho JNK 4
(Thr183/Tyr 185) - - . - Nk
- s ——— -
JNK Total L 48
S E——— e i <+ INK1
Phospho IKKB - —
(Ser180/181) | s & === === - - 75
IKKﬁTotaI — — — — — — N — — —
75
Phospho IKBa
s uwe o o« @1,
IKBa Total | s w0 . - LI Sap— ‘1
35
Thr (min) 0 5 10 30 0 5 10 30 - -
IL-1B (min) = = = E = &= = 10 10
i gUB@RAF6 est n®cessaire |l a phosphoryl atic
ubstrats dans |l es cellulLes NEF |ITuR ARSG T} | a
EF RAF/6( MJont ®t ® cultiv®es en absence ddee s ®r u
a thrombine UbU/o)ml u peeadant l es dur ®es |
el lul aires entiers ont ®t ® pr ®pad@stdied orapnsa
epr ®s entant | es formes phosphhegtwBUREXS p®T | EOTC e
Pr ®xede®sus)
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Flag- ZnF-UBP

Empty vector 4x tandem Ev. L8P
FLAG - " l1s
Phospho TAK1 ' >
meen | M WS W R s
TAK1Total (M SR SR S SR ERERS e '~
Phospho p38 BE—— e — -
(Thr180/Tyr182) 35
P38 Total | e N — — —
35
——
- - ¢ P-JNK2
Phospho JNK
(Thr183/Tyr 185) - - [r— Ié%'-JNI'H
- - - =

-_— > > L 2 2 2 3 “ <+ INK2

JNK Total L 48
Phospho IKKp e — — e o —— — —
(Ser180/181) 75
IKKP Total | “SeEG—Gc=—CS——Sma T — — — — — o
Phospho IKBa o : -
(ser2ize) [ 0 W 8 - = - = s
IKBa Total | S . -———— - _—
LPA(min) 0 5 10 30 0 5 10 30 - -
IL-1B (min) - - - - B w8 10 10

Figure 3.1. Les chaines libres de polyubiquitines liées par K63 sont nécessaires a la
phosphorylation de la boucle T de TAK1 et de ses substrats dans les cellules traitées a la

LPA. Les lignées cellulaires stables HaCaT surexprimant un vecteuigifeu FlagZn~UBP

4x tandemUBP)ont ®t ® pri v®es de s®rum pendant 24 h
| 61h (10 ng/ ml) pendant | es dure®erdétépreparésat ®e s .
anal ys®s par i mmu reoticarpgrae pdra®see n't alnGaildees df or mes
totales de TAKE1BPBSBp @Ml pac @& e $)®u s
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Flag- ZnF-UBP

Empty vector e e EV UBP
FLAG -_— -
48
Phospho TAK1
(Thr187) 2 - & 75
AKiTotal | RS M. - -
Phospho p38 — -- - —_— S—
(Thr180/Tyr182)
35
p38 Total | v e wr - W - -_ -
35
- - e e P-JNK2

Phospho JNK

(Thr183/Tyr 185) EP-UNK1
=BEY &% ¥ 1‘3
avepePbed WWePpas WP (¢INK2

JNK Total i
Phospho IKKp =
(Ser180/181) - S —— - - b4 .
KKETotal | uw er e el S S W -
75
Phospho IkBa —— - G = -
(Ser32/36) - gk
IkBa Total e B N ___J - - W — —
35
LPA(min) 0 5 10 30 0 5 10 30 =R
IL-1B (min) - % = = - - - - 10 10

Figure 32. Les chaines libres de polyubiquitines liées par K63 sont nécessaires a la
phosphorylation de la boucle T de TAK1 et de ses substrats dans les cellules traitées a la

LPA. Les lignées cellulaires stables HaCaT surexprimant un vecteuigheu FlagZn~UBP

4x tandemUBP)ont ®t ® pri v®es de s®rum pendant 24 h
| 61h (10 ng/ml) pendant | es dur®es indiqu®es.
anal ys®s par i mmu reoticarpgrae pdra@see 'teasl 6fao dmme sd p ho s
totales de TAKhE1BYPBSBp UK pac @& e $)®u s
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Flag- ZnF-UBP
Empty vector 4x tandem EV UBP
FLAG — — —— —
48
Phospho TAK1 e e - K _ —-— -
(Thr187) a - .75
_sey 2 BF
TAK1 Total e—— - - .- .- - e | 75
Phospho p38
(Thr180/Tyr182) — g - — — ——
- 35
P Ol | S —
- 35
- & P-JNK2
Phospho JNK - -
(Thr183/Tyr 185) - > &P UNK1
—
- - “ #*JNKZ
JNK Total L 48
——— - T — — — -_— * JNK1
Phospho IKKR | w s s — N — — —
(Ser180/181) -
— : 75
IKKB Total —_— - _— gy _— e | 75
Phospho IkBa
(Ser32/38) i it - - - L 35
IxBa Total — R — ——
THR(min) 0 5 410 30 0 5 10 30 - -
IL-1B (min) - - - - B B 10 10

Figure 4.1. Les chaineslibres de polyubiquitines liées par K63 sont nécessaires pour la
phosphorylation de la boucle T de TAK1 et de ses substrats dans les cellules traitées
thrombine. Les lignées cellulaires stables HaCaT surexprimant un vecteu(BAeou Flag
ZnFUBP 4x tandem(UBP) ont étéprivés deséium pendant 24fpuis exposées la thrombine
(AU/ml) o u IL-1BI(I®ng/ml) pendantesduréesndiquées. Des extraits cellulaires entiers ont
ete préparés et anagspar immunobuvardagé | 6 émtidopsregprésentant les formes
phosphoryl ®es et tot al es (Expériechod frésenged@-@ssus] NK,
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Figure 4.2. Les chaineslibres de polyubiquitines liées par K63 sont nécessaires pour la
phosphorylation de la boucle T de TAK1 et dees substrats dans les cellules traitéesla
thrombine. Les lignées cellulaires stables HaCaT surexprimant un vecteu(BAQeou Flag
ZnFUBP 4x tandem(UBP) ont étéprivés desérum pendant 24Ipuis exposeées la thrombine
(AU/ml) o u IL-1BI(I®ng/ml) pendantesduréesndiquées. Des extraits cellulaires entiers ont
été préparés et anafspar immunobuvardagé | 6 émtidogpsregprésentant les formes
phosphoryl ®es et tot al es (Expériecho®& résenged-@ssus] NK,
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Figure 4.3. Les chaineslibres de polyubiquitines liées par K63 sont nécessaires pour la
phosphorylation de la boucle T de TAK1 et de ses substrats dans les cellules traitées
thrombine. Les lignées cellulaires stables HaCaT surexprimant un vecteu(BAeou Flag
ZnFUBP 4x tandem(UBP) ont étéprivés desérum pendant 24Ipuis exposées la thrombine
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